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POPULATION STUDY ARTICLE
Technoference: longitudinal associations between parent

technology use, parenting stress, and child behavior problems

Brandon T. McDaniel' and Jenny S. Radesky?

BACKGROUND AND OBJECTIVES: Heavy parent digital technology use has been associated with suboptimal parent-child
interactions and internalizing/externalizing child behavior, but directionality of associations is unclear. This study aims to investigate
longitudinal bidirectional associations between parent technology use and child behavior, and understand whether this is
mediated by parenting stress.

METHODS: Participants included 183 couples with a young child (age 0-5 years, mean = 3.0 years) who completed surveys at
baseline, 1, 3 and 6 months. Cross-lagged structural equation models of parent technology interference during parent-child
activities, parenting stress, and child externalizing and internalizing behavior were tested.

RESULTS: Controlling for potential confounders, we found that across all time points (1) greater child externalizing behavior
predicted greater technology interference, via greater parenting stress; and (2) technology interference often predicted greater
externalizing behavior. Although associations between child internalizing behavior and technology interference were relatively
weaker, bidirectional associations were more consistent for child withdrawal behaviors.

CONCLUSIONS: Our results suggest bidirectional dynamics in which (a) parents, stressed by their child’s difficult behavior, may
then withdraw from parent-child interactions with technology and (b) this higher technology use during parent-child interactions
may influence externalizing and withdrawal behaviors over time.

Pediatric Research (2018) 84:210-218; https://doi.org/10.1038/s41390-018-0052-6

INTRODUCTION Radesky found cross-sectional associations between parent
Despite being a cultural norm," mobile phone use in public and technology interference (“technoference,” defined by McDaniel
private spaces is frequently described as an uncomfortable and Coyne® as everyday interruptions in interpersonal interactions
interruption by users® and their social companions.® Studies or time spent together that occur due to digital and mobile
suggest that adults experience more frustration and conflict,** technology devices) and higher child externalizing (e.g., tantrums,
less in-depth conversation,® and lower sense of empathy7 when emotional reactivity) and internalizing (e.g., anxiety, withdrawal)
mobile devices are used during social interactions. Parents are behavior problems—especially for mother—child activity interrup-

now estimated to use digital media (e.g., television, computers, tions."” However, directionality of these associations remains
smartphones, tablets) an average of 9h per day® with ~3h unclear. While it is plausible that interrupted parent-child play or
per day on their smartphones.’ reduced parent responsiveness could contribute to child beha-

Parent mobile device use has received particular scrutiny vioral problems, it is also possible that parents use technology to
because the portability of devices has facilitated their use during cope with parenting stresses—e.g.,, to escape from parenting
many family activities such as meals, playtime, and bedtime,'® demands® or to connect with other parents for social support.'® In
which have an important role in shaping child social-emotional semi-structured interviews, parents have described using mobile
health."’™" In naturalistic observations of families, Radesky and devices when needing a break from difficult child behavior,
colleagues recorded less conversation and more parent hostility in relieving stress through use of entertainment apps, or to keep
response to child bids for attention when parents’ attention was their household quiet.?

absorbed in their mobile devices.'* Subsequent studies have Another limitation of the existing literature is the lack of
documented associations between parent mobile device use and longitudinal studies; thus, examination of transactional pro-
fewer parent—child interactions during videotaped eating tasks,'” cesses'? (i.e., the bidirectional influences of child and environment
as well as lower responsiveness to child bids for attention on the over time) in parent media use and child outcomes has not been
playground.'® When interviewed about the experience of parent- possible. The aim of the present study was to build upon prior

ing in the presence of mobile devices, parents reported feeling cross-sectional findings by examining transactional associations
emotionally and cognitively affected by their mobile device use in between technoference in parent—child activities and child
ways that can make it difficult to read and respond to child behavior in a cohort of mothers, fathers, and their young children.
behavioral cues.” In line with prior work,"” we hypothesized that more frequent

However, only one prior study has examined links between technoference in daily mother—child and father—child interactions
parent device use and child behavioral outcomes. McDaniel and would predict higher ratings of child internalizing and
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externalizing behavior (H1); higher ratings of child internalizing
and externalizing behavior would predict higher parenting stress
(H2); and higher parenting stress would predict more frequent
technology interference (as parents withdraw to technology to
escape or self-regulate, H3).

PATIENTS AND METHODS

Participants & procedure

Participants included mothers and fathers from 183 couples with a
young child who took part in the Daily Family Life Project,® a
longitudinal study of parenting and family relationships con-
ducted from 2014 to 2016. Participants were recruited through
letters and phone calls to families who were part of a family
research database in a Northeastern U.S. state, as well as via flyers
in the local community. Announcements were also posted to
various online resources and listservs in order to expand our reach
to individuals in other areas of the US. To be eligible to
participate, individuals had to be at least 18 years old, a parent
of a child age 5 years or younger, speak English, and currently live
with their child and spouse/partner. Their spouse/partner also had
to be willing to participate. Participants were emailed a survey link
through which they completed informed consent and a baseline
online survey via Qualtrics. Participants completed follow-up
online assessments at ~1, 3, and 6 months.

In the present study, we first excluded 11 families whose child
was younger than 1 year at baseline, since the behavior rating
items were not standardized for infants. We utilized data from all
remaining parents who had data from at least one time point,
which resulted in an analytic sample of 337 parents (171 mothers
and 166 fathers; 92% of the original sample of 366 parents); 70%
of these 337 parents had data across all time points. In the analytic
sample of 337 parents, families resided in the following U.S.
regions: 54% Northeast, 16% Midwest, 15% South, and 15% West.
On average, mothers were 31.7 years old (SD = 4.3; range 22-42),
and fathers were 33.3 (SD = 4.9; range 22-52). Most families (61%)
had more than one child (M = 1.90, SD = 0.91), and the index child
was 3.0 years old on average (SD = 1.2; Range = 1.0-5.5 years; 55%
female). Most parents were married (94%), and had at least a
Bachelor’s degree (72%). The race/ethnicity breakdown was 91%
Caucasian, 3% Latino, 2% Black/African American, 2% Asian
American, and 2% Other. Median yearly household income was
~69,500 (M=$74,870, SD=$39,470), with 21% of families
reporting some form of state or federal assistance (e.g., medical
assistance, food stamps). Utilizing chi-squares and t-tests, we
found that parents in our analytic sample were in a longer
relationship (t (360) = 1.945, p = 0.052) and had more children (t
(360) =3.79, p<0.001) than excluded participants; the samples
were otherwise similar.

Measures

Technoference in parent—child activities. At each data collection
wave, technoference (i.e., technology interference) in mother—child
activities and father—child activities was assessed via mother and
father self-report. Items were adapted from the Technology Device
Interference Scale (TDIS),* a measure of technoference in couple
relationships that is associated with couple relationship health.*
Instead of assessing duration of parent media use, this scale
measures the extent to which different forms of technology intrude
in or interrupt interpersonal interactions and activities during daily
routines; the scale used in the current study was reworded to refer
specifically to interactions with one’s child, and has been used in in
prior research.'” Items asked, “On a typical day, about how many
times do the following devices interrupt a conversation or activity
you are engaged in with your child?” The 6 items on the scale
included:' cellphone/smartphone,? television,> computer,* tablet,
iPod, and® video game console. Parents responded to each item on
a 7-point scale ranging from 0 (none) to 6 (more than 20 times). As
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this is a count measure and we expected there to be variability (as
opposed to consistency) within individuals’ responses, it was not
appropriate to calculate Cronbach’s alpha'” (however, the alpha
ranged from 0.69 to 0.82 across time points). Parents were queried
about different devices separately because of the assumption that
different modes of technology use may interfere with parent—child
activities to varying degrees, yet the level of technoference from
various devices was often correlated (inter-item correlations 0.24 to
0.71, ps < 0.001). Items were therefore averaged, with higher scores
representing more frequent technoference in parent—child
activities.

Child externalizing and internalizing behavior problems. At each
data collection wave, parents completed the internalizing (36
items) and externalizing scales (24 items) of the Child Behavioral
Checklist (CBCL).2" These items ask parents to rate their child now
or within the past 2 months on a 3-point scale ranging from 0 (not
true) to 2 (very true or often true). Internalizing consists of items
such as “whining,” “sulks a lot,” and “feelings are easily hurt.”
Externalizing consists of items such as “can't sit still, restless, or
hyperactive,” “easily frustrated,” and “temper tantrums or hot
temper.” Items were summed to produce separate mother and
father ratings of internalizing and externalizing child behavior
(Cronbach’s alphas for internalizing ranged from 0.89 to 0.94 across
time points; alphas for externalizing ranged from 0.92 to 0.93). We
then converted raw sum scores to normed externalizing and
internalizing T-scores for analysis. Additionally, we conducted post-
hoc analyses with the internalizing subscales (Emotional Reactivity,
Anxiety/Depression, Somatic Complaints, and Withdrawal) and
externalizing subscales (Attention Problems and Aggression).

Parenting Stress. At each data collection wave, parents com-
pleted 27 items from the Parenting Stress Index (PSI).?* We used
27 items from the 36-item PSI Short Form due to lower factor
loadings on 9 of the items, as others have done.*?? Items were
averaged to produce an overall stress score (Cronbach’s alphas
ranged from 0.91 to 0.94 across time points).

Potential confounding variables. At baseline, parents reported
their age, educational attainment, marital status, race/ethnicity,
family composition, household income, and child’s age, gender,
and health. They also completed measures of coparenting quality,
depressive symptoms, and reported on their child’s daily duration
of screen media use.

As this sample consists of two-parent families, we controlled for
coparenting quality—or how well parents work together in
childrearing®®>—which has been associated with child behavior
problems®* and technoference.'® Both parents completed the
Coparenting Relationship Scale,?® a 35-item scale (e.g., “When I'm
at my wits end as a parent, partner gives me extra support | need”
and “My partner undermines my parenting”) rated on a 7-point
scale (0=not true of us to 6 =very true of us). After reverse
coding negatively worded items, items were averaged to produce
an overall score with higher scores indicating higher coparenting
quality (Cronbach’s alpha = 0.94).

Depressive symptoms were measured utilizing the validated
Center for Epidemiologic Studies Depression Scale (CES-D).*°
Participants rated how often they experienced 20 symptoms (e.g.,
“| felt depressed” and “I felt sad”) in the past week on a 4-point
scale ranging from 0 (rarely or none of the time, less than 1 day) to
3 (most or all of the time, 5 to 7 days). ltems were averaged to
produce an overall depression score (Cronbach’s alpha = 0.89). We
controlled for depressive symptoms as depressed mood has been
associated with quality of parent—child interactions®® and greater
relationship technoference.*

At baseline, parents rated how much time, on a typical day,
their child spent using screen media devices across 8 items (e.g.,
computer, TV, smartphone, tablet, video games) on an 11-point
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scale ranging from 0 (None) to 10 (7 or more hours). ltems were
summed to produce an overall child screen use score (Cronbach’s
alpha = 0.78). We controlled for child screen media use because it
is strongly associated with both parent media use® and child
social-emotional outcomes.?’

Data Analysis

We utilized structural equation modeling (SEM) to test two separate
models, one for child externalizing and one for child internalizing, of:
(H1) more frequent technoference in parent—child interactions
predicting higher ratings of child behavior problems; (H2) higher
ratings of child behavior problems predicting higher parenting
stress; and (H3) higher parenting stress predicting more frequent
technoference in parent-child activities. The models were tested
utilizing AMOS.?® Standardized estimates are shown for the models
in Figs. 1 and 2. Potential confounders including parent character-
istics, child age, child screen use, parent depressive symptoms, and
coparenting quality were entered into the models, but were
removed from the final models as results did not change
significantly. Structural equation modeling was utilized as this
allowed us to examine the complex cross-lagged paths between our
various predictors and outcomes across multiple waves of data
collection simultaneously, while also controlling for prior levels of
the variables and better accounting for potential error in the
modeling.?® SEM also allows for assessments of model goodness of
fit*> and handling of missing data are using full information
maximum likelihood estimation.

Based on prior evidence showing different cross-sectional
associations between maternal technoference and paternal
technoference with child behavior,'” we also examined whether
model paths and estimates were significantly different for mothers
and fathers. Through a multi-group SEM analysis, we first tested
whether the statistical fit of the model significantly worsened
when we constrained the model paths to be equal across mothers
and fathers. If it is found that the fit worsens significantly, this
suggests that at least some of the paths in the model must be
different for mothers and fathers. We then compared model paths
between mothers and fathers to find where they differed from
one another and no longer constrained those specific paths to be
equal across mothers and fathers.

Finally, in post-hoc analyses, we examined subscales of the
CBCL Internalizing Scale (Emotional Reactivity, Anxiety/Depres-
sion, Somatic Complaints, and Withdrawal) and Externalizing Scale
(Attention Problems and Aggression) to determine whether
specific aspects of child behavior were more strongly associated
with parenting stress and parent technoference in our models. As
above, these models were tested for differential associations
between mothers and fathers.

RESULTS

Descriptive data are presented in Table 1; for simplicity of
interpretation, variables are presented as averages over the four
data collection waves. On average, across all four time points,
mothers perceived 1.65 devices and fathers perceived 1.43
devices as interfering in their interactions with their child at least
once on a typical day; of note, interference was reported as not
occurring at all on a daily basis in only 4.9% of mothers and 9.6%
of fathers. Over half (55.5%) of mothers and 43.0% of fathers
reported that two or more devices interrupted their parent-child
activities on a daily basis. Parents who reported no technoference
over any of the time points were very similar to the other parents
in our sample in terms of age, ethnicity, marital status, child age,
education, and income; only in fathers who reported no
technoference at all did we see that these fathers had a higher
family income as compared with other fathers (t (174) = —2.23,p
<0.05). Maternal and paternal technoference were moderately
correlated over the study period (0.26-0.58, ps<0.001).

SPRINGERNATURE

Additionally, maternal reports of technoference were moderately
to highly correlated over the six months of the study period
(0.53-0.76, ps < 0.001), as were paternal reports of technoference
over the study period (0.50-0.84, ps <0.001). In our sample at
baseline, 4% of parents’ ratings of children met or exceeded the
clinical cut-off (t-score of 70 or above)?' for externalizing behavior
and 3% for internalizing behavior.

Tables 2 and 3 show bivariate associations between parent
average technoference, parent/child characteristics, and other
study variables. In mothers, younger mother age was associated
with higher technoference, and in fathers, greater child media use
was associated with greater technoference. Parent race/ethnicity,
education level, family income, and child age were not associated
with technoference levels (see Table 2). In both mothers and
fathers, higher technoference was associated with greater child
externalizing and internalizing behaviors, and higher parenting
stress; higher technoference was also associated with lower
coparenting quality (fathers only) and greater parent depressive
symptoms (mothers only) (see Table 3).

As described above, we first examined whether the SEM model
could be run for all parents (mothers and fathers combined) or
whether significant differences emerged in model paths by parent
gender utilizing a multi-group analysis. We found that the model
fit was significantly worse if all model paths were constrained
across parent gender in both the externalizing (A*(21) = 54.14, p
<0.001) and internalizing models (Ax*(21) = 53.61, p < 0.001). We
therefore examined the pairwise parameter comparisons in AMOS
to identify which paths were significantly different by parent
gender. These few paths (displayed as mother/father estimates in
Figs. 1 and 2) were then allowed to be freely estimated for
mothers and for fathers in the model, while all other paths were
constrained to be equal across parent gender. The final model for
technoference, parent stress, and child externalizing behavior fit
the data well (x°(73) = 109.53, p < 0.01; RMSEA = 0.03; CFl = 0.99)
as did the model for internalizing behavior (x*(73) = 190.60, p <
0.001; RMSEA = 0.06 CFl = 0.95).

H1: frequency of technoference would predict greater child
behavior problems

We found support for our hypothesis (H1) in the child externaliz-
ing behavior model, with technoference in parent—child interac-
tions predicting greater externalizing behavior at each of the
following time points (Bs =0.11, 0.16, and 0.13, ps < 0.01). H1 was
only partially supported for child internalizing behavior, with only
month three technoference predicting greater month six inter-
nalizing (8= .21, p <0.001).

H2: child behavior problems would predict greater parenting
stress

We found support for our hypothesis (H2) in the child externaliz-
ing behavior model, with child externalizing predicting greater
parenting stress at each of the following time points (s =0.16,
0.15, and 0.12, ps < 0.01). H2 was only partially supported for child
internalizing behavior, with internalizing at baseline predicting
greater parenting stress at month one (8=0.13, p<0.01).

H3: greater parenting stress would predict greater technoference
We found some support for our hypothesis (H3) in both the
externalizing and internalizing models, as parenting stress
predicted later technoference from baseline to month 1 (Bs =
0.19 and 0.15, ps < 0.01) and from month one to month three (Bs
=0.17 and 0.19, ps < 0.001) in both models. The path from month
three parenting stress to month six technoference was in the
hypothesized direction but not statistically significant (p < 0.10).

Post-hoc analyses on internalizing and externalizing subscales

All subscale model results, except for the withdrawal model, were
very similar to the overall internalizing or externalizing models. To

Pediatric Research (2018) 84:210-218
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Month 6

0.73**

Y

Externalizing
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0.69***

Y

Externalizing
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0.16™**

0.20***/0.07

0.15%**

0.14***

Externalizing

0.12**

0.17***

Parenting 0.78*** / 0.67"* Parenting 0.78** = Parenting Parenting
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0.19*** 0.17** 0.07
0.11* 0.16*** 0.13**
Technology » Technology » Technology » Technology
interference 0.58*** / 0.48*** interference 0.59*** interference 0.70***/0.78*** interference
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Fig. 1 Structural equation model of longitudinal associations between parent-reported technology interference in the parent—child
relationship and child externalizing behavior, with parenting stress as the mediator between externalizing behavior and later parent—child
technology interference. Standardized path estimates are displayed. Mothers’ and fathers’ estimates are displayed as mother/father when
found to be significantly different between mothers and fathers; all other model paths were constrained to be equal between mothers and
fathers. Parent characteristics, child age, child screen use, parent depressive symptoms, and coparenting quality were controlled but then
removed as results did not change. ***p < 0.001, **p <0.01, *p < 0.05

Baseline Month 1 Month 3 Month 6
0.30*** 0.43*** 0.53***
Internalizing > Internalizing > Internalizing > Internalizing
—0.051%,0.05
0.13** T 0.071
0.04 0.38™* 0.21***
Parenting 0.77*** /0. Parenting Parenting Parenting
stress stress v stress stress
0.19** 0.07t
—0.03 0.07 0.21**
Technology > Technology > Technology > Technology
interference 0.49*** / 0.47*** interference 0.58** interference 0.77*** / 0.78*** interference

Fig. 2 Structural equation model of longitudinal associations between parent-reported technology interference in the parent-child
relationship and child internalizing behavior, with parenting stress as the mediator between internalizing behavior and later parent—child
technology interference. Standardized path estimates are displayed. Mothers’ and fathers’ estimates are displayed as mother/father when
found to be significantly different between mothers and fathers; all other model paths were constrained to be equal between mothers and
fathers. Parent characteristics, child age, child screen use, parent depressive symptoms, and coparenting quality were controlled but then
removed as results did not change. ***p < 0.001, **p < 0.01, *p < 0.05, tp < 0.10
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Table 1. Descriptive information on parent-reported technoference, child behavior ratings, and other study variables (averaged across all time
points)
Mothers Fathers Correlation between mothers &  Diff. between mothers & fathers
fathers t-value
Mean (SD) Mean (SD)

Technoference 044 (0.39) 038 (0.51) 0.51*** 1.88°
Number of devices that interfere at least once 1.65 (0.98) 143 (1.15) 0.23** 2.18*
per day, n (%)

None 9 49% 17 9.6%

One 72 39.6% 84 47.5%

Two 69 37.9% 47 26.6%

Three or more 32 17.6% 29 16.4%
Child behavior ratings

Externalizing (CBCL; t-scored) 4522 (9.97) 45.19 (10.52) 0.65*** 0.05

Internalizing (CBCL; t-scored) 41.08 (11.43) 40.58 (11.88) 0.61*** 0.64
Other study variables

Parenting stress 1.96 (0.58) 195 (0.56) 0.55%** 0.29

Depressive symptoms 10.84 (8.14) 991 (8.09) 0.34%** 1.33

Coparenting quality 499 (0.75) 496 (0.72) 0.49%** 0.54
Note: The values in this table were calculated by averaging across all four time points, and all those who had at least one time point of child behavior rating
(CBCL) data were included. Differences between mothers and fathers were examined utilizing pairwise t-tests on 176 families ***p < 0.001, **p < 0.01, *p < 0.05
2 =0.06

reduce redundancy, we therefore only report the model results for
the withdrawal model here (x*(73) =201.26, p <0.001; RMSEA =
0.06 CFl =0.95). These withdrawal model results were also similar
to the overall internalizing model; however, a few more model
paths were significant (see Fig. 3). In the withdrawal model, we
found partial support for our hypothesis (H1), with technoference
in parent—child interactions predicting greater withdrawal beha-
vior at both month 1 and month 6 (s = 0.09 and 0.32, ps < 0.01).
We found partial support for our hypothesis (H2), with greater
child withdrawal predicting greater parenting stress at both
month one and month six (Bs =0.18 and 0.10, ps < 0.05). Finally,
we found support for our hypothesis (H3), as greater parenting
stress predicted greater technoference at month one and three
(Bs=0.18 and 0.16, ps < 0.001) and at a trend level at month six (3
=0.07, p<0.10).

DISCUSSION

This study is the first to show longitudinal associations between
mother and father technology use during parent—child activities
and reported child behavioral difficulties, with evidence of
bidirectional associations between technoference and child
externalizing symptoms over the course of six months. Although
technoference was sometimes associated with greater child
internalizing symptoms, bidirectional associations between inter-
nalizing symptoms, parenting stress, and technoference were
most consistent with regard to child withdrawal.

The bidirectional associations documented in this study are
consistent with existing literature. First, our models show evidence
for high parent technology use predicting small but significant
increases in externalizing child behavioral difficulties, which is
consistent with public observations of children behaviorally
escalating to get the attention of parents absorbed in their
mobile devices. In naturalistic observations, Radesky and collea-
gues described recurrent instances of young children acting silly,
raising their voices, and showing more impulsive behaviors while
their caregivers’ attention was attuned to a mobile device during
fast food meals.'* A recent study of families’ mobile device use
patterns revealed that children are often frustrated by the sudden
withdrawal of parental attention when responding to a

SPRINGERNATURE

notification on a mobile device, especially if the reason for device
use is unclear.?

Another less immediate mechanism is that, when mobile device
use displaces verbal and nonverbal interaction'> and responsive-
ness over time,'® it is possible that children receive less parent
scaffolding—the parent’s ability to give the child just enough
positive support to perform a new skill on their own—in
developing behavior regulation. In order to effectively scaffold
child social and emotional skills, parents need to understand the
child’'s mental state and motivations for behavior, in order to
intervene effectively to help the child calm down, identify feelings,
and problem-solve.3® However, parents who frequently use
mobile devices during parent-child activities showed lower
understanding of their child’s mental state and intentions.3' Work
in pre-adolescents suggests that screen media use displaces face-
to-face interactions in such a way as to make it difficult to read
others’ nonverbal social cues, and when digital media are
restricted, children get better at interpreting others’ emotional
states.>®> The same mechanism could be occurring with parents
and their young children, whose social cues are not always easy or
clear to interpret. In prior in-depth interviews, parents have
described difficulty dividing their attention between children and
the “always-on” work or social demands of their mobile device,
making it challenging to read and respond to child behavioral and
emotional cues contingently.?

Conversely, our models showed that child behavioral difficulties
—especially externalizing—were associated with later higher
levels of parent stress, which in turn were associated with higher
downstream technology use during parent—child activities. Mobile
and traditional media have long been considered ways that adults
relieve stress,*® regulate boredom or anxiety,** or withdraw from
social interactions.>*> Mobile communication researchers posit
that aspects of interactive design act upon brain reward circuits in
such a way that they induce pleasure®® and habit-formation.>’” The
same concepts hold for parents; in qualitative interviews, many
stay-at-home mothers reported using digital technology as a way
to “escape” the boredom or frustrations of childrearing, or to
regulate their own emotions or arousal;? reaching out to friends,
catching up on the news, or playing games were described as
ways to take breaks from sometimes exhausting home routines.

Pediatric Research (2018) 84:210-218
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Table 2. Baseline demographic characteristics and associations with parent-reported technoference (averaged across all time points)
Mothers Fathers
Technoference® Technoference®
n(n % Mean (SD) n(n % Mean (SD)
182) 177)
Parent Age (y)
<29 49 26.9% 0.60° (0.57) 28 15.8% 0.46 (0.64)
29-34 89 48.9% 0.36° (0.28) 90 50.8% 0.41 (0.59)
2 44 24.2% 0.43¢ (0.29) 59 33.3% 0.29 (0.22)
Child Age (y)
<2 54 29.7% 0.46 (0.41) 52 29.4% 0.46 (0.69)
2-3 83 45.6% 0.42 (0.30) 77 43.5% 0.29 (0.24)
>4 45 24.7% 0.48 (0.51) 48 27.1% 0.44 (0.59)
Child Media Use Frequency
<3 62 34.0% 043 (0.28) 55 31.1% 0.26¢ (0.29)
4-7 70 38.5% 0.39 (0.28) 73 41.2% 0.34¢ (0.34)
>8 50 27.5% 0.55 (0.58) 49 27.7% 0.57 % (0.80)
Race/Ethnicity
13 7.1% 0.60 (0.71) 19 10.7% 0.52 (0.69)
Nonwhite
White 169 92.9% 043 (0.36) 158 89.3% 0.36 (0.49)
Education
Some 44 24.2% 0.42 (0.45) 57 32.2% 0.44 (0.67)
college
or less
138 75.8% 0.45 (0.37) 120 67.8% 0.35 (0.42)
Bachelor’s
degree or
higher
Family Income
<$53,000 59 32.4% 047 (0.37) 57 32.2% 0.41 (0.65)
$53,000- 61 33.5% 0.41 (0.30) 59 33.3% 0.33 (0.31)
$85,000
>$85,000 62 34.1% 0.46 (0.48) 61 34.5% 0.40 (0.53)
Superscripts represent significant differences at p < 0.05 between technoference levels marked by that specific letter (b—e) within categories and within gender
(not across gender).
“The technoference values in this table were calculated by averaging across all four time points, and all those who had at least one time point of child behavior
rating (CBCL) data were included.

By demonstrating parenting stress as mediator of these associa-
tions, our findings support a conceptual model in which parents
use digital technology devices as a potential means of escape and
for stress management? A recent ecologic examination of
everyday mobile device use within the family context revealed
that parents sometime use mobile devices as a way to actively
withdraw from parenting duties—pretending to be occupied with
something important when children need help—and that this
constituted a “desirable disengagement” to find time for oneself
amid parenting demands.?

Overall, like most developmental processes, these results
support the hypothesis that relationships between parent
technoference and child externalizing behavior are transactional'®
and influence each other over time. In other words, parents who
have children with more externalizing problems become more
stressed, which may lead to greater technoference (e.g., with-
drawal with technology), which in turn may contribute to more
child externalizing problems (and only sometimes internalizing
problems). Our results suggest that children may be more likely to
act out over time in response to technoference as opposed to
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internalize, although when we examined internalizing subscales,
child withdrawal was the most consistently associated with parent
technoference over time. This may be due to (1) parents
responding to child withdrawal social cues by feeling they too
can disengage into their mobile device use, or (2) parent media
use precipitating child withdrawal from social interaction, which
was observed in prior observational work.'®

It is possible that greater parent digital technology use may also
be a marker of other parent or household characteristics that
independently predict digital technology use, parenting stress,
and child behavioral problems, such as greater family dysfunc-
tion,*® parent mental health or anxiety symptoms,39 or work-life
balance difficulties**—although controlling for parent and child
characteristics, as well as parent depression and coparenting
quality, did not change our model results significantly. However,
we postulate that specific aspects of digital technology, including
persuasive design elements (i.e., design aspects that reward the
user for prolonged engagement),*! are particularly appealing to
parents with their own self-requlation difficulties** or those
frustrated with their family social environment,>*® which could
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Table 3. Associations between parent-reported technoference and main study variables (averaged across all time points)
Mothers Fathers
Technoference® Technoference®
n(n=182) % Mean (SD) n(n=177) % Mean (SD)
Externalizing (CBCL; t-scored)?
Low (<44) 91 50.0% 0.37° (0.26) 85 48.0% 0.30 (0.34)
High (>44) 91 50.0% 0.52° (0.48) 92 52.0% 0.46 (0.62)
Internalizing (CBCL; t-scored)®
Low (<41) 92 50.5% 0.37¢ (0.24) 89 50.3% 0.319 (0.34)
High (241) 20 49.5% 0.52° (0.49) 88 49.7% 0.45° (0.64)
Parenting stress®
Low (<2) 95 52.2% 0.38¢ (0.25) 95 53.7% 0.30" (0.30)
High (>2) 87 47.8% 0.51¢ (0.49) 82 46.3% 0.47" (0.67)
Depressive symptoms?
Low (<8.5) 89 48.9% 0.37¢ (0.25) 94 53.1% 0.32 (0.31)
High (=8.5) 93 51.1% 0.51¢ (0.48) 83 46.9% 0.45 (0.67)
Coparenting quality®
Low (<5) 79 43.4% 0.49 (0.51) 84 47.5% 0.49' (0.69)
High (=25) 103 56.6% 0.41 (0.27) 93 52.5% 0.28' (0.24)

Superscripts represent significant (b-i) at p < 0.05 between technoference levels

fp-value of 0.08.

®The values in this table were calculated by averaging across all four time points, and all those who had at least one time point of child behavior rating (CBCL)
data were included. Low/high values were split near the median across mothers and fathers.

within categories and within gender (not across gender).

Baseline Month 1 Month 3 Month 6
. 0.69*** . 0.71*** . 0.37*** / 0.48** '
Withdrawal > Withdrawal > Withdrawal »> Withdrawal
0.18** 0.05 0.10*
0.12** 0.11** 0.13**
Parenting 0.75"** Parenting 0.83*** N Parenting 0.63*** N Parenting
stress stress = stress 7 stress
0.18*** 0.16™* 0.071
0.09** 0.00 0.32***
Technology > Technology > Technology > Technology
interference 0.56*** / 0.49*** interference 0.56*** interference 0.69%** / 0.78*** interference

Fig. 3 Structural equation model of longitudinal associations between parent-reported technology interference in the parent-child
relationship and child withdrawal behavior, with parenting stress as the mediator between withdrawal behavior and later parent-child
technology interference. Standardized path estimates are displayed. Mothers' and fathers’ estimates are displayed as mother/father when
found to be significantly different between mothers and fathers; all other model paths were constrained to be equal between mothers and

fathers. ***p < 0.001, **p < 0.01, *p < 0.05, tp <0.10

lead to more technology interruptions than would otherwise
occur. The technoference method of assessing media use is
particularly relevant to this hypothesis, since it characterizes the
invasion or interruption of life routines with mobile device use,
through notifications made by the phone or ad-hoc habitual
usage on the part of the user. However, experimental studies will
be necessary to test these hypotheses.

SPRINGERNATURE

We recognize that the primary limitation of this study was the
use of parent self-reports of digital technology use and child
behavior, rather than observational methods, which could lead to
single-reporter bias. However, self-report methods allow examina-
tion of mobile device use by both parents over recurrent time
points, which has not been studied in prior publications,>'*'* and
allow feasible data collection within a larger sample size. Although
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effects were generally small in size, their consistent associations
over time, particularly for child externalizing behavior, suggest
that cumulative effects on parent, or child behavior could become
clinically relevant. Additionally, it is possible that internalizing
behaviors might be more likely than externalizing behaviors to go
unnoticed by parents distracted by technology, potentially
leading to the differing results in the externalizing and internaliz-
ing models. Future observational work will be necessary to
objectively characterize children’s reactions to parent mobile
device wuse. This study was also limited by having a
primarily Caucasian, cohabiting, fairly-educated sample, so results
may not be generalizable to the entire US. population,
but its findings are an important contribution to the under-
standing of complex family processes around rapidly adopted
digital technologies. Our findings also emphasize the importance
of technology interference in relatively well-educated families,
who are not often conceived as being ‘at risk’ in terms of high
media use.” Given these findings’ relevance for understanding
contextual influences on child behavior and for crafting clinical
recommendations, they should be replicated in larger and more
diverse cohorts.

CONCLUSION

This study’s findings have several implications for future research
and clinical work. Given the transactional nature of technology use
and child development/behavior, future studies should consider
using statistical approaches that allow examination of bidirec-
tional associations. It will be important to measure how parents
are using mobile devices throughout the day, including content
and motivations for use (e.g., entertainment, work-related).
Moreover, sequential analysis of parent-child interaction during
mobile device use will be helpful to determine whether, moment
to moment, child behavioral difficulties appear to precipitate or
stem from parent technology use.

Clinically, our results suggest that mobile devices and other
digital technology are potentially serving stress-relieving purposes
for parents, but at the same time potentially displacing opportu-
nities for parent-child connection important to child health and
development. In addition to parents setting their own media
limits—for example through the American Academy of Pediatrics’
Family Media Use Plan—it may be important to help parents build
awareness regarding their relationship with technology and how
media influences family dynamics. At the same time, it will
also be necessary to provide skills for managing difficult child
behavior and reducing parenting stress. However, because our
study suggests small but significant long-term associations
between technoference and child externalizing and internalizing
behavior, it would be worthwhile to study whether experimental
manipulation of parent mobile phone use habits—for example
through unplugged family routines or less intrusive digital
design*®*—might lead to improvements in the parent—child
relationship and child behavior.
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