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a b s t r a c t

To make sense of the visual world, we need to move our eyes to
focus regions of interest on the high-resolution fovea. Eye move-
ments, therefore, give us a way to infer mechanisms of visual pro-
cessing and attention allocation. Here, we examined age-related
differences in visual processing by recording eye movements from
37 children (aged 6–14 years) and 10 adults while viewing three 5-
min dynamic video clips taken from child-friendly movies. The
data were analyzed in two complementary ways: (a) gaze based
and (b) content based. First, similarity of scanpaths within and
across age groups was examined using three different measures
of variance (dispersion, clusters, and distance from center).
Second, content-based models of fixation were compared to deter-
mine which of these provided the best account of our dynamic
data. We found that the variance in eye movements decreased as
a function of age, suggesting common attentional orienting.
Comparison of the different models revealed that a model that
relies on faces generally performed better than the other models
tested, even for the youngest age group (<10 years). However, the
best predictor of a given participant’s eye movements was the
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average of all other participants’ eye movements both within the
same age group and in different age groups. These findings have
implications for understanding how children attend to visual infor-
mation and highlight similarities in viewing strategies across
development.

� 2017 The Author(s). Published by Elsevier Inc. This is an open
access article under the CC BY license (http://creativecommons.org/

licenses/by/4.0/).

Introduction

Eye tracking is increasingly being used to try to infer what people are doing (Hayhoe & Ballard,
2005) or thinking (Kardan, Berman, Yourganov, Schmidt, & Henderson, 2015) based solely on how
they looked at a visual scene. One advantage of this method over, for example, self-report or psy-
chophysical testing is that it can readily be applied to populations that are difficult to evaluate, from
young babies (Jones, Kalwarowsky, Atkinson, Braddick, & Nardini, 2014) to clinical populations,
including autistic people (e.g., see Papagiannopoulou, Chitty, Hermens, Hickie, & Lagopoulos, 2014,
for a review) and patients with Alzheimer’s disease (Crutcher et al., 2009). Although there has been
a great deal of work looking at modeling patterns of fixations in adults, particularly looking at top-
down and bottom-up influences (Itti, Koch, & Niebur, 1998; Xu, Jiang, Wang, Kankanhalli, & Zhao,
2014), and there has been some important work examining how these influences develop during a
child’s first months and years (e.g., Amso, Haas, & Markant, 2014; Franchak, Heeger, Hasson, &
Adolph, 2016; Frank, Vul, & Johnson, 2009), there has as yet been no systematic examination of differ-
ent models applied to viewing dynamic scenes in school-age children compared with adults. We
addressed this gap in the literature in this study.

Development of fixation behavior

Certain viewing behaviors, such as looking at faces and stimuli with social relevance, develop so
early in childhood that they appear to be largely innate. For example, it is well established that new-
born babies preferentially track faces and face-like stimuli in simple displays (Farroni et al., 2005;
Johnson, Dziurawiec, Ellis, & Morton, 1991). Using static (complex) images, several studies have
shown that infants aged 6 months and older orient to faces in images that contain non-face distractors
(Di Giorgio, Turati, Altoè, & Simion, 2012; Gliga, Elsabbagh, Andravizou, & Johnson, 2009; Gluckman &
Johnson, 2013). Frank, Vul, and Saxe (2012) used videos of objects, faces, children playing with toys,
and complex social scenes with young children aged 3–30 months. They showed further that facial
and bodily features that have social relevance, such as eyes, mouths, and hands, capture infants’
and toddlers’ attention and that this capacity to direct their attention to the stimuli that are poten-
tially the most socially informative increases with age. In another study, Frank, Amso, and Johnson
(2014) reported an age-related increase in looking at faces in complex videos (clips from Peanuts
[Charlie Brown] and Sesame Street) in 3- to 9-month-old infants, which correlated with increased
attentional orienting using a visual search task, suggesting that the extent to which infants show
social preferences may well be underpinned by their ability to detect socially relevant stimuli in other-
wise complex dynamic scenes. Frank et al. (2014) finding is also consistent with a recent report show-
ing that infants over 4 months of age tended to look first and longest at faces, whereas 4-month-olds
tended to look at the most salient object in a display (Kwon, Setoodehnia, Baek, Luck, & Oakes, 2016).

Less is known, however, about the developments in fixation behavior that take place beyond early
childhood. Kirkorian, Anderson, and Keen (2012) showed children (aged 1–4 years) and adults 20-min
clips of television shows and found that younger children fixated more regions over a larger area than
did older children. This variability was greatest immediately following scene cuts, which these authors
proposed is due to an inability to suppress attention to irrelevant features (from the previous scene).
More recently, Helo, Pannasch, Sirri, and Rämä (2014) examined differences in scanning behavior in
adults and children aged 2–10 years and reported that fixation durations decreased and saccade
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