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Introduction: The ubiquity of smartphone devices in our everyday lives has 
been widely recognized as a potential challenge to the quality of parent–child 
interactions. The aim of this study was to experimentally examine the effects of 
mothers’ smartphone use on their children’s affect regulation and on the quality 
of mother–child interactions, indicated by emotional availability of the dyad and 
maternal responsiveness. Additionally, we investigated the associations between 
mothers’ behaviors to maintain contact with their children during smartphone 
use and their children’s affect regulation.

Methods: The experiment consisted of two counterbalanced phases: the 
free play phase and the interruption phase, in which mothers were replying 
to standardized text messages in the presence of their children. The sample 
comprised 52 mothers and their children aged 5 to 6 months (24 female).

Results: Infants expressed less positive affect in the interruption phase than in the 
free play phase, as well as more negative affect in the interruption phase when 
the free play phase preceded the interruption phase. In addition, the mothers 
showed less sensitivity and responded to less infants’ signals and in a slower 
way in the interruption phase than in the free play phase. Moreover, mothers 
showed less optimal structuring, and children showed less well involvement of 
their mothers in the interruption phase than in the free play phase. Lastly, more 
children’s negative affect was associated with a shorter duration of mothers’ 
smartphone use and more active mothers’ behaviors to maintain contact with 
their children during the smartphone use.

Discussion: These results suggest that, although mothers adapt smartphone 
use based on their children’s affective response, mothers’ repeated smartphone 
use negatively impacts their children’s affect regulation and the quality of the 
mother–child interactions, with potentially negative consequences for the 
children’s social–emotional development.
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1 Introduction

Digital technology is increasingly shaping our attentional and 
communication habits, with portable digital devices (PDD) such as 
smartphones being attributed a particularly strong influence due to 
their ubiquity in everyday life (Fitz et al., 2019; Oulasvirta et al., 2011). 
The widespread habit of media multitasking (e.g., media use when 
involved in non-media activities; van der Schuur et al., 2015) implies 
a frequent interference of device use with social interactions—a 
phenomenon termed technoference (McDaniel and Coyne, 2016). In 
parents of young children, sharing attention between caregiving and 
PDD use might be a practical solution when managing numerous 
everyday tasks and needs. However, when multitasking, perception of 
children’s communicative signals might be compromised.

In infancy, children are largely dependent on their primary 
caregivers, usually their mothers, to regulate their affective states (e.g., 
Sameroff, 2014). Parental sensitivity, i.e., the ability to accurately 
perceive and correctly understand children’s signals and to respond to 
them promptly and appropriately, is seen as essential for an effective 
interactive regulation (Ainsworth et al., 1978; Gianino and Tronick, 
1988; Lyons-Ruth, 1999). In contrast, parental unresponsiveness 
might lead to a dysregulation of infants’ affect, expressed by, e.g., 
crying. This is illustrated by studies using the still-face paradigm, in 
which parents are instructed to maintain a still face and remain 
unresponsive to their children’s signals after a period of free play, 
resulting in distress in the children (Tronick et al., 1978). Over time, 
regulating behaviors of caregivers are thought to be internalized by the 
children and to shape their ability to self-regulate their affect (Cassidy, 
1994; Fonagy et al., 2005; Sroufe, 1996), which is of great importance 
for their future social–emotional development (e.g., Thompson, 1994). 
As such, frequent emotional dysregulation occurring during early 
mother–infant interactions is a risk factor for psychopathology later 
in life (Keenan, 2000; Cole et al., 1994).

The potential of parents’ PDD use in the presence of their children 
to compromise both perception of the children’s cues and the quantity 
and quality of reactions to them, with potentially negative 
consequences for children’s affect regulation has been increasingly 
recognized in both media and scientific inquiries. A further question 
arises regarding the influence on aspects of the interaction quality 
beyond parental sensitivity and responsiveness, such as the emotional 
availability of the parent–child dyad. Emotional availability (EA), 
defined as the ability of a dyad to share a healthy emotional connection, 
is a theoretically and empirically well-established indicator of the 
quality of the early interactions (Biringen et al., 2014; Saunders et al., 
2015). It is grounded in the attachment theory but apart from exploring 
adults’ sensitivity, it encompasses various other components of adults’ 
and children’s behavior important for the children’s social–emotional 
development, such as adults’ structuring of interactions with their 
children (Saunders et al., 2017). An important issue to consider is 
whether parental PDD use inevitably impairs parents’ sensitivity and 
other aspects of the emotional availability of the dyad or if adjusting 
the usage to the requirements of the situation, such as by reducing the 
usage time or by maintaining contact with the children during the 
usage period, could be sufficient for sustaining a high quality 
of interaction.

Parents could use different strategies to maintain contact with 
their children while using a PDD device. We assume that parental 
device use often involves frequent switching of attention between the 

PDD and the children (sequential multitasking, i.e., task-switching) 
or even a simultaneous interaction with the children (concurrent 
multitasking; Salvucci et al., 2009; herein referred to as multitasking). 
It is important to investigate whether parents employ such strategies 
of maintaining contact with their children, and how it impacts 
children’s affect regulation.

A growing number of studies explore the effects of parental 
technoference on children’s affect regulation and the quality of parent–
child interactions. In the following overview of previous research, 
we  focus on studies with children aged 0–3. Two recent studies 
modified the still-face paradigm by instructing parents to exhibit a still 
face while looking at a PDD (without using it), and were able to largely 
replicate the typical still-face effect (for a review see Mesman et al., 
2009): Infants and toddlers expressed more negative and less positive 
affect during the still-face phase compared to the free play phase, with 
evidence for a carry-over effect in the reunion phase (Myruski et al., 
2018; Stockdale et al., 2020). These findings indicate that prolonged 
parental immersion in a PDD can be  dysregulating for infants. 
Nevertheless, if parents actively use a PDD it might not have an 
equally disruptive effect on the parent–child interaction. In one 
further experimental study, mothers were randomly assigned to either 
answer messages via mobile phone or to reply to an experimenter’s 
questions in person or to play undisrupted with their 10-month-old 
infants. All conditions were preceded and followed by a free play 
(Rozenblatt-Perkal et al., 2022). In both disruption conditions, infants 
had a higher heart rate (as a measure of physiological arousal) and 
expressed more negative affect in the texting/conversation phase 
compared to the preceding free play phase. The effect of the disruption 
on infants’ negative affect was more pronounced when mothers used 
a mobile phone than when talking to the experimenter. Moreover, in 
the mobile phone disruption condition no carry-over effect was 
found: The expressed infants’ negative affect in the subsequent free 
play phase was not significantly different compared to the preceding 
free play phase, suggesting no sustained impact of the interruption on 
the children’s affect regulation. In addition, in one experimental study 
with toddlers, children expressed more negative affect during the 
periods when their parents used a smartphone in comparison to the 
periods when their parents demonstrated an action to them (Konrad 
et al., 2021a). Overall, these experimental findings suggest that short-
term technoference negatively influences infants’ affect during the 
episode but does not result in persistent dysregulation afterward. 
Nevertheless, some other findings indicate positive associations 
between parental habitual PDD use and everyday difficulties in infant 
affect regulation. Namely, in two cross-sectional studies based on 
questionnaire data and measuring infant temperament, mothers who 
reported more everyday technology use during feeding and care 
interactions with their infants reported more child negative affectivity 
(Alvarez Gutierrez and Ventura, 2021; Davis et al., 2022), and a lower 
orienting/regulatory capacity in infants aged 22.4 weeks, but not in 
younger infants (Davis et al., 2022). Moreover, results of a recent study 
showed that higher levels of parents’ immersion during smartphone 
use are associated with a more difficult temperament in infants 
(Wade-Bohleber et  al., 2024). However, the causal relationships 
between these aspects of parental technoference and infant 
temperament are yet to be understood.

To date, only a few studies have investigated the quality of parent–
child interactions—especially parental sensitivity and 
responsiveness—during parents’ PDD use in the early years, resulting 
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in inconsistent findings (for reviews, see Braune-Krickau et al., 2021; 
Mikić and Klein, 2022). In a study based on a naturalistic observation 
of parents and their children aged 0 to 3 years at playgrounds, a longer 
duration of mothers’ smartphone use was associated with lower levels 
of sensitivity towards their children whereas the frequency of use was 
not associated with maternal sensitivity (Wolfers et al., 2020). Utilizing 
a structured observation of mothers interacting with their 
3-7-month-old infants, Tharner et al. (2022) found lower mothers’ 
sensitivity during free play to be  associated with longer everyday 
smartphone use while being alone with their infants, but not with the 
frequency of picking up the smartphone (as measured by a passive 
sensing app). In an experimental study, mothers were instructed to 
breastfeed their infants aged 2 to 6 months and to either use their 
smartphone as they would at home (without further instructions) or 
not to use it (Inoue et al., 2022). No significant difference was found 
in the quality of mother–child interaction in the smartphone use 
condition compared to the control condition. However, it is important 
to note that the very small sample sizes of the two aforementioned 
studies limit the generalizability of the findings. In another 
experimental study, mothers watched a TV show on a tablet while 
breastfeeding their infants aged 6.2 to 32 weeks. Results showed that 
the mothers were not less sensitive to infants’ cues during the digital 
media use condition compared to the control condition (in which 
mothers were listening to ambient-level classical music), although 
there was a trend in this direction (Ventura et al., 2019). There was no 
difference in mothers’ responsiveness to infants’ distress between the 
two conditions. However, the sample size was small and the type of 
PDD use too specific to conclude that PDD use has no effect on 
maternal sensitivity and responsiveness. In particular, the level of one’s 
absorption in the content of a PDD may be lower when watching a TV 
show than during an interactive and dialogical device use (Gergen, 
2002). Another experimental study involving parents and their 
children aged 12–36 months found that the quality of parent–child 
interactions (as measured by parental sensitivity, dyadic reciprocity 
and dyadic negative states) significantly decreased when parents were 
distracted by completing a questionnaire on either a tablet or a printed 
form and were significantly lower compared to a control group, in 
which parent–child interactions were uninterrupted (Chamam et al., 
2024). However, the wide age range may have masked age-specific 
effects of parental distraction. Further experimental studies exploring 
parent–child interactions in toddlerhood point to a decrease in 
parental responsiveness when using a PDD in the presence of their 
children. Two studies involving toddlers found reduced maternal 
responsiveness to their children when mothers were engaged with 
smartphone use, compared to when they played with their children 
without interruption (Konrad et  al., 2021b; Lederer et  al., 2022). 
However, there is still a research gap regarding parents’ responsiveness 
to their children during PDD use (especially interactive use) in the 
first year of life.

There are reasons to assume that parental behaviors aimed at 
maintaining contact with their children—such as touching or talking 
to them—may reduce the disruptive effects of parental PDD use. 
Previous studies using modified still-face experiments found that 
touch ameliorates the distress children display when confronted with 
their mothers’ still face (Stack and LePage, 1996; Stack and Muir, 1992) 
and that touch helps infants to recover more effectively during the 
reunion phase (Feldman et  al., 2010). However, not all parental 
behaviors seem to be equally effective. For example, Stack and Muir 

(1992) showed that active rather than static touch positively modulates 
the infants’ affect during the still-face experiment. Likewise, it seems 
that not every communication modality is equally effective to 
maintain contact with infants. Findings of another modified still-face 
experiment showed that there was no difference in infants’ reactions 
between a condition where mothers talked to their children while 
keeping a still face and the standard still-face condition without 
talking (Gusella et al., 1988). Perhaps this misalignment between facial 
and verbal communication was just as disturbing to children as their 
mothers’ complete lack of response. Even if contact is maintained 
while parents are using a PDD, the interaction could be  of lower 
quality and potentially dysregulating for the infants compared to an 
undisrupted interaction. Such interactions might entail a lower degree 
of interpersonal contingency (i.e., predictability of behavior over time; 
Beebe et al., 2010). For example, during instances of multitasking 
involving a PDD, parental gaze and facial expressions are often not or 
only partially aligned and coordinated with those of the child. In 
instances of task switching, the flow of interaction could be repeatedly 
interrupted. Therefore, the result might be the lack of coherence and 
continuity of the infants’ experience, possibly leading to confusion and 
frustration in the infants.

To date few studies have investigated children’s affective responses 
to caregivers’ PDD use and research exploring impacts of parental 
technoference on the quality of parent–child interactions in the first 
year of life is still scarce. Moreover, very little research was conducted 
in a controlled setting, and previous experimental studies focused 
largely on the effects of temporary interruptions (PDD use lasting 
from 30 s to 3 min). Also, in some of these studies parents were 
explicitly instructed not to react to their children’s bids. However, in 
everyday situations, parents may coordinate their PDD use with 
ongoing interactions with their children. While this may lead to 
repeated interruptions, it could also offer opportunities to maintain a 
reasonably high quality of interaction. Finally, to our knowledge, no 
studies so far explored associations between parental behaviors to 
maintain contact with their children while using a PDD and the 
children’s affective response.

With the aim of addressing these research gaps, we designed an 
experiment consisting of two phases: the free play phase and the 
interruption phase, in which mothers received standardized text 
messages on a smartphone and were instructed to respond to them 
during the interaction with their children. We sought to simulate a 
typical everyday texting situation by designing the experimental 
instructions accordingly and allowing sufficient time for mothers to 
coordinate smartphone use with interactions with their children.

We decided to focus on infants aged 5 to 6 months, given their 
substantial reliance on parental co-regulation (e.g., Calkins, 2004). 
We chose to examine the effects of a form of smartphone use that 
involves content production, i.e., texting, given its high prevalence in 
everyday life and its greater cognitive demands compared to passive 
consumption of content (Cabañero et al., 2020). As there are still many 
gaps in understanding the impact of parents’ PDD use on the quality 
of parent–child interactions, we employed both a global coding system 
(EA of both members of the dyad) and an event-based coding system 
(mothers’ responsiveness to their children’s vocal communications) to 
comprehensively evaluate the quality of mother–child interactions. 
Lastly, to understand the ways mothers maintain contact with their 
children during PDD use, we  developed a scale measuring 
these behaviors.
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Based on the existing findings we hypothesized that: (1) infants 
will express less positive and more negative affect in the interruption 
phase than in the free play phase of the experiment; (2) maternal 
sensitivity, as an aspect of EA of the mother–infant dyad, will be lower 
in the interruption phase than in the free play phase; (3) mothers will 
respond less often and slower to infants’ vocal signals in the 
interruption phase than in the free play phase.

In addition, we investigated the following exploratory research 
questions: (1) Do further aspects of EA differ between the interruption 
and the free play phase of the experiment? (2) Are (a) the duration of 
mothers’ smartphone use during the interruption phase and (b) the 
amount of active and/or passive behaviors to maintain contact shown 
by mothers during the interruption phase associated with the positive 
and negative affect expressed by infants in the same phase of 
the experiment?

2 Materials and methods

2.1 Design

The experiment had a 2 (within-subjects) × 2 (between-subjects) 
design. It consisted of two phases (within-subjects) each lasting 8 min: the 
free play phase, in which mothers were asked to play with their children as 
they normally would and the interruption phase, in which mothers 
received standardized text messages on a smartphone and were instructed 
to respond to them during the interaction with their children. The order of 
the phases was counterbalanced across participants (i.e., between-subjects): 
For one half of the sample, the experiment started with the free play phase, 
for the other half with the interruption phase. Although no hypotheses 
were formulated regarding the order of experimental phases, this between-
subjects factor was included in the analyses, as well as the interaction effect 
(phase × condition) to control for potential confounding effects. In the 
interruption phase, mothers received up to four messages via WhatsApp. 
The time the first message was sent to the participants was standardized, 
and subsequent messages were sent only after mothers replied to the 
previous one. Most of the mothers received all four messages (96.2%). 
80.8% of mothers responded to all four messages, 15.4% responded to 
three, 1.9% responded to two and 1.9% responded to one message. For 
most cases of unanswered messages, the replies had been typed, but not 
sent, or the experimental phase ended before the participants had finished 
replying. Some mothers (3.8%) posed additional questions, asking for 
clarification, and those questions were replied to shortly.

2.2 Participants

Infants aged 5 months to 6 months and 15 days, who were born 
full term (≥ 37 gestational weeks), with a birth weight equal to or 
above the 10th BMI-percentile and who were typically developing 
were eligible to participate in the study. The inclusion criteria for 
mothers were ownership of a smartphone with an iOS or Android 
operating system and being on maternal leave (accessible to all 
families in Germany) or working less than 20 h per week. The 
participants were recruited through social media, midwives’ private 
practices, recommendations by other participating mothers, infant 
programs, family centers, and flyers. Data collection took place 
between July 2021 and August 2022.

Focusing on the first study hypothesis, sample size estimation 
using G*Power (version 3.1.9.4.; Faul et  al., 2007) for repeated 
measures ANOVA was performed. Based on earlier findings 
we assumed a small to medium effect size (meta-analysis, Mesman 
et  al., 2009; lowest effect size for an increase in negative affect 
between the free play and the still-face phase). An a priori test with 
an effect size f = 0.225, α = 0.05, power = 0.80, within-subjects 
factor phase = 2, between-subjects factor order = 2 and moderate 
correlations between repeated measures (r = 0.40) showed that 
N = 50 of mother–infant dyads are needed for analyzing differences 
between phases. We  included two more dyads to increase the 
power of the analyses. A total of 67 dyads attended the experimental 
session, but n = 7 were excluded due to infants’ excessive crying (> 
50% of time), n = 5 because the mothers did not follow the 
experimental procedure and n = 3 due to errors in the testing 
procedure. The final sample consisted of N = 52 infants and their 
mothers. All mothers were biological mothers. Further sample 
characteristics are presented in Table 1.

2.3 Procedure

The study was reviewed and approved by the Ethics Committee of 
the International Psychoanalytic University Berlin. Mothers who were 
interested in participating in the study received detailed information 
about the study in written and oral form. Participation in the study was 
voluntary. For mothers who provided informed consent, an 
appointment was scheduled, and they were instructed to complete 
online questionnaires. In addition, they were asked to install the 
ExperienceSampler application (Thai and Page-Gould, 2018) and 
answer short questionnaires when notified, during the period of 1 week 
before the appointment. Upon arrival at the testing room, mothers 
were provided with a general overview of the testing procedure. After 
getting comfortable, ECG electrodes were placed on both mothers’ and 
infants’ skin for measuring their heart rate during the experiment (the 
results of analyses involving experience sampling, questionnaire data, 
and physiological measures will be reported elsewhere). Mothers were 
then instructed to place their infants on a 120 × 120 cm mat and sit 
beside them. Next to the mothers was a box containing a standardized 
set of age-appropriate toys, a nursing pillow (as an optional back 
support for the infants), and a small table on which a smartphone was 
placed. The experimental smartphone ran either with iOS or Android 
operating system, depending on the operating system of the mothers’ 
own devices, and was used instead of participants’ personal 
smartphones to prevent interferences from private notifications. For 
this reason, mothers were also instructed to turn off their personal 
smartphones prior to the start of the experiment. Once the participants 
were ready, the baseline ECG-measurement and video recording (by 
three cameras capturing different angles) began. After 3 min, the 
baseline measurement concluded, and the experiment started. Mothers 
were asked to play with their children using the available set of toys. 
For the free play phase of the experiment, they were instructed to play 
with their children as they usually would. For the interruption phase, 
mothers were told that they would receive several text messages to 
which they should respond as quickly as possible, unless the situation 
required otherwise. Mothers were asked to imagine that a close friend 
was asking them for recommendations and to respond to the messages 
in written form as they would in everyday life. Depending on the 
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assigned experimental condition, they were informed about the order 
of the phases. The transition from the first to the second phase was 
indicated by an auditory signal.

After the experiment had ended, mothers were informed about 
the objectives of the study in more detail and given the opportunity to 
ask questions. They received compensation of 40€ for their 
participation, along with a small gift and a certificate of participation 
for their children.

2.4 Measures

Mothers filled out questionnaires. Mothers’ and infants’ behaviors 
during the experiment were coded using the software Interact (except 
for the EA assessment; Mangold, 2018).

2.4.1 Sociodemographic data
Sociodemographic data were collected through a questionnaire 

that included questions about the mothers’ and fathers’ age, education 
and employment status, family structure, and household income (see 
Table 1). The socioeconomic status was assessed based on items of the 
German Working Group for Epidemiology (Lampert et al., 2018).

2.4.2 Infant affect
We used Repeated Still-Face Paradigm Infant Affect Codes 

(Bosquet Enlow et  al., 2011) to code infants’ affect during the 
experiment. The scale consists of the following mutually exclusive 
codes: hard crying, crying, fussing/negative affect without 
vocalizations, neutral, positive, very positive, mixture of positive 
and negative affect, unclassifiable, unobservable/asleep, and 
autonomic indicator (yawning or sneezing when affect is not 

TABLE 1 Sociodemographic characteristics of the sample.

Variable Condition 1 (n = 26) Condition 2 (n = 26) Total sample (N = 52)

Children’s characteristics

Age (Months) M (SD) 5.86 (0.47) 5.70 (0.38) 5.78 (0.43)

Gender, Female, n (%) 12 (46.2) 12 (46.2) 24 (46.2)

Family structure

Lives with both parents 26 (100) 25 (96.2) 51 (98.1)

Lives with mother only 0 1 (3.9) 1 (1.9)

Siblings n (%)

No siblings 12 (46.2) 13 (50.0) 25 (48.1)

One 8 (30.8) 11 (42.3) 19 (36.5)

Two 6 (23.1) 2 (7.7) 8 (15.4)

Mothers’ characteristics

Age (Years) M (SD) 33.15 (3.28) 33.42 (4.54) 33.29 (3.92)

Education n (%)

Elementary/secondary school degree 0 2 (7.7) 2 (3.8)

Vocational Training 4 (15.4) 7 (26.9) 11 (21.1)

University Degree 22 (84.6) 17 (65.4) 39 (75.0)

Citizenship n (%)

German 24 (92.3) 25 (96.2) 49 (94.2)

German and other 2 (7.7) 0 2 (3.8)

Other 0 1 (3.8) 1 (1.9)

Fathers’ characteristicsa

Age (Years) M (SD) 35.08 (4.69) 35.92 (6.76) 35.49 (5.75)

Education n (%)

Elementary/secondary school degree 1 (3.8) 2 (8.0) 3 (5.9)

Vocational Training 8 (30.8) 9 (34.6) 17 (33.4)

University Degree 17 (65.3) 14 (53.9) 31 (60.7)

Citizenship n (%)

German 21 (80.8) 20 (80.0) 41 (80.4)

German and other 1 (3.8) 1 (4.0) 2 (3.9)

Other 4 (15.4) 4 (16.0) 8 (15.7)

Household income n (%)

1,092–1971 EUR 2 (7.7) 2 (7.7) 4 (7.7)

1972–2,833 EUR 3 (11.5) 2 (7.7) 5 (9.6)

2,834 EUR or more 21 (80.8) 22 (84.6) 43 (82.7)
an = 51.
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codable). Due to the length of the experiment, codes were scored 
at 10-s intervals for the entire duration of the experiment, based 
on the affect expressed during the majority of time within each 
interval. Two trained raters coded the data, and 23.1% of the 
videos were double coded for the reliability analysis. The 
agreement between the two raters was excellent, with ICC = 0.92 
for positive affect and ICC = 0.99 for negative affect. The infants’ 
negative affect score was calculated separately for the two phases 
of the experiment by summing the proportions of time infants 
expressed hard crying, crying, or fussing/negative affect without 
vocalizations, with different weightings based on the intensity of 
affect (fussing + 2x crying + 3x hard crying; Bosquet Enlow et al., 
2014). Analogously, the infants’ positive affect score was calculated 
by summing the weighted proportions of time infants expressed 
positive and very positive affect (positive + 2x very positive affect) 
in each of the experimental phases.

2.4.3 EA of the dyad
We used the infant/early childhood version of the Emotional 

Availability Scales (EAS), 4th Edition (Biringen, 2008) to rate 
EA. The EAS consist of four scales that are used to assess the 
mothers’ contribution to the interaction, namely sensitivity, 
structuring, nonintrusiveness, and nonhostility, and two scales 
assessing the infants’ contribution, i.e., child responsiveness and 
child involvement. EA takes a relational perspective into account, 
i.e., none of the behaviors is assessed purely individually, but 
always in relation to the other member of the dyad. Based on the 
videotaped mother–infant interactions, the six EA dimensions 
were assessed in real time, and direct scores for each dimension 
(from 1 = non-optimal to 7 = optimal) were assigned separately 
for each phase of the experiment with higher scores indicating 
higher EA. The direct scores can be allocated to distinct categories 
indicating different constellations of interactive behaviors 
(Biringen, 2008).

One certified rater coded the data. Additionally, a second 
certified rater coded 25% of the videos to calculate interrater 
reliability, which ranged from ICC = 0.76 to ICC = 0.87, 
demonstrating good reliability. The construct validity of the EAS 
in relation to different caregivers, children, and dyadic constructs 
(for an overview, see Biringen et  al., 2014), as well as its 
applicability in German samples (Bergmann et  al., 2016), has 
been established.

2.4.4 Maternal responsiveness
To code mothers’ responsiveness to their children’s signals, the 

Bornstein and Tamis-LeMonda scales (Bornstein et  al., 1992; 
Bornstein and Tamis-LeMonda, 1997) were adapted to fit the 
examined age group and the experimental context. Specifically, 
we  coded every vocal sound that the infants made (babbling, 
cooing, laughing, vocal games, screeching and sighing, crying, 
screaming), but excluded vegetative body sounds, grunting and 
sounds of making effort. Afterwards, we  coded the mothers’ 
responses to these signals, defined as any observable change in 
their behavior that followed the children’s signals and appeared 
conceptually linked to the children’s behavior (such as gazing at 
children, vocalizing, talking, or touching children). The mothers’ 
and children’s behaviors were coded on a second-by-second basis 

for the entire duration of the experiment by two trained coders. 
Two scores were created separately for each phase of the 
experiment: (1) the frequency of responses—the percentage of the 
infants’ signals to which the mothers responded and (2) the 
latency of responses—the number of seconds from the moment 
the infants gave a signal until the mothers responded. The ICC 
analysis was conducted on 21.2% of the videos and showed 
excellent reliability for the frequency of responses (ICC = 0.97) 
and good reliability for the latency of responses (ICC = 0.88).

2.4.5 Duration of smartphone use and 
maintaining contact with children

The communicative behaviors exhibited by mothers while 
using the smartphone, which were likely aimed at maintaining 
contact with their children, were coded using the Maintaining 
Contact Scale developed by the research team (see 
Supplementary Table 1). Similar to Goldsmith and Rogoff (1997), 
we measured maternal secondary attentional focus on children, 
while their primary focus was on the smartphone task. 
We focused on two types of behaviors: multitasking, defined as 
mothers’ simultaneous interaction with their children while using 
the smartphone, and task switching, defined as mothers’ 
interaction with their children between bouts of smartphone use. 
Based on the findings of Stack and Muir (1992), that active, but 
not passive maternal touch ameliorates the distress children 
display when confronted with their mothers’ still face, the coded 
behaviors were categorized as active or passive. Active behaviors 
comprise facial communication, interaction using one hand or 
toy, touching or stroking children, kissing children, moving 
children, taking children on the lap, in the arms or positioning 
them to sit between the mothers’ legs, rocking or swaying 
children, talking, singing, laughing or producing other 
communicative vocal sounds. Passive behaviors encompass 
holding one hand up or a toy over children, sustained touch, and 
keeping children on the lap, in the arms or between the legs. 
Maternal monitoring (i.e., gazing at children), and behaviors that 
were not clearly communicative and therefore could not 
be classified as behaviors to maintain contact (e.g., touching a toy 
that children cannot see) were treated as separate categories. All 
behaviors were coded on a second-by-second basis; active and 
passive behaviors could occur simultaneously. Two scores of 
behaviors to maintain contact—active and passive—were created, 
each encompassing multitasking and task switching. In addition, 
we calculated separate scores for multitasking and task switching: 
active multitasking, active task switching, passive multitasking, 
and passive task switching. The duration of smartphone use was 
calculated as the sum of all episodes in which the mothers were 
looking at, swiping on, or typing on the smartphone screen. The 
total amount of time spent in performing the smartphone task 
was calculated from the moment mothers first picked up the 
smartphone—or began using it without physically picking it up—
until they completed their response to the last message. The 
scores of behaviors to maintain contact were calculated as 
percentage of time these behaviors were exhibited during the 
entire period of performing the smartphone task. The videos 
were coded by two trained coders, and the reliability was tested 
on 21.2% of the videos. The analyses showed an excellent 
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agreement between the coders for the duration of smartphone use 
(ICC = 0.99), multitasking duration (ICC = 1.00) and task 
switching duration (ICC = 0.94).

2.5 Data analysis

Repeated measures ANOVAs and a MANOVA with the 
within-subjects factor phase (free play phase vs. interruption 
phase) and the between-subjects factor condition (order of 
phases) were conducted to test the hypotheses concerning 
differences between the two experimental phases. The between-
subjects factor condition was included to control for potential 
order effects. The interaction effect (phase × condition) was 
examined to control if the effect of phase varied depending on the 
order in which the phases were presented.

To investigate the exploratory research questions relating to 
expected cross-sectional associations, correlation analyses were 
conducted. We assessed the assumptions for computing Pearson’s 
r and determined that the relations between the variables were not 
linear. Therefore, we  calculated Kendall’s τ coefficient, which 
offers a more robust measure of association in the presence of 
nonlinearity (Field, 2013).

The data were screened for potential outliers by creating 
histograms, boxplots and scatterplots for dependent variables. Two 
cases with extremely high negative affect scores were identified. To 
assess their influence on the results of the analysis of variance, a 
bootstrapping analysis was conducted using R version 4.2.1 (R Core 
Team, 2024). Since the inclusion of these cases did not affect the 

significance of the results, we decided to retain these cases in the 
final sample.

All further analyses were performed with IBM SPSS Statistics, 
version 28.0.0.0 (IBM Corp, 2021).

3 Results

3.1 Comparison between the experimental 
phases

In the following, the results of the analyses on the comparisons of 
the free play and the interruption phase are reported; descriptive 
statistics and F, p and ηp

2 values are presented in Table 2.

3.1.1 Infant affect
Two 2 × 2 repeated measures ANOVAs were performed to 

examine the effect of the experimental phase on each the infants’ 
positive and negative affect score (hypothesis 1), controlling for the 
order of phases (condition) and the phase × condition interaction. For 
the infants’ positive affect score, there was neither a significant main 
effect of condition nor a significant phase × condition interaction. For 
the infants’ negative affect score, there was no main effect of condition; 
however a significant phase × condition interaction was found,  
suggesting that the main effect of phase depends on condition.

The effects of phase on infants’ positive and negative affect 
scores are shown in Figure  1. The first ANOVA revealed a 
significant effect of phase on the infants’ positive affect score: 
Infants expressed significantly less positive affect in the 

TABLE 2 Descriptive statistics of the dependent variables and ANOVA results (N = 52).

Variable M (SD) ANOVA

Free play phase Interruption phase Phase Condition Phase × 
condition

Condition 
1

Condition 
2

Condition 
1

Condition 
2

F p ηp
2 F p ηp

2 F p ηp
2

Positive affect 

score

7.05 (11.49) 8.17 (11.02) 1.68 (3.73) 3.61 (6.50) 9.59 0.003 0.16 0.69 0.411 0.01 0.06 0.804 0.00

Negative affect 

score

9.70 (17.26) 27.24 (51.13) 22.92 (22.58) 15.87 (18.11) 0.03 0.860 0.00 0.612 0.438 0.01 5.58 0.022 0.10

Sensitivity 5.75 (1.24) 5.31 (1.28) 5.29 (1.03) 5.10 (1.01) 6.92 0.011 0.12 1.19 0.282 0.02 0.96 0.333 0.02

Structuring 5.96 (1.16) 5.29 (1.18) 5.12 (1.33) 4.87 (1.10) 19.86 <0.001 0.28 2.38 0.130 0.05 2.21 0.144 0.04

Nonintrusiveness 6.21 (1.06) 5.69 (1.37) 6.38 (0.90) 6.08 (1.16) 3.74 0.059 0.07 2.18 0.146 0.04 0.54 0.467 0.01

Nonhostility 6.87 (0.39) 6.46 (0.95) 6.56 (0.61) 6.52 (0.92) 2.36 0.131 0.05 1.32 0.255 0.03 5.05 0.029 0.09

Child 

responsiveness

5.52 (1.40) 5.00 (1.48) 5.02 (1.20) 5.15 (1.13) 1.23 0.273 0.02 0.35 0.559 0.01 4.38 0.041 0.08

Child 

involvement

4.00 (1.24) 3.75 (1.19) 3.52 (1.05) 3.48 (0.89) 6.21 0.016 0.11 0.29 0.590 0.01 0.49 0.485 0.01

Frequency of 

responses (%)

95.69 (7.27) 95.43 (9.62) 72.87 (23.04) 76.34 (22.96) 48.43 <0.001 0.49 0.18 0.671 0.00 0.38 0.539 0.01

Latency of 

responses a (s)

0.90 (0.59) 0.88 (0.77) 1.84 (1.38) 1.49 (0.90) 21.52 <0.001 0.31 0.73 0.397 0.02 0.96 0.333 0.02

an = 50. Condition 1: order free play phase - interruption phase, Condition 2: order interruption phase - free play phase.
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FIGURE 1

Main effects of phase on positive (A) and negative (B) affect scores. Error bars show standard error.

interruption phase (M = 2.64, SD = 5.33) than in the free play 
phase of the experiment (M = 7.61, SD = 11.16, ηp

2 = 0.16). The 
second ANOVA showed no significant effect of phase on the 
infants’ negative affect score (p = 0.860). However, this result 
should be interpreted in the context of the interaction effect phase 
× condition (Figure 2). To further explore this interaction effect 
on the infants’ negative affect score, we conducted paired-samples 
one-tailed t-tests separately for the two conditions. The analysis 
revealed a significant effect of phase on the infants’ negative affect 
score in condition 1, with a medium effect size, t(25) = −3.02, 
p = 0.003, d = −0.59. In contrast, no significant effect of phase was 
observed in condition 2, t(25) = 1.20, p = 0.120. Specifically, in 
condition 1, when the interruption phase followed the free play 
phase, the infants’ negative affect increased in the interruption 
phase (M = 22.92, SD = 22.58) compared to the free play phase 
(M = 9.70, SD = 17.26). However, in condition 2, when the 
interruption phase preceded the free play phase, the infants’ 

negative affect was relatively stable across both phases with 
interruption phase (M = 15.87, SD = 18.11) and free play phase 
(M = 27.24, SD = 51.13) showing comparable levels of 
negative affect.

3.1.2 EA of the dyad
The mean scores regarding both phases ranged from M = 5.19 to 

M = 5.53 for sensitivity, which indicates a somewhat inconsistent to 
bland sensitivity, M = 4.99 to M = 5.63 for structuring, indicating a 
somewhat inconsistent to moderate level of structuring, M = 5.95 to 
M = 6.23 for nonintrusiveness, indicating a generally nonintrusive 
style of the interaction, M  = 6.54 to M  = 6.66 for nonhostility, 
indicating a generally nonhostile style of interaction, M = 5.09 to 
M = 5.26 for child responsiveness, indicating a somewhat complicated 
to moderate optimal responsiveness, and M = 3.50 to M = 3.88 for 
child involvement, indicating a somewhat not optimal to 
complicated involvement.

A 2 × 2 repeated measures MANOVA was performed to 
examine the effect of the experimental phase on the EA 
dimensions (hypothesis 2 and exploratory research question 1), 
controlling for the order of phases (condition) and the phase × 
condition interaction. There was neither a significant multivariate 
effect of condition (F(6, 45) = 0.89, p = 0.507), nor a significant 
interaction effect phase × condition (F(6, 45) = 1.36, p = 0.251). 
The analysis revealed a significant multivariate effect of phase on 
the combined dependent variables, F(6, 45) = 5.78, p < 0.001, with 
a large effect size (ηp

2 = 0.44).
In the next step, separate ANOVAs were conducted for each 

EA dimension to assess the effect of phase, while controlling for 
condition and the phase × condition interaction. No effects of 
condition and no interaction effects phase × condition were found 
for the dimensions of sensitivity, structuring, nonintrusiveness 
and child involvement. The analyses revealed a significant main 
effect of phase on sensitivity (ηp

2 = 0.12), structuring (ηp
2 = 0.28), 

and child involvement (ηp
2 = 0.11; see Figure  3). Mothers 

expressed significantly less sensitivity in the interruption phase 
(M = 5.19, SD = 1.02) than in the free play phase of the experiment 
(M = 5.53, SD = 1.27). Furthermore, mothers showed significantly 

FIGURE 2

Interaction effect phase × condition on negative affect score. FP, free 
play phase, IP, interruption phase.
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less optimal structuring in the interruption phase (M = 4.99, 
SD = 1.21) than in the free play phase (M = 5.63, SD = 1.21). In 
addition, children showed significantly less well involvement of 
their mothers in the interruption phase (M = 3.50, SD = 0.97) 
than in the free play phase (M = 3.88, SD = 1.21). Lastly, we found 
a marginally significant main effect of phase on maternal 
nonintrusiveness (p = 0.059, ηp

2 = 0.07; see Figure  3). Mothers 
expressed more nonintrusiveness in the interruption phase 
(M = 6.23, SD = 1.04), than in the free play phase of the 
experiment (M = 5.95, SD = 1.24).

For the other two EA dimensions, no main effects of condition 
were found but significant interaction effects of phase × condition 
emerged for nonhostility (ηp

2 = 0.09) and child responsiveness 
(ηp

2 = 0.08). However, since the multivariate interaction effect was 
not significant, we  refrain from interpreting these results. No 
main effects of phase were observed for these two dimensions.

3.1.3 Maternal responsiveness
The frequency of infants’ signals mothers responded to in the 

free play phase ranged from 60 to 100% and in the interruption 
phase from 0 to 100%. The range of the latency of responses in the 
free play phase was from 0.12 to 3.52 s, and in the interruption 
phase from 0.24 to 5.68 s.

Two 2 × 2 repeated measures ANOVAs were conducted to 
measure the effects of experimental phase on frequency of 
responses and latency of responses (hypothesis 3), controlling for 
the order of phases (condition) and the phase × condition 
interaction. There were neither significant main effects of 
condition nor significant interaction effects phase × condition on 
the frequency of responses or the latency of responses. The effects 
of phase on frequency of responses and latency of responses are 

shown in Figure 4. The first ANOVA showed a significant main 
effect of phase on the frequency of responses, with a large effect 
size (ηp

2 = 0.49): Mothers responded to less signals of their 
children in the interruption phase (74.6%) than in the free play 
phase of the experiment (95.6%). The second ANOVA revealed a 
significant main effect of phase on the latency of responses with a 
large effect size (ηp

2 = 0.31), whereby mothers responded 
significantly slower to the infants’ signals in the interruption 
phase (M = 1.67, SD = 1.17) than in the free play phase (M = 0.89, 
SD = 0.68).

3.2 Relations between maternal behavior 
and infant affect

On average, mothers spent 3.34 min (SD = 0.99) using the 
smartphone during the interruption phase. The average amount of 
time spent performing the smartphone task was 4.38 min 
(SD = 1.29 min). During the smartphone task, mothers spent an 
average of 30.5% of the time actively maintaining contact with their 
children (range from 0 to 92.9%); 15.5% involved active multitasking 
and 14.5% involved active task switching. The average percentage of 
time spent passively maintaining contact with children was 73.1% 
(range from 0 to 99.4%), whereby 59.6% was spent in passive 
multitasking, and 13.6% in passive task switching. Active and passive 
behaviors could be shown simultaneously.

Bivariate correlation analyses (Kendall’s τ) were conducted to 
examine the associations between the duration of smartphone use as 
well as maternal active and passive behaviors to maintain contact in 
the interruption phase and the infants’ positive and negative affect 
scores (research question 2). There were no significant correlations 

FIGURE 3

Main effects of phase on sensitivity (A), structuring (B), nonintrusiveness (C) and child involvement (D). Error bars show standard error.
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between the duration of smartphone use and the infants’ positive 
affect score (τ(50) = −0.08, p = 0.484), and between percentage of 
active and passive behaviors to maintain contact and the infants’ 
positive affect score (τ(50) = −0.03, p = 0.754; τ(50) = 0.01, p = 0.919, 
respectively). In addition, there was no correlation between the 
infants’ positive affect score and the percentage of active multitasking 
(τ(50) = −0.04, p = 0.699) or the percentage of active task switching 
(τ(50) = 0.00, p = 0.993), nor with the percentage of passive 
multitasking (τ(50) = 0.05, p = 0.679) or the percentage of passive task 
switching (τ(50) = 0.00, p = 0.978). However, there was a significant 
negative correlation between the duration of smartphone use and the 
infants’ negative affect score, τ(50) = −0.22, p = 0.026: A longer 
duration of smartphone use was associated with less infants’ negative 
affect. Furthermore, there was a significant positive correlation 
between the percentage of active behaviors to maintain contact and 
the infants’ negative affect score, τ(50) = 0.30, p = 0.003: More active 
behaviors to maintain contact were associated with more infants’ 
negative affect. Analyzing the separate scores, only active task 
switching correlated significantly with the infants’ negative affect 
score, τ(50) = 0.31, p = 0.001, whereas active multitasking did not 
significantly correlate with the infants’ negative affect score 
(τ(50) = 0.15, p = 0.127). There was no significant correlation between 
percentage of passive behaviors to maintain contact and the infants’ 
negative affect score, τ(50) = 0.06, p = 0.572. The passive task switching 
score correlated significantly with the infants’ negative affect score, 
τ(50) = 0.31, p = 0.002, whereas passive multitasking did not correlate 
with the infants’ negative affect score (τ(50) = −0.02, p = 0.855).

4 Discussion

The aim of this study was to investigate the impact of mothers’ 
smartphone use in presence of their children aged 5 to 6 months on 
children’s affect regulation and the quality of mother–child 
interactions as indicated by the EA of the dyad and maternal 
responsiveness. Additionally, we exploratively examined associations 
between mothers’ behaviors to maintain contact with children and 
children’s affective states. We hypothesized that infants would show 

less positive and more negative affect and that their mothers would 
display lower levels of sensitivity and responsiveness in the 
interruption phase compared to the free play phase of the experiment. 
This was predominantly supported by our results which showed 
significantly lower infants’ positive affect in the interruption phase 
compared to the free play phase, as well as significantly higher 
negative affect in the interruption phase, in case the interruption 
phase followed the free play phase. Moreover, as expected, mothers 
showed lower levels of sensitivity and responsiveness in the 
interruption phase than in the free play phase. In addition, we found 
mothers’ structuring of the interaction to be  less optimal and 
children’s involvement of their mothers to be worse in the interruption 
phase compared to the free play phase. Lastly, we found associations 
between the duration of mothers’ smartphone use and active 
behaviors to maintain contact with their children and the children’s 
negative affect.

Regarding children’s affect regulation (hypothesis 1), our findings 
showed that infants expressed significantly less positive affect in the 
interruption phase compared to the free play phase. However, this 
result needs to be  interpreted with caution as positive affect was 
generally low in this sample. In addition, there was a significant 
increase in infants’ negative affect in the interruption phase in case the 
interruption phase followed the free play phase. This is in line with 
previous findings on children’s affective response to their parents’ 
PDD use (Konrad et al., 2021a; Rozenblatt-Perkal et al., 2022). In 
contrast to previous findings (Konrad et al., 2021a; Rozenblatt-Perkal 
et al., 2022), infants in our study did not show a significant decrease 
in negative affect in the free play phase following the interruption 
phase. Repeated episodes of mothers’ smartphone use may have 
caused multiple disruptions to the interaction, leading to increased 
frustration in the infants that required time to recover. This could 
be interpreted as a carry-over effect—affective changes induced during 
the interruption phase that persisted into the free play phase. An 
alternative explanation would be that the infants may have become 
fatigued toward the end of the experiment. Further research is needed 
to draw definitive conclusions. Overall, our findings indicate that 
interruptions of the mother–child interaction due to the mothers’ 
smartphone use can negatively impact infants’ affect regulation, and 

FIGURE 4

Main effects of phase on frequency of responses in % (A) and latency of responses in seconds (B). Error bars show standard error.
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that the effect might last beyond the interruption period. If such 
repeated episodes of mothers’ smartphone use occur often in everyday 
life, infants might spend a considerable amount of time trying to draw 
their mothers’ attention or self-regulate affect, at the cost of play and 
exploration (e.g., Tronick, 1989). This might in turn have negative 
consequences for the further development of the children’s capacity to 
self-regulate affect.

Concerning the quality of mother–infant interactions, as expected, 
mothers showed less sensitivity in the interruption phase than in the 
free play phase of the experiment (hypothesis 2). This indicates that 
repeated texting reduces maternal sensitivity during the usage period, 
or leads to an inconsistent sensitivity, presumably by reducing the 
clarity of perceptions of the infants’ behavioral and emotional signals, 
the quality of responses to them, and/or maternal warmth and 
consistency in the affective expression. This result adds to the findings 
of observational studies (Tharner et al., 2022; Wolfers et al., 2020) by 
shedding light on the causal relationships between maternal PDD use 
and reduced sensitivity. Moreover, mothers responded to significantly 
less children’s vocal signals in the interruption phase than in the free 
play phase of the experiment (hypothesis 3), which is consistent with 
the results of studies with toddlers (Konrad et al., 2021b; Lederer et al., 
2022). In addition, they responded slower to the infants’ signals when 
using a smartphone in comparison to the free play situation. Infants 
are highly sensitive to the timing of interpersonal interactions (e.g., 
Jaffe et al., 2001). If adults’ reactions occur beyond the period mutual 
responses typically occur (within half to 3 sec after the signal; Beebe 
et al., 2010, Van Egeren et al., 2001), it might be difficult for infants to 
perceive it as related to their behavior (Millar and Watson, 1979). 
Although in our study the mean latency of mothers’ responses in the 
interruption phase did not exceed 3 sec, some individual response 
times fell outside this range. This suggests that in some cases, the 
mothers’ reaction to their children’s vocal signals occurred too late, so 
that the children could no longer understand their reaction as such. 
Considering the importance of maternal sensitivity and responsiveness 
during the first year of life for children’s social–emotional 
development, repeated maternal PDD use in presence of their children 
might have unfavorable consequences.

In addition, our results indicate that further aspects of EA of the 
mother–infant dyad are also affected by maternal smartphone use 
(research question 1). Mothers showed less optimal structuring in 
the interruption phase compared to the free play phase, suggesting 
that repeated texting impedes mothers’ ability to provide adequate 
scaffolding to their children. These findings are in line with the 
results of Corkin et al. (2021), showing that a higher frequency of 
audible notifications on parents’ PDD in everyday life was associated 
with lower parental scaffolding observed in a free play. Apart from 
that, we found a marginally significant effect of the experimental 
phase on maternal nonintrusiveness. Mothers tended to be  less 
intrusive during the interruption phase than during the free play 
phase. Similarly to the effect on maternal structuring, PDD use 
seems to limit mothers’ ability to actively engage in the interaction, 
in this case leading to a more positive outcome—less interference in 
the children’s activities. However, as this effect did not reach 
statistical significance and as nonintrusiveness was generally high in 
this sample, more evidence is needed to substantiate such an 
interpretation. Maternal smartphone use also affected children’s 
contributions to the interaction. Generally, children’s level of 

involving their mothers in the interaction was low in this sample due 
to their young age and limited verbal and motor capacities. However, 
the children showed even more non-optimal involvement in the 
interruption phase compared to the free play phase. Hence, maternal 
PDD use seems to lead to more negatively involving behaviors (such 
as protest) or uninvolving behaviors.

Finally, we  found that shorter maternal smartphone use was 
associated with more infants’ negative affect, suggesting that mothers 
react to their infants’ distress by reducing smartphone use. Mothers 
actively tried to maintain contact with their children during approximately 
one third of the time spent performing the smartphone task, whereas they 
did so passively during almost three quarters of the time. They did so 
partly through multitasking and partly through making breaks in usage 
to attend to their children. A higher amount of maternal active (but not 
passive) behaviors to maintain contact was associated with more negative 
affect expressed by the infants (research question 2). A closer examination 
of the associations between mothers’ behaviors to maintain contact and 
their children’s negative affect revealed that mothers’ task switching 
behaviors, but not their multitasking behaviors were associated with 
infants’ negative affect: More mothers’ active as well as passive task 
switching was associated with more infants’ negative affect. While the 
correlational analysis does not allow us to determine the direction of 
influence, we propose two possible explanations for this finding. Mothers 
may have extended breaks to attend to their children in response to their 
distress. Alternatively, task switching could have disrupted the children. 
Specifically, repeated interruptions in the flow of interaction due to 
mothers shifting focus might have disturbed the continuity of the infants’ 
experience, possibly causing confusion and frustration.

Overall, the results suggest that although mothers seem to adapt 
smartphone use based on their children’s affective response, the 
disruption to the interaction due to mothers’ repeated smartphone use 
negatively impacts their children’s affect regulation and impedes the 
quality of the mother–child interactions.

This study has several strengths. We used a controlled setting, 
which enabled us to draw inferences about causal relations between 
maternal smartphone use and children’s affect regulation and the 
quality of the mother–child interactions. In addition, the experiment 
was designed to correspond to everyday situations as much as possible, 
by allowing mothers to coordinate smartphone use and the interaction 
with their children, so that a high ecological validity was achieved. 
Moreover, both global (EAS) and event-based assessments 
(responsiveness) were employed to reduce the impacts of singular 
methodological approaches on study outcomes. Finally, 
we systematically investigated mothers’ behaviors to maintain contact 
with their children and thereby addressed an existing gap of research.

However, several limitations of the study should be considered. 
Most of the sample consisted of dyads with a high SES, limiting the 
generalizability of the findings to the general population. Apart from 
this, our study focused exclusively on the effects of text messaging. 
The increasingly widespread use of voice messaging was not 
examined but may be less disruptive than text messaging. Recording 
voice messages, similar to a phone call, could enable parents to 
maintain eye contact with their children (Radesky et al., 2014). In 
addition, although the experiment was designed to maximize 
ecological validity, the generalizability of the results to real-world 
settings remains limited. For example, the social desirability bias 
might have impacted mothers’ behavior. In real-life situations, 
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mothers may be even more likely to overlook their children’s signals 
while responding to a text message. Alternatively, mothers could 
postpone their response to a more appropriate moment, e.g., when 
their children are interacting with another family member. 
Furthermore, our findings do not allow us to disentangle the specific 
effects of smartphone use from the broader impact of repeated 
interruptions. Including a non-digital distraction condition in future 
studies could offer valuable insight into the differential effects of 
digital versus non-digital parental distraction. In addition, to simulate 
a situation that closely resembles everyday life, we opted for relatively 
open instructions regarding the mothers’ task during the interruption 
phase. As a result, the findings revealed considerable variability in 
mothers’ behavior during the experimental task, as reflected by the 
wide range of behaviors to maintain contact with children during 
smartphone use, as well as in the response latencies to their children’s 
signals. Future studies could incorporate additional conditions with 
standardized instructions to systematically vary maternal behavior. 
Lastly, our research design does not permit inferences about the 
directionality of the relations between maternal behaviors to maintain 
contact with their children and the children’s negative affect. Further 
research is needed to elucidate these associations.

The results of this study suggest that mothers’ repeated 
smartphone use for text messaging in presence of their children aged 
5 to 6 months could negatively impact children’s affective states during 
and beyond the period of usage. Furthermore, our findings show that 
mothers’ smartphone use decreases the quality of mother–infant 
interactions as indicated by the EA of the dyad and by maternal 
responsiveness. Moreover, we found evidence that mothers attempt to 
coordinate smartphone use with the interaction with their children: 
While performing the smartphone task, mothers spent a significant 
amount of time interacting with children, both simultaneously and by 
making breaks to attend to the children. We also found some evidence 
that mothers adjust their smartphone use in response to their 
children’s affective reactions—by reducing the duration of use and by 
engaging more actively with their children while using the smartphone.

However, further research is needed to examine how dividing 
attention between children and a PDD over an extended period affects 
the quality of parent–child interactions and children’s affect regulation. 
Furthermore, it is important to determine the extent of parental PDD 
use and the specific patterns of use that may have a disruptive effect. 
Finally, the impact of parental PDD use in the presence of children on 
the development of children’s capacity for affective self-regulation 
remains to be explored.
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