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Annette Karmiloff-Smith cared deeply about engaging with the debate around
screen time. As expressed in the title of her book chapter ‘TV is bad for children’ — less
emotion, more science please!’, she was outraged by the blinkered and emotive
proclamations made in the press and by some academics, on the apparent damaging
effect of screen time on child development (Christakis & Zimmerman, 2006; Sigman,
2012, Greenfield, 2015), and by the similarly unfounded claims from infant-directed
media producers about the beneficial effects of their products on infant development
(Karmiloff-Smith, 2012). With screen exposure occurring at increasingly younger ages
(Anderson & Hanson, 2010; Courage & Howe, 2010; Cristia & Seidl, 2015; Bedford et
al, 2016), parents are further confused by highly contradictory recommendations on
what constitutes “healthy” screen time for infants and toddlers from national and
international authorities (e.g. American Academy of Pediatrics, Radesky et al., 2016;
WHO, 2019; The Royal College of Pediatricians and Child Health, Viner, Davie, &
Firth, 2019).

Annette was a great pragmatist who understood the importance of working with
parents, media producers, and policy makers, to find the best ways for infants to benefit
from scientific insights into development. Recalling that some regions of human cortex
are initially very immature (Hill et al., 2010) and that infants are born into a world filled
with screen-based media (Anderson & Hanson, 2010; Courage & Howe, 2010; Wartella
et al., 2010), she argued it is crucial to ensure that infant screen experiences are as
developmentally and educationally appropriate and as scientifically informed as
possible. She believed this required empirically investigating the bidirectional
relationship between how the developing visual system responds to screen media and
how designers intuitively tailor their media to developmental constraints. Her argument
was that the discussion of whether screen time is good or bad for infants is unhelpful
and simplistic; rather than debating whether screen exposure itself is intrinsically 'good'
nor 'bad' we should investigate empirically what differentiates positive from negative
screen experiences (see Courage, 2017 for a recent review). Annette therefore decided
to collaborate with Abbey Media to develop infant-directed DVD content designed
specifically with infant cognitive research in mind. Echoing her approach in other areas
of research, Annette argued that understanding the effects of video on the developing

infant requires careful investigation of how video content affects infant behaviour. For



decades, infancy researchers have been using stimuli shown on screens, to carefully
measure infant knowledge and learning at different post-natal ages. She believed that
infant-directed videos and apps would do well to draw upon this extensive body of
knowledge about the infant visual system and its changing limitations and demands.
Whilst never a central focus of her research, Annette’s work on screen time spanned
many years and encompassed various approaches including public education (e.g. public
lectures, TV including Baby It’s You!, her work with Proctor & Gamble and Nursery
World), collaboration with industry to develop scientifically-inspired infant directed
video (with Abbey Home Media; more details below), understanding how infants watch
screen media, and latterly studying the long-term associations between screen media use
and infant development (see Discussion). This symbiotic approach to science, policy
work and public engagement illustrates Annette’s dedication to “impactful” research

before the buzzword even appeared on the radar of most UK academics.

When and what can infants learn from video?

Infancy studies have used video to investigate, amongst others, which visual features
(fine detail, motion, colour, depth) infants of different ages can detect, how infants learn
to remember and retrieve hidden objects, recognise impossible or unexpected events,
learn language, and imitate actions, with varying degrees of success depending on age
and manipulations (Bremner & Wachs, 2010; Braddick & Atkinson, 2011). For
example, after showing 11-month-old infants several hours of video that incorporated
stimuli classically used to measure infant’s cognitive control and flexibility, one study
showed significant improvements in the ability to sustain and flexibly deploy attention
3 days later (Wass, Porayska-Pomsta, & Johnson, 2011). Unsurprisingly, several
studies have reported that infants learn better from real life than identical content
presented on a screen (DeLoache, 1991). However, this screen-learning deficit may be
smaller in young infants (<6 months) who may possess fewer cognitive capacities
needed to distinguish between real-life and screen presentations (Barr et al., 2007), and
in older infants, learning from screens improves with repetition, spacing of learning
trials, applying standard techniques of video production and, at least by two years of
age, experience with television as a medium in general (Troseth, 2003; Anderson &

Pempek, 2005; Barr et al., 2007).



This large body of scientific research clearly shows that, while television content cannot
and should not replace the richness of real-life, even young infants can learn from this
medium. Moreover, the dynamic content of video and the interactive features of apps,
offer clear benefits over static books when similar levels of parental engagement and
interaction are involved. Annette therefore frequently suggested that video and apps
might be used like a dynamic book (although this view did get her in hot water when

misquoted and then retracted by the Sunday Times; June 14%,2015).

To set an example for how other developmental scientists may directly shape the future
direction of infant-directed video Annette extracted 7 key recommendations from
research on infant development, which guided her collaboration with Abbey Home
Media on Baby Bright (these recommendations are collated from Annette’s various

unpublished and published texts including Karmiloff-Smith, 2012):

1. Allow clearer differentiation between those aspects that are required for
the processing message (the ‘signal’) and those that are not (the ‘noise’).
Infant brains are noisier, less sensitive, and more naive information processing
systems. This need for simplification of the sensory environment is evident in
the exaggeration and accentuation of speech by caregivers (i.e., Motherese;
Ferguson 1964) and the same simplification is required for visual
communication. Most adult screen media involves social interactions and action
sequences that are incomprehensible to the infant brain as they assume
knowledge and perceptual skills yet to be developed (Valkenburg & Vroone,
2004).

2. Foreground shapes on screen need to ‘“‘stand-out” from their background.
Our adult visual system has sufficient top-down knowledge to separate the two
grounds easily even when borders are hard to decode, but the infant system finds
this more difficult (Baker, Tse, Gerhardstein & Adler, 2008). Infant gaze is
more driven by visual saliency than adult gaze with a rapidly increasing bias
towards semantically-relevant features such as faces over the first year of life
(Frank et al., 2009; Saez De Urabain, 2015; Franchak et al., 2016), increasing
throughout childhood (Rider et al., 2018). Infants and young children do not

look differently at video clips that have their semantics violated via shuffling



compared to unshuffled versions (Pempek et al., 2010; Kirkorian and Anderson,
2018) suggesting that designers cannot rely on semantics to guide infant
attention and must instead use visual saliency.

Avoid passive central fixation. In adult TV, salient characters and action in
most programmes feature at the screen centre, and movement of these characters
is conveyed by movement of the background as a camera tracks their movement
(Smith, 2013). Adult viewers re-interpret this as movement of the foregrounded
central character, despite the fact that the viewers’ eyes are fixated on the centre
keeping eye movements to a minimum. By contrast, real movement rather than
inferred movement is likely to attract the infant visual system; yet, to focus on
the central character of most adult programmes, infants hardly need to move
their eyes. This makes them very passive observers.

Sound can be cognitively distracting. What would seem like mere auditory
decoration in the background of screen exposure may add significant cognitive
load to the young children, particularly when it does not meaningfully connect
visual and auditory content. A nice example of this is in the number domain.
Background music while showing pairs or trios of objects to demonstrate the
numbers ‘2’ or ‘3°, may be more disruptive than playing two drum beats or three
drum beats, which match the number of visual objects on the screen, the latter
procedure perhaps enhancing learning by providing multi-modality audio-
visual representations of the same content.

Use frequent repetitions. Adult programming involves relatively few
repetitions of event sequences; adults can learn from a single presentation,
whereas infants’ cognitive systems need repetition (Fiser & Aslin, 2002;
Pelucchi, Hay & Saffran, 2009).

Use exaggerated visual action. A large proportion of new information in adult
TV is conveyed through dialogue or nuanced facial expressions rather than clear
visual action, which both require perceptual abilities that develop slowly over
the first few years of life.

Slow Down! When new information is provided visually it is generally at a pace
faster than can be processed by the sluggish attention/perceptual systems of
infants, leading to missed comprehension or fatigue. The average time between

overt attention shifts in infants whilst watching videos is almost twice as long



(M =644 ms, SD = 142) as in adults (M = 327 ms, SD = 45; Saez De Urabain,
Nuthmann, Johnson, & Smith, 2017).

Annette was hopeful that the incorporation of these recommendations in infant-
directed TV (I-DTV) might result in a screen experience more suitable to the
developing mind. However, she was keenly aware that the translation of these
recommendations into a commercial product comes with challenges, because other
factors beyond the experience of the infant, such as attractiveness to the parent who
buys and also watches the DVD, may also play a role in the design process. She also
noted that failures of adult-directed TV may also be addressed intuitively by I-DTV
creators with no scientific consultant on board. Indeed, I-DTV content analyses by
Wass and Smith (2015) reveal that much I-DTV optimizes the audiovisual stimulus to
simplify their infant viewers’ task of deciding what to attend to (i.e., the signal) over
the irrelevant background features (e.g., noise). This is done, for example, by aligning
peaks in low-level visual features (e.g., luminance, colors, edges, flicker, and motion)
with the location of a speaking face (the signal), increasing shot length, and reducing
edits to give young children more time to locate the focal object within a frame.
Interestingly, these formal differences between [-DTV and Adult TV are not entirely
due to the I-DTV being animated, as they persisted when comparing animations
directed at infants versus those directed at adults, suggesting that their creators
understood the need to tailor the flow of audiovisual information to the age of their
respective audiences. Being an empiricist, Annette therefore viewed the incorporation
of these scientifically-informed considerations as hypotheses about how infants may
respond to I-DTV and, as such she endeavoured to test these hypotheses in an
experimental study with author TD and later, TS.

The following section presents some detailed empirical work that illustrates the
kinds of methods Annette believed were needed to ground an evidence-based approach
to understanding the impact of screen time on infant development. For readers who do
not want to descend into this level of detail, feel free to skip ahead to the end of this

section for the take-home points.

In a novel empirical case study, Annette aimed to use eye tracking to test

whether a clip derived from an infant-directed DVD designed according to earlier



versions of the recommendations above (Baby Bright, Abbey Home Media) would
hold infant attention, simplify the viewing process and guide infant gaze to the
intended concepts, in this case the numbers “2” and “3” better than a matched control
clip derived from a different infant-directed DVD covering the same concepts. Drafts
of the study account included below were written by Annette and the present authors
(TD, PKM and TS) from 2011 to 2015. For this festschrift we welcome the
opportunity to help Annette’s empirical contribution on the screen time debate finally

reach its audience.

Empirical Case Study in I-DTV: Methods
Participants: Sixteen 6-month-olds (mean age=27.4 weeks, SD=2 weeks; 9 girls), 16
12-month-olds (mean age=50 weeks, SD=6 weeks; 6 girls), and 16 adults were tested.
The age of the infants studied here (6 and 12-months) is considerably younger than the
officially recommended age at which children should be first exposed to screens (AAP
suggest 18 months; Radesky et al., 2016) but at which the majority of UK infants are
actually receiving daily exposure (Bedford et al., 2016).

Stimuli: Two 130-second clips were extracted from 30-minute, commercially
available DVDs, specifically targeted at infants. A scientifically informed clip (video-
SI) was extracted from Baby Bright (Abbey Home Media), developed with the
deliberate aim of incorporating earlier-listed recommendations. A control clip matched
on topic (video-C) was taken from Baby Einstein (Disney). Both clips were on the
numbers two and three, and used a combination of brightly colored infant animation,
simple photographed sequences, and naturalistic scenes. In each clip, number was
represented as the quantity of objects presented on the screen e.g. three cups (Figure 1,
shot 15) or three lambs (Figure 2, shot 2). Video-SI used movement across the screen
and an accompanying narration to count objects. Video-C showed pairs or triplets of
objects, accompanied by a classical music soundtrack. The two clips also differed
slightly on other stylistic dimensions such as the amount of naturalistic photographed
sequences used (video-C> video-SI), use of classical music (video C > video SI), the
pacing (video C > video SI), repetition of visually similar objects (video-SI>video-C),

and the use of multimodal counting (video-SI > video-C).



Figure 1: Individual shots presented in video C (control) taken from Baby
Einstein (Disney). Shots were presented in order with an accompanying baby
friendly music. Shots are intended to represent quantities of two or three as

represented by the number of objects on the screen.
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Figure 2: Individual shots presented in video SI (science inspired) taken from
Baby Bright (Abbey Home Media). Shots were presented in order with an
accompanying narration. Individual lambs and cows (shots against green

background) spun across the screen as the narrator counted them.

Procedure: The infants sat on their caregiver’s lap in front of a 17-inch LCD screen at
a set height and at 60 centimeters distance from the screen. The infants’ looking
behaviour was registered with a Tobii 1750 Infrared Eye Tracker. Before the
experiment was run, an infant-friendly five-point calibration was run. Each clip was
presented separated by a short break of 1-3 minutes. Order of clip presentation was
counter-balanced across infants. Volume was kept constant. All parents gave informed

consent before the study commenced and received detailed debriefing afterwards.



The procedure and setup was identical for the adults except for the fact that
they sat on a seat positioned with their heads in a similar position to that of the infants.

Adults were instructed to freely view the video clips.
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RESULTS

To test how actively engaged infants were with the videos, we first examined how
each video held infants interest, by quantifying overall looking time to the screen. We
then tested how successful the videos were in directing infants’ attention to the
intended number of objects, a prerequisite of subsequent comprehension. Finally, we
examined how these differences may have been influence by compositional
differences between the two videos by looking how well gaze of all infants was
attracted successfully to key focal points in the scenes. We did this by comparing
infant gaze distributions to that of an adult control group, whose gaze patterns we

took as ground-truth for active visual processing of meaningful scene-content.

1) Interest in the videos
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Figure 3 Time spent looking at the screen over time (split into 10 second bins) for
each video (Video SI vs. Video C). Error bars +/-1 SE. Decreasing looking time can

be interpreted as an increase in blinking/looking away from the screen.

We can ascertain whether the infants are interested in the videos by using an

eye tracking proxy of looking time: whether the eye tracker can detect they are
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looking at the screen. To examine the loss of interest over time the two 130-second
clips were divided into 13 10-second time blocks. Overall, infants looked significantly
more at Video SI than at Video C, (F(1,30) =7.314, p=0.011; see Figure 3). This
pattern held at both 6 and 12 months of age (not shown). Three interesting patterns
emerged: 1) infants started by looking for an equally long time at both Video SI and
Video C (during first quarter of clips: F(1,30)=0.085, p=0.773); 2) looking decreased
more over the course of Video C than over the course of Video SI; 3) by the final
quarter infants looked significantly longer at Video SI than Video C (F(1,30)=12.773,
p=0.001).

2) Looking at Number
To explore what drives differences in infant’s looking at the two videos we next
explore how successfully infant’s gaze was directed to the intended number of objects

in each scene.
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Figure 4: Probability of fixating the intended number of objects during a scene as a

function of Age and Video. Error bars +/-1 SE.

Objects in the videos were coded in each frame using dynamic Regions of
Interest (AROI). An object counter was incremented every time a new object was
looked at within a scene. At the end of each number scene, the total count was
compared to the intended number of objects. The intended number was clear to adult
observers because the first half of each clip was devoted to 2-object scenes and the
second half to 3-object scenes. However, a significant number of shots actually
contained 4 or more objects, potentially distracting from intended content (see Figure
1). For example, in the scene of the toddler eating two cupcakes, a match would be
recorded if the infant had fixated both of the cupcakes - the intended 2 objects for the

scene - but not if they had fixated one cupcake and the toddler.
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Figure 4 displays the average probability that the intended number of items
was attended within each clip for the 2 age groups. Video SI resulted in a greater
probability of fixating the correct number than Video C, F(1,29)=21,465, p<.001,
confirmed at all ages and number with bonferroni-corrected t-tests. There was also a
main effect of the number of objects (F(2,29)=76.87, p<.001) with the intended
number of objects more likely to be attended in the 2-object than 3-object scenes,
although this effect was mostly driven by Video C. The greater accuracy for 2-object
scenes observed overall, may be due to the fact that the two potential targets for
attention can be easily identified and shifted back-and-forth between, without

competition from other salient items.

3) Gaze Similarity: The analyses above suggest that Video SI held infant
attention more, and was more successful in directing gaze to the intended number of
objects. These results begin to suggest that Annette’s developmentally-informed
design considerations may have been successful. Next, we explored how two
composition elements, namely visual salience from rapid luminance changes (flicker),
and the presence of a face in a scene, helped infants actively engage with key plot
points of the videos. We tested this by measuring the effects of these two factors on
infant and adult gaze similarity, an index of how well gaze positions correspond
across viewers and scenes. We used this measure to quantify how much infant gaze
patterns deviated from adult gaze patterns across each video, for scenes with faces
and varying flicker. This approach follows the reasoning that while we cannot be sure
which gaze pattern for infants reflects active processing of scene content, the extent to
which they look at the same focal points as adults gives a close ground-truth. Gaze of
younger infants is more influenced by visual salience than older children and adults,
(Frank et al, 2009; Franchak et al., 2016), which may both help and hinder infants in
fixating key plot points.

Measuring Gaze Similarity: To computing gaze similarity, we first removed
rapid eye movements (saccades) to identify gaze positions (fixations). We then used a
modification of a common technique used to measure attentional synchrony, by
expressing the observers’ gaze on each frame as a probability distribution (for review

see Le Meur & Baccino, 2013). How our metric, gaze similarity is computed, is
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described in detail in Loschky, Larson, Magiano & Smith (2015). In brief: for adults,
we used a leave-one-out approach: fixations of all but one adult within a 225ms
window were replaced with 2D circular fovea-sized Gaussian distributions (p=
XY¥fixations 0=1.2° visual angle). For pixels covered by multiple Gaussians, the multiple
intensity values were summed. The result is a probabilistic gaze map for each
timeframe, with high values reflecting high likelihoods of fixation, and low values
reflecting low likelihoods. These distributions were then normalized relative to the
mean and SD of all intensities across the entire video, resulting in spatiotemporal map
of gaze similarity z-scores across the video. This map was used to compute gaze
similarity for the left-out participant, by taking the z-score corresponding to their gaze
position in each time window. This leave-one-out procedure was repeated for all
adults in the group, until each participant had gaze similarity z-scores for each frame.
These z-scores reflect 1) how well the gaze position of an individual adult fits within
the group for a given scene (below-average values = poorer fit), 2) how the mean gaze
similarity across all adults varies across the video: A z-score close to zero indicates
the scene has average gaze similarity compared to the rest of the movie, negative
values indicate less than average gaze similarity (i.e., more varied looking across
observers), and positive values indicate more gaze similarity.

We next quantified infant gaze similarity relative to adult gaze similarity. For
each infant gaze point, the probability that it belongs to the adult gaze distribution for
the corresponding video time window is identified by sampling the value at that
location from the adult gaze probability distribution (this time leave-one-out is not
used as the gaze does not belong to the same distribution so cannot be sampled twice).
The resulting raw probabilities are then normalized to the reference adult distribution.
Of critical importance, if gaze distributions are identical across age, the average z-
scored similarity for infants should overlap with the adult gaze similarity index,
expressing more (positive z-score) or less (negative z-score) attentional synchrony at
the same moments. However, a lower similarity score in infants does not necessarily
mean lower synchrony of gaze — it only means that the infant distribution differs more
from the adult distribution than itself. This could reflect weaker clustering of infant
gaze around the same screen location (lower attentional synchrony), that infant gaze is
tightly clustered but focused on a different screen location, or a combination of the

two. Of interest are (1) whether infant gaze similarity is identical to that of adults,
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suggesting adult-like viewing behaviour, and (2) whether infant gaze synchrony
fluctuates in the same way as adult gaze even if the overall score deviates, suggesting

that the same aspects of the video drive gaze patterns across age.

Quantifying Flicker Entropy: Flicker is the luminance change from one frame to
another that correlates with perceptual features such as motion and optic flow (Mital,
Smith, Hill & Henderson 2011). Mital and colleagues (2011) demonstrated that
flicker was highly predictive of adult gaze when gaze was highly clustered (i.e. had
large synchrony) and hypothesised that this was due to low entropy in this feature at
those moments (e.g., all points of high flicker are clustered together rather than spread
randomly throughout the image) rather than high entropy. In other words, higher gaze
similarity is predicted for scenes high in flicker but low Flicker Entropy, when flicker
is spatially clustered. To compute Flicker Entropy, two-dimensional luminance flicker
maps (i.e. ignoring the colour channels) were computed for both videos and entropy
across these maps was calculated (see Mital, Smith, Hill & Henderson 2011, for
details). High entropy values (measured in bits) indicate a fairly uniform distribution
of flicker across the frame (like an old grainy TV signal), and low values indicate

clear peaks/clusters of flicker, e.g. a small light switching on/off.

Identifying Faces: Previous studies have shown that the presence of semantically rich
information (i.e. a face) helps guide infants attention to important semantic content in
scenes of varied complexity (Frank et al., 2009). To investigate if faces were helping
infants direct their gaze to important plot elements in the video, we identified scenes

with faces and investigated effects of flicker entropy separately for these scenes.

Comparing Gaze Similarity as function of scene composition across both videos
First we first provide a qualitative analysis of gaze similarity, flicker entropy
fluctuations, and use of scenes with faces across the two videos, to understand how
and why specific video content causes adult and infant looking patterns to deviate.
Both videos are designed for young infants and share some common visual
features including the use of simple bold colours, objects photographed against block
colour or white backgrounds and sequentially presented objects or actions. However,

the videos differ considerably in the complexity of their images and the pace at which
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new images are presented. Video C has a higher mean flicker entropy (4.20 bits),
smaller variance of flicker entropy (1.934 bits) and faster shot rate (mean shot length
is 5.26s) compared to Video SI (1.70 bits, 2.60 bits and 10.54s, respectively). These
differences in complexity can be seen in the screenshots included in Figures 5 and 6

and the associated plots of Flicker entropy over time.
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Video C uses occasional nature videos shot against a normal background that create a
lot of flicker, low contrast between the objects and the background and peaks in
flicker entropy (see shots 4 and 7 in Figure 5). These shots do not pose a problem to
the adults who are used to parsing such scenes and can easily locate the centres of
interest, typically the heads of the animals depicted. For the infants, such low contrast
/ high entropy images may be difficult to parse (i.e., to locate foreground objects of
interest). This results in low gaze similarity as infants attend to the images in different
ways. By comparison, the shots composed against a white background, usually

depicting a relatively static child or animal interacting with objects (e.g. shot 5=the
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child eating a muffin or shot 6=the rabbit eating the carrot) therefore produce clear
peaks in gaze similarity (bottom chart; figure 5). The subtle movement of the child’s
hands or the face of the child and animal create points of low flicker entropy relative
to the static background that attract attention across all age groups. This interest in
faces and hands has previously been confirmed using similar videos in infants (Frank,
Vu, & Saxe, 2011). Critically, the motion is restricted to a small area of the screen
allowing even the younger infants to identify it as a saccade target, move their eyes to

it and fixate it before the shot has changed.
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Figure 6: Top graph= Flicker entropy during every second of Video SI (measured

in bits). Bottom graph= Gaze Similarity (Z-scored relative to Adult gaze distribution)
across the three age groups (6 mth=red line, 12 mth= orange line, Adult=green line)

over time. Error bars represent +/-1 SE.

Video SI utilises some similar nature scenes to video C (shots 1,5 and 6 in Figure 6)
and these produce similar peaks in Flicker Entropy and low gaze similarity. However,
the majority of Video SI’s shots involve either a single object or a series of objects
presented against a plain background. Instead of using editing to change the centre of
interest as in Video C, Video SI uses animations to present objects sequentially by

having them either fly on to the screen or suddenly grow from nothing. These
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presentations match the audio narration: “Look, a baby sheep! A baby sheep is called
a lamb [shot 1]. Lamb. Lamb. Lamb [shot 2]. Baa. Baa. Baa. [first repetition of shot
2] One. Two. Three. [second repetition of shot 2]”. Each repetition of “Lamb”, “Baa”
or the number corresponds with the appearance of a lamb flying on to the screen (shot
2, Figure 6). These audiovisual correspondences are intended to attract the infant’s
eyes to the object being named and reinforce the naming and subsequent counting
through repetition. The sequential presentation results in peaks and troughs of gaze
clustering at all ages (e.g. Figure 6, 10 to 32 seconds) as the sudden appearance of an
object on screen attracts all attention then viewers return to exploring the frame once
the object has stopped. However, the reduced gaze similarity trace indicates that the
6mth and 12mth olds do not respond as quickly to the sudden appearance of the object

or pursue it as accurately as the adults as it moves across the screen.

Gaze Similarity Differences Across Age

The descriptive age differences visible in gaze similarity in Figures 5 and 6 are
confirmed by a repeated-measures ANOVA (Age: F(1,45)=43.158, p=.001, 1,?,
=.657). There is no main effect of Video (F(1,45)=1.674, p=.202, ,°n,>=.036) or
interaction (F(2,45)=1.443, p=.247, n,’n,> =.06), suggesting, on average both videos
create the same variance in attentional synchrony. Collapsing across Videos, the main
effect of Age can be attributed to significantly lower gaze similarity at 6 months
(mean=-0.363, sd=.06) than for Adults (mean=.00, sd=.155; p=.001) and a marginal
difference relative to 12 months (mean=-0.273, sd=.110). The 12-month-old gaze also
showed significantly less similarity to the adults (p<.001).

Gaze Similarity x Flicker Entropy and Faces.

To test for age differencesis in how flicker entropy and the presence of the face in the
scene affects gaze, video frames with and without face were binned by Flicker
Entropy (Obits-low to 6bits-high entropy) for subsequent analyses. The two videos
were analysed separately as the simpler composition of Video SI meant that we could

not identify shots containing a face and high flicker entropy like in Video C.
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Figure 7: Gaze similarity (expressed as a Z-score relative to the within-video adult
distribution) across the three age groups (6 mth=red line, 12 mth= orange line,
Adult=green line) and mean flicker entropy for a frame (binned into 2 bit bins; x-axis)
split into shots containing at least one human face (‘Face’) and shots not containing

faces (‘no face’). Error bars represent +/-2 SE.

Video C: A repeated-measures ANOVA on gaze similarity within each age group
(6mth, 12mth, & Adults) with factors Flicker Entropy (0, 2, 4, 6 bit bins) and whether
the shot contains at least one human face (face vs. no face) within Video C revealed a
main effect of Flicker Entropy (F(3,135)=37.782, p=.001, 1,°1,’=.456), a main effect
of Face (F(1,45)=41.645, p=.001, n7,°n,°=.481), an effect of Age (F(2,45)=9.362,
p=-.001, 1,°n,°=.294) and Face x Entropy interaction (F(3,135)=6.245, p=.001,
n,°1,°=.122). The effect of Flicker Entropy can clearly be seen in Figure 7. As Flicker
Entropy decreases (i.e. flicker becomes more concentrated) gaze similarity increases

from -.246 (SE=.024) when entropy is large (6 bits) to +.287 (0 bits; SE=.081;
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p=.001). This pattern is similar across all three age groups suggesting a universal
influence of image features on gaze behaviour.

Splitting the data into shots with and without a human face, the main effects of
Age (F(1,45)=19.089, p=.001, ,°1,’=.459) and Flicker Entropy
(F(1.44,64.975)=58.096, p=.001, n,’n,°=.564; Greenhouse Geisser corrected) are very
large within the No Face shots suggesting that both age and flicker entropy strongly
influence gaze. There is also an interaction between Age and Flicker Entropy
(F(2.88,64.975)=4.262, p=.009, n,°1,°=.159) due to the difference in gaze similarity
between 12mths and Adults disappearing in the lowest Flicker Entropy bin (0 bits)
and 12mths displaying greater gaze similarity than the 6mths (t(30)=-2.694, p=.011).
This indicates that by 12 months, infants can display adult-like gaze behaviour if non-
social video sequences are designed to guide their eyes to the centre of interest using
low-level visual features (e.g. low flicker entropy; Wass & Smith, 2015).

When human faces are present in Video C, the main effects of Age
(F(2,45)=5.182, p=.009, 1,’1,°=.187) and Flicker Entropy (F(1.26,56.73)=18.914,
p=.001, 1,°n,’=.296; Greenhouse Geisser corrected) remain but the interaction
disappears (F<1) as all ages show the same increase in gaze similarity for the lowest
Flicker Entropy bin (see Figure 7, top right, O bits). In the presence of a face, the
difference between 6 and 12mth Gaze Similarity disappears for all entropy bins and in
the lowest bin (0 bits) even the difference between 6mths, 12mths and Adults
disappears (all ts<1). This suggests that when social scenes are composed with only
one area of visual change at a time even the youngest infants are able to exhibit adult-
like viewing behaviour.

Video SI: For confirmation of the influence of Flicker Entropy and Faces on gaze
we can now turn to Video SI. Given the simpler composition of Video SI there were
no shots containing faces with a high degree of Flicker Entropy so the analyses
focussed on only the lowest two entropy bins (0 and 2 bits). A repeated-measures
ANOVA reveals main effects of Age (F(2,45)=15.764, p=.001, ,°n,’=.412), Faces
(F(1,45)=17.276,p=.001, ,°n,>=.277), and Flicker Entropy (F(1,45)=4.184, p=.047,
n,°1,°=.085). The effect of Face is similar to Video C in that shots containing faces
produce greater gaze similarity than without faces.

The effect of Flicker Entropy is considerably weaker than in Video C probably

due to the effect being measured over fewer levels of entropy. There is also an
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interaction between Face and Flicker Entropy (F(1,45)=12.143, p=.001, ,°n,’=.212)
due to the Flicker Entropy effect being absent in the Face shots (F<1) but present in
the No Face shots (the other two levels of entropy can be added to this analysis;
F(1.72,77.27)=10.566, p=.001, 1,°n,°=.190). Within the No Face shots there is also an
interaction between Flicker Entropy and Age (F(3.43,77.269)=3.021, p=.029,
n,°1,°=.118) but unlike in Video C this is not because the Age difference at 12 months
old disappears at the lowest flicker bin. Instead, the interaction is caused by the
Flicker Entropy effect which is only present in Adults, F(1.95,29.23)=13.905, p=.001,
n,°1,°=481) and not 6 mths or 12 mths (both Fs<=1). This may be because, unlike in
Video C which has much more varied shot content there are only two types of non-
face scene, all the high entropy shots are natural scenes which the infants are unable
to parse (e.g. shots 1,5, and 6, Figure 6) and all of the low entropy scenes depict a
series of animal images flying into shot sequentially (e.g. shots 2,4, and 7, Figure 6).
The infant gaze is unable to exactly match the location of the adult gaze during these
shots as their anticipation and pursuit of moving targets is sluggish. However, as was
evident in the number ROI analysis (Figure 4), this sequential presentation helps the
infants arrive at the correct number of objects even if they may get there at a later

time than the adults (leading to low gaze similarity scores).

In sum, our gaze similarity analysis reveals that infants visually engage with
infant-directed video in different ways than adults do, and highlights the importance
of using salience in the scenes in a manner that helps infants process meaningful
content. Specifically, in visually complex scenes, a large amount of image change (i.e.
Flicker Entropy) caused by object or camera motion may prevent infant gaze from
locating key plot elements in the scene (e.g., animals moving though naturalistic
scenes). The inclusion of faces, which are highly salient to infants and adults alike,
can help mitigate this. Differences in looking patterns can also occur in low-entropy
scenes with clear points of saliency, when the more sluggish developing visual system

is engaged in tracking dynamic content.

DISCUSSION
The empirical case study presented here suggests that by carefully designing I-DTV

to simplify the process of parsing the visual signal -whether it be a particular number
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of objects or a human face- from the background visual noise, the gaze behavior of
even 6 month-old infants can resemble that of adults. By comparing a commercially
available I-DTV clip, Baby Einstein (Video C) to a clip depicting the same concept
but using scientifically-informed design, Baby Bright (Video SI), Annette aimed to
demonstrate the importance of empirical tests in understanding how a scientifically-
informed videos may can lead to better engagement, more accurate attending to the
number of objects and a simpler active viewing process (indexed by the designers.
The results above show that whilst the first two predictions are supported by our
results, the greater variation in shot content and compositional style used in Baby
Einstein lead to mixed results. On the one hand, scenes with high flicker entropy
overwhelmed infant gaze, reducing their ability to identify key content. On the other
hand, it created moments during which low flicker entropy and the presence of faces
within complex scenes guided infant gaze to the same point as adult gaze.

These findings confirm our earlier predictions derived from feature-analysis of
[-DTV (Wass & Smith, 2015) and prior eye tracking studies (Kirkorian, et. al, 2012;
Franchak et al., 2015, Frank et al, 2009). By comparison, the much simpler sequential
presentations used in Baby Bright were successful in representing the concept of
number, encouraging infants to actively seek out objects and maintain their interest in
the screen. The infants looked at the correct number of objects and matched the gaze
pattern of the adults (see the matching peaks and troughs of gaze similarity in Figure
6). However, the high speed of the moving objects caused the sluggish infant gaze to
lag behind the objects and the adult gaze, giving rise to lower gaze synchrony overall.

This highlights the importance of striking a balance between Annette’s
recommendation 3 (avoid passive fixation) and 7 (slow down!) where movement
across the screen might be stimulating for the developing infant’s visual system, but
moving too fast may prevent infants from processing key plot elements. The most
notable dissociation between infant and adult viewing was for nature shots of animals
included in both videos. Anecdotally, during testing parents often commented on how
much they liked the natural scenes and believed they would be educational for their
infants. However, the reduced looking time overall and the lower gaze similarity
results indicate that the high flicker entropy in these scenes meant that infants found

them very hard to watch (Figures 5&6). This is a clear example of how adult
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designers must inhibit their own preferences when designing for a developmentally

immature visual system'.

These results confirm the importance of content and stimulus design for
understanding how the developing mind responds to the stimulus and how it may
encourage learning. These results also demonstrate the importance of appreciating
how infants engage with screen media when trying to understand the long-term
consequences of regular screen time on infant neurocognitive and behavioural
development. In order to combat propaganda against screen time and non-evidence-
based guidelines detailed longitudinal studies of associations between different types
of screen use and infant development are required. This work fits in with the
emerging perspective in the developmental cognitive neuroscience of screen use, that
the content and context of screen media use is important for understanding how we
can maximise the benefits of screen time for supporting learning, education, and
social connection in childhood and adolescence and avoiding negative impacts around

displacement of other activities such as sleep and physical exercise (Courage, 2017).

CONCLUSIONS AND LEGACY

Annette believed that that “the dynamics of screen exposure may be an important
supplementary stimulation to the young infant’s visuo-cognitive system, alongside
images in books and mobiles rotating in central vision, provided that the content and
design of videos are based on infant scientific research and encourage active screen
exploration, rather than passive central fixation” (Annette Karmiloff-Smith
unpublished manuscript, 23 January, 2012). As such, she cautioned against using
screen time as baby-sitter to replace social interaction, or displace other
developmentally critical activities such as physical exploration, sleep, and feeding.
Our findings endorse Annette Karmiloff-Smith’s view that rather than the “mindless”
passive viewing assumed by some critics of I-DTV (e.g. Greenfield, 2015), screen

exposure can be designed to encourage saccadic exploration, rapid visuo-spatial

1 Annette would wish us to document that she actually advised against using
such natural video scenes in Baby Bright precisely because she predicted these
difficulties!
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orienting, anticipation, figure/ground separation, and attention to number of intended
targets making the infant a highly active viewer.

Annette’s pioneering perspective on how screens may best be used to support
infant and child development was invaluable when she co-founded the Toddler
Attentional Behaviours and Learning with Touchscreens (TABLET) Project with
author TS and Dr. Rachael Bedford (King’s College London). TABLET is on-going
project aiming to test whether infant exposure to touchscreen devices at 12 months-
of-age is associated with long-term developmental differences at 18 and 42 months-
of-age in domains including attention, temperament, developmental milestones,
language, executive function and sleep. The intention is to triangulate effects using
parent-report questionnaires in a large online sample (N>700), and behavioural,
questionnaire, EEG and eye tracking measures in an intensive lab sample (N=60).
Annette’s contribution to the TABLET project were critical for guiding its future
direction (see her APS interview on the project?) and she contributed to the first
findings establishing associations between infant touchscreen use and sleep problems
(Cheung et al., 2017) and earlier fine-motor development (Bedford et al, 2016).

The TABLET project is testament to how Annette’s rigorous experimental
approach to studying developmental cognitive neuroscience has broad implications
for many areas of development and their societal implications such as the pressing
issue of childhood screen time, and the need to understand the mechanisms of visual
processing to understand visual impairments and how to best treat them.

Annette many not have had the opportunity to see her empirical contributions
on this topic published during her lifetime but her influence will be long-lasting for

those of us who had the opportunity to collaborate with and be inspired by her.

In closing, we can think of no better way to end our exploration of Annette’s work on

screen time than with her own words:

“In sum, screen exposure for young children should be far more than a display of

coloured patterns and music to mesmerize babies; they should be a scientifically

2

https://www.psychologicalscience.org/publications/observer/obsonline/toddle
rs-and-touchscreens-a-science-in-development.html
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designed effort to stimulate babies. We live in a media-saturated world. It is far better
that parents know how to choose the right television or DVD programmes for their

children than to make them ashamed at even thinking of ever using screen exposure.”

(Karmiloff-Smith, 2012)
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