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This study examined the effects of program pacing, defined as the rate of scene
and character change per minute, on infants’ visual attention to video presen-

tations. Seventy-two infants (twenty-four 6-month-olds, twenty-four 9-month-
olds, twenty-four 12-month-olds) were exposed to one of two sets of high- and
low-paced commercial infant DVDs. Each DVD was approximately 5-min

long, and the order the DVDs were viewed was counterbalanced for pace.
Attention was higher during rapidly than slowly paced DVDs, particularly for
the 6- and 9-month-old infants. These results support previous research docu-

menting that attention is initially controlled by exogenous qualities (e.g., rapid
pace), but with development and experience becomes more influenced by
endogenous factors.

Examining infants’ visual attention is an important step in understanding
the cognitive processes infants use to make sense of stimuli in their environ-
ments, including the infant DVDs that are now a common experience from
the beginnings of life (Rideout & Hamel, 2006). Attention research demon-
strates that infants look at patterns that are complex more than those that
are simple for both static (Cohen, 1972; Sigman & Parmelee, 1974) and
dynamic stimuli (Courage, Reynolds, & Richards, 2006). Our purpose was
to examine developmental differences in infant attention to program pacing,
that is, the rate of scene and character change, in infant-directed DVDs.
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Stimuli that are high in perceptual salience, which embody characteristics,
such as movement, contrast, incongruity, surprise, and complexity, are likely
to attract and to hold attention early in development (Berlyne, 1958). For
example, infants look longer at checkerboards with more checks than those
with fewer checks (Cohen, 1972; Sigman & Parmelee, 1974). Similarly,
infants who were shown both a dynamic (moving) and static (nonmoving)
version of a face or a Sesame Street scene looked longer at the dynamic ver-
sion (Courage et al., 2006). Taken together, the research suggests that
infants prefer to look at complex, or perceptually salient, stimuli over more
simple stimuli. Nevertheless, complexity is a relative term and the optimal
level of complexity can vary by child characteristics, such as their age. For
instance, 4-month-old infants do not simply look at the most complex
checkerboard; they look instead at checkerboards that are at the right level
of complexity for them, as measured by the size of the checkerboard and the
number of checks (Cohen, 1972).

Attentional control also improves during the first year of life (Ruff &
Rothbart, 1996). For example, Oakes, Kannass, and Shaddy (2002) gave
6.5- and 10-month-old infants two familiar and two novel toys to play with.
During these play sessions, an experimenter activated a highly perceptually
salient audiovisual distracter stimulus. The time it took for the 6.5-month-
old infants to orient to a perceptually salient distracter object did not vary
based on the familiarity or novelty of the original object. However, the 10-
month-old infants took longer to orient to the perceptually salient distracter
when the original object was novel. The implication is that compared to 6.5-
month-olds, 10-month-olds’ attention was more influenced by endogenous
variables, as demonstrated by their delayed orientation to a distracter object
when they were already fixated on a novel object. Consistent with these find-
ings, Wright and Vlietstra (1975) proposed a major developmental shift in
the nature of stimuli that affect young children’s attention. In doing so, they
created a distinction between exploration and search as a means of gathering
information. They argued that attention is initially controlled by the exter-
nal, perceptually salient features of stimuli (exploration), but increasingly
becomes an active search for information with developmental and experien-
tial changes.

Using the exploration to search model, Huston and Wright (1983) exam-
ined how perceptually salient television stimuli affect young children’s atten-
tion. They defined perceptual salience as a property of the stimulus, not the
perceiver. They theorized that young children’s attention to a television
screen is initially controlled by perceptually salient production features, such
as rapid pace, fast action, and special effects. With development, children’s
cognitive level and viewing experiences are expected to lead to a shift in
which attention becomes more focused on content, regardless of perceptually
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salient features. Consistent with this model, 6- to 18-month-olds attended
more to television scenes that contained more perceptually salient audio and
visual features (e.g., special effects) than the 19- to 35-month-olds (Valken-
burg & Vroone, 2004). Similarly, kindergarteners and first graders looked
marginally more at high than low-paced programs, but third and fourth
graders did not demonstrate these attentional variations (Wright et al.,
1984).

Currently, no studies have investigated how program pacing affects
infants’ attention to the screen. Based on the exploration to search model,
we predicted that infants would attend more to rapidly than to slowly paced
programs. Due to age-related changes in infants’ attentional skills, we
expected a shift from exogenous to endogenous control of attention at about
10 months of age (Oakes et al., 2002). Because infants who saw a normal
video followed by a distorted video (e.g., backward speech) had significantly
longer looks across both videos than those who saw a distorted video first
(Pempek et al., 2008), we also expected the order in which infants viewed
rapidly and slowly paced DVDs to affect their attention. To capture poten-
tial developmental differences, we used a within-subject design to examine
how program pacing (high versus low) affected 6-, 9-, and 12-month-olds’
attention to the screen.

METHOD

Participants

Participants were 72 infants: twenty-four 6-month-olds (M age = 199 days,
SD = 9.75), twenty-four 9-month-olds (M age = 289.8 days, SD =
10.17), and twenty-four 12-month-olds (M age = 380.6 days, SD = 7.5),
equally distributed by sex. Infants were Caucasian (n = 51), Hispanic
(n = 3), African American (n = 4), Asian (n = 2), or of other or mixed
ethnicities (n = 12).1 Their parents’ mean educational attainment was
18 years (SD = 2.31).

Experimental DVD stimuli

Fifty-nine infant and toddler DVDs were coded for formal production fea-
tures; overall, the DVDs were rapidly paced, defined as the number of scene

1Additional infants were excluded from the sample for accidentally restarting or fast-

forwarding the video (n = 3), crying continuously (n = 3), technical problems with the videos

of the infants’ viewing patterns (n = 2), or because the parent regularly directed the infant’s

attention to the screen (n = 5).
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and character ⁄object changes divided by the DVD length (Goodrich,
Pempek, & Calvert, 2009). Two rapidly paced DVDs (Baby Signing Time!
Volume 1 and Baby Road Trip: City) and two slowly paced DVDs (Here
Come the Teletubbies and Eebee’s Adventures: Figuring Things Out) were
selected from the sample. Rapidly paced DVDs were defined as more
complex, a component of perceptual salience, because the rate per minute of
scene and character changes was higher than that of the slowly paced videos
(see Table 1). All videos involved live characters, and three (Teletubbies,
Eebee’s, and Baby Road Trip) had muppet characters onscreen.

DVDs were edited so that each was approximately 5 min in length. Each
was then recoded for formal features: pace, character ⁄object action, visual

TABLE 1

Rate per Minute and Proportion of Action, Visual, and Auditory Features for Baby Signing

Time (BST), Baby Road Trip (BRT), Teletubbies (TT), and Eebee’s (EE)

Feature

BST BRT TT EE

Rate Proportion Rate Proportion Rate Proportion Rate Proportion

Pace

Scene change 12.50 – 8.40 – .61 – .63 –

Character ⁄
object change

14.58 – 13.00 – .41 – .21 –

Total rate of pace 27.08 – 21.40 – 1.02 – .85 –

Action

Low – .91 – .73 – .75 – .98

Moderate – .02 – .10 – .21 – .01

High – .06 – .12 – .04 – 0

Visual

Cuts 10.00 – 10.60 – 6.73 – 3.81 –

Special effects 5.00 – 2.60 – .41 – .63 –

Fades ⁄ dissolves .83 – 1.80 – .42 – .41 –

Zooms – .08 – .05 – 0 – 0

Wipes – .04 – .02 – 0 – 0

Track and pan – .05 – .06 – 0 – 0

Auditory

Vocalizations 2.29 – 1.2 – 8.16 – 18.60 –

Rhyming 0 – 0 – 0 – 0 –

Singing – .25 – 0 – 0 – 0

Male language – 0 – .07 – .09 – .09

Female language – .08 – 0 – 0 – .81

Group language – 0 – .02 – 0 – 0

Foreground music – 0 – .91 – 0 – .14

Background music – 0 – 0 – .31 – .81

Narration – .12 – .01 – .03 – .03

Sound effects .63 – 2 – .41 – 0 –
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features (e.g., cuts, special effects), and auditory features (e.g., vocalizations,
sound effects; Goodrich et al., 2009). Table 1 includes the proportion of each
continuous feature (e.g., singing) by video length and the rate per minute of
each discrete feature (e.g., sound effects). Intercoder reliability for formal
features across the four videos, as measured by Cohen’s kappa, was
above .7. T test analyses confirmed that the two rapidly paced videos were
significantly higher than the two slowly paced videos on: scene change,
t(2) = )5.33, p < .05; character ⁄object change, t(2) = )16.9, p < .05; and
the total rate of pace, t(2) = )8.12, p < .05.

Based on the study design of Wright et al. (1984), the four videos were ran-
domly paired to create two sets, each containing one high-paced video and
one low-paced video. The sets were: (1) Baby Signing Time and Teletubbies
and (2) Baby Road Trip and Eebee’s Adventures. As expected, Set 1 and Set 2
did not differ from each other on the mean rate of scene change, t(2) = .29,
p = .79, character ⁄object change, t(2) = .07, p = .95, or total rate of pace,
t(2) = .17, p = .88. Sets also did not differ in the use of action, visual
features, or auditory features. However, within the low-paced DVDs,
Teletubbies had more camera cuts and sound effects per minute than Eebee’s
did, and Eebee’s had more character vocalizations than Teletubbies did.

Procedure

Within age and sex groups, infants were randomly assigned to view either
Set 1 or Set 2, with the order of presentation counterbalanced for pace. The
high- and low-paced DVDs were viewed consecutively in the infants’ homes
on a laptop computer provided by the experimenter. Infants were seated on
a parent’s lap, or on the floor with a parent behind them. A video camera
was placed directly behind the laptop computer to record the infant’s atten-
tion to the screen. To increase external validity, infants were observed in
their homes where normal distractions, such as toy play, occurred while the
infants were viewing.

Attention and behavior scoring

The videotapes of infants watching the DVDs were later digitized. Using
The Observer software by Noldus (Noldus Information Technology, Inc.,
Leesburg, VA), infants’ attention to the screen was coded frame-by-frame as
either looking at the screen or not looking at the screen. Visual attention to
the screen was calculated as their total duration of looking at the screen
divided by the total length of the DVD.

Infants’ behavior while their eyes were off-screen was coded as: (1) look-
ing at another person; (2) looking at a toy or other objects; (3) locomoting
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through space; (4) squirming; or (5) other (e.g., fixating on their own hands).
The locomotion and squirmy codes overrode the other off-screen looking
codes. Eyes-off behavior was calculated as the proportion of time spent
looking at a toy, for example, divided by the total amount of time their eyes
were off-screen. Intraclass correlations, computed for 25% of the sample,
yielded reliability within the acceptable range of .7–1.0 for all onscreen and
off-screen behaviors.

RESULTS

Percent of looking

A repeated-measures analysis of variance was conducted on the effect of
video pace (high, low), age (6, 9, 12 months), sex (male, female), set (1, 2),
and pace of the first video (high, low) on infants’ percent of looking at the
screen. Because infants’ attention did not vary by sex, this variable was
dropped from all analyses.

A main effect of pace revealed that infants attended to significantly more
of the high-paced than the low-placed videos, F(1, 60) = 34.60, p < .001,
gp

2 = .37 (M = 68.9% versus 58.9%, respectively). As seen in Figure 1,
there was a trend for the predicted pace by age interaction, F(2, 60) = 2.74,
p = .07, gp

2 = .08. Post hoc t tests revealed that 6-month-old infants,
t(23) = 3.29, p < .01, and 9-month-old infants, t(23) = 3.62, p < .01,
looked significantly longer at the perceptually salient high-paced videos than
at the less salient low-paced videos. By contrast, 12-month-old infants
viewed both the high- and low-paced videos for comparable amounts of
time, t(23) = 1.23, p = .23. No significant age differences occurred in atten-
tion to high-paced videos. For low-paced videos, 6-month-old infants did

0
10
20
30
40
50
60
70
80

6 mo 9 mo 12 mope
rc

en
t a

tte
nt

io
n 

by
 D

VD
 le

ng
th

Low
High

Figure 1 Percent of looking at the screen by DVD pace and age.
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not differ in attention from the 9-month-old infants, t(46) = 1.32, p = .20,
or 12-month-old infants, t(46) = ).99, p = .33. However, the 12-month-
old infants viewed significantly more of the low-paced videos than the 9-
month-old infants, t(46) = 2.55, p < .05.

A significant interaction between program pace and the pace of the first
video viewed also emerged. As seen in Figure 2, infants overall looking time
during both videos was significantly affected by the pace of the first video
they viewed, F(1, 60) = 38.01, p < .001, gp

2 = .39. Post hoc t tests revealed
that if infants viewed a low-paced video first, their visual attention was com-
parable during both the high- and low-paced videos, t(36) = ).22, p = .82.
However, if infants viewed a high-paced video first, their attention dropped
significantly during the low-paced video, t(35) = 7.40, p < .001.

A significant effect of set, F(1, 60) = 6.34, p < .05, gp
2 = .10, was quali-

fied by a significant video pace by set interaction, F(1, 60) = 4.36, p < .05,
gp

2 = .07. The less salient low-paced videos created variations in visual
attention, but the high-paced videos did not. Specifically, infants who
viewed Eebee’s, the low-paced video from Set 2, paid significantly less atten-
tion than those who viewed Teletubbies, the low-paced video from Set 1
(52% versus 65%), t(70) = 2.95, p < .01.

Eyes off the screen behavior

Approximately 70% of infants’ off-screen time was spent looking at another
person or at a toy. A multivariate analysis of variance examined whether
infants’ behaviors while their eyes were off-screen explained the difference in
attention to the low-paced videos between the 9- and 12-month-olds, but
not the 6- and 12-month-olds. The proportions of each behavior while
infants’ eyes were off-screen during the low-paced videos were entered as the
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dependent variables (i.e., looking at another person, looking at a toy, loco-
moting, squirming, or other). The independent variable was age (6-, 9-, or
12-month-old).

A main effect of age emerged on infants’ locomotion while their eyes were
off-screen during a low-paced video, F(2, 69) = 3.91, p < .05, gp

2 = .10.
Post hoc Tukey tests revealed that the 9- and 12-month-olds locomoted sig-
nificantly more than the 6-month-olds (7.1%, 7.8%, and 0%, respectively),
making the 6-month-olds a more captive audience.

DISCUSSION

The purpose of this study was to examine the effect of program pacing on
infants’ visual attention to commercially made DVDs. As predicted, infants
watched significantly more of the rapidly paced than the slowly paced
videos. Infants’ attentional patterns to high-paced over low-paced videos
supports previous research documenting infants’ preferences for more com-
plex, perceptually salient stimuli over simple nonsalient stimuli (Berlyne,
1958; Courage et al., 2006; McCall & Kagan, 1967; Sigman & Parmelee,
1974; Valkenburg & Vroone, 2004).

The exploration to search model predicts that young children’s attention
is initially governed by perceptually salient production qualities, but with
development and experience, attention becomes increasingly controlled by
endogenous factors (Huston &Wright, 1983; Wright & Vlietstra, 1975). This
developmental prediction was supported at marginal levels of significance.
As predicted, the attentional preference for high- over low-paced programs
only emerged at ages 6- and 9-months, not for the 12-month-olds. By
12 months of age, infants viewed just as much of the slowly paced DVDs as
the rapidly paced DVDs. Consistent with these findings, Oakes et al. (2002)
found that attention changes from exogenous to more endogenous control
at around age 10 months. Taken together, the research suggests that 10–
12 months may be the beginning of the developmental time frame when per-
ceptual salience is no longer the key driver of very young children’s visual
attention.

The 6-month-old infants in our study, however, viewed as much of
the low-paced videos as the 12-month-old infants did. We propose the
following possible explanation for this unexpected finding. While the 12-
month-olds locomoted significantly more than the 6-month-olds, the
increased mobility did not lead to a reduction in attention for the 12-
month-old infants. By contrast, the 9-month-olds locomoted at a compa-
rable rate to the 12-month-old infants (7.1% versus 7.8%, respectively),
and the 9-month-old infants watched significantly less of the low-paced
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DVDs than the 12-month-old infants did. The current findings suggest
that the 12-month-old infants’ mobility did not disrupt their attention to
the low-paced DVD, perhaps because their attention was more purpose-
ful than that of the 9-month-old infants (see also Oakes et al., 2002).
Alternatively, 6-month-olds may have watched more of the low-paced
videos than the 9-month-olds simply because they could not leave the
viewing situation.

The order in which the DVDs were viewed also influenced subsequent
attentional patterns. Viewing a rapidly paced video first disrupted infants’
attention to a subsequent slower paced video. However, if they viewed the
low-paced video first, infants paid similar amounts of attention to the low-
paced and high-paced video. It is possible that infants’ drop in attention
during a subsequent low-paced video is a result of the high-paced videos
being more stimulating than the low-paced videos. However, if boredom
during the low-paced videos caused the decrease in attention, we would
expect infants’ attention to increase during a high-paced DVD if viewed
after a low-paced DVD. That did not occur. It might be that the high-paced
DVDs are harder to process and thus overload very early attentional capa-
bilities, causing a decline in attention during subsequent DVD exposure, at
least in the short term.

One limitation is that it is too simplistic to assume that the relation
between attention and pacing is inevitably linear for infants and children.
We found here that 12-month-old infants watched the same amount of the
rapidly and slowly paced programs. When examining programs designed for
an older audience, however, kindergarten and first graders looked margin-
ally longer at high-paced than low-paced programs, but third and fourth
graders did not (Wright et al., 1984). Thus, the optimal level of program
pacing, and complexity, for enhanced attention depends on age, features,
content, and the specific programs viewed (Bickham, Wright, & Huston,
2001). Put another way, the rapidly paced infant-directed DVDs may have
presented the optimal level of pacing and complexity for the infants in our
study. Anything more complex, or faster paced, such as an adult action film,
might have led to a reduction in infant attention. Other perceptually salient
features that commonly co-occur with rapid pace could also partly explain
infants’ enhanced attention for the high- over the low-paced DVDs. For
instance, children’s Saturday morning television programs were character-
ized by a cluster of features involving rapid scene changes, fast action, fore-
ground music, sound effects, and character vocalizations (Huston et al.,
1981). For the slowly paced videos, infants viewed significantly less of
Eebee’s than of Teletubbies. Since Teletubbies and Eebees’ differed in the
other formal features present, it is unclear whether the features or the con-
tent contributed to this difference in attention. Finally, infants were studied
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in their homes to increase external validity, but internal validity challenges
(e.g., noise, siblings, pets) occurred because the testing environment was not
the same.

In conclusion, infants attend to novel perceptually salient events to
explore and learn in the first year of life (Ruff & Rothbart, 1996). Rapidly
paced infant DVDs are now a part of those early experiences (Goodrich
et al., 2009). Our research demonstrates that rapidly paced, perceptually
salient infant videos are garnering the attentional interest of infants.
Although infants can learn from simple experimentally made video stimuli
(Barr, Wyss, & Somander, 2009), how much infants learn from rapidly-
paced commercially made DVDs remains an unanswered question.
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