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Abstract

Creators and consumers of popular media for kids tend to
equate children’s sustained attention with learning (Gahan,
2022; Segal, 2022). Here, we demonstrate that greater sus-
tained visual attention does not necessarily translate to bet-
ter learning—and in fact may predict learning deficits in some
cases. We present the results of an empirical eye tracking study
in which we demonstrate that attentionally captivating mate-
rial can lead to worse learning with greater attentional cap-
ture, likely due to either distraction or overstimulation. Chil-
dren who engaged most during a word-learning task learned
the fewest word-object associations when they were presented
on a colorful, moving background. These results support theo-
ries that suggest attentional capture due to perceptual attrac-
tors (e.g., things that are ”bright, shiny”) can disrupt learn-
ing. This work underscores the importance of the quality of
screen-based media when considering the potential harms of
children’s screen time.
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Introduction
Equating sustained visual attention with learning is a popu-
lar trend among creators of children’s media content. How-
ever, decades of research has demonstrated that learning value
is not the sole driver of attention—or even the primary one
(Haith, 1980). Attention may be guided by informational util-
ity or highly salient perceptual features (Berlyne, 1954). De-
spite this literature, visual attention in popular media settings
is often assumed to result from the material’s learning value.
For example, visual engagement is used in testing children’s
entertainment materials for suitability in promoting language
development and literacy (Albahiri & Alhaj, 2020; Anggraini
et al., 2022; Toleuzhan et al., 2022).

The trend of children’s edutainment content creators con-
flating high visual engagement with high learning value is not
new (Ryan, 2014); however, the impact and reach of the con-
flation has increased substantially due to recent changes in the
quantity, availability, and financial incentives driving the cre-
ation of content for young children (Neumann & Herodotou,
2020).

Understanding the distinction between visual engagement
and learning is pressing because more young people are
watching this content more frequently for longer durations.
This content is more readily available around the world via
smartphones, and it’s pushed harder by marketing tactics due
to increased financial incentives in the new attention econ-
omy. Here, we apply classic methods from developmental

psychology to test the relationship between visual engage-
ment and learning in young children. We find no evidence
of increased attentional engagement leading to greater learn-
ing in 3- to 6-year-old children, and in fact that higher rates
of visual engagement for visually complex displays lead to
less learning in participants. We draw insights and inspira-
tion from relevant developmental psychology, connect it to
recent changes in why and how content is created for chil-
dren, and then present empirical evidence from a novel eye-
tracking study we designed that suggests how the conflation
of attentional engagement and learning in children is flawed.

The psychology behind children’s attention
Attention is necessary for learning, and previous work
demonstrates that it can reflect a readiness to learn (e.g.
Maria Montessori’s concept of “readiness” or Vygotsky’s
“zone of proximal development”, (Montessori, 1917; Vygot-
sky, 1978)). Supporting empirical evidence demontrates chil-
dren and non-human primates selectively attend to events of
intermediate surprisal, which are theorized to hold greater in-
formational utility (Cubit et al., 2021; Kidd et al., 2012, 2014;
Oudeyer & Smith, 2016; S. Wu et al., 2022).

At the same time, attention does not only reflect learning
value. Attention also selects perceptually salient visual mate-
rial such as motion onset, high visual contrast, and hue satu-
ration (Aslin, 2007; Cohen, 1972; Haith, 1980; Salapatek &
Kessen, 1966).

While it’s possible that attentional selection due to percep-
tual salience could lead to greater learning gains in young
children—as edutainment producers commonly suggest—
this has remained an untested claim. We investigate here.

Attention in economic context
The widespread adoption of the internet as a primary source
of information, communication, and entertainment has mone-
tized attention. In the modern economy attention is valuable.
By its very definition attention is a finite resource. The in-
trinsic limits of our information processing abilities drive the
attention economy: as the world becomes increasingly infor-
mation rich, it must necessarily become attention poor (Si-
mon et al., 1971). This dynamic creates competition for en-
gagement in many information-rich but attention-scarce en-
vironments, and is evident on many popular streaming plat-
forms.
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The competition for attention is also driven by substan-
tial financial incentives. In the US alone, digital video ad
spending grew by 21% to 47.1B in 2022 (IAB, 2023). Not
only is digital media advertising revenue growing rapidly, ap-
proximately half of digital video ad purchasers are quanti-
fying viewers’ visual engagement with biometric measures
of attention, such as eye-tracking, demonstrating the value
placed on consumer attention (IAB, 2023). The emphasis on
most-watched content encourages a practice of creating con-
tent aimed at attaining high visual engagement. In line with
this significant growth in online advertising revenue, many
popular platforms employ recommending algorithms that pri-
oritize content expected to maximize sustained visual atten-
tion (Lewandowsky et al., 2023; T. Wu, 2016). This includes
many popular children’s media platforms, like YouTube Kids,
Roblox, and Twitch. The content itself, beyond the adver-
tising within the platforms, also emphasizes attention as an
important gauge of success. Creators of children’s media fre-
quently use engagement metrics to guide content production.
For example, CoComelon Nursery Rhymes is the most popu-
lar children’s YouTube channel having over 167 billion views
as of August 2023, and is known to test how effectively their
content visually engages children as young as two years old
when placed near another screen showing naturalistic scenes
(Segal, 2022). This practice is not necessarily unique to the
streaming era; a review of children’s DVDs noted the high
concentration of low-level perceptual features being used in
educational children’s content nearly 15 years ago (Goodrich
et al., 2009).

Methods
Participants
Fifty-five 3- to 6-year-old children completed the study across
two locations. twenty-five participants volunteered at a lo-
cal science museum near the UC Berkeley campus and thirty
participated in the Kidd Lab at UC Berkeley. Four additional
participants were excluded for parents not complying with ex-
perimenter instructions, and a further three additional partici-
pants were excluded due to technical issues. Testing location
had no significant impact on results. All participants were
compensated for their time either with $10 or a small prize.

Stimuli
Six novel objects (toys) were pseudo-randomly paired with
novel words. The novel objects were small figurines of col-
orful monsters (see Figure 2). All toys were photographed in
the same lighting conditions and backgrounds were removed.
These photos of the toys were used for the screen-based por-
tion of the task. Six familiar objects were selected from the
MacArthur-Bates Communicative Development Inventory of
earliest learned words (Dale & Fenson, 1996). The familiar
objects were only used in the screen-based portion of the task,
so simple, recognizable illustrations of these objects were se-
lected.

Videos were used in the complex condition only. Videos

were selected to be of colorful, age-appropriate naturalistic
scenes with varied movement that did not include a clear sin-
gular subject. All audio was removed from videos.

Procedure
Participants were seated on their parents lap for the duration
of the experiment. Exceptions were made for children who
requested to sit on a booster seat or when parents were un-
able to hold the child on their lap. In these cases, parents
sat behind their child or in the waiting room if requested
by the child. To avoid parents influencing their child’s be-
havior, all parents wore blindfolds or closed their eyes and
listened to music through headphones while children partic-
ipated in the study. In cases where parents closed their eyes
experimenters confirmed that they complied throughout the
study. Visual stimuli were presented on a monitor connected
to a Gazepoint GP3 eye-tracker approximately 60cm away
from the participant. The stimuli were presented from a Win-
dows laptop using Psychopy software (Peirce et al., 2019).
The eye-tracker was calibrated using a nine-point display of
a shrinking dot that the participant fixated as it moved around
the screen. An identical five-point validation sequence fol-
lowed, allowing the experimenter to verify the calibration had
been successful. If necessary, the experimenter repeated the
calibration to achieve a satisfactory validation.

Learning Trials
The experiment consisted of both a screen-based eye tracking
portion and a short test using the novel objects on the table in
front of the participant. The screen-based portion consisted of
both a learning and a test phase. The learning phase consisted
of 12 trials during which the novel objects were presented
with their corresponding novel word pairings. For each trial
the novel object was presented with two carrier phrases “Do
you see the X?” and “What a nice X!”. Each novel object was
presented twice in a random order during the learning trials.

Test Trials
After the learning trials the experimenter introduced the test
trials as a game with toys that participants “might know the
names of”. The first set of test trials were the screen-based
implicit test trails. Each implicit test trial presented two ob-
jects, a target and a distractor, on screen with an auditory
prompt “Can you find the X?”. The first 12 test trials asked
participants to find a named novel object. Test trials 13-24
asked participants to find the known objects using the same
format. These known-object test trials were included to check
that participants were completing the task as expected. The
known-object trials always occurred after the novel-object
test trials. All test trials were pseudo-randomized with each
object used twice as the target and twice as the distractor.
Each trial displayed a unique pairing. Participant’s test trial
was deemed correct if their looking time to the correct object
was greater during a two-second window following a 200ms
delay from the time of the target word onset to account for
any saccade latency. This window of analysis and criteria
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(a) Simple condition (b) Complex condition

Figure 1: The learning trials in the simple condition presented the toys on a static gray background. The learning trials in the
complex condition presented the toys in front of colorful videos of naturalistic scenes. Audio of child-directed speech labeled
the toys with their novel names and was the same in both conditions.

Figure 2: We asked participants to identify names of novel
toys. Participants learned these novel word-object associa-
tions via screens. We tested their learning via screen and with
physical objects.

were the same for both novel-and known-object implicit test
trials.

The final portion of the experiment consisted of explicit
test trials. Children were asked to identify physical versions
of the novel objects, providing an explicit measure of their
learning. Physical stimuli were kept out of view from the
participant until the screen-based eye-tracking portion of the
study was completed. The experimenter then presented all six
novel objects on the table and asked the participant to hand
them each toy by name, one at a time. Between trials the ex-
perimenter replaced the selected toy and shuffled all six toys
to prevent participants from selecting toys in serial order, and
to make it more difficult to track which toys had already been
selected. Experimenters told participants it was okay to guess
if they were not sure of their answer and gave no feedback be-
tween physical trials. Participant responses were recorded on
video for later coding.

Conditions
Participants were randomly assigned to either the simple or
complex condition. In the complex condition, a unique video

played in the background of each learning trial. Videos did
not repeat such that participants should not associate a par-
ticular referent in a video with a novel word label. Each par-
ticipant in the complex condition saw 12 videos in a differ-
ent random order across all 12 learning trials. Stimuli in the
simple condition were presented on a static gray background.
Test trials and physical object trials were the same for both
conditions.

Data processing

Eye tracking data was excluded from all trials with greater
than 90% trackloss. After removing these trials with extreme
trackloss, we averaged each participant’s looking time across
their validly tracked trials to calculate their average looking
time for the entire screen and areas of interest. This allowed
us to compare a participant’s looking behavior in the learn-
ing trials to their performance on the test trials. We further
excluded participants who were missing data from either all
learning trials or all test trials. This resulted in excluding a
further 4 trials. After processing the data in this manner, we
were left with complete observations from 49 participants. 26
in the simple condition with a mean age of 4.955, and 23 in
the complex condition with mean age 4.996.

Results

Increased visual engagement in complex condition

Participants looked to the screen during learning trials sig-
nificantly longer in the complex condition (Figure 3). This
result was expected as the complex condition was designed
to increase visual engagement through the use of low-level
attentional attractors. On average, participants looked to the
learning trials 87.41% of the time in the complex condition,
compared to 81.04% in the simple condition. This difference
was confirmed to be significant by a Wilcoxon rank sum exact
test (W = 463, p <0.001)
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Figure 3: Participants attended to the screen more in the com-
plex condition, where increased low-level perceptual features
were present during learning trials.

Visual salience did not predict learning outcomes
As we expected, learning was not improved by increased
visual engagement. Overall, participants demonstrated that
they learned the names of the toys above chance in both the
explicit and implicit test trials (see Figure 4). There was no
significant difference in learning between conditions on either
implicit or explicit word learning. On average, participants in
the simple condition correctly identified the correct toy on
53% of explicit trials, compared to 47% in the complex con-
dition. This difference was not significant in a Wilcoxon rank
sum exact test (W = 260.5, p = 0.44). Implicit learning was
nearly identical across conditions. Participants looked to the
correctly named item in 72.39% of trials in the simple condi-
tion and 71.64% of implicit trials in the complex condition.

(a) Explicit scores (b) Implicit scores

Figure 4: Participants learned the toy names similarly in both
conditions, despite increased attention to the learning trials in
the complex condition.

Increased visual engagement predicted worse
learning when distractors were present
A linear regression controlling for age revealed that the inter-
action between a participant’s looking time to the screen dur-
ing learning trials and the condition they were in was a signif-
icant predictor of their performance on explicit learning trials

(β = 1.823, p = 0.0017). For participants in the complex con-
dition, increased looking to the screen during learning trials
predicted worse outcomes on the explicit trials. In the simple
condition looking time to the learning trials was associated
with better explicit learning scores. The difference in this
interaction between conditions is shown in Figure 5. This in-
teraction was not observed in the implicit learning trials. The
implicit learning trials were forced choice, and participants
were largely successful in identifying the correct labeled toy.

Figure 5: Increased visual attention during learning trials in
the complex condition was associated with worse learning in
the explicit trials. Participants who engaged the most learned
the fewest toy names compared to less-attentive participants
in the same condition.

Increased focus to target object did not explain
learning trends

We found no evidence that participants who had better focus
to the target object during the learning trials learned more
word-object associations. Both overall looking time to the
target and looking to the target as a proportion of all looking
to the screen did not predict explicit or implicit learning in
either condition.

Discussion
We found that increasing children’s visual attention through
heightened salient, low-level perceptual attentional attractors
resulted in worse learning outcomes on a word learning task.
In fact, these low-level cues elicited greater attention while
hindering word learning for some children within the same
condition. These highly engaged children may have learned
something about the backgrounds that is not captured in our
learning measures. However, their poor performance on a rel-
atively simple and clearly defined learning task is still notable
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considering less-attentive children in the same condition per-
formed better on the task. If anything, highly engaged chil-
dren should have learned the names of the toys as well as
something about the background videos. While we cannot
speak to what they may have learned about the ambient back-
ground scenes, their increased attention did not benefit them
on the word learning task and demonstrates the risk of highly
engaging content that creates competition for learning, espe-
cially when this content aims to be educational.

The high-stakes competition to capture and sustain chil-
dren’s attention in online environments is driving the produc-
tion of highly visually engaging content that may undermine
well-intentioned educational messages. Using highly salient
perceptual features to captivate young viewers not only in-
terferes with their potential learning but may also increase
the risk for adverse cognitive and behavioral outcomes. Our
findings align with theories of overstimulation that link the
adverse effects of screen time to the excessively salient au-
diovisual properties common in highly engaging children’s
content.

The potential harms of screen-time during early childhood
are well documented, with known associations between ex-
cessive early screen use, developmental delays, and worse
academic performance (Madigan et al., 2019). Specifically,
children’s screen use has been tied to disordered attention,
impaired vision, sleep disruption, and poor mental health out-
comes (Lissak, 2018). However, the research on children’s
screen usage and its potential harms is largely observational,
making it difficult to determine the causal structure of this re-
lationship despite the well-established associations. One the-
ory suggests that overstimulating audio-visual content, like
screen-based media, may be responsible for the negative cog-
nitive and behavioral outcomes associated with children’s
screen time (Christakis et al., 2018). This theory began in
part with observations of a relationship between fast-paced
television content and disordered attention in young children
(Anderson et al., 1977; Geist & Gibson, 2000). Further ob-
servational evidence has shown that fast-paced and fantasti-
cal children’s television reduces young children’s executive
functioning for at least a short time after exposure (Essex et
al., 2022; Lillard & Peterson, 2011). The theory that devel-
oping brains are susceptible to potential negative effects of
overstimulation is also supported by animal models: mice
exposed to heightened audio-visual stimulation early in life
display both behavioral and cognitive deficits (Christakis et
al., 2012; Christakis et al., 2018).

Our findings support this theory of overstimulation. Within
the complex condition alone, maximized attention may be
a sign of overstimulation, explaining the poor learning out-
comes for children that barely looked away from the screen.
These findings suggest that overstimulating children’s media
that maximizes visual engagement through low-level salient
visual features can be detrimental to children’s learning and
development. It’s important to consider that while our exper-
imental design consisted of colorful, engaging videos, they

were all of naturalistic scenes which we expect to be less
stimulating than much of the content young children are en-
gaging with on popular media platforms. This suggests that
the potential negative impact of highly stimulating children’s
content may be even more severe in common online environ-
ments.

This study cannot directly speak to the level at which the
presence of distractors would detract from learning. How-
ever, this experimental design provided participants with a
better chance to learn simple associations than most chil-
dren’s content that is designed to be highly engaging. There
was no interfering audio, and all background distractor videos
were of ambient scenes that did not repeat with a correspond-
ing toy to avoid confusion about which object was being la-
beled. Moreover, children in both conditions performed at
the same level, further demonstrating that visual engagement,
not the presence of distractors, was the moderating factor in
the relationship between condition and explicit learning out-
comes.

Recommendations for children’s screen time remains gen-
eral and often unclear to parents, in part due to the lack of ev-
idence demonstrating a causal link between screen time and
its potential detrimental effects. In the streaming era, where
anyone can easily create and upload a video to YouTube or
TikTok, placing the burden on caretakers to assess the qual-
ity of the media their children consume is overwhelming.
Highly stimulating children’s content poses a serious risk to
the learning and development of young children that can be
hard for adult caretakers to uncover because it encourages
sustained visual engagement, which may appear as learning
or enjoyment from the viewer.

Children’s content, especially that which claims to be ed-
ucational, needs to be created with the potential detrimental
impacts of overstimulation in mind. We should require more
careful and rigorous evaluation of children’s media. In the
absence of formal guidelines, caretakers and content creators
should be cautious of media that may be highly engaging and
perceptually salient.
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