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Abstract

Family and home environment factors have been outlined in previous literature as important
variables that affect early reasoning development. However, little research has focused on the
association between screen use in the home environment and non-verbal reasoning ability. The
aim of this cross-sectional study is to examine the role of both screen time and various screen
activities (e.g., television, video or educational games) in non-verbal reasoning ability in 9,001
5-year-old children using a large birth cohort study (Growing Up in Ireland). Interviews
conducted with parents related to the children’s screen use and various family factors, while
reasoning ability was measured using a standardised task (Picture Similarities Task, British
Ability Scales II). A hierarchical multiple regression examined the role of screen use in non-
verbal reasoning, while also statistically controlling for family factors such as parental
education and employment status. Screen use variables made a significant contribution to the
regression model, even after family factors were accounted for, although the effect sizes were
very small. Playing educational games, video games or engaging in over three hours screen use
per day were all significant predictors of non-verbal reasoning scores in the final adjusted
model. The results of this study suggest that screen use may play a small role in the
development of non-verbal reasoning in young children. The findings highlight the need for
further studies in this area and may have implications for current debates in screen time
research.
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Introduction

In early childhood, reasoning ability is a necessary prerequisite for the development of logical
thinking and problem solving in novel situations.* The ability to reason enables people to
draw inferences, reach conclusions? and is supported by many cognitive skills, such as
attention, processing speed, and working memory.3* Reasoning ability is also a good
indicator of future academic success, and the development of higher order cognitive skills,>”
with research suggesting that reasoning ability between the ages 5 and 10 years is a stronger
predictor of scholastic achievement than reasoning ability at any other age.® This highlights
the period relating to early childhood as particularly important for the development of
reasoning ability.

Previous research shows that a number of factors in a child’s environment influence
the development of reasoning and other cognitive abilities. These factors include maternal
education levels,®° the socio-economic status of the family,''? and the parent-child
relationship.''* The home learning environment and activities within the home, such as
reading to infants or the number of books in the home, also play a role in the development of
reasoning and other cognitive abilities.™>®1" However, relatively little research has examined
the role of screen time in the development of reasoning abilities in early childhood. With
digital devices such as smartphones and tablets becoming more prevalent in children’s early
home learning environment*® it is important that the use of screen devices is also examined as
a potential factor influencing aspects of cognitive development, namely reasoning ability.

Screen Use and Psychological Development

Research on screen time in early childhood has focused on a number of aspects of
psychological development such as attentional ability, vocabulary, aggression and
hyperactivity.!*20:2122 However, findings from individual studies sometimes convey differing
conclusions about the impact of screen time on development, and should be interpreted with
caution depending on the research design, sample size, research methodology, and the effect
sizes of reported results.?>2* However, meta-analyses of multiple combined studies of
children suggest that higher levels of screen time are linked with future depression risk
(drawing on findings from 16 studies)? and socio-emotional difficulties (drawing on findings
from 45).2°

While the findings from meta-analyses drawing on multiple studies can help offer
clarity, interpreting these findings can also present challenges. For example, one meta-
analysis examining the impact of video games on development suggested that young people
who play video games, in comparison with other past times, had increased levels of
aggression and displayed lower prosocial behaviour (drawing on findings from 33 studies).?
In contrast, another meta-analysis, also examining the effect of video games, found that video
games contributed to cognitive enhancements in the areas of visual and spatial processing and
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hand-eye coordination (drawing on findings from 118 studies).?” Therefore, depending on the
aspect of psychological development being examined, screen use may be associated with
positive effects or negative effects, and in some instances no effects.

Despite a lack of research directly examining the impact of daily screen use on the
development of reasoning ability in early childhood, other studies with older children suggest
it may have a role to play. For example, O’Connell?® recently reported positive correlations
between screen use and non-verbal reasoning in 13-year-olds. Yang® also found that playing
digital games in school was effective in improving 14- and 15-year-olds’ problem-solving
skills in comparison to a control group using traditional classroom methods. Other research
has examined the role of television in children’s problem-solving ability.*°-3® These studies
found that, for children aged 5-15 years, watching educational television programmes
improved problem-solving and scientific reasoning ability, in comparison to those in a
control group or those viewing less educational content.

Some researchers argue that digital games, compared to TV watching, can be seen as
a tool for decision-making behaviour and understanding the link between cause and effect,
creating a meaningful environment and framework for problem-solving.?®3* In a study
exploring 7- to 10-year-olds’ reasoning ability, Mackey et al.,! monitored children’s
reasoning development as they played fluid reasoning training computer-games for 15
minutes twice a week, for 8 weeks. After the intervention, the overall performance 1Q of the
children improved substantially. Fessakis, Gouli, and Mavroudi® also found that the
mathematical, problem-solving, and social skills of 5- and 6-year-old children improved after
a classroom intervention involving a series of computer programming-based learning
activities. While these targeted interventions show positive effects, it is unclear whether these
positive effects might extend to a home setting with more naturalistic use of screen based
games.

These studies suggest a link between screen use and reasoning and problem-solving
abilities. However, little previous research has focused on children as young as 5 years of
age, or compared the effect of different types of screen activity in the home on reasoning
development in early childhood. The current study is exploratory in nature and aims to
investigate what effect, if any, daily screen time and various screen activities have on young
children’s reasoning ability, drawing on data from the large nationally representative sample
of children in the Growing Up in Ireland (GUI) study. Use of this data permits not only
investigation of the role of screen use in reasoning ability in young children, but also to
explore whether this is affected by other factors that are known to influence the development
of reasoning ability (e.g., parent’s education).

Method
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The Growing Up in Ireland study is a government-funded longitudinal study of children in
Ireland, which collects a wide range of information from families and children through face-
to-face interviews with both mothers and fathers in each household of the study child. Data
collection for the Infant Cohort started in 2008 with over 11,000 children and their

families. The sample was initially drawn from the Child Benefit Registrar as it allowed for
participant sampling from all socio-economic backgrounds, and encompassed all family types
living in Ireland with children (see Murray, McNamara, Williams, & Smyth*® for additional
information on the Growing Up in Ireland study methodology). Wave 3 of the data from this
cohort was used in the current study as it contains information on both screen time and screen
activity (previous waves of data collection do not contain this information), alongside current
family circumstances (e.g., income), which may also affect non-verbal reasoning scores. The
data were respondent weighted, and no children were excluded from the analysis.

Participants

The data used in the current study was collected when the children were 5 years of age (N =
9,001; 4612 males and 4389 females). The majority of primary caregivers (81%) had
additional educational qualifications after completing secondary (high) school (42% had a
certificate, technical or vocational qualification; 39% had a degree level qualification or
higher), and were either employed (57%) or looking after their family (33%). Informed
consent was obtained from all adult participants, and informed assent from the study children.
Ethical approval was granted by the Research Ethics Committee established by the
Department of Health and Children.

Materials

Non-Verbal Reasoning ability was measured by the Pictures Similarities task from the Early
Years Battery of the British Ability Scales I (BAS II; Elliott, Smith & McCullough®”). It is a
32-item test which involves showing a row of four pictures and asks the child to identify and
place down a further congruent picture that best matches the set. It allows the child to solve
non-verbal problems by identifying key features in pictures, and attaching meaning to
pictures.

Children’s screen use was measured through two questions. The question relating to
screen time asked parents: “How many hours does [study child] spend on screen time on an
average weekday”. These data were collapsed into four groups by the Growing Up in Ireland
study: ‘No screen time’, ‘One to less than two hours’, ‘Two to less than three hours’, and
‘More than three hours’. FoOr screen activity the question asked of parents was “What does
[study child] mostly engage in during screen time? Is s/he usually engaged in ‘Educational
games’, ‘Video games’, ‘Watching TV/Videos’, or a ‘Mix of all activities’.

Information about other factors relating to the family was obtained from self-report
guestionnaires and interviews of the primary caregiver. The questions of interest for this
study were the primary caregivers’ highest educational achievement, income and
employment status, and the quality of their relationship with the study child, as measured by
the closeness and conflict subscales of the Child-Parent Relationship Scale (CPRS, Pianta®).
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Procedure

Interviews were conducted with parents during visits to the household by trained
interviewers. The interviewers also administered the cognitive test to the children, in their
home.

Data Analysis

The study used a cross-sectional design to explore the effect of screen activity and screen
time on non-verbal reasoning ability in 5-year-old children. The two screen use variables
(time and activity) were dummy-coded so as each category within the variables could be
entered into a hierarchical regression model independently. The screen activities
(Educational games, Video games, and TV/Videos) were entered into the regression in Step 1
with ‘Mix of all Activities’ used as the reference category, for comparison with the other
categories. Similarly, the screen time categories (No screen time, two to less than three hours,
and more than three hours) were entered into the regression at Step 2 with ‘One to less than
two hours’ used as a reference category. These variables were used as reference categories as
over half of the study sample was contained in these categories, with 56% mostly engaged in
a Mix of activities and 55% engaged in one to less than two hours of screen time per day
(their combined presence in the sample was 29%).

The control factors related to the family (the primary caregivers’ education level,
employment status, household income, and the parent-child relationship) were then entered
into the regression in the final step. The variables were entered in this order to assess whether
the impact of the screen use on non-verbal reasoning scores was moderated after the family
factors were accounted for.

Results

Preliminary analysis showed that there was no significant difference in non-verbal reasoning
scores between children who had no daily screen use (M = 87.91, SD = 12.56, N = 232) and
those who had any screen use (M = 86.59, SD = 11.74, N = 8691, t(8920)=1.69, p = .091).
However, the number of children not engaged in any screen use represents a very small
portion of the sample (2.6%). An examination of Figure 1 below suggests that there may be
variation in the reasoning scores of those children who engage in different amounts of screen
time and different types of screen activities. A hierarchical multiple regression was conducted
to further investigate the role of screen use in non-verbal reasoning.
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Screen Activity Mostly
Engaged In (N)

] Educational Games (146)
B Video Games (247)

B watching TV/Videos (3237)
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Amount of Daily Screen Time (N)

Figure 1. The 5-year-olds’ mean non-verbal reasoning scores for screen time and screen
activity (Error bars represent 95% ClI)

The regression model indicated that at Step 1, screen activity accounted for 0.4% of the
variation in the children’s non-verbal reasoning scores, R2.q4j = .004, F(4,8475) = 9.42, p <
.001. An examination of the unstandardized B coefficients indicated that Educational games,
Video games and Watching TV/videos all made significant unique contributions to the model
(all p’s <.05). Compared to engaging in a Mix of screen activities, each of these individual
activities were associated with lower non-verbal reasoning scores ranging between -1.36 and
-2.91 points (see Table 1, Step 1).

The amount of screen time the child engaged in was added in Step 2 and explained an
additional 0.5% of variation in reasoning scores, RZgj = .009, F(6,8475) = 13.62, p < .001.
Not engaging in any screen time did not make a significant contribution to the model.
Children who engaged in three or more hours of screen time per day had lower reasoning
scores, as did the children in the two to less than three hours time bracket, although to a
lesser extent (see Table 1, Step 2).
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Table 1. Hierarchical Multiple Regression Analysis on the 5-year-olds’ Non-Verbal
Reasoning Ability, by Children’s Screen Activity, Screen Time, and Family Factors.

Models
Model 1 Model 2 Model 3
Blocks of Predictors
B p B B p B B p

Step 1: Screen Activity (Mix of All Activities as constant)
Educational Games  -2.91 -.03 .004 -3.17 -03 .002 -2.88 -.03 .004
Video Games -1.86 -03 .013 -2.03 -03 .007 -1.67 -02 .024
Watching TV/Videos -1.36 -.06 .000 -1.58 -.07 .000 -1.47 -06 .000

Step 2: Screen Time (1 to less than 2 hours as constant)

No Screen Time .35 .01 n.s 46 .01 n.s
2 to less than 3 hours -71  -03 .016 -26 -01 ns
More than 3 hours -255 -07 .000 -1.59 -05 .000
Step 3: Family Factors
Education Level .25 .05 .000
Household Income .28 .07 .000
Employment Status -12 -.03 .005
Level of Closeness 31 .05 .000
Level of Conflict -12  -06 .000
AR? 0.4%, p <.0001 0.5%, p <.0001 2.3%, p <.0001
Total R? Adjusted 3.1%, p <.0001

Note. n.s = not significant

The family factors were then added to the regression model in the final step and
explained an additional 2.3% of the variation in non-verbal reasoning scores. The final model
with all variables entered accounted for 3.1% of the variance in reasoning scores, RZaq; = .031,
F(12,8630) = 20.13, p < .001. An examination of the standardised beta values (B) indicated
that the family factors did not moderate the impact of the various screen activities on non-
verbal reasoning scores (see Table 1). For example, B values for the screen activities
remained the same in Step 1, when no other factors were included in the model, as in Step 3,
when both screen time and family factors were included (e.g., Education Games: § =-.03 in
both steps; Watching TV/Videos: p = -.06 in both steps; Video Games: 3 changed from -.03 to
-.02 from Step 1 to 3, but remained a significant unique contributor in the final model).
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In contrast, the family factors had a moderating effect on the impact of screen time on
non-verbal reasoning scores. The B values for screen time reduced from Step 2 to Step 3,
when family factors were included in the model. The B value for more than 3 hours screen
use per day changed from -.07 to -.05 from Step 2 to 3. The B values for 2 to less than 3
hours screen use also changed from -.03 to -.01 from Step 2 to 3, and although it was
significant in Step 2, it was no longer a significant contributor in the final model with family
factors added (see Table 1 also for changes in unstandardized Beta values).

Comparing across the p values in the final model indicated that household income
made the largest unique contribution to the final model ( = .07), followed by watching
tv/videos (B = -.06), the level of conflict with the parent (B = .06), the level of closeness with
the parent (f = .05) and having more than 3 hours of daily screen time (f = -.05). The
values suggest a similar statistical contribution to the model for each of the individual screen
use variables and individual family factors, with each making a small but significant
contribution to the regression model (See Table 1 for exact p-values and other significant
variables).

Discussion

This study aimed to assess the role of early screen use, both the amount of screen time and
the type screen activity, on non-verbal reasoning ability in a nationally representative sample
of 5-year-old children. The findings show that children who engaged in more than three hours
of daily screen time scored significantly lower in non-verbal reasoning in comparison with
those who had less than three hours of screen time a day. Those who mostly played
educational or video games during that time scored the lowest of all the groups. These
findings remained even after family factors were controlled for in the regression model.

Interestingly, not engaging in any screen use was not a significant predictor of non-
verbal reasoning scores in the regression model. This suggests that a lack of screen use is not
associated with significantly higher or lower non-verbal reasoning scores when compared to
the scores of children who engaged daily in a mix of screen activities. A possible limitation
of these findings relates to the relatively small number of children in the large sample who
did not engage in any screen use. However, inclusion of this group in the sample is beneficial
for comparison purposes, as not all studies include a control group with no screen time. The
small percentage of 5-year-olds not engaged in any screen use (2.6%) also highlights the
ubiquitous nature of screen use in early childhood.

It is important to note that while the findings show effects of screen use on non-verbal
reasoning scores, that the effects are very small. While the screen use variables remained
significant in the final regression model, the combined family factors played a larger role in
predicting non-verbal reasoning scores overall, accounting for more than twice the amount of
variance as the screen use variables. While the family factors have more of an impact on
reasoning scores when combined, they may also be less amenable to change in comparison to
screen use, as parents may be in a position to limit screen time or encourage their child
towards particular screen activities.
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The smaller sample sizes within the educational and video games categories (N = 146
and 247, respectively), compared to the television/videos or mix of activity categories, also
warrant caution in interpreting the findings. These small participant numbers resulted in
larger confidence intervals for these categories, highlighting the large variance within the
groups’ non-verbal reasoning scores (see Figure 1). However, the small samples also
highlight the types of activities that 5-year-old children typically engage in at home on a daily
basis, with most children watching television/videos or engaging in a mix of screen activities,
rather than focusing on digital games.

A limitation of the current study is that the Growing Up in Ireland data did not
account for the screen content that the children were engaging in. Separating screen activities
into educational games, video games, and watching TV/Videos, may be a crude measure of
children’s media use. Future research should consider the types of content these programmes,
videos, and games contain (e.g., whether the content serves entertainment or educational
purposes, is age-appropriate material, interactive, and whether a parent is present).
Additionally, the use of non-parent report measures of screen use, such as passive sensing,®
would also be beneficial, as would including screen use outside of the home (e.g., in school).
However, given the young age of the children in this sample, the multiple types of screen
activities they engage in and for multiple hours per day, more direct measures or observations
of naturalistic daily screen use in the home and other early childhood settings may be costly
and challenging to implement.

Some researchers have also noted the prevalence of Type | error reporting in screen
time research due to large sample sizes resulting in significant small effect sizes.® It is
therefore important to interpret these findings with caution. Future research should focus on
replicating past studies on screen use, with a critical approach towards the sample sizes, and
exploring if similar results are found across various developmental domains, such as
children’s attentional ability or socio-emotional development. Conducting meta-analyses and
longitudinal research may also provide greater clarity regarding the impact of screen use on
development, particularly as research in this field progresses and takes account of the latest
technology and screen based activities.

Despite these limitations, this study provides an insight to an area that has received
little attention to date. Using a nationally representative sample the findings indicate that
screen use plays a role in non-verbal reasoning in early childhood, albeit a very minor one,
and highlights the importance of considering the impact of both screen time and screen
activity. The findings of this study may have implications for current debates about the effect
of screen use on early psychological development and for future research.*-*3 While this
study explored an area of screen use and early childhood that is under researched, more work
is needed to better understand the role of screen use in cognitive development in young
children.
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