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A B S T R A C T

Exposure to screens has been shown to reduce attention span in children. Increased slow-wave (theta band) and
decreased fast-wave (beta and gamma bands) generated from EEG, as well as increased theta/beta ratio, have
been observed in children with Attention-Deficit-Hyperactivity-Disorder (ADHD). This study examined the re-
lationship between 6-weeks screen exposure and attention abilities in typically developing preschoolers using
EEG during rest. Theta and beta bands were compared, and visual attention and parental reports for attention
abilities were controlled. Results suggested that the active control group showed improved visual-attention
abilities following the exposure to stories, whereas the screen group did not show improved visual attention. EEG
results suggested a higher connectivity in theta vs. beta bands in the screen group, but not in the control group.
Results support the negative relationship between screen exposure and attention-related patterns generated from
EEG in typically developing preschool children.

1. Introduction

Several cross-sectional and longitudinal studies have suggested that
screen exposure may be associated with a decreased attention span in
children and with deleterious effects on their cognitive abilities, be-
haviors, and academic performance [1–3]. Furthermore, learning pro-
cesses have been shown to be inefficient when screens are used com-
pared to learning via social interaction: studies on infants’ language
acquisition indicated that the ability to learn new information is sig-
nificantly higher when learning through social interaction than when
exposed to the same materials on the screen [4–7]. More specifically,
one study showed that nine-month-old infants performing a foreign
linguistic phonemic learning task during a social interaction compared
to a different age-matched group who did not perform the task did not
demonstrate learning when the same material was presented through a
video on a screen [4]. Another study showed that toddlers learned new
verbs better and at a younger age when they were exposed to a live
social presenter compared to being exposed to the same materials
presented only on screens [7]. Despite these studies, the mechanism for
the relationship between screen exposure and attention abilities is not
yet clear, with only a handful of studies showing the effect of screen
exposure on decreased grey matter integrity [8] or decreased functional

connectivity [9] in older children (8 years old and older). While these
studies focused mainly on visual-processing regions and in a relatively
older children population, there are no previous studies examining the
relationship between screen exposure and neurobiological correlates for
attention abilities in younger preschool-age children. One way of de-
picting the effect of screen-exposure on basic attentional mechanisms is
by examination of electroencephalogram (EEG) recordings, specifically
focusing on attention-related bands.

The delta band (< 4 Hz) and theta band (4–8 Hz) both reflect sleep
and decreased vigilance states, whereas the alpha band (8–12 Hz) is
related to a relaxed state and the beta band (13–30 Hz) is related to a
concentration state [10]. The gamma band contains frequencies be-
tween 30 and 60 Hz and is related to attentional processes and speci-
fically to selective attention [11–13]. Previous studies suggest that EEG
patterns in children with attention deficit are characterized by a deviant
pattern of baseline cortical activity [14]. These studies suggest an in-
creased theta band or slow-wave activity [15–19] with decreased beta
and gamma bands (fast-wave( [16,20] in 6-18 year-old children with
attention deficit compared to controls during resting-state tasks
[16,20]. Interestingly, not only the bands themselves were related to
attention abilities, but also the ratio between theta and beta was found
to be increased in 6–18 year-old children with attention deficit

https://doi.org/10.1016/j.tine.2019.100117
Received 30 March 2019; Accepted 5 July 2019

⁎ Corresponding author at: Reading and Literacy Discovery Center, Cincinnati Children's Hospital Medical Center, Cincinnati, OH, USA.
E-mail address: tzipi.kraus@technion.ac.il (T. Horowitz-Kraus).

Trends in Neuroscience and Education 17 (2019) 100117

Available online 06 July 2019
2211-9493/ © 2019 Elsevier GmbH. All rights reserved.

T

http://www.sciencedirect.com/science/journal/22119493
https://www.elsevier.com/locate/tine
https://doi.org/10.1016/j.tine.2019.100117
https://doi.org/10.1016/j.tine.2019.100117
mailto:tzipi.kraus@technion.ac.il
https://doi.org/10.1016/j.tine.2019.100117
http://crossmark.crossref.org/dialog/?doi=10.1016/j.tine.2019.100117&domain=pdf


compared to controls [16,17,21]. Children diagnosed with attention
deficit also showed a negative linear correlation between the theta/beta
ratio and the scores of an attention task [16]. However, the relationship
between screen exposure and the theta/beta ratio in children has yet to
be determined.

In this study, we aimed to determine the effect of 6-weeks screen-
based stories-listening exposure compared to a story-telling interven-
tion delivered by an interactive human presenter on attention abilities
in 4–6-year-old children. More specifically, we compared the effect of
screen exposure in the screen group vs. interactive storytelling in the
storytelling group on the participants’ attention abilities, as well as on
the brain's electrical activity in theta and beta frequency bands, which
are related to attention abilities. Based on previous studies, we hy-
pothesized that the screen group would show EEG activity that was
previously shown to be related to attention difficulties (i.e., increased
activity at resting state in theta band vs. beta band) compared to the
storytelling group.

2. Methods

2.1. Participants

Thirty preschool children, ages 4–6 years (average age
63.76 ± 6.72 months; 46.7% females), from a middle-class back-
ground, with normal developmental history, and without a history of
attention difficulties were randomly divided into two intervention
groups - screen-based stories listening (n = 14) and live-presented in-
teractive storytelling (n = 16).

The two groups were matched for age (screen:
Mean = 64.78 ± 7.23 months, story-telling: Mean = 62.87 ± 6.34
months; t(28) = −0.772, ns) and gender (screen: 50% females, story-
telling: 43.8% females; χ2 = 0.117, ns). Participants were matched for
attention abilities using both parental reports [Conners [22]; t
(28) = 0.961; ns] and a performance task [TEA-Ch [23], Sky Search; t
(28) = −0.34, ns; TEA-Ch [23], score; t(28) = −0.842, ns]. The two
groups also were matched for both their verbal abilities [WPPSI [24],
Naming; t(27) = 0.316; ns] and non-verbal abilities [WPPSI [24],
Matrix; t(28) = 0.528, ns. See Table 1 for details.

The study was approved by the appropriate Institutional Review
Board. Parents signed informed consent letters prior to participation.
Families were compensated for their participation in the study.

2.2. Study procedure

Storytelling interventions were performed either using a screen for
stories listening by the screen group or administered by an interactive
experimenter to the storytelling group. Behavioral assessments for at-
tention and basic cognitive abilities were performed before (Test 1) and
after (Test 2) the intervention. EEG recording during a resting-state task
was conducted in the laboratory after the intervention (Test 2).

2.2.1. Behavioral measures
To evaluate the intervention effects on attentional performance and

compare that between the two intervention types, attention and cog-
nitive abilities were assessed using a battery of behavioral measures and
parental questionnaires before (Test 1) and after (Test 2) the inter-
vention. Each behavioral-measures testing session lasted approximately
1.5 h.

The behavioral measures included baseline measures of 1) verbal
abilities using the Naming subtest from the WPPSI [24], 2) non-verbal
abilities using the Matrix task, from the WPPSI [24], and 3) attention
abilities using visual and auditory attention subtests [Sky Search and
Score subtests, from the TEA-Ch battery [23]]. In addition, parents
were asked to fill out questionnaires related to the child's exposure to
screens and storytelling at home and attention assessment using the
Conners parental questionnaire [22] and the Behavior Rating Inventory
of Executive Function (BRIEF; [25]).

2.2.2. Screen vs storytelling
The overall training for both groups (screen/storytelling) contained

18 sessions, 30 min each, and lasted for 6-weeks. The screen group
watched recorded videos of age-appropriate books read by an experi-
menter. The video condition included a visual of the books’ pages and
audio of the reader's voice. The video was presented on a 15-inch laptop
placed in front of the participants. An experimenter was sitting by the
computer screen, but no interaction between the participants and the
experimenter took place. Storytelling to the storytellling group was
performed by the same experimenters who were reading the same
books to which the screen group was exposed, while also asking the
children questions about the story while they were reading it.

2.2.3. EEG data acquisition
Following the intervention, the participants were invited into the

laboratory where they underwent an EEG recording during a resting-
state condition. The data was recorded continuously from 64 electrodes
mounted on a custom-made cap (EasyCap, Brain Products GmbH,
Germany) according to the international10/20 system [26]. The data
was sampled and stored at a rate of 500 Hz using an analogue band-pass
filter of 0.1–70 Hz and 12-bit A/D converter. A ground electrode was
placed on a special location at the front of the cap. All electrode im-
pedances were maintained at 5 KΩ or less. During the resting-sate
condition, the participants were guided to rest for 2 min with their eyes
open, followed by another 2 min with their eyes closed.

2.3. Data analyses

2.3.1. Behavioral data analysis
To control for group differences before the intervention (Test 1),

independent t-test analyses were performed comparing the baseline
abilities prior to intervention between the two groups. To assess the
intervention's effect on attentional performance, a 2 × 2 [Behavioral

Table 1
Differences between the screen exposure and the storytelling intervention groups before intervention (independent t-test/chi square test).

Measures Screen (A) Storytelling (B) Contrast t Significance
Mean (SD) Mean (SD)

Age (months) 64.78 (7.23) 62.87 (6.34) A > B −0.772 0.447
Verbal ability (Naming, WPPSI) Standard score 9.07 (2.53) 9.37 (2.53) B > A 0.316 0.755
Non-verbal abilities (Matrix, WPPSI) Standard score 10.14 (3.32) 10.75 (2.98) B > A 0.528 0.602
Visual attention (TEA-Ch, Sky Search) Standard score 7.14 (4.67) 6.56 (4.65) A > B −0.34 0.736
Auditory attention (TEA-Ch, Score) Correct items 2.28 (2.4) 1.62 (1.89) A > B −0.842 0.407
Attention and Hyperactivity parental report (Conners) 9.35 (6.94) 11.5 (5.24) B > A 0.961 0.345
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measures for Group (screen/storytelling), Test (Test1/Test 2)] Repeated
Measures ANOVA was performed.

2.3.2. EEG data analysis
The brain waves activity recordings during the first 30 s of the

resting-state task, to avoid loss of interest in the task, were analyzed
using the CxC method (channel-cross-channel) of the 'EEG Studio'
program (MEG Center, Cincinnati Children's Hospital Medical Center,
Ohio, USA) [27,28]. First, the data were filtered for each of the tested
frequency bands (theta, beta). Then, the covariance of each pair of
channels was calculated for each band separately to create an overall
covariance matrix per frequency band for each participant. The mean
covariance values were used for the statistical analysis and were related
as the functional connectivity measure.

To test the effect of screen exposure vs. storytelling on brain waves
frequency bands, a 2 × 2 [Group (screen/storytelling)], Frequency
bands (theta /beta)] Repeated Measures ANCOVA was conducted using
the computed functional connectivity measure. To exclude the effect of
the initial attention abilities, as well as the overall exposure to screen at
home from the results, the Conners questionnaire score and the number
of hours that the children were exposed to screens per day at home
[following [9]; based on parental reports] were include as covariates of
no interest.

2.3.3. Relationship between EEG data and parental report of attentional
difficulties

To test the relationship between the EEG data and the parental re-
ports of attentional difficulties, Pearson correlations were conducted
between the parental questionnaires (Conners, BRIEF) scores and either
the functional connectivity in theta band or the theta/beta functional
connectivity ratio.

3. Results

3.1. Behavioral measures before intervention

The t-test analyses showed no differences between groups in visual
attention, auditory attention, or verbal and non-verbal abilities. (See
Table 1)

3.2. Intervention effects on attention abilities

Repeated Measures ANOVA showed a significant Group x Test in-
teraction for the visual-attention measures [F(1,28) = 7.525, p = 0.01,
ή2 = 0.212] (see Fig. 1). Post hoc comparisons revealed that the
storytelling group showed improved visual attention after the inter-
vention [F = 17.404, p < 0.001, ή2 = 0.383] while the screen group
did not improve in visual attention after the intervention. No main ef-
fect of Group was found [F(1,28) = 0.742, p = 0.396 , ή2 = 0.026].

3.3. EEG frequency bands as a function of group

The repeated measures ANCOVA showed a significant Group x
Frequency interaction [F(1,26) = 5.302; p = 0.03; ή2 = 0.169] (See
Fig. 2). Post hoc comparisons showed that the screen group had a
higher functional connectivity in theta band compared to beta band [F
(1,26) = 17.267, p < 0.001, ή2 = 0.399], while the storytelling group
showed no differences between the frequencies bands. No main effect of
Group was found [F(1,26) = 0.752, p= 0.394, ή2 = 0.028]. See Figs. 2
and 3 for these results.

3.4. Relationship between attentional assessment questionnaires and EEG
patterns

A correlation was determined between the parental report of at-
tention scores (Conners) and the functional connectivity in the theta

band (r= 0.39, p= 0.033). A correlation was also determined between
the BRIEF total score and the theta/beta ratio (r = 0.407, p = 0.026).
More specifically the scales within the BRIEF that supported this re-
lationship with the theta/beta ratio were the BRIEF monitoring scale
(r = 0.382, p = 0.041) and the BRIEF meta-cognition scale (r = 0.476,
p = 0.008)

4. Discussion

The current study was designed to identify the relationship between
6 weeks of screen-based story listening vs. human-based storytelling
and attention abilities accompanied by EEG patterns previously related
to attention difficulties in preschool children. Supporting our hypoth-
esis, children exposed to screens demonstrated higher functional con-
nectivity in EEG frequencies related to attention difficulties, compared
to the storytelling group. Our results support previous studies sup-
porting the negative effect of screens on attention abilities in children
[1–3]. Although the screens stimuli presented to the participants in the
current study were stories with both visual and auditory stimulation

Fig. 1. Changes in visual attention following screen vs. storytelling interven-
tion. Visual attention score as measured in scaled score before (blue) and after
(orange) storytelling intervention (left) and screen intervention (right).
***p < 0.001, *p < 0.05. The Y axis represent standard scores from the Sky-
search task [23]. (For interpretation of the references to color in this figure
legend, the reader is referred to the web version of this article.)

Fig. 2. Differences in functional connectivity in theta vs. beta frequencies be-
tween the screen and storytelling groups. Theta band (blue) vs. beta band
(orange) frequencies of the storytelling group (left) vs. the screen group (right).
***p < 0.001,*p < 0.05. (For interpretation of the references to color in this
figure legend, the reader is referred to the web version of this article.)
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(visual of pages of a book and an audio recording of the story), the
passive gaze at the screen without the human interaction or the need to
respond had an overall negative effect on the attention abilities of the
screen group compared to the storytelling group. The negative effect of
screens on learning was previously demonstrated in a group of young
infants that watched sessions of a foreign language through video re-
cording presented on a screen [4]. These children's sensitivity to this
new learned language was examined following 12 sessions and was
found to be significantly lower than in children exposed to the same
stimuli mediated by an interactive experimenter. The aim of the current
study was to investigate brain activity patterns during rest that might
be related to screen exposure. The EEG findings suggest that exposure
to screens enhances the EEG functional connectivity of the theta band
compared to the beta band, a pattern that was previously found to be
related to attention deficits [15–19]. Previous studies have shown an
association between ADHD and decreased dopaminergic level [29–32].
This decrease is thought to be reflected in increased slow-wave activity
[15,33]. These altered brain-wave activities among ADHD patients are
normalized using stimulant medications [34]. The current study sup-
ports previous reports on EEG patterns related to children with ADHD
and extend them with typically developing preschool children. Our
results suggest a relationship between higher functional connectivity in
the theta band, as well as higher theta/beta ratio, and also higher scores
of attentional difficulties according to parental reports.

The results support previous functional MRI data during rest
showing a correlation between increased screen time and reduced
functional connectivity between visual processing regions and frontal
regions related to attention abilities in 8–12 year-old children [9]. It
may be that without an engaging activity or the need to respond or
communicate, the exposure to screens in childhood, even with lin-
guistic stimuli, reduces the attention levels similarly to a phenomenon
of “brain wondering”. Overall, the results offer a possible mechanism
related to enhanced theta vs. beta functional connectivity that underlies
the behavioral cognitive changes observed between the two groups.

A recent study demonstrating the differences in animation vs. an
illustration while listening to stories in preschool children may provide
an interesting perspective relevant to the current results [35]. The re-
searchers demonstrated that during an ongoing fMRI paradigm where
children watched animated movies of children's books vs. watching
pages of an illustrated book while listening to the story, functional
networks related to attention to the stimuli, visual processing, lan-
guage, and imagination showed reduced functional connectivity within
and between the network [35]. The authors suggest that the animated
condition, which represents the more “passive” movie condition usually
used on screens, is much less engaging than the illustrated condition,
which is more similar to a “storytelling” condition, and also engaged
less networks related to attention and imagination, supporting our re-
sults [35].

On the other hand, storytelling seems to have a positive effect on
attention abilities in young children. This positive effect of human in-
teraction was previously reported [36–40]. In contrast to a passive

attendance to the screen, children listening to stories told by the in-
teractive experimenter engaged the children using eye contact and
gestures prompting them to stay alert. This effect of social interaction
has been reported to show a positive effect on learning and attention in
children [36–40] that seems to result in brain patterns different than
those observed in attention difficulties and improved visual attention
abilities in this storytelling group. Our behavioral results further sup-
port these previous studies with improved visual attention after the
interactive storytelling intervention, but not after the screen exposure
intervention.

4.1. Study limitations

The results of the current study should be interpreted taking into
account the following limitation. Since we did not collect the EEG data
prior to intervention, we could not directly compare the effect of screen
exposure vs storytelling within each group, not could we compare the
EEG data in both groups prior to intervention. This limitation was ad-
dressed by controlling for the children's attentional and linguistic levels
before the intervention.

5. Conclusions

Despite APA recommendation to reduce screen time in young chil-
dren [41], the mechanism and effect of screen exposure on brain acti-
vation is still not clear. Our results support the negative influence of
exposure to screens compared to storytelling among preschool children
and suggest a link between screens vs. human storytelling and cognitive
skills among pre-school children. Brain activity patterns, previously
related to attention deficits, that were determined for the screen group,
but not the storytelling group, suggest a mechanism underlying the
behavioral differences between the two groups.
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