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Abstract

Through the use of the stimulus-to-response task, the present study tested for
the presence of endogenous attention in infants at 4 and 9 months of age. The
stimulus-to-response task requires infants to make an internally-driyenses
based on the content of a central cue stimulus. Infants were administas&d a
composed of &arning phaseand aest phase In the learning phase, they were
familiarized with a contingency between the content of a central ¢cnelss and the
location of a subsequent peripheral target. If infants had the ability to eyede
movements internally, then the learned association between the stimulus cue and
peripheral target location could be used to anticipate the location of the subsequent
peripheral target. During the learning phase, every trial was consistierihev
stimulus cue contingency. During the test phase, trials similar to thosel@athimg
phase were conducted, but “invalid” trials that violated the contingenaiebetthe
cue stimulus and the peripheral target established during the learning phaatsavere
included. The dependent measures across both phases were latency tpltleeaperi
target and direction of response.

We expected that if infants were using the contingent relationship to amicipat
the subsequent peripheral target, latencies of anticipatory responses woegselec
across the learning phase. In fact, infants produced shorter latenciesdatinoss
learning and test phases, but this decrease applied to both correct andtincorre
anticipatory responses. This suggests that the increase in anticipatioss of t

peripheral target were not based on the contingent relationship with the stomelus



A similar pattern was observed for the response variable across both variables.
Finally, if infants were using the content relationship to anticipate theédaaaf the
peripheral target, the introduction of invalid trials during the test phase diéd
disrupted infants’ performance. However, infants at neither age were dstypthe
introduction of the invalid trials. Furthermore, responses on the invalid trials were
not consistent with the stimulus-cue contingency.

A secondary issue concerned the salience of the central stimulus within the
stimulus-to-response task. When the task has been administered to infants, the
salience of the central cue stimulus has consistently been enhanced to order
promote infants’ attention to, and retention in the task. The effect of enhancing
salience in this task is unknown. In addition to the objectives outlined above, the
current study examined this issue through manipulation of cue stimuletscgalilt
was found that more salient cue stimuli elicited more responses in younges.infa
While 9-month-olds’ behavior did not vary as a function of cue salience, 4-month-
olds’ latencies and responses varied, depending on the salience of thenaliessti
These findings suggest that the enhancement of cue-stimulus saliémseask may
differentially affect infants’ performance at different ages.

Overall, lack of facilitation of eye movements within this task, based on the
contingent relationship, paired with the role of the high salience indicatesftas
at neither age showed evidence of endogenous attention. Instead, the evidence from
this study shows significant exogenous influence on infants’ behavior at bsth age

tested.
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THE EXAMINATION OF ENDOGENOUS ATTENTION:
STIMULUS-CUE LEARNING IN 4- AND 9-MONTH OLDS

The termendogenous attentidmas recently been proposed (Colombo &
Cheatham, 2006) to refer to the interface between attention and other lower-order
cognitive processes that presumably give rise to higher-order cogaiietoins. Such
higher-order cognitive functions have been associated with flexibility, jraadtthe
ability to generalize to new situations. These functions have been hypothesized to
emerge through the ability to select a desired stimuli/response in teaqzes robust
competing stimuli/response. Thus, endogenous attention reflects the internalafont
behavior through the integration of systems, where the desired response/systam ¢
selected while an unwanted response/system is inhibited.

An understanding of the development of endogenous attention provides insight
into how functioning systems are integrated within the infants’ world and lends
awareness to mechanisms that underlie infant behavior. The developmental onset of
endogenous attention has been posited to occur in the latter half of the first yfear of |
(Bell, 1998; Colombo & Cheatham, 2006; Diamond, 1990a,b,c, 1991a,b; Ruff &
Rothbart, 1996; Ruff & Capozzoli, 2003), and presumably attains adult typology around
7 years of age (Diamond, 2002; Rothbart & Rueda, 2005). Several lines ofiléerat
have converged to generate this consensus. Diamond (1990a,b,c, 1991a,b) has shown
that the ability to retain information and inhibit a prepotent response stalés¢lop
around 7 months of age; furthermore, she hypothesizes that this behavior is supported by

the dorsolateral prefrontal cortex. A similar developmental trend is obsertesl i



measurement of ocular latencies (Colombo & Cheatham, 2006). Ocular latenaidg not
decrease between 3 to 6 months of age (Blaga & Colombo, 2006; Casey & Richards,
1988; Hood & Atkinson, 1993; Ruff & Capozzoli, 2003), but increase between 7 to 26
months of age (Oakes & Tellinghuisen, 1994; Ruff & Capozzoli, 2003; Ruff, Capozzoli,
& Saltarelli, 1996; Ruff & Lawson, 1990). It is hypothesized that the U-shaqptidn
provided by ocular latencies represents the end of the development of disengagement and
the onset of the development of endogenous attention. Furthermore, this change in the
measurement of ocular latencies marks the shift from externally drisreal behavior to
internally driven visual behavior. According to this theory of the developafent
endogenous attention, infants’ behavior prior to 6 months of age should not be expressed
as internally driven action.
In contrast, some research has suggested that infants’ behavior before 6 months of

age may be interpreted as being endogenously driven. For example, it hasiineed cl
that 4-month-old infants have the ability to inhibit dominant responses (Johnson, 1995b;
Johnson, Posner, & Rothbart, 1994) and use learned associations to guide eye movements
in a purposeful manner (Johnson, Posner, & Rothbart, 1991). If infant behavior prior to 6
months of age is internally driven, then the prevalent theory of the development of
endogenous attention must be recast to incorporate an earlier onset.

In the early study of infant attention (i.e., birth to 6 months) infants’ behavior is
thought to reflect external mechanisms and, as such, endogenous attention is often

discounted. However, if infants’ behavior is internally driven then, endogenonsaatte



must be considered when studying infants’ cognitive development. Therbfonget
of internally driven behavior is highly relevant in understanding infant behavior.

The purpose of this study is to critically examine the possibility thae $orms
of endogenous attention are present as early as 4 months of age. A briefiraatkd
endogenous attention and its development will be discussed, followed by a critical
examination of research studies, which indicate internally driven behavidairis as
young as 4 months of age. Finally, the current study will be presented with a thorough
examination of its findings and its relevancy for future research.

ENDOGENOUS ATTENTION

The operational definition of endogenous attention remains elusive even in the
face of abundant theorizing about the construct (e.g., Desimone & Duncan, 1995;
Funahashi, 2001; Miller & Cohen, 2001; Norman & Schallice, 1986; Posner, 1992, 1995;
Rabbit, 1997; Smith & Jonides, 1999; West, 1996). For the sake of brevity, each of these
theories will not be reviewed,; rather, | will note that all of these theshiae a few
common characteristics.

First, all of these theories propose that endogenous attention is composed of the
integration of several lower-order subsystems. Furthermore, endogdientiom is
marked by the ability to control the operations of these subsystems volitionallg|l @s
inhibiting prepotent responses. Thus, endogenous attention is characterized by the
control of a set of subsystems and the ability to select a desired action.

The integrative element of endogenous attention has been attributed to the

prefrontal cortex, and the dorsolateral prefrontal cortex has been sgfcifientified in



some work (Miller & Cohen, 2001). For example, damage to the prefrontal cortex is
related to delay issues and/or deficits in working memory (Funahaske,Beoldman-
Rakic, 1993; Funahashi, Bruce, Goldman-Rakic, 1991; Funahashi, Bruce, Goldman-
Rakic, 1989; Quintana & Fuster, 1992; Takeda & Funahashi, 2002; for a review see
Funashasi & Kubota, 1994), increased distractibility (Aron, Sahakian, & Robbins, 2003;
Birnbaum et al., 2004; Chao & Kinght, 1995; Drewe, 1975; Woods & Knight, 1986), and
inhibition problems (Aron, Sahakian, & Robbins, 2003; Blasi et al, 2006; Duncan, 2001,
Gaymard, Francois, Ploner, Condy, & Rivaud-Pechoux, 2003; Gemba & Sasaki, 1990;
Pierrot-Deseilligny, Rivaud, Gaymard, & Agid, 1991; Ploner, Gaymard, Rivaud-
Pechoux, & Pierrot-Deseilligny, 2005; Sasaki, Gemba, Nambu, & Matsuzaki, 1993;
Tsujimoto et al., 1997). Working memory, distractibility, and inhibition are thought to be
supported by the prefrontal cortex, and are the same systems that havéribededato
the control and inhibition of action.

Given that endogenous attention is supported by the prefrontal cortex, it follows
then that the developmental course of the maturation of the prefrontal cortec istaqul
on the developmental onset of the above-mentioned systems. The prevalentfttieory o
development of endogenous attention has been established through the measurement of
behavior similar to those mentioned above. In line with the prevalent theory of
endogenous attention, the onset of metabolic activity in the frontal lobe occursrbetwee
6-8 months of age (Chugani, Phelps, & Mazziotta, 1987) and electroencephalographic

activity of the frontal lobe increases between 6-12 months of age (Belk&1992,



1994). | will now turn the discussion to the development of endogenous attention
through the use of measures related to working memory, inhibition, and distrtgctibili
The Development of Endogenous Attention
A-not-B/Delayed Response Tasks as Measures of Endogenous Attention
The A-not-B task has been established as a marker for the developmental onset of
endogenous attention and has been posited to reflect the integrated output of working
memory and inhibition (Diamond, 19904, b). The task is analogous to the delayed
response task from the animal literature, but was developed and popularizedifenchil
by Piaget (1954) as a measure of cognitive development. Based on findings and data
collected from the animal literature, the case has been made for usingktietia
infants as a measure of dorsolateral prefrontal cortex maturation or funictitire A-
not-B task, the infant watches a toy being hidden at location A. In full sight offtire, i
the toy is removed from location A and then hidden at location B. The infant is then
allowed to retrieve the toy. Between 8 to 11 months of age, infants attempietcerdie
toy from location A (not B), even though they saw it being hidden at location B. This
type of error is commonly referred to as the A-not-B error.
Diamond (1985) has shown that there is a developmental progression in terms of
the infants’ ability to perform the A-not-B task over delays. Before 7% montlgepf a
infants are unable to perform the task even when there is no delay. By the tinge infant
reach 7% months they can perform the task with a delay up to 2 s. After 7% months an
infant’s tolerance increases to a rate of 2 s per month. For infants to sultgessform

the A-not-B task they must meet two requirements: (1) they must be able to tindibi



prepotent response to reach for location A, and (2) they must remember the location of
the toy over the delay. Both of these behaviors are supported by the dorsolateral
prefrontal cortex (e.g., Drewe, 1975; Funahashi et al., 1993; Tsujimoto et al., 1997).
Thus, the developmental change in the A-not-B task has been attributed to the
development of the dorsolateral prefrontal cortex. Lesions to the dorsolasérahai
cortex produces AB errors at delays of 2, 5, and 10 s in adult monkeys, which are similar
to the errors found with human infants (Diamond & Goldman-Rakic, 1989), further
strengthening the connection between performance on the A-not-B task and tloafuncti
of the dorsolateral prefrontal cortex.

These results have been replicated with the delayed response task. As mentione
earlier, there is an unequivocal relationship between dorsolateral prefrortabh and
the delayed response task (Funahashi, Bruce et al., 1993; Funahashi et al., 1991,
Funahashi, Bruce, & Goldman-Rakic, 1990; Funahashi et al., 1989; Funahashi, Chafee, &
Goldman-Rakic, 1993; Takeda & Funahashi, 2002). Although the delayed response task
was developed and used primarily with monkeys, its use with infants should further
strengthen the developmental time course of the dorsolateral prefroneal cibiboth
the delayed response task and the A-not-B task reflect dorsolateral prédtroatiain, it
follows then that the delayed response task should show a developmental pattarn simi
to the A-not-B task. According to Diamond and Doar (1989), the developmental time
course of the delayed response task is identical to the developmentabuirse af the

A-not-B task.



In summary, both the A-not-B and delayed response tasks show the same
developmental progression and similar deficits as a result of lesions to thatived
prefrontal cortex. These findings further solidifying the concept thadldemental onset
of endogenous attention is thought to emerge in concert with the dorsolateral prefrontal
cortex at around 7%2 months of age. Additional support for the prevalent theory of the
development of endogenous attention can also be obtained through the examination of the
distractibility literature.

Distractibility as a Measure of Endogenous Attention

The developmental time course of endogenous attenéis@lso been replicated
with the measurement of distractibility, which as mentioned previousd{sasrelated to
the function of the prefrontal cortex (e.g., Woods & Knight, 1986). More specifically,
individuals with damage to the prefrontal cortex are more susceptible tctmtr
Since overt behavior in both the A-not-B/delayed response tasks and distracabig
are supported by the function of the prefrontal cortex, it follows that developmental
changes in distractibility should map onto developmental changes in the A-n@yBftle
response tasks.

Distraction is generally measured using a paradigm where an infapsenped
an interesting stimulus or toy in the central visual field. Once the infardgeql to be
engaged with the central stimulus, an attractive stimulus is presented imipine iz
visual field. The ocular latency between the onset of the peripheral stimulus aye the
movement to the peripheral stimulus is the dependent variable. Ocular lateneiesaow

central stimulus increase between 7 to 26 months of age (Oakes & Tellinghuisen, 1994;



Ruff & Capozzoli, 2003; Ruff, Capozzoli, & Saltarelli, 1996; Ruff & Lawson, 1990),
indicating that infants become progressively less distractible.

The observed changes in ocular latencies have been posited to be sustained by the
emergence of endogenous attention (for a review, see Colombo & Cheatham, 2006). As
expected, the developmental time course of distractibility maps onto the develabme
time course of endogenous attention as measured by A-not-B/delayed reapksise t
Furthermore, the quality of attention directed toward the central stimulus shaimgdar
developmental trend. For example, 6-month-old infants are unaffected by nonklty a
familiarity of a central stimulus, while 10-month-olds are more eassityacted from
familiar ones (Oakes, Kannass, & Shaddy, 2002). Distractibility thus appears to be
mediated by task demands at the later age; further indicating the eceeaje
endogenous function. In summary, the distractibility literature lends additigoyad
for the developmental onset of endogenous attention and prefrontal function around 7
months of age.

Early Attentional Control

Given that endogenous attention develops after 6 months of age, what can be said
of infants’ behavior prior to this point in development? According to the predominant
theory of the development of endogenous attention (Bell, 1998; Colombo & Cheatham,
2006; Diamond, 1990a,b,c, 1991a,b; Ruff & Rothbart, 1996; Ruff & Capozzoli, 2003),
behavior during the first half of the first year is driven exogenously, adbprinantly
lacks volition on the part of the infant. Howevaccording to Johnson’s maturation

hypothesis (Johnson, 1990a,b, 1994a,b, 1995a, 1998), which accounts for the changes in



infants’ visual behavior in the first months of life by examining the development of
cortical function, infants have endogenously-driven behavior as early as 4 months of age.
Johnson (1994b, 1995a) hypothesizes that, around 4 months of age, infants show the first
indication of endogenous attention via the ability to volitionally select a response and
inhibit an unwanted response (Johnson et al., 1991; Johnson et al., 1994). If 4-month-
olds exhibit internally driven behavior, then endogenous attention occurs earlier than
previously thought and a re-evaluation of the prevalent theory of the develogiment
endogenous attention is required.
The Stimulus-to-Response Task as a Measure of Attentional Control

As indicated earlier, the purpose of this study is to examine the possibility that
endogenous attention is present in infants at 4 months of age. Thus, the development of
endogenous attention will be critically evaluated through the replication agsex of
thestimulus-to-response tagkohnson et al., 1991) with 4 and 9-month-ol@ke use of
the stimulus-to-response task is of particular relevance as a medsindogenous
attention, because of its relation to the function of the dorsolateral prefroriex c
(Quintana & Fuster, 1992; White & Wise, 1999). In essence, the stimulugptmses
task requires the participant to make a response that is contingent on tiné¢ abate
central cue stimulus. Research indicates that neurons in the dorsolafevatg@reortex
are responsible for the ability to perform this task.

Johnson et al. (1991) has reported that 4-month-olds were able to perform a
stimulus-to-response task that required them to orient to a particulaotoitatesponse

based on a learned association between the content of a cue stimulus angtbeape



target location. In this study, infants were presented 18 training trialswatharying
dynamic multicolored stimuli each with an accompanying beeping sound. Each cu
stimulus was associated with a peripheral target that appeared to theigit of the
cue stimulus. The location of the peripheral target (i.e., left or right) wasgent on
the content of the cue stimulus. Four-month-old infants had a significant decrease in
response time during the training trials relative to the learning, teladgesting that they
were able to use the content of the cue stimulus to facilitate saccades tloava
upcoming peripheral target. Furthermore, during test trials, a bilaterahpmgen of the
peripheral target was employed to assess learning. Four-month-dldsstgmificant
mean preference for the contingent side during the test trials, furtheatindithat they
were able to use the content of the cue stimulus to facilitate eye movemants t
particular spatial location.

Infants’ ability to use the content of the cue stimulus to facilitate eye mmavs
implies the presence of internally-driven behavior. In other words, once ihfards
learned the association between the stimulus cue and the continggahlotthe
peripheral target, they are then able to use that association to direah\ments
toward the contingent side; thus, eye movements might be considered to be volitional
However, there are some indications that infants’ early (i.e., 3-4 months ofisu)
behavior is not necessarily dependent on content, but rather dependent on spatial
characteristics.

Clohessy, Posner, and Rothbart (2001) showed that 4-month-olds were able to

learn a contingent association, but were unable to learn the association when it was

10



context dependent. Furthermore, Colombo, Mitchell, Coldren, and Atwater (1990)
found that although infants ages 3, 6, and 9 months could use both position (i.e., spatial
cues) and stimulus (i.e., content cues) cues to learn an association, positiomareue
dominant in situations where stimulus content and location were conflated; for olde
infants, stimulus cues were dominant. In addition, the learning of content cues was
particularly transient and fragile in 3-month-olds; learning based oermocues
dissipated after a 5-minute delay in these young infants when learneddraposition
cues was retained or persisted after the same delay (Colombo et al., 1990). Jonides
(1981) has shown that spatial cues trigger automatic responses in adults, wheteats
cues are associated with endogenous responses. If infants are responding tuspatial
it is likely they are producing an automatic response rather than ityestnaén
behavior.

It is also worth noting that in Johnson et al.’s (1991) study, 4-month-olds showed
a 60% mean preference for the contingent side. Although this result was signifieant
authors admit that “the contingency learning found in 4-month-old age group is rather
weak” (p.342). In addition, Clohessy (1993) did not find a significant mean preference
for the contingent side using the stimulus-to-response task. Before the prévadey
of endogenous attention needs to be reevaluated the stimulus-to-response task must be
critically examined. According to Johnson (Johnson, 1990a,b, 1994b, 1995a) the results
obtained from the stimulus-to-response task in concert with results obtaoneddveral

other experiments support the presence of endogenous attention relatiyeiy tellife

11



span. | will briefly review these experiments and how they relate tsttldg of

endogenous attention.

Expectation Paradigm as a Measure of Attentional Control

A study by Haith and colleagues (Haith, Hazan, & Goodman, 1988) has been
cited (Johnson, 1990a, Clohessy, Posner, & Rothbart, 2001) as further support of an early
measure of attentional control. Haith et al. presented 3.5 months-old infdnts series
of pictures at alternating right/left locations. The results showedaat the course of
trials, infants’ response time to the alternating sequence wasafidli Indeed, in some
cases, eye movement occurred prior to the onset of the impeding stimulus; such eye
movements were characterizedaasicipations The authors suggested that the infants
were forming expectations based on the regularity of the situation andisiegethese
expectations to anticipate the upcoming stimulus. Anticipation implies thatsrdfan
guide their visual behavior based on their expectations of what is going to occur; thus
they have the ability to anticipate upcoming behavior. This research provides sapport f
endogenous attention.

Other studies have shown that infants are able to process the content of mdfernati
stimuli (Adler & Haith, 2003; Wentworth & Haith, 1992; Wentworth, Haith, & Hood,
2002), can learn sequences when temporal characteristics are removedd @anfie
Smith, 1996), and that over time infants adjust their strategies (Wentworth I& Hait
1998). The aforementioned studies indicate that infants can incorporate mubiysénte

the formation of expectations.
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An alternative interpretation of these data, however, is that infants may not be
anticipating based on their expectations for upcoming events, but rather have dbaelope
motor-level pattern of responding to predictable spatio-temporal cbassics of the
sequence (Reznick, Chawarska, & Betts, 2000; Rose, Feldman, Jankowski, & Caro,
2002). Infants as young as 6 weeks of age were shown to be able to anticipate the
upcoming stimuli using an alternating left/right sequence (Robinson, McCaHgjt&,
1988), an age at which volitional attentional mechanisms seem highly unlikely ¢dphns
1990a). Therefore, the ability to “anticipate” in the visual expectation paradaymot
necessarily involve all of what is implied by Haith and colleaguestiiHaD93; Haith et
al., 1988; Canfield & Haith, 1991; Johnson, 1990a) definition of “expectations.”
Although the visual expectation literature provides some indication of endogenous
attention, this literature (like that of stimulus-to-response task) dogsoatle definitive

support for the early development of endogenous attention.

Anti-saccade Task as a Measure of Attentional Control

According to Johnson (1994a; 1995b) further support of volitional control comes
from infants’ abilities to inhibit a prepotergsponse, which has been observed with a
modified anti-saccade task.

In the anti-saccade task, subjects are cued to a particular spatian@cal are
instructed to make a saccade away from a cued location. It has been shown tit a spa
cue tends to result in an automatic saccade to the cued location (Fischein8epee)

1987); thus, to make a saccade in the opposite direction, subjects are required to (1)

inhibit an automatic saccade towards the cued location, and (2) to trigger desactae

13



location opposite of the cue. Anti-saccade latencies are longer than regedalesac
irrespective of training (Hallett, 1978); most likely, this is due to the tirtakes to
execute the two requirements of the anti-saccade.

Given that infants cannot be instructed to make a saccade away from a cued
location, Johnson et al. (1994) developed a modified anti-saccade task. In this task,
infants were trained to look to a location opposite of the cue location. This was done by
presenting a spatial cue followed by the presentation of a peripheralliteiaged in the
opposite direction relative to the cue location. Latencies during the training \whes
significantly longer than in the control condition; and similar to the adettlre, the
longer latencies were attributed to the time necessary to redirexticattieom the cued
location to the peripheral target location. Johnson et al. (1994) concluded that infants’
ability to perform an anti-saccade task is indicative of the transition froaui@matic
responding to volitional control.

Although 4-month-old infants appeared to be able to perform the modified anti-
saccade task, it is worth noting that, in this form of the anti-saccadeltasippearance
of the peripheral target might be influencing latencies; since the latemeodged did
not need to be anticipatory in nature, infants might be simply responding to the
presentation of the cue stimulus. The longer latencies might be attributethanisms
related to the ocular system rather than to the existence of endogendusnatfeimus,
performance in the modified anti-saccade task alone is not enough to conclude that
volitional control is present at 4 months of age. However, in concert with the stimulus-

to-response task and the visual expectation paradigm, the results obtained from the
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modified anti-saccade task indicates further the need to examine the presence of
endogenous attention around 4 months of age.

If, in fact, 4-month-old infants possess attentional control, the prevalent tHeory o
endogenous attention needs to be recast with the new developmental onset. In addition,
endogenous attention must be taken into consideration when studying early infant
attention. However, before a reevaluation of the predominant theory of endogenous
attention is warranted, it is imperative that the stimulus-to-resporksbdaasplicated
with 4-month-olds. Furthermore, when studying the development of attentional control
there is a methodological matter that needs to be taken into account.

Methodological Considerations

In the adult literature, endogenous and exogenous shifts of attention are
distinguished operationally through the use of spatial and content cues. The two cues
vary primarily in the location of their presentation. More specificallytigipeues appear
at the location of the peripheral target, while content cues are centrallyd@cat
visually indicate the location of the peripheral target (e.g., arrows). Spamhave
been shown to trigger automatic or exogenous responses, whereas content cues are
associated with endogenous responses (Jonides, 1981). It follows that, withitnthe rea
of infant attention, the same distinction between exogenous and endogenous responses
can be made through the use of spatial and content cues.

The use of spatial cues requires no change in protocol; however, this is not the
case with the use of content cues. The stimulus-to-response task was dewelaped f

with subjects who are incapable of being directed to use the content of the cue to
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facilitate attention to the upcoming target. Rather, through repeated expofunts, i
would be expected to learn an association between the content cue and the lodagion of t
peripheral target, and then use that association to purposefully guide eye mowements
the upcoming target location. In order to draw attention to a central cue anel taesur
learning of the association between the cue and contingent periphgealdaation, the
central cue stimulus is usually manipulated to be attractive. Typicallgtitheli are
made to be highly salient (e.g., high contrast, colors, motion and auditory components
have all been used to enhance cue salience). An issue that has not previously been
addressed is the degree to which the salience of the central stimulus infinrences
infant’s performance on the stimulus-to-response task; a reasonable higowilghs be
that endogenous mechanisms in young infants might need to be scaffolded by inducing
attention through the use of such salient targets.
Implications of the Gaze Shifting Literature

Of relevance to this issue are studies on gaze shifting in infants, whichlys rar
considered in the context of endogenous attention. In line with the stimulusptmse
task, gaze-shifting studies provide some evidence that infants as young a4 ofiont
age can use the content of the central stimulus to facilitate saccadesttoutapar
location (Hood, Willen, & Driver, 1998; Farroni, Johnson, Brockbank, & Simon, 2000;
Farroni, Mansfield, Lai, & Johnson, 2003; Farroni, Massaccesi, Pividori, & Johnson,
2004; Mansfield, Farroni, & Johnson, 2003).

The gaze-shifting methodology is similar to the stimulus-to-response Fas

example, Hood et al. (1998) presented infants with a picture of a face in thevisindér
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field for 1000 ms where the eyes appeared to be blinking. After the 1000 ms, the eyes
shifted either toward the left or right indicating the location of the upcominge ob

target. Then the face was removed and the target was presented eitherftotig e

of the center stimulus. Within this paradigm two conditions are presented: corandent
incongruent. In the “congruent” condition, the gaze shift is directed at¢hedn of the
impeding target location. In the “incongruent” condition, the gaze shift is ioppesite
location of the upcoming target location. The results indicate that infants 2% to 7 months
of age are faster at orienting to the congruent condition versus the incongruetivepndi
thus demonstrating that infants are able to reallocate their attention basiedutunss

gaze. ltis thought that infants use the content of the central stimulus tdluiect
attention to the location of the upcoming target. In the incongruent condition the longer
response latencies are thought to reflect the need to redirect attemtiotiné cued

location to the actual target location.

The ability of infants as young as 2% to 7 months of age to use the content of the
central stimulus is highly relevant to an early account of endogenous attention. One
could argue that if infants are able to use gaze to orient attention, then they @whkl a
able to produce the same result with a variety of central stimuli (i.e., dyaonti-
colored and auditory), thus replicating Johnson et al. (1991). However, several studies
examining the effect of the stimulus content have not observed such results (€arroni
al., 2000; Farroni et al., 2004; Hood et al., 1998). For example, Farroni et al. (2003)

found infants’ facilitation of eye movements based on stimulus gaze occurshmder
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condition of three specific stimulus conditions: the use of a motion cue, the use of fac
stimuli, and the use of direct gaze to attract infants’ attention.

The gaze shifting literature brings up two relevant points. First, the imptisat
of these results are as follows: if infants cannot facilitate attentidmsenae of a face
stimulus, it is likely that this ability is not a generalizable phenomenon, buotiied to a
specific/modular type of stimulus entrainment or elicitation. Such l@giatso be
applied to the use of a motion and direct gaze cues. Second, the manipulation a central
cue’s content can obscure results on the stimulus-to-response task. Moreatlye tiifec
salience of the central cue stimulus may play a significant role in infant&y to
perform the stimulus-to-response task independent of endogenous attention. dn additi
to examining infants’ ability to perform the stimulus-to-response taskutient study
attempts to examine the role, if any, played by the salience of the cueustimul
The Role of the Central Cue Stimulus Salience

It is an implied assumption that the location (i.e., spatial vs. central mde) a
content of the central cue affects responding, but the salience of thé ceatséimulus
is often discounted or ignored. With adult subjects, the cue stimulus is typicgilg sim
For example, the cue could be an arrow pointing in the direction of the upcoming
peripheral target location. In this case, the aforementioned assumption holds. However
the practice of making the cue highly salient to attract infants’ attentay void this
assumption. Although it is presumed that the salience of the cue does not affect
performance on the stimulus-to-response task, it is possible that the saligreeaitral

cue might influence responding.
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Courage, Reynolds, and Richards (2006) showed that infants respond
differentially to dynamic vs. static versions of the same stimuli; nueeifcally,
dynamic stimuli proved to be more engaging than the static stimuli (seehalddy%
Colombo, 2004). The addition of motion increases the stimulus salience; thus, it is not
surprising that infants find these stimuli more interesting than theic stainterparts. In
accordance, the manipulations performed on the cue stimulus in the stimudspdogse
task could be triggered by exogenous attention, and as such, should be examined. In
other words, if infants’ performance on this task is a result of the attegeiting
properties of the central cue stimulus, then their performance on this task would be
exogenous driven rather than endogenously driven. If this is the case, operationally
defining exogenous and endogenous responses for infants through the use of spatial and
content cues may be erroneous. To address the issue of whether the salience of the
central cue stimulus influences performance, cue salience will be maedginahe
present study.

Rationale for the Current Study

The purpose of the current study is to try and address two questions.

1. Are 4- and 9-month-old infants able to use the content of a cue stimulus to
guide eye movements®ome research indicates that infants as young as 4 months of age
are able to use the content of the cue stimulus to facilitate eye movementsg$glohe
1993; Hood et al., 1998; Johnson et al., 1991). While other research indicates that the
facilitation of eye movement can be attributed to spatial and temporaktéstics of

the experiment, rather than infants’ ability to use the content of the cueuditaul
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facilitate eye movemen{€olombo et al., 1990; Reznick et al., 2000). The resolution of
these differences has direct implications for the study of the developmeraabbns
endogenous attention. Thus, the current study attempts to resolve this discrepancy
through the replication and extension of the stimulus-to-response task \aiid 9-
month-olds. The choice of these two ages is based on theories that posits that volitional
attention should be present in both (Johnson, 1991), or only the older (Colombo &
Cheatham, 2006) of the age groups.

Infants were presented with a learning phase and a test ghaseg the learning
phase, infants were introduced to the contingent relationship between the ecentral ¢
stimulus and the location of the upcoming peripheral target, in accordance with Johnson
et al.’s (1991) study. The test phase was identical to the learning phase on 75% of the
trials, the other 25% of the trials were “invalid,” in that peripheral taagpeared at the
opposite location as it did during the learning phase. In Johnson et al.’s (1991) study,
contingent learning was tested through the use of bi-lateral presentatenpafripheral
target. However, Johnson’s et al. (1991) “weak effect” of contingency learning, @douple
with Clohessy’s (1993) lack of contingent side preference, prompted the use of invalid
trials as a measure of contingent learning.

2. Does the salience of the cue stimulus play a role in the ability to facilitate eye
movements?The salience of the central cue stimulus was manipulated to explore the
possibility that, at either age, the exogenous recruitment of attention mightenngaah
scaffold or induce improved performance on the stimulus-to-response taskis, That

might endogenous processes be influenced or triggered by exogenous manipulations?
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Findings suggesting this outcome would provide some support for the notion that
endogenous processes build on exogenous ones, and that the distinction between the two
in development might, in fact, be more blurred than previously suggested in the extant
literature.

Dependent Measured.atencies and the direction of responses (i.e., correctly
looking to the peripheral target or looking to the location opposite of where the peripheral
target appeared) were used as dependent measures. Comparisons of latencies and
direction of response across trials (as in Johnson et al., 1991) were performéahtdf i
are able to learn the contingent relationship between the cue and target, ansl use thi
information to guide eye movements, one would expect to see facilitation or@asec
in anticipatory looks to the peripheral target location. Furthermore, perforrdanng
invalid trials was also examined. If infants are using the contingernibredaip to
facilitate eye movements, responses in the invalid condition should be contingent based
and not target based. In other words, infants should look in the direction opposite to the
appearance of the peripheral target.

Method

Participants

One hundred twenty five (62 male and 63 female) healthy, full-term infanés wer
recruited by mail and telephone from the Kansas City metropolitan area. Thistjpopula
is predominantly upper-middle class socioeconomic status and the sample had the
following ethnic composition: Caucasian (83%), Asian (6%), Hispanic (5%), Aameric

Indian (2%), African American (2%), and other (2%) participants. Paatits were

21



tested at either 4 monthisl = 127.1 daysSD= 7.6) or 9 months{ = 273.8 daysSD=
10.1) of age. Of these 125 infants, 45 infants were excluded for the following reasons:
prematurity (i.e., infants born before 37 weeks gestatieng), fussiness or sleepiness (
= 22), parental interference € 3), equipment failuren(= 2) or other various reasons
(e.g., inadequate number of good trials completed, persistent inattention, pleiitige
booster seat, or pacifier uses 10).

The 80 remaining infants contributed to subsequent analyses. Demographic
characteristics for the remaining sample, split by the respectivgragps, are presented
in Tables 1 and 2. There were no significant differences on the demographic

characteristic between the 4 and 9-month-old infants.

Stimuli

During the procedure, infants were presented with a stimulus at midline, whicd ss
a cue for the upcoming peripheral target location. The cue stimulus subtended
approximately 5° of visual angle. There were a total of four possible cue stinnuper
salience condition.

For thelow saliencecondition, the cue stimuli were high contrast multi-chromatic
and static. To ensure infants’ ability to discriminate between these twoistimewhape
and color scheme was varied (e.g., square pattern containing a red, black, armblhit
scheme vs. a circular pattern containing a yellow, blue, and green coloresdsem
Figure 1).

For thehigh saliencecondition, the cue stimuli consisted of the same two high

contrast multi-chromatic stimuli as in the low salience condition. To assure the
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Table 1

Demographic Characteristics for 4-month-olds

Infant Characteristics

Age at Testing (days)
Conceptual Age (days)
Birth weight (grams)

Family Characteristics

Maternal Age (years)
Maternal Education (years)
Paternal Age (years)
Paternal Education (years)
Number of Siblings

4-month-olds

M SD Min Max

127.5 6.7 112.0 141.0
123.9 8.3 107.0 140.0
124.0 12.9 101.0 153.0

M SD Min Max
30.0 4.7 22.0 41.0
16.3 1.8 12.0 20.0
32.1 5.4 24.0 46.0
16.3 1.9 12.0 20.0
0.5 0.8 0.0 3.0
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Table 2

Demographic Characteristics for 9-month-olds

Infant Characteristics

Age at Testing (days)
Conceptual Age (days)
Birth weight (grams)

Family Characteristics

Maternal Age (years)
Maternal Education (years)
Paternal Age (years)
Paternal Education (years)
Number of Siblings

M

274.7

270.9
125.39

M
31.9
16.6
33.3
16.2
0.8

9-month-olds
SD Min
9.8 247.0
115 242.0
16.2 64.0
SD Min
4.6 22.0
1.4 14.0
4.8 24.0
1.7 12.0
1.1 0.0

Max
307.0
300.0
152.0

Max
43.0
20.0
43.0
20.0
4.0
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Figure 1.Presentation of Learning and Test Phase
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prominence of the high salience cue stimuli a motion and an auditory component was
included. The type of motion and sound varied among the center stimuli (e.g., a square
pattern that rotated with an accompanying regular beep vs. a circulan patteh
expanded and contracted with an accompanying irregular beep). A pilot steidy wa
conducted determine if infants could discriminate between the cue stimulus Tainty-
seven infants ages 4 and 9 mont¥is5(123.8 daysSD= 8.1;M = 276.6 daysSD= 10.6
respectively) were assigned to either a high or low salience condition. sinfemé then
habituated to one of the cue stimulus pair using an infant-control sequence, with a
criterion of two consecutive looks at a 50% decrement from the previous longest look.
Following habituation, infants were tested for novelty preference usingnthlof
looking to the stimuli as the dependent variatilength of looking was then entered into
an Age (2) x Salience (2) x Familiarity (2) three factor mixed desigtyaisaof
Variance (ANOVA). All main effects and interactions were significark (05),
indicating that both 4- and 9-month-olds were able to distinguish between the high and
low salience cue stimulus pairs.

The peripheral target stimulus comprised of a flashing pink diamond above a
green rectangle, analogous to the peripheral target employed in Johnson et al. (1991)
The peripheral target was identical at both locations and was sized at 3° visearahg|
was located at 34° to the left or right of cue stimulus (see Figure 2).
Apparatus

All infants were tested in a 2 m2 m room with black walls and ceiling. Infants

were placed in an adjustable booster seat approximately 1 m away frarsadkn Dell
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Figure 2.Stimulus-to-Response Set Up Compared to Other Studies

Current Study
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W3000 LCD television monitor. Stimuli were presented on the .X8 %38 m monitor
via a computer.

A JVC digital video camcorder was centered above the screen, and an observer
located in the adjacent room monitored the infant on closed-circuit television. The
observer coded looking behavior on-line using a key press connected to a computer tha
kept track of the length of looking and direction of infant gaze, as well as contraled t

stimuli presentation.

Design

The experiment was a mixed-factorial design including between-suagotd of
Age (2: 4- vs. 9-month—olds) and Salience (2: low vs. high) and within-subjectfattor
Phase (2: test phase vs. learning phase) and Trials (20). l[énvtkaliencecondition, the
cue stimulus presented at midline was either a static square or stafi@rgiattern with
no auditory component. In tiegh saliencecondition, the cue stimulus presented at
midline was either a dynamic square or dynamic circular pattern wiglu@itory
component.

The presentation of the cue stimulus was paired with the peripheral target at a
specific spatial location. For example, the presentation of the square patgrairgd
with a peripheral target location that always occurs to the left of the oudwssi while
the circular pattern was paired with a peripheral target location thatsatweayrred to
the right of the cue stimulus (see Figure 1).

The trials were administered in two sections of 20 trials each. TheQitsials

served as thkearning phase The learning phase allowed the infants to learn the
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contingent relationship between the cue stimulus and the upcoming peripheral target
location. During the learning phase, all trials were valid; that is, onadd, tthe square
pattern was always paired with a left peripheral target location and tdacipattern

was always paired with a right peripheral target location. The seconahsgetved as
thetest phasgwhere only 75% of the trials were valid (i.e., with the target appearance
location consistent with the pairing used during the learning phase). The other 25% of
the trials were invalid, where the presentation of the cue stimulus and contingent
peripheral target location were reversed (i.e., peripheral target apedine opposite
location as it did during the learning phase, see Figure 1). The presentation of the cue
stimulus and peripheral target location was counter-balanced across andletassss.
During the test phase, the presentation of the valid and invalid trials were raada@nd
were presented in a blind fashion (i.e., the experimenter was unaware ofl the tria

validity).

Procedure

Upon arrival, caregivers were informed of the experiment’s purpose and @form
consent was administered (see Appendix A). The participant was then placed in an
adjustable booster seat in the testing room. The seat was adjusted to accorfunodate
individual differences in height among the infants. A person (usually the aneqi
remained in the room with the infant at all times. Once the infant was in front of the
presentation screen, and was in a content state, the lights were dimmedtbtb# a

experiment began.

29



At the beginning of the experiment, infants were exposed to the learning phase
followed by the test phase. In the learning phase, infants were prese hit@dcuwe
stimulus. Once the infant had accumulated 2 s of looking at the cue stimulus, thes cue wa
removed. The presentation of the peripheral target occurred 750 ms after the removal of
the cue stimulus. When the infant looked to the peripheral target, the experimenter
pressed a button indicating that a gaze/ocular shift had occurred. The infanbwas all
to look to the peripheral target until he/she looked away, or until 5 s had passed. Then
the peripheral target was removed and the next trial presentation ocdbthedinfant
did not look to the peripheral target within 5 s of the removal the cue stimulus the trial
was deemed unusable; however, the trial was continued until the infant looked to the
peripheral targetThe trial was continued to ensure that infant had been exposed the
contingent relationship; to learn the contingent relationship infants had to beé@xpos
both left and right target presentations. Terminating the trial after 5 gveovcould
result in infants’ looking only one of the two peripheral locations or never sadieg e
of the peripheral targetsThus, infants were given sufficient time to look to the
peripheral target. If an infant did not look to the target within 5 s of the removal of the
cue stimulus the latency for that trial was removed from the analyses. Tiwalstyere
presented during the learning phase.

The test phase used the same stimuli pairs as those used in the learning phase.
The only variation came in terms of the degree to which the cue was
“valid,” or predictive, of the location of the subsequent peripheral target. In thenlpa

phase, the cue was 100% valid; in the test phase, validity was dropped to 75% (i.e., 25%
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of the trials were invalid). After infants completed 20 trials, the test [gesston was
concluded.
If the infant cried or refused to look at the stimuli during a particuldr that

trial was terminated and not used in the analysis. The session was continueafahe i
returned to a calm state, and subsequent non-fussy trials were kept foisarialys
fussiness continued and the infant did not return to a content state, the session was
terminated. Upon conclusion of the session, parents were asked to complete a health
guestionnaire (see Appendix B). Finally, the experimenter offered to ansyver a
additional questions the parent might have.
Data Reduction

Coding and Calculation of Latencies and Responsafsints’ performance on any
given trial was examined in terms latency and the direction of response préadall
trials, latencies were calculated on a frame-by-frame (33 ms resolb#ésis)using
motion pro software that allows for frame-by-frame control of the video rewprdnd
which provides the frame count. The calculation of latency started with the ptesent
of the peripheral target and continued until the infant made an eye movement or gaze
toward a peripheral target location. It should be noted that, in instances whefarthe i
look to the peripheral target location prior to its presentation (i.e., anticipatiten)cies
were recorded as negative (see Figure 3).

In addition to the measurement of latency, a response variable was aoeated t
indicate the direction of infant gaze. Initially, the response variable assifeéd into

one of four categoriesorrect incorrect, null, andmissing Thecorrectcategory
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Figure 3. Temporal Breakdown of Response
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consisted of trials where the infants looked to the peripheral targetinddresct
category consisted of trials where the infants looked to the opposite location of the
presentation of the target. Trials where the infant did not look to either of tké targ
locations or eventually looked to a target location after looking to other locatignsde
mom, camera, etc.) were categorizedasresponses Trials that were not presented or
were timed out were labeledissing

During the test phase, responses for valid and invalid trials were analyzed
collectively. By definition, a correct response should indicate contingent based
responses. During valid trialscantingent-basedesponse would correspond to a look
to the peripheral target signaled by the content of the central cue. Violation of the
contingent relationship during invalid trials would result in a look to the periptasgat
that we termedlarget-basedesponding. Thus, an adjustment in the classification of
responses during invalid trials is necessary to ensure that a corpectsegorresponds
to a contingent based response. If infants were making contingent-based responses
during invalid trials they should look to the location to where the target should have
appeared (i.e., the contingent location) rather than looking to the location wheaeg#tie
was actually presented. Accordingly, during invalid trials a look to the oppositigoloc
of the peripheral target (i.e., to where the target should have appeared) whsctkss
correctresponse, while a look to the peripheral target was classifiediasaarect
response

All correct and incorrect responses yielded usable information, and thus wdr®us

examine infants’ abilities to learn and use a contingent relationship. drtls moting
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that, although null responses were not expressly examined, these respoasesed/an
the denominator to create a proportion of response. The sessions were later coded for
reliability, and the reliability of coding latencies from the video clijs wighly
consistent, with interobserver records correlating=at+.99.

For the purpose of the current experiment, we were particularly interastddnts’
ability to anticipate the peripheral target, thus, the remaining usable resposie
further decomposed in termsanifticipatoryresponses antbn-anticipatoryresponses.
On trials where infants made a response prior to the presentation of the pergsbetal t
(i.e., latencies that greater than -2050 ms and less than 200 ms; see FigsmpoBsa
were categorized amticipatory This anticipation window was created by taking the
temporal range from the presentation of the central stimulus (-2750 ms) to the
presentation of the peripheral target (O ms), and shifting it by 200 ms. The value of 200
ms represents response time, and is the suggested cutoff for anticipaticaithist .
(1998) and Clohessy et al. (2001). Lastly, an additional 500 ms was subtracted from the
onset of the temporal window to ensure that infants observed the central stinfiotas be
looking to the target locationlrials where the infants gazed the peripheral target after its
presentation responses were labeled-anticipatory specificallylatencies that are
greater than 200 ms and less than 5,000 Timsis, usable latencies were classified into
the following categories: correct anticipation, incorrect anticipatiomgct non-
anticipation and incorrect non-anticipation, however, for the purpose of the cuaant st
only anticipatory responses will be discussed. Non-anticipatory responsesxekided

from the current study to avoid the possibility that infants making non-antigpator
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responses are responding to the appearance of the peripheral target (i.e., exogenous
driven eye movements).

Furthermore, these categories are mutually exclusive and consequentigca
anticipation on a given trial will result in a missing data point for incbaetcipation
and non-anticipation categories on that trial. To adjust for this missing data and t
maximize data used, two procedures were employed. First, mixed modelsseenith
this data set to allow for the use of all the data poi&exond, latencies for each infant
were averaged from the 20 trials within the learning and test phases &Xxkdatks of
4 consecutive trials (i.e., an average latency was obtained for trials8,-9; 52, 13-16,
and 17-20).

Results

Analysis Plan and Predictions

Latencies and direction of responses were examined to determine if inéats
able to use a contingent relationship between the content of the cue stimulus and the
peripheral target location to facilitate eye movement to the location of gendmg
peripheral target. Of most interest was¢beect anticipationcategory; if infants were
able to use the contingent relationship between the content of the cue stimulus and the
location of the peripheral target, then we would expect that, as learninggsedjre

(a) correct anticipatory responses would increase across the learaggg ahd

(b) latencies for correct anticipations would decrease across thewpphase

We further expected that, if infants were learning the contingency, the

introduction of invalid trials during the test phase would disrupt this pattern. The tes
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phase featured the introduction of the invalid trials, which were intended to serve as
“catch trials” to determine whether infants had learned the original contipge

However, the inclusion of invalid trials violates the contingent relationship betiveen t
cue stimulus and the peripheral target. If infants recognized the violation of the
contingent relationship, then performance during the testing phase should be irderrupte

One problem with examining only correct anticipations when infants are
producing other types of responses is that this measurgeprovides no appropriate
controls or comparison against which performance might be measured. Téexefor
included incorrect anticipations (i.e., anticipatory responses to the “wroocafion, as
signified by the central cue) as a means of providing that control. As the most
straightforward indicant of learning, we would expect simply that

(a) anticipations to the correct side would be more frequent than anticip@ations
the opposite or incorrect side, and

(b) the analysis of incorrect anticipations would produce inverse residliiie
results obtained with correct anticipations (i.e., decrease across thedgarase as
infants learn the contingent relationship), although it was unclear as to wipthiics
changes in latencies might be seen for such incorrect responses.

Finally, the type of response occurring during invalid trials was alsoiegdm|f
infants were using the contingent relationship to guide eye movements, then responses
during invalid trials should be contingent-based. In other words, during invalid trials
infants are expected to look to the location to where the tsingetdhave appeared

rather than looking to the location where the target was actually presented.
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Performance Across the Phases.

Proportion of Responsed.o examine the direction of responses produced, a
proportion was calculated. For example, the proportion of correct anticipatory respons
was computed by taking the total number of correct anticipation responseséma gi
block and dividing the total number of all responses (i.e., correct, incorrect, and null)
provided in that block. It is important to note that, because of the incorporation of null
responses into the denominator of the proportions, comparisons of correct and incorrect
these proportions were not inversely isomorphic; that is, the proportions of correct and
incorrect anticipations did not sum to 1.00. As such, they were not strictly cotiméa
could be included as a within-subject factor.

A hierarchical linear model (HLM) was run on the proportion of all anticipations
using the predictors of Age (2)Salience (2x Direction (2)x Phase (2% Block (5).

The HLM produced a significant main effect of Ag€1, 1421.36) = 16.32) < .001,

such that 4-month-old infants (M = .171) produced significantly more anticipatory
responses (i.e., both correct and incorrect) relative to 9-month-old infants (M = .130)
There was also a significant main effect of SalieR¢g, 1421.36) = 8.3 < .01,
indicating that infants in the high salience condition (M = .165) produced significantl
more anticipations overall (again, both correct and incorrect responsasgrlanfants
in the low salience condition (M = .136).

These results were qualified by a significant Agehase interactior(1, 1421.36)
= 4.67,p <.05: 4-month old infants showed a decrease in anticipatory responses from the

learning phase to the test phase, while the 9-month-old infants responses showed an
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increased pattern of anticipatory responses (see Figure 4). Becaus&ethrction
collapses across correct and incorrect anticipations, little can bebsaitl@arning.

These results were further qualified to some degree by a marginal 3geencex
Direction interactionf(1, 1421.36) = 3.73 = .054. For the high salience condition, 4-
month-old infants produced significantly (p<.05) more correct anticipations tha
incorrect anticipations, while 9-month-old infants produced only slightly moreator
anticipations than incorrect anticipatioms)( When examining the low salience
condition, no significant differences were obtained between correct andeictcor
anticipations for either age (see figure 5). The significant inen@asorrect anticipations
in the high salience condition might be taken to indicate that 4-month-olds learned the
contingency; however, this does not appear to be the case. If infants were ablthto us
learning contingent relationship to guide eye movement we would expect to see an
increase in the number of correct responses across the learning phase, whdch woul
indicate that after learning the contingent relationship infants were thetoalde the
relationship to facilitate eye movements to the peripheral target. Fudiegrine
introduction of invalid trials should disrupt performance resulting in a decreasgeatco
anticipations demonstrating that infants recognized the violation of the contingent
relationship. Yet, there was no change in the production of correct anticipatibmsawit

across the phases.
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Figure 4. Proportion of Anticipation by Age and Phase
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Figure 5.Proportion of Anticipation by Direction, Salience and Age
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The marginal effect of 4-month-olds in the high salience condition producing
more correct anticipation than incorrect anticipation alone does not provide conclusive
support of infants’ use of the contingent relationship. Thus, the current analysis provides
no definitive evidence that either group was capable of learning the contingeincy. O
some importance was the finding that cue stimulus salience affected imésmishses,
such that, infants produced more responses overall to the high salience condition than low
salience condition.

Latencies.A mixed-model analysis was run on the mean latencies for all
anticipations, using the predictors of Ag&aliencex Directionx Phasex Block. There
was a significant main effect of Phads@, 502.66) = 13.055 < .001, indicating that
infants produced significantly shorter latencies during the test phaseZ8¥=A99) than
learning phase (M =-198.196). There was also a significant main eff@tdaf, F(1,
199.32) = 2.96p < .05, indicating that infants latencies decreased across the 5 blocks.
Finally, there was a significant main effect of Directib(l, 502.66) = 10.754 < .01
indicating that latencies were significantly shorter when infants peatlincorrect
anticipations (M = -283.087) than when they produced correct anticipations (M = -
202.308).

These results were further qualified to some degree by two inteackinst, a
marginal Agex Saliencex Phase interactiofi;(1, 502.66) = 3.749 = .054 emerged.
Nine-month-olds showed shorter latencies in the test phase than the learninig phase
both salience conditions; 4-month-olds showed this pattern for the high salience

condition, but not for the low salience condition (see Figure 6). Again, this does not
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Figure 6.Anticipation Latencies by Salience, Phase and Age
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specifically reflect learning as these results are collapsedsamva®ct and incorrect
anticipations. However, it is interesting that once again 9-month-old infanisied
similar performance for the low and high salience conditions, while 4-monthfalus’
performance between the low and high salience conditions differed.

Second, there was a significant Salierd@rectionx Phase interactiorf;(1,
502.66) = 4.157p < .05. Latencies were shorter in the test phase than in the learning
phase, except for incorrect anticipations in the low-salience conditioe;aerno
change in across phases in that condition (see Figure 7). If infants sgoadig based
on the contingent relationship, it follows that we would expect latencies teagecr
across the learning and test phases for correct anticipations; howeveretaten
significantly decreased for incorrect responses in the high salience conditie fact
that infants in the high salience condition produce a similar decrease in Istacrciss
the phases for both correct and incorrect responses implies that infants in the high
salience condition are not facilitating eye movements based on the contenterftiiad
stimulus. Rather, infants in high salience condition are responding fastall.over

Summary.Several interesting findings emerged from these analyses. Four-month-
olds generated more anticipatory responses overall than 9-month-olds. imthetfigh
salience condition also produced more anticipatory responses than infants in the low
salience condition. When producing incorrect responses latencies were sidpificant
shorter. Finally, latencies tended to decrease across and with@athieg) and test
phases. This decrease was observed for 9-month-olds in both the low and high salience

conditions as well as for 4-month-olds in the high salience condition.
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Figure 7.Anticipation Latencies by Salience, Phase and Direction
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One critical finding, however, failed to emerge. Performance did not fundaligent
vary as a function of the correct or incorrect nature of infants’ respornsegher words,
the changes observed in responses and latencies occurred for bothacaimeobrrect
anticipation responses. If infants were responding based on the contingent fafations
correct and incorrect response should show differential patterns of changesasgiss.
However, responding increased across phases for both correct and irenarogeatory
responses. Given this pattern of results, it is cannot be concluded that infants wer
responding based on the contingent relationship.

A patrticularly interesting finding that emerged was that salience sffectormance
in the stimulus-to-response task. More specifically, the high saliemcktion was
associated with increased responses and a decrease in latenciehadeasaihg and
test phases. These results are further differentiated by age; 4-mdsithesformance
was affected by the salience of the cue stimulus, while 9-month-oldsiatas-or 4-
month-olds the manipulations of salience affects both dependent variables (i.e., the
direction of responses and latencies). Interestingly, data from thedlignce condition
give the impression that 4-month-olds were successful in the stimulasgonse task.
We reiterate, however, that (based on the correct-incorrect comparisofisjlw
unlikely that 4-month-olds are using the contingent relationship to faciijete
movements. For young infants, the high salience condition appears to obscure the data.
What is mostly like happening is that attention getting properties of the highcatues
is prompting 4-month-olds to engage, but they are responding in a random or haphazardly

fashion.
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Performance During Invalid Trials

Invalid trials were included to serve as an additional measure of inédmlisy to
perform the stimulus-to-response task. Performance during invalid taalexamined
to determine if behavior during these trials provide any support for contingent based
behavior. A mixed-model analysis run on the responses provided during invalid trials
using the predictors of Age (2)Salience (2x Direction (2) yielded no significant
effects, indicating that during invalid trials infants were not basing tegponses based
on any prior predictive contingent association.

Summary.The analysis of invalid trials provides additional support for the
conclusion that infants were not responding based on the contingent relationship. If
infants had learned the relationship between the central cue and periphetandrge
were using the relationship to facilitate eye movements, then infants shouékiog m
contingency-based responses. However, during invalid trials infantspatdicy
responses were not attributable to the learned association.

Discussion

The purpose of the current study was to examine the possibility that yountg infa
possess internally-driven behavior, as measured by the stimulus-to-resg&nsEota
achieve this goal, two questions were addressed.

Are 4- and 9-month-old infants able to use the content of a cue stimulus to guide eye
movements?

In line with Johnson et al.’s (1991) study, both 4- and 9-month-old infants showed

a decrease in latencies across the learning and test phase, but even thoughalb&wer
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to replicate the decrease in latencies across the learning and test phase blyta

Johnson et al. (1991), we were unable to attribute these changes to processes related t
endogenous attention at 4 months of age. Two supplementary findings indicated that
infants were not able to use the content of the cue stimulus to guide eye mevement
These two findings are discussed in detail below.

Correct Anticipations vs. Incorrect Anticipationitial analyses revealed that
infants produced correct anticipations 16.4% of the time, but that the probability of
incorrect anticipations was approximately the same (14.7%). The smahjggeef
correct anticipation coupled with an almost equal number of incorrect anticipeid to
a critical examination of infants’ behavior when they were not anticgp#tie correct
target location.

The analyses of incorrect and correct anticipations indicated that the fesult
incorrect and correct anticipations are analogous. If infants had learneshtimgent
relationship and were making eye movements based on this relationship, the results
obtained from the incorrect responses should be reverse of those obtained from correct
anticipatory responses. This was not the case. Instead, infants providetamire
incorrect anticipation responses under similar circumstances, thus impigingfants
are not responding based on the contingent relationship.

As an additional measure of learning, invalid trials were incorporated to detdfm
infants detected violation of the presumably-acquired contingent relationsép.
analysis of invalid trials indicated that infants respond based on the appeartrece of

target and the contingent relationship equally. Again, if infants were using thegeonti
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relationship to facilitate saccades, then they should be exhibiting contingedt bas
responding. Furthermore, during the test phase, the introduction of the invalid trials
should disrupt the progress made during the learning phase. However, there was no
indication that infants noticed violations of the contingent relationship when making
anticipatory responses during the test phase. Rather, it appeared thawefants
responding in a random manner. Thus, the inclusion of incorrect anticipation in the
analyses provided additional evidence to bolster the contention that infants were not
using the content of the cue stimulus to guide eye movements.

Developmental TrendsFurther indication that the stimulus-to-response task does
not provide a measurement of internally driven behavior comes from the changes
observed in developmental differences on this task, or more specifically laglother
The stimulus-to-response task has been closely tied to prefrontal functioraf@ugnt
Fuster, 1992; White & Wise, 1999), and as such can be used as a marker task for
endogenous attention. In addition, other marker tasks of endogenous attention have
shown a marked progression; thus, some kind of developmental progression on this task
would be expected. If endogenous attention develops prior to 9 months of age, one
would expect younger infants to be able to perform the task at some sort of basgeline le
followed by improvement with age. The current analysis, however, indicates tha
younger infants are more accurate and efficient at this task than oldgs iniven
these results, it is not surprising that Clohessy (1993) did not find an improvement in
performance on stimulus-to-response task. Furthermore, Clohessy (1993) found that

infants were producing a significant amount of correct anticipations atm$sarning
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and test phases, but these values did not change with age. The lack of developmental
progression on the stimulus-to-response task brings into question whether the stimulus-
to-response task is measuring internally driven behavior when used witls infdms

result coupled with results obtained from the anticipation analyses leads to thsioonc
that the current study stimulus-to-response task is hot measuring iiytelragn

behavior.

Does the salience of the cue stimulus affect infants’ performance in the stiorulus-t
response task?

The measurement of endogenous shifts of attention, within the adult literature, is
done through the use of content cues. Traditionally, these cues are simple and do not
trigger automatic or exogenous responses. Our second question asked if thegiractice
manipulating cue stimulus to attract infants’ attention affects the peafa@on the
stimulus-to-response task. The results indicate that the salience of thienciassdoes
influence infants’ performance to the stimulus-to-response task. More sgiggitice
high salience condition is associated with more responding overall. Thus, it appears th
the high salience cue stimuli are more engaging than the low salienderauletbereby
resulting in an increase in responding.

The salience effect can be further broken down by age, such that salience did not
affect the direction of response provided by 9-month-olds, but it did affect 4-month-old
responses. Four-month-olds in the high salience condition produced significantly more
correct responses than in the low salience condition. Furthermore, latégiigsasitly

decreased across the learning and test phase for 9-month-olds irrespesaiienoé
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condition. The observed decrease in latencies could reflect some sort of@cuovati
attention, and may be due to infants forming an expectation of the appearance of a
peripheral target. Although, infants are not anticipating the correct peaighrget
location, they may be anticipating the appearance of the peripheral tardetughif this
anticipation could reflect endogenous attention, further research is necessguiote
this possibility.

Regardless, it appears that manipulating salience can affect the outcbme of
stimulus-to-response task for younger infants. One could argue that thtoéBalience
is necessary to keep infants engaged in the task and that it does not negate thérresults
other words, once infants’ attention is directed to the cue they can then process the cue
and use the information to guide eye movements. However, the significant decreas
latencies observed for 4-month-olds in the high salience condition was obtained for both
correct and incorrect anticipatory responding, and the lack of change in the modcti
correct anticipation in the high salience condition for 4-month-olds indicates fivais
are responding based on a learned association. Thus, the high salience coigdiien tr
4-month-olds to respond in the stimulus-to-response task, but not based on the contingent
relationship; rather they are more engaged and responding to the periphetal tar
locations, irrespective of the content of the central cue stimulus. Althoudnthig) is
unexpected, it is consistent with the notion that 4-month-olds are more exogenously-
driven than 9-month-olds.

Critically, the finding also suggests that the practice of making the ghbyhi

salient to attract infants’ attention in the stimulus-to-response tagklifferentially
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affect young infants’ performance in the task, resulting in an increase mumber of
responses irrespective of contingent relationship. It seems that the el@ration in
responding is driven by the engaging properties of the central cue stimdlostahe
contingent relationship. Thus, young infants’ performance in the high salience condition
appears to be exogenously driven rather than endogenously driven. Such a phenomenon
would functionally provide a different base rate of responding in such paradigms, and
might lead to the erroneous impression (if uncontrolled analyses were condoated) t
month-olds were capable of endogenous or volitional attention.
Summary and Concluding Remarks

The current study reproduced the results obtained by Johnson et al. (1991), but
supplementary analyses showed that such data did not allow a tenable conclusion of
endogenously driven behavior in either 4- or 9-month-olds. Although the initialsresult
indicated that infants were able to perform the stimulus-to-response tagk¢ontrolled
examination of the data indicated that infants were not responding based on the
contingent relationship. Rather, it appears that infants, particularly yowsnrgspére
simply responding in a non-discriminatory fashion, and that increasing tbreceabf the
central cue target resulted in an increase in such nondiscriminatory behaker in t
younger infants. Given the current results, we cannot conclude that 4-month-old infant
exhibit internally driven behavior. While the prevalent theory of the develapme
endogenous attention does not need to be recast to incorporate an earlier onset, it is the

case that even older infants were not shown to be strictly capable of endogenous
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responding. There may be further constraints on the processing capacities ages;
this is a topic worthy of future research.

The current study, however, does bring up two methodological points that are
highly relevant to the study of infant attention. The purpose of the current study was
examine changes in latencies and responses when infants are makingssaecaidithe
peripheral target (i.e., correct anticipations). However, early anahgicated that
infants are producing a small amount of correct anticipations and makinda simi
number of incorrect anticipations. In the current study the incorporation ofaatorr
responses in the analysis provided additional insight and prevented erroneous
conclusions. One major supplementary finding is the importance of analyzing all
measured responses. This point is especially relevant within the infantiféerden
subjects do not always behave as expected.

The second point worth noting has to do with the methodological changes made
to the stimulus-to-response task. The custom of making the central stimulys highl
salient to attract infants’ attention affects performance on the stirtathesponse task,
and seems to also affect the underlying assumption of the stimulus-to-resginsénta
other words, in the process of changing the cue stimuli from a simple arrgwaimid
stimuli negates the operational definition of endogenous responses as measured by the
stimulus-to-response task. Infants appeared to be responding to the attetingn get
properties of the central cue stimulus, and as such performance on this tageisoes
driven rather than endogenously driven. The methodological changes performed to

ensure infants involvement can result in a change in what is being measured. dit shoul
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always be noted that when procedures are modified they may no longer represent the
same construct.

In conclusion, the data from the current experiment indicates that neither age
group exhibited the ability to use the content of the central cue stimulusliataaye
movement to the upcoming peripheral target. We were unable to find evidence of

endogenous attention using the stimulus-to-response task.
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Appendix A
Approved by the Human Subjects Committee University of
Kansas, Lawrence Campus (HSCL). Approval expires one year

from 10/3/06.

The University of Kansas

I nfant Cognition Resear ch Program
KU Edwards Campus/Regents Center Room 16
Overland Park, Kansas 66283913) 897-859® (785) 312-5345

INFORMED CONSENT STATEMENT
Time Perception and Processing in Human Infants

INTRODUCTION

The Department of Psychology at the University of Kansas supports the @ctic
protection for human subjects participating in research. The following iafammis

provided for you to decide whether you wish for you child to participate in the present
study. You may refuse to sign this form and not participate in this study. You should be
aware that even if you agree to participate, you are free to withdraw y@iathny

time. If you do withdraw from this study, it will not affect you or your child’s

relationship with this unit, the services it may provide you or your child, or the Gitwer
Kansas.

PURPOSE OF THE STUDY

The purpose of our research is to gather information on the development of attention
during the first year of life. Specifically, in this study, we are irstee in examining
difference between 4 and 9 month-old infants’ abilities to control eye movemepts. W
would like to know if there are differences in infants’ abilities to use the content of
picture to move their eyes to varying locations.

PROCEDURES

Your child will be placed in a car seat while we present him/her with a seqéstuies.

While the pictures are being presented we will monitor your child’s hearasavell as

their eye movements. At the end of the session, we will be able give you a brief
description of your child's performance, and ask that you fill out a questiorimatire t
pertains to your child's health, background, and environment. The entire visit iauld t
no more than 30 minutes, although the actual testing of your child usually takes no more
than 15 minutes in length. Upon completion of the entire project, we will send you a
general report of our results.
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RISKS

Please be assured that none of our procedures or measurements presentoayguisk t
child.
BENEFITS

Although it is unlikely that this study will provide any direct benefit to yoyaur child,
your participation will make an important contribution toward our understanding of child
development.

INFORMATION TO BE COLLECTED

To perform this study, researchers will collect information about you amndcyad.
This information will be obtained from a health and background questionnaire
administered prior to the beginning of the session. Also, information will be eallect
from the study activities that are listed in the Procedures section of thentdoren.

It is our policy to protect the confidentiality of all our participants. Youmt$¥aname
will be coded by a confidential number and will not appear in any test forms,
computerized records, analyses, or publications involved with this study.

All video recordings will be stored under a confidential number on a DVD. Upon
completion of the study the DVDs will be coded and stored at our research facility
Lawrence.

The information collected about you and your child (including video recordings) will be
used by Dr. John Colombo and the laboratory and staff members of the Infant Cognition
Study Center. In addition, Dr. John Colombo may share the information gathered in this
study with investigators at the University of Kansas involved in the Center foviBedla
Neuroscience in Communicative Disorders. The researchers will notisfaareation

about you or your child with anyone not specified above unless required by law @r unles
you give written permission.

Permission granted on this date to use and disclose your information remaiestin eff
indefinitely. By signing this form you give permission for the use and diselagwour
information for purposes of this study at any time in the future.

One of the members of the KU Infant Study Center staff will be happy to ansyer a
guestions you might have about the purpose, procedures of the study, or your rights. Do
not hesitate to call the principal investigators, Dr. John Colombo (Kansalpihdne:
913-897-8590, Lawrence telephone 785-864-9841), should any questions arise after you
have left the laboratory.

67



REFUSAL TO SIGN CONSENT AND AUTHORIZATION

You are not required to sign this Consent and Authorization form and you may refuse to
do so without affecting your or your child’s rights to any services you or yolar ae
receiving or may receive from the University of Kansas or to participany programs

or events of the University of Kansas. However, if you refuse to sign, yowanahild
cannot participate in this study.

CANCELLING THISCONSENT AND AUTHORIZATION

You may withdraw your consent to have your child participate in this study inaey

You also have the right to cancel your permission to use and disclose information
collected about you and your child, in writing, at any time, by sending yatienvr

request to: John Colombo, PhD, University of Kansas, Department of Psychology, 426
Fraser Hall, 1415 Jayhawk Blvd., Lawrence, KS 66045. If you cancel your permission
to use your and your child’s information, the researchers will stop collesdigigional
information about you and your child. However, the research team may use ancedisclos
information that was gathered before they received your cancellation cabeesbove.

PARTICIPANT CERTIFICATION:

| have read this Consent and Authorization form. | have had the opportunity to ask, and |
have received answers to, any questions | had regarding the study and the use and
disclosure of information about my child and me for the study. | understand thavé | ha
any additional questions about my child’s and my rights as a researchppattitimay

call (785) 864-7429 or write to the Human Subjects Committee Lawrence Campus
(HSCL), University of Kansas, 2385 Irving Hill Road, Lawrence, KS 66045-7563, emalil
dhann@ku.edu

| agree to allow my child, , to take part in this study as a
research participant. | further agree to the uses and disclosures of my ahddhy
information as described above. By my signature | affirm that | aeast 18 years old

and that | have received a copy of this Consent and Authorization form.

Print Parent/Guardian of Participant Relationship to child Date

Parent/Guardian Signature Research Staff Signature

| agree to allow the recording of this procedureéb®used for professional or educational
purposes. For example, parts of the session mahben at seminars and scientific conferenceanyf
part of the session is used total anonymity wilkbpt.
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Appendix B

Univer sity of Kansas
Infant Cognition Research Program

Health and Background Questionnaire

Baby’s Dates and Weights Lab Use Only
B|rthdate:. [ Postnatal age days
Due Date: . 1 Postconceptional age days
(Eélrth We\llsh_t- e _”IJbS—OZ Birthweight Conversion days
urrent Weight: ____Ibs___ oz Current Weight Conversion days
Birth Information

Normal/Vaginal
C-Section
If it was a C-section, was it emergency or__elective
Reason for emergency C-section:

Medical Information
Difficulties during Pregnancy?
For Mother Explain:
For Infant Explain:
Difficulties during Labor?
For Mother Explain:
For Infant Explain:

Length of Hospital Stay after Birth dagts hours (Circle one)

Baby’s Current Health (Mark any that apply)

Has a cold

Running a temperature

Has and ear infection

Is on medication. Please specify:

Has had shots within one week of appointment

Has been rehospitalized since birth

If so, for what condition?
For how long?

L

Has chronic condition Please specify:
Baby has had ear infections since birt
Lab Use Only
Today’s most recent nap ended at . Has been awake for min
Today’s most recent feed ended at . Has not been fed for min

Baby is currently fed (check all that apply):
Formula Breastmilk Sbhdd
If you are not currently breastfeeding your baby...
Was your baby ever breastfed? Yes No
If yes, for how long?
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KU Infant Cognition Health Questionnaire

Caregiving Arrangements
Infant is in daycare for hours per weekndt in daycare, enter zero)
If in daycare, what type:

Daycare center

Home-based care
Your home (i.eyourun a daycare for other children
A relative’s home (e.g., grandparent, aetict)
Someone else’s home

Private caretaker/nanny/au pair in yourdiom

Home Environment
How many siblings living at home full-time? (include half-siblings)
Ages of these siblings

How many siblings visit or live at home part-time?
Ages of these siblings

Approximate frequency and length of visit/stay:

Individuals other than the baby’s mothehdg siblings living at home full-time

grandmother grandfather
aunt uncle
friend other ( )

Race/Ethnicity
What is the race/ethnicity of your baby? (PleabedR all that apply)
Hispanic or Latino
American Indian or Alaska Native
Asian
Black or African American
Native Hawaiian or Other Pacific Islander
White
Check here if you do not wish to provide thformation

]

Gender/Sex
What is the sex/gender of your baby?
Male
Female Please indicate highest level of education comglete
Age High Jr. College Grad Degree Occupation
Schoo Coll. or (MA, PhD, MD, JD,
Mothel 123 17 12 3.
Fathe 123 172 12 3.
Lab Use Only

Infant’'s Code: Arrived at lab asleep
Today's Date: /| [ Fed prior to session:
Appointment Time: : Changed prior teiees

HQ filled out by Mom Dad Rel Care Other
Session coded by
DVvD DVD# Counter
HR Fix Rel EI
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