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Girls with higher levels of suicidal ideation experienced less parental
reciprocity of eye-contact and positive facial affect during conflictual
interactions: A pilot study
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Abstract

Although ample research links social factors and suicidality, there remains a gap in understanding how distinct processes within social
communication relate to suicidality. We demonstrate how reciprocity of eye-gaze and facial expressions of happiness differ during parent-
adolescent conflict based on adolescents’ future suicidal ideation (SI). Facial affect analyses were based on 103 girls (ages 11–13; M= 12.28;
75% White) and their parents. Eye-gaze analyses were conducted in subset of these dyads (N = 70). Participants completed a conflict
discussion during which gaze to their partners’ eyes was assessed using mobile eye-tracking glasses and facial affect was coded using
FaceReader Observer XT. Adolescents’ SI was assessed 12-months later. Actor-partner interdependence models tested whether participants’
gaze and affect predicted their own and their partners’ gaze and affect one second later and if these intra and interpersonal dynamics differed
based on adolescents’ future levels of SI. Girls from dyads with less parental reciprocity of eye-gaze and happiness reported higher levels of SI
12-months later. During early adolescence, girls whose parents reciprocate their eye-contact or positive affect less during conflict may be at
heightened risk for SI. If replicated, social communication could provide a promising intervention target to reduce suicidality prospectively.
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Increasing rates of suicide among youth in the last two decades
underscore the critical need to understand processes underlying
risk (Centers for Disease Control and Prevention, & National
Center for Injury Prevention and Control, 2021). Alarmingly,
suicide is the second leading cause of death among those 13–17 in
the US, and rates of suicidal ideation and attempts, which are
higher among girls than boys, are even more widespread (Centers
for Disease Control and Prevention, & National Center for Injury
Prevention and Control, 2021, Centers for Disease Control and
Prevention, 2024). Yet, despite extensive effort, etiological
processes underlying risk for suicidal thoughts and behaviors
(STB) are not well understood, suggesting the need to reexamine
conceptual and methodological approaches to overcome limita-
tions of previous research. One significant limitation is a heavy
focus on self-report indices of risk, which are susceptible to bias
and fail to capture processes outside of participant awareness,
including fine-grained second-to-second processes that occur
during social interaction. As such, the Research Domain Criteria
(RDoC) project of the National Institute of Mental Health (NIMH;

Cuthbert, 2014) provides a particularly useful framework for
continued suicide research (Glenn et al., 2017, 2018).

The RDoC project (Cuthbert, 2014) identifies social processes
as a key domain for psychopathology and disordered behavior,
including STB. Within RDoC, the Social Processes domain
includes three systems involved in one’s response to social
contexts (i.e., affiliation/attachment, perception and understand-
ing of self/others, social communication). Although factors related
to affiliation/attachment form the foundation of theoretical models
of suicide (e.g., thwarted belongingness; perceived burdensome-
ness; Van Orden et al., 2010), less is known about the relation
between social communication (i.e., the reception and production
of facial and non-facial information during social exchange) and
STB. Specifically, theoretical models of suicide propose that the
desire to die is often driven by intense distress following social
disconnection or rejection (e.g., Klonsky & May, 2015; Van Orden
et al., 2010). Supporting this conceptualization, studies examining
the link between social factors and STB establish the putative role
of social connectedness in reducing STB risk (Kuramoto-Crawford
et al., 2017), as well as the role of interpersonal stressors (e.g., peer
victimization, bullying, parental criticism, lack of parental support)
in increasing risk (Ackard et al., 2006; Chiu et al., 2017; Conner
et al., 2016; John et al., 2018; Katsaras et al., 2018; Randell et al.,
2006; Sheftall et al., 2013; Soole et al., 2015). From an RDoC
perspective, research on social processes across the lifespan has
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largely focused on subcomponents of affiliation/attachment (e.g.,
perceived burdensomeness; Van Orden et al., 2006), attachment
style (Grunebaum et al., 2010; Sheftall et al., 2014), loneliness/lack
of belonging (Burke et al., 2016; Fisher et al., 2015), and social
connectedness (Sampasa-Kanyinga & Hamilton, 2016). Despite
many strengths, these studies rely heavily upon self-report indices
of these social processes, and few have captured real-time or
objective measures of systems within the Social Processes domain
across multiple units of analysis. Research aimed at understanding
precise and potentially modifiable processes involved in social
communication is essential given that the way in which one
receives, processes, and produces information during social
exchange contributes to components of affiliation/attachment
(e.g., connectedness), which are linked to STB. Moreover, this type
of research may be particularly important during the transition
from childhood to adolescence as increasing rates of STB coincide
with an increased incidence of, and reactivity to, interpersonal
stress among girls (Ge et al., 1994; Rose & Rudolph, 2006; Rudolph
& Hammen, 1999; Rudolph, 2014). Specifically, girls report more
negative interpersonal interactions (Kowalski et al., 2014; Nesi
et al., 2019; Rideout & Robb, 2018) and exhibit greater sensitivity to
interpersonal stressors than boys (Guyer et al., 2009, 2012;
Leadbeater et al., 1995; Rose & Rudolph, 2006; Weinstein et al.,
2006). Moreover, given that nonfatal STB are more prevalent
among adolescent girls than boys (Centers for Disease Control and
Prevention, 2024; but see also, Miranda-Mendizabal et al., 2019),
this line of inquiry may be more theoretically and developmentally
relevant for girls than boys during adolescence.

To this end, RDoC identifies a variety of specific biobehavioral
processes involved in social communication (e.g., eye gaze, facial
affect, pupillary response). These processes have been examined
via individual responses to images, videos, and simulated
interaction, as well as in the context of actual dyadic interactions.
Eye-gaze, a significant regulator of social interaction, shapes
attentional orienting and conveys context-dependent information
about interest and engagement to a social companion (Böckler
et al., 2014; Frischen et al., 2007; Hietanen, 2018; Kleinke, 1986;
Lyyra et al., 2018; Shirama, 2012). Sustained eye contact may
convey aggression in certain contexts, but love or comfort in
others. Additionally, momentary eye gaze reciprocity during
interaction fosters intimacy, trust, and affiliation (Argyle & Dean,
1965). Importantly, eye gaze also influences concurrent behavioral
and physiological processes involved in social communication,
such as increasing positive facial affect from the recipient
(Hietanen et al., 2018) and physiological arousal (Jarick &
Bencic, 2019; Mazur et al., 1980). Although one study showed
that youth with a history of suicidal ideation (SI) demonstrate
prolonged gaze toward fearful faces (Tsypes et al., 2017), no
research has examined the relation between eye-gaze during actual
social interactions and STB.

Facial affect is another distinct and accessible behavioral process
involved in social communication which includes positive expres-
sions, like smiling, that signal friendliness, trust, and altruism to the
recipient and increase approach within the interaction (Centorrino
et al., 2015; Krumhuber et al., 2007; Mehu et al., 2007; Reed et al.,
2012). Reciprocal exchange of positive affect during both positively-
and negatively-valenced dyadic interactions (Heerey & Crossley,
2013; Heerey & Kring, 2007; Hess & Bourgeois, 2010) are associated
with enhanced affiliation between dyadic partners (Golland et al.,
2019). There is also preliminary evidence for higher levels of negative
affect, lower levels of positive affect, and reduced synchrony of positive
facial affect in parent-child dyads in which the child has a STB history

(Crowell et al., 2008; James et al., 2020). This research suggests that
disruptions in behavioral processes involved in social communication,
specifically, positive facial affect, may be one mechanism of risk in
youth with STB. However, this preliminary work is cross-sectional,
and no studies have examined the extent to which disruptions in
positive facial affect during social interaction are related to future STB.

Studies examining physiological processes (i.e., heart rate
variability [HRV]/respiratory sinus arrhythmia [RSA], cortisol
response) during in laboratory-based interpersonal stressors provide
initial support for differences in processes involved in social
communication in those with and without STB (Giletta et al., 2017;
Rizk et al., 2018; Wilson et al., 2016). Specifically, adults who have
attempted suicide (Wilson et al., 2016) and adolescent girls who
subsequently experience SI (Giletta et al., 2017) exhibit more
parasympathetic withdrawal (i.e., decreases inHRV/RSA) during an
in vivo social stress paradigm, suggesting these individuals
experience the interaction as more threatening and exhibit a lower
capacity for emotion regulation during stressful social interactions.
Other studies in which youth engaged in both positively- and
negatively-valenced discussions with their parent identified
differences in social communication in youth with and without a
history of STB in the context of interpersonal stress (i.e., blunted
HRV across positive and negative interactions when interacted with
a highly critical parent; James et al., 2017), as well as during
positively-valenced social interactions (i.e., less reciprocity of facial
displays of positive affect indexed via facial electromyography; James
et al., 2021). Similarly, a few studies have examined behavioral
(i.e., eye gaze) or neural (i.e., fMRI) processes involved in social
communication to examine responses to pictures of threat-relevant
emotional faces (Jollant et al., 2008; Olié et al., 2015; Pan et al., 2013;
Tsypes et al., 2017) or simulated social rejection in a laboratory
setting (Olié et al., 2015), though not during actual social
interactions. These studies highlight differences in social commu-
nication among participants with and without STB histories,
including sustained eye-gaze and heightened responsivity in brain
regions associated with sustained threat processing, responding to
salient social feedback, and guiding socio-emotional behavior
(Lau et al., 2012; Masten et al., 2009; Mayberg, 2003; Siegle et al.,
2012; Silk et al., 2014), particularly in the context of interpersonal
stress (i.e., social exclusion) or threat-relevant stimuli (angry/fearful
faces). Collectively, this nascent research also suggests the
importance of continued effort to clarify the specific nature of
these group differences in social communication (e.g., attenuated
physiological reactivity, facial affect, attentional biases) across
multiple units of analysis, in the context of both positively- and
negatively-valenced social exchanges, and during actual dyadic
interaction. Though rigorous, prior research in this area largely
focuses on differences in social communication in those with and
without current or lifetime STB, and, to date, only one study has
examined the relation between social communication and pro-
spective risk for STB in adolescent girls (Giletta et al., 2017).

The current study, therefore, takes a multiple-units-of-analysis
approach to examine adolescent girls’ social communication
production and reception during actual social interactions and to
determine the extent to which alterations in social communication
are linked to girls’ subsequent STB. Specifically, we sought to test
the extent to which the exchange of eye-gaze and facial displays of
happiness during a parent-adolescent conflict discussion are
associated with future SI severity in early adolescent girls at risk for
depression. Given that reciprocity of eye-gaze and positive facial
affect during social interaction fosters affiliation between social
companions (Argyle & Dean, 1965; Golland et al., 2019), we
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hypothesized that girls from parent-adolescent dyads that
demonstrated less eye-gaze reciprocity during a conflict discussion
would be more likely to report higher levels of SI at the 12-month
follow-up. We predicted similar patterns would emerge when
looking at the exchange of positive facial affect, such that girls from
dyads that demonstrated less reciprocity of positive facial affect
(i.e., happiness) would bemore likely to report higher levels of SI at
the 12-month follow-up. Although our primary aim was to
understand how social communication patterns are linked to girls’
SI prospectively, we also tested associations between patterns of
gaze and affect and girls’ recent history of SI (i.e., in the two weeks
prior to the baseline assessment).

Method

Participants

At baseline, this sample included 129 early adolescent girls (aged
11–13;M = 12.27) and their parents (Mage = 42.62; SDage = 6.87),
recruited as a part of a larger, longitudinal study examining socio-
affective and neurobiological risk factors in the development of
affective disorders. Participants were recruited from the
community with internet and flyer advertisements and the
University of Pittsburgh CTSI research portal. The sample was
enriched for risk for affective disorder such that two-thirds of
girls presented with a fearful or shy temperament at baseline
based on parent- and child-report on the Early Adolescent
Temperament Questionnaire – Revised (Ellis & Rothbart, 2001)
Fearfulness and Shyness scales. Acute suicidality (i.e., current
suicidal intent, planning, or behavior) was an exclusion criterion
of the parent study; however, no participants reported current
suicidal intent, planning, or behavior during their baseline
assessment (which was used to confirm eligibility). The team also
intended to exclude participants who reported plans or intent to
harm someone else; however, none of the participants endorsed
any homicidal intent or planning.

Of the 129 dyads enrolled, 103 completed the interaction
paradigm with usable dyadic facial affect data and 12-month
follow-up data while 70 had usable dyadic eye-tracking data and
12-month follow-up data. As such, 103 dyads were included in
facial affect analyses and 70 were included the eye-tracking
analyses. The facial affect sample included 94 biological
mothers, one adoptive mother, and eight biological fathers.
The eye-gaze sample included 61 biological mothers, one
adoptive mother, and eight biological fathers. The discrepancy
in sample sizes for the facial affect and eye-gaze models was
largely due to technical difficulties that prevented precise
alignment of parents’ and adolescents’ eye-gaze data at the
1-second level and vision/eye problems that prevented the
collection of adequately calibrated gaze data. Gaze was not a key
variable in the larger longitudinal study. As such, vision/eye
problems were not exclusion criteria. Criteria for facial affect
and eye-tracking and data loss are described below in more
detail below. Demographic and clinical characteristics for each
sample are presented in Table 1.

Measures

Girls’ suicidal ideation (SI)

Girls’ SI was assessed at baseline and the 12-month assessment
using four items from the Mood and Feelings Questionnaire –
Suicidal Ideation Subscale (i.e., “Thought that life was not worth

living,” “Thought about death and dying,” “Thought family
would be better off without self,” and “Thought about killing self’;
MFQ-SI; Angold et al., 1987) that form a suicide-related
composite. These four items assess passive and active SI over
the past two weeks on a three-point Likert scale (0=not true,
1=sometimes, 2=true). This composite does not assess method,
planning, intent, or behavior. Previous research has demon-
strated strong reliability and validity of the MFQ-SI among
adolescents (Hammerton et al., 2014), and this was consistent in
the present sample (α = .77). In the current study, 10 of the
adolescents included in the facial affect analyses reported SI via
the MFQ at the 12-month assessment. Seven of the adolescents
included in the eye-gaze analyses reported SI via the MFQ at the
12-month assessment. SI was treated as a continuous variable in
both the eye-gaze and facial affect models.

Parent-adolescent interaction task

Parent-daughter dyads completed a standardized conflict discussion
of “Hot Topics” (Heatherington et al., 1999) as a part of a larger
dyadic interaction protocol. Specifically, at the start of the study,
both girls and parents completed a questionnaire about recent
disagreements they have had with each other (adapted from
Hetherington, 1992). Participants were asked to report how often
they disagreed (never—everyday) and how bad the disagreement
was (not at all bad—extremely bad) on a series of commonproblems
(e.g. behavior towards each other, girls’ lying behavior, keeping
room tidy). While participants completed other tasks, a research
assistant ranked the top two problems based on frequency and
intensity. The problem, or conflict, chosen for the discussionwas the
issue that occurred most often and was rated the worst by both girls
and mothers. The most common problem selected was “girl’s
behavior towards their mother,” with 25% of pairs reporting this as
the most frequent and intense issue. Participants were instructed to
identify the main problem and discuss what would be the best
solution to the problem. If participants ran out of things to discuss
regarding the first problem, they were instructed to discuss the
second problem.‘ Change scores reflecting differences in partic-
ipants’ self-reported happiness and sadness frombaseline to after the
Hot Topics task show that adolescents and parents both report
decreases in happiness (ΔParent=−7.38; ΔAdolescent=−5.46)
and increases in sadness (ΔParent= 4.09; ΔAdolescent= 2.26;
(McKone et al., 2021).

Eye gaze

During the Hot Topics task, girls’ and their parent’s eye-gaze was
continuously recorded using binocular Tobii Pro Glasses 2 (Tobii
Technology, Falls Church, VA, USA). Resembling reading glasses,
these mobile eye tracking glasses include a high-definition camera
that captures the wearer’s visual field, measuring approximately
80° horizontal and 52° vertical. The glasses are equipped with four
eye tracking sensors, with a sampling rate of 50 Hz and infrared
illuminators that support the eye tracking sensors by brightening
the eye. Eye-gaze data was processed using Tobii Pro Glasses
Analyzer (Tobii Technology, Inc.), and a customized specified
filter allowed for the classification of eye movements
(e.g., fixations, saccades). Fixations were identified as consecutive
sequences of raw data points below the velocity threshold of 30°/s.
The Tobii Real-World Mapping function allowed for automated
fixation-mapping to areas of interest (AOI) using proprietary Tobii
algorithms. An AOI was formed around the interaction partners’
eyes and regions of interest analyses identified whether fixations to
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the AOI occurred at each sampling point.1 The automatic mapping
procedure plotted the raw gaze data and any fixations from the
glasses’ video camera onto a still image, which was devised from a
representative still image generated from a single frame and
captured by each participant’s glasses camera. Errors were
manually corrected. In the current study, data were binned into
1 s epochs and analyses were based on the total duration of
participants’ gaze to their partners’ eyes in a given second.

As reported above, the final sample for gaze analyses comprised
70 dyads. Of the 129 dyads enrolled in the study at baseline,
128 dyads completed the dyadic interaction paradigm. Of these,
technical problems affecting at least one member of 24 dyads
prevented us from collecting and/or precisely synchronizing data
from both members of the dyad (see above). Data from three dyads
were not collected in accordance with our protocol (e.g., differences
in lighting, hair obstructing glasses). Adolescents from two dyads
declined to complete the conflict discussion due to distress. Three
adolescents with usable eye-tracking data did not complete the
12-month follow-up assessment of SI. Additionally, participants
who (a) did not achieve adequate calibration (n= 14), (b) had less
than 50% valid gaze data (i.e., where gaze coordinates can be
estimated by Tobii) in at least one eye (n= 1), and/or (c) exhibited
fixations toward any visual region less than 20% of the time were
excluded from analyses (n= 0). This procedure is consistent with
prior studies from our group (Allen et al., 2020; Hutchinson et al.,
2019; Woody et al., 2019, 2020). Finally, members of 10 dyads
(i.e., five parents and five adolescents from different dyads) were
identified as far outliers based on very low levels of AOI data
(e.g., data for only 5/300 possible seconds). These 10 dyads were
excluded to ensure that included dyads had enough data points to
test our hypotheses about the exchange of gaze between dyadic
partners. All remaining participants had AOI data for at least 25% of
the task. Participants with versus without usable dyadic eye-tracking
data did not significantly differ in terms of demographic (i.e., age,
income, race) or clinical (i.e., symptoms of anxiety, depression, SI)
variables (lowest p= .15).

Facial affect

Facial affect was also assessed continuously during the interaction
using FaceReader 7.1 (Noldus Information Technology, Inc.).
Participants’ faces were recorded using wall-mounted video
cameras opposite their position with a sampling rate of 30 Hz.
Videos were imported into FaceReader using the Observer XT
program (Noldus Information Technology, Inc.). FaceReader
employs a cascaded classifier algorithm to identify the face and its
position before using two affect classification methods to achieve
convergence (Loijens & Krips, 2019). First, the Active Appearance
method synthesizes an artificial face model using over 500 key
points on the face. Inferences about the shape of facial features and
resulting expressions can then be made from the locations of these
points (den Uyl & van Kuilenberg, 2005). Using an artificial neural
network, the second method identifies patterns from image pixels
to classify facial expressions independent of face modeling. This
approach enables coding of emotional expressions even in the
presence of participant characteristics (e.g., glasses, facial hair;
Loijens & Krips, 2019). These two methods are combined to reach

classification convergence – an output in which each possible affect
classification (neutral and six emotion types) is assigned an
intensity within each sample measurement (0%–100%). A detailed
of description of FaceReader’s classification algorithm and
validation studies is provided in a recent publication from our
group (Woody et al., 2022). Affect classifications and intensity
percentages were used to identify the predominant affect displayed
(i.e., the emotional or neutral expression with the highest intensity
rating displayed with at least 50% intensity; Woody et al., 2020). A
signal strength of>50% intensity for coding dominant affect was
chosen based on extant research demonstrating youth become
sensitive in detecting facial displays of emotion at medium
intensities (Burkhouse et al., 2016; Pollak & Kistler, 2002). The
present study focused on predominant codes of positive affect
(i.e., happiness) given the low frequency of negative affect during
the interaction task. Specifically, in the current study, parents and
adolescents displayed relatively higher proportions of positive
facial affect (11.6% and 28.6%, respectively) than negative facial
affect (i.e., angry and sad; 1.14% and 0.34%, respectively). At least
50% of samples were successfully classified for all dyads included in
analyses. Data were again binned into 1 s epochs and
dichotomously coded to reflect whether a signal strength of
>50% intensity happiness was displayed in a given second.

The final facial affect analysis sample comprised 103 dyads. Of
the 128 parent-adolescent dyads who completed the interaction
paradigm, at least one member of 25 dyads did not have usable
data. Specifically, adolescents from two dyads declined to
complete the conflict discussion due to distress. One parent
slept through the conflict task due to a medical condition.
Technical problems affecting at least one member of 18 dyads
prevented us from collecting and/or precisely synchronizing data
from both members of the dyad. Moreover, four adolescents with
useable facial affect data did not complete the 12-month follow-
up assessment of SI.

Symptoms

To better characterize the sample, girls’ symptoms of depression
and anxiety were assessed at baseline. Depressive symptoms were
assessed using girls’ report on the Mood and Feelings
Questionnaire (MFQ; Angold et al., 1987), which contains 33
items assessing symptoms over the past twoweeks on a three-point
Likert scale (0=not true, 1=sometimes, 2=true). MFQ items were
summed to create a total score, where a higher score reflects more
symptoms (range 0 to 66). Anxiety symptoms were assessed using
girls’ report on the Screen for Anxiety Related Disorders
(SCARED; Birmaher et al., 1997), which contains 41 items
assessing anxiety symptoms over the past week on a three-point
Likert scale (0=not true/hardly ever true, 1=somewhat true/
sometimes true, 2=very true/often true). SCARED items were
summed to create a total score where a higher score reflects greater
symptoms (range 0 to 82). Both the MFQ and SCARED
demonstrated excellent internal consistency in the current study
(αs= 0.95 and 0.94, respectively). Means and standard deviations
are presented in Table 1.

Procedure and ethical considerations

Before enrollment, parents provided informed consent and girls
provided assent to be in the larger, longitudinal study. At baseline,
girls and their parents completed questionnaires assessing
symptoms of anxiety and depression along with the dyadic Hot
Topics task during which eye-gaze and facial affect were assessed.

1AOIs were also formed around the interaction partners’ faces and bodies. Although the
focus of the current project is eye-contact, we repeated our models using the face and body
AOIs to determine the specificity of our findings to eye-contact (versus more general
attention to the dyadic partner). Overall, our findings were specific to eye-contact. The
nonsignificant results from these models are presented in supplementary Table 1.
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At the 12-month follow-up assessment, girls again completed
questionnaires assessing anxiety and depression, including suicidal
ideation. All study procedures were approved by the University of
Pittsburgh Institutional Review Board.

Analytic plan

Our analyses serve as an empirical demonstration of how intensive
longitudinal data from real parent-child interactions can be
quantified within a developmentally sensitive, interpersonal model
of reciprocity. We present this demonstration in a pilot sample of
early adolescent girls at risk for affective disorders based on shy and
fearful temperaments. To achieve this goal, we used actor–partner
interdependence modeling (APIM; Kenny & Ledermann, 2010)
within a multilevel structural equation modeling (MSEM; Sadikaj
et al., 2021) framework, both as a conceptual and methodological
guide, to test our hypotheses.

The key components of APIM are actor and partner effects.
Actor effects measure how much an individual’s current behavior
(e.g., eye-gaze, facial affect) is predicted by their own past behavior.
Partner effects measure how much the individual’s current
behavior is influenced by their partner’s past behavior, as well as
the interdependence among partners in a dyad. Assessing
continuous behavioral processes involved in social communication
during a conflictual interaction generates a hierarchical data
structure, wherein uninterrupted measures of gaze and facial affect
data are nested within individuals. We used MSEM because it can
accommodate a nested data structure (i.e., timepoints of
continuously collected gaze and affect recordings nested in
participants) and allows for the decomposition of the total
variance into latent between-dyad variance and the within-dyad
residual variance. Individual differences in reciprocity of eye-gaze
and facial affect were separately modeled using random intercepts.
At the within-dyad level we estimated actor and partner effects of
social communication (i.e., eye-gaze, positive facial affect). These
effects were also estimated to be random across individuals
(i.e., random slopes). Significant within-dyad associations among
parents’ and adolescents’ own social communication indicate that

variables tend to fluctuate together away from a person’s baseline
level (e.g., seconds in which parents reciprocate their daughters
gaze typically coincide with girls reciprocating their parents’ gaze).
At the between-dyad level, effects provide an estimate of an
individual’s average and their associations, akin to coefficients
typically gathered from cross-sectional designs.

Our hypotheses were tested in a stepwise analytic approach,
accounting for adolescents’ and parents’ baseline psychopathology
and controlling for the possibility of suppression effects. Figure 1
provides a graphic overview of our data analytic approach.
Specifically, to establish the validity of our social communication
estimates, Model 1 included parents’ and adolescents’ eye-gaze
(or,separately, facial affect) as predictors of their and their partner’s
eye-gaze (or facial affect), both at the within- and between-dyad
level. Importantly, our outcome variables at time Tþ 1 (e.g., gaze
or facial affect) were predicted by the same variables at time T.
Next, Model 2 estimated whether negative random slopes of
partner effects (i.e., blunted social communication) were amplified
in girls exhibiting elevated levels of SI in the two weeks prior to the
12-month follow-up assessment. Accordingly, in Model 2,
12-month SI was introduced as a cross-level moderator of the
strength of the random slope of each of the actor and partner
effects. Facilitated by our stepwise approach, together, Model 1 and
2 allowed us to test what each of our predictors account for in a
multivariate model examining differences in girls’ SI prospectively.
Simple slope analyses were used to determine the pattern of
significant cross-level interactions.

Supplementing these primary models, we also examined the
extent to which social communication dynamics were associated
with girls’ recent history of SI. To do this, our baseline measure of
SI, which measured SI during the previous two weeks, was
introduced as a cross-level moderator of strength of the random
slope of each of the actor and partner effects – as in Model 2.
Further, in sensitivity analyses, we restricted our dataset to
biological mother-daughter dyads by excluding father-daughter
dyads (n= 8 in each sample) and those involving adoptivemothers
(n= 1). We also excluded the “thinking about death and dying”
item from our SI composite score and focused instead on the three

Table 1. Descriptive statistics

Eye-gaze (n = 70) Facial affect (n = 103)

Adolescents

Age 12.37 (.80) 12.25 (.83)

Pubertal Development (PDS) 3.47 (1.10) 3.41 (1.11)

Race (% White) 76.8% 74.0%

Depressive symptoms (MFQ) 8.74 (6.68) 9.31 (7.22)

Anxiety symptoms (SCARED) 16.33 (11.61) 15.55 (10.95)

% with SI score > 0 at 12-months 10.0% 9.7%

MFQ-SI score
(for those who reported any SI)

1.43 (0.79) 1.90 (1.29)

Parents

Age 42.47 (5.10) 42.18 (6.13)

Sex (% Mothers) 88.6% 90.0%

Race (% White) 84.8% 81.7%

Household income $70,000–$80,000 $70,000–$80,000

Note. PDS= Pubertal Development Scale; MFQ=Mood and Feelings Questionnaire; SCARED= Screen for Childhood Anxiety Related Disorders.
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items more directly related to the participant (and not death in
general). Finally, although our primary goal was to understand
how social communication behaviors during parent-adolescent
interactions relate to girls’ subsequent SI (rather than changes in SI
over time), we conducted sensitivity analyses in which we
statistically controlled for baseline levels of SI. We present these
results, which were consistent with the primary model findings, in
the supplement.

For all models, MSEM was performed using Mplus Version
8.11 (Muthén & Muthén, 1998) with Bayesian estimation.
Significance for all model parameters was determined based on
95% Credibility Intervals (CIs), with CIs excluding zero indicating
parameters significantly differing from zero. Missing data were
assumed to be missing at random given that participants with and
without useable data did not significantly differ in terms of
demographic (i.e., age, income) or clinical (i.e., symptoms of
anxiety, depression, SI) variables (lowest p= .06). Participants with
and without facial affect data did significantly differ by race
(p= .02), which we attribute to documented challenges that
automated facial recognition software has fitting algorithms to
darker skin (Zou & Schiebinger, 2018), likely as a result of bias
toward lighter skin in the training sets for these programs.
Adopting a Bayesian approach to SEM allowed the use of all
available data in estimation, yielding similar results to Full
Information Maximum Likelihood with large samples for
addressing missing data.

Results

Model 1: (Baseline actor and partner effects)

We found significant positive actor-effects for both eye-gaze
(B= .43; CI: .37; .47) and positive facial affect (B= .53; CI: .51; .57).
Significant partner-effects emerged only for positive facial affect
(B= .53; CI: .51; .57; see Model 1 in Table 2 for a detailed overview).
Overall, this pattern confirms our model’s ability to capture gaze
reciprocity (or lack thereof), and particularly so for models based
on exchanges of positive affect. To illustrate, during a given second,
when adolescents shared facial expressions of happiness with their
parent, this expression was typically reciprocated by the parent

(parent-to-adolescent partner-effect). In the case of significant
actor-effects, positive-person effects suggest more sustained
behaviors by each interaction partner during the interaction. At
the between-dyad level, associations among actor- and partner-
effects were either scarce or of generally negligible magnitude.

Model 2: (Interaction with 12-month SI)

In tests of cross-level interactions (see right panel of Figure 1), we
observed that the positive within-dyad parent-to-adolescent effect
for eye-gaze was weaker among adolescents who reported higher
levels of SI 12 months later (i.e., less parental reciprocity of
adolescents’ gaze). This was evidenced by significant negative
regression coefficients for SI at the 12-month follow-up
(B=−6.95; CI: −14.18; −0.43; see lower half of Table 2). A parallel
pattern emerged for happiness reciprocity. Here, the positive
within-dyad parent-to-adolescent partner effect was once again
less pronounced (B=−6.1; CI: −13.80; −1.29), but the parent-
actor effect was stronger among adolescents reporting higher levels
of SI 12 months later (B = 1.58; CI: .06; 4.39). Thus, beyond the
observed decrease in reciprocity among dyads with adolescents
who experienced more future SI, it was notable that, within this
group, parents tended to display more sustained positive facial
affect during conflictual interactions with their daughters
(see Figure 1 and Table 2 for details).

Sensitivity analyses

First, we conducted a series of baseline models to determine
whether similar patterns of social communication would emerge
when examining adolescents’ recent history of SI (i.e., SI in the two
weeks preceding the baseline assessment). Adolescents’ the severity
of adolescents’ history of SI did not significantly moderate any of
the actor or partner effects in these models. Results of the gaze and
facial affect models are presented in Supplemental Table 2. Next,
we conducted sensitivity analyses for the gaze and positive facial
affect models in which we restricted our dataset to biological
mother-daughter dyads by excluding father-daughter dyads
(n = 8) and one dyad with an adoptive mother. In the facial
affect model, the parent-to-adolescent partner effect was

Figure 1. Multilevel structural equation models. Statistical models representing actor–partner interdependence models 1 and 2 and including the decomposition of observed
variables into between- (subscript i) and within-person (subscript t) variance. Between-person variance reflects individual differences in the observed variables, and the within-
person variance reflects epoch-to-epoch departures from each individual’s mean on these variables. Single-headed arrows indicate regression paths; double-headed arrows
indicate correlations. Filled dots represent random effects. Cross-level interaction: changes of the association strength of the actor- or partner-effects as a function of SI was
assessed 12-months later. Horizontal lines denote actor-effects, diagonal lines denote partner-effects. Solid gray lines denote key hypotheses tested, dashed lines denote
additionally tested moderation paths. Models 1 and 2 were repeated with facial affect data.
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maintained (B=−8.95; CI: −19.43; −.72) while the parent actor
effect was marginally significant (B = 1.83; CI: −.48; 4.42). In the
gaze model, the parent-to-adolescent partner effect was marginally
significant (B =−7.45; CI: −14.19; 1.45). In separate sensitivity
analyses, we excluded the “thinking about death and dying” item
from our SI composite score and focused instead on the three items
more directly related to the participant (and not death in general).
Similarly, in the facial affect model, the parent-to-adolescent
partner effect was maintained (B =−4.16; CI: −9.05; −.79) while
the parent actor effect was marginally significant (B= 1.07; CI:
−.03; 2.89). The parent-to-adolescent partner effect was also
marginally significant (B=−4.53; CI: −9.39; .25) in the gaze
model. Finally, in a fourth set of follow-up analyses, we statistically
adjusted for baseline levels of SI in our prospective models. In the
baseline-adjusted facial affect model, the parent actor effect was
maintained (B= 1.59; CI: .01; 3.64) while the parent-to-adolescent
partner effect was marginally significant (B=−6.82; CI: −13.01;
1.10). In the baseline-adjusted gaze models, the parent-to-
adolescent partner effect was maintained (B=−6.30; CI: −18.88;
−.94). Given our relatively small sample size, we suspect the loss of
significance in some of these follow-up analyses may be the result
of the diminished power of these models. Nonetheless, the results
remained generally consistent with the results of our primary
analyses.

Discussion

Under the framework of RDoC, this proof-of-concept study aimed
to assess the extent to which two behavioral indices of social
communication during conflictual parent-adolescent interactions
(i.e., eye-gaze and positive facial affect) differ based on adolescents’
levels of SI. Confirming our hypothesis, girls who experienced less
reciprocity of eye-gaze, and separately, less reciprocity of positive
facial affect during parent-adolescent conflict reported higher levels
of SI prospectively. Specifically, girls whose parents did not
reciprocate their attempts at eye contact or their facial expressions
of happiness during discussions were prone to report higher levels of
SI at the 12-month assessment. Although we can make no causal
determinations from the current study, the prospective nature of our
findings highlight the potential importance of reciprocal eye-contact
and positive facial affect during conflictual discussions between

parents and their adolescent daughters, and suggests associations
between these behavioral indices of social communication and
future SI in early adolescent girls. Specifically, girls whose parents do
not reciprocate their eye-contact or expressions of happiness during
conflictual discussions may be at heightened risk for experiencing
future SI. Importantly, this pattern of results is consistent with
findings from the only published study examining associations
between social communication – albeit physiology rather than
behavior – and future SI. That study showed that adolescent girls
who exhibit greater physiological withdrawal during a social stress
paradigm report higher levels of SI prospectively (Giletta et al.,
2017). The current study extends this prior work by examining the
relation between dyadic patterns of social communication between
interaction partners in the context of social stress and future SI in
adolescent girls.

One possible explanation for this pattern of findings is that
disruptions in social communication, like eye-gaze or positive
facial affect, decrease how close or connected these adolescents feel
to their parents, which may then increase risk for STB. Indeed,
factors related to social connectedness (e.g., thwarted belonging-
ness) form the foundation of theoretical models of STB (Klonsky &
May, 2015; Van Orden et al., 2010) and there is empirical evidence
that social connectedness protects against STB (Arango et al., 2019;
Conner et al., 2016; Czyz et al., 2012; Kuramoto-Crawford et al.,
2017;Whitlock et al., 2014). As described earlier, reciprocity of eye-
gaze and positive facial affect during social interaction both
facilitate affiliation between dyadic partners (Argyle & Dean, 1965,
Golland et al., 2019). To this end, an adolescent whose parent does
not reciprocate their attempts at adaptive social communication
(e.g., eye-contact, the exchange of smiles during interaction) may
be less likely to experience rewarding social interactions with their
parent (e.g., connectedness), which may be especially important in
the context of social stressors. Moreover, because environmental
information and experiences, such as rewarding or punishing
social interactions, shape subsequent decision-making and
behaviors over the course of development (Nussenbaum &
Hartley, 2019), the dynamics of these early parent-adolescent
interactions may decrease the adolescent’s use of effective social
communication processes in future interactions. Further, it may
decrease their motivation to seek out future social interactions,
resulting in a sense of disconnectedness and increased risk for STB.

Table 2. Key unstandardized coefficients from multilevel structural equation actor–partner interdependence models

Eye-gaze Positive facial affect

Model 1 Model 2 Model 1 Model 2

Within-person B CI B CI B CI B CI

Actor effect 1 (parent) .29 .24; .34 .29 .24; .34 .53 .50; .57 .54 .51; .57

Actor effect 2 (daughter) .44 .38; .49 .44 .38; .49 .61 .58; .63 .62 .60; .64

Partner effect 1 (parent→daughter) .00 −.02; .02 .00 −.02; .02 .05 .04; .06 .05 .04; .07

Partner effect 2 (daughter→parent) −.01 −.03; .02 .00 −.03; .02 .08 .06; .10 .08 .06; .10

Between-person

12-month SI→ actor effect 1 – – .71 −.70; 2.00 – – 1.58 .06; 4.39

12-month SI → actor effect 2 – – −.11 −1.24; 1.17 – – −1.64 −4.14; .77

12-month SI → partner effect 1 – – −6.95 −14.18; −0.43 – – −6.1 −13.80; −1.29

12-month SI → partner effect 2 – – 1.67 −6.07; 9.07 – – .11 −5.97; 5.95

Note. Total: Neye-gaze = 70 (between), Neye-gaze = 18,093 (within); Npositive affect= 103 (between), Npositive affect= 28,253 (within); →indicates regression. Model parameter estimates are
unstandardized. Bolded values indicate that 95% credibility interval of parameter estimates (CI) does not contain zero.
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Future research testing social connectedness as a mechanism
through which disruptions in social communication increase risk
for STB is needed.

It is also important to note that, in the current study,
associations between dyadic social communication and adoles-
cents’ SI were specific to prospective risk: no significant relations
emerged between dyadic social communication and adolescents’
history of SI at baseline. Given the specificity of our findings to
future SI, it is possible that disrupted reciprocity of gaze and affect
may not be a clinical correlate of recent SI in early adolescent girls,
but rather an early predictor of future risk. That said, the current
study did not replicate prior studies demonstrating differences in
processes involved in social communication (i.e., affect, physiol-
ogy) in those with and without histories of STB (e.g., James et al.,
2017, 2021; Rizk et al., 2018;Wilson et al., 2016), perhaps as a result
of methodological differences between this previous research and
the current study. For example, prior studies have focused on
samples of children (James et al., 2017, 2021) and adults (Rizk et al.,
2018; Wilson et al., 2016), but not adolescents, and it is possible –
perhaps even likely – that there are developmental differences in
social communication processes. Two of these previous studies
also focused specifically on physiological responses during social
stress paradigms in which participants did not know their
interaction partners (Rizk et al., 2018; Wilson et al., 2016). It is
possible that dynamics of social communicationmay be dependent
on the context of the interaction, including the nature of the
relationship between interactions partners (e.g., parent-child,
peers, romantic partners, strangers). Finally, the current study
focused on adolescents’ recent history of SI (i.e., in the past two
weeks) whereas prior studies have focused more broadly on
lifetime history of STB.

The current study has several strengths including the use of high-
quality and nuanced behavioral data during an ecologically valid
parent-adolescent interaction paradigm. Nonetheless, several lim-
itations warrant consideration. First, we consider this study to be a
proof-of-concept due to the small number of adolescents endorsing
(relatively low levels of) SI in this study. Ten (of 103) adolescents
included in the facial affect analyses and seven (of 70) adolescents
included in the gaze analyses reported SI at the 12-month follow-up
assessment. The low rate of SI in our sample limits power for the
presented analyses. Nonetheless, the same pattern of results emerges
across both indices of social communication, which bolsters support
for our findings. Second, the adolescents in our study who reported
SI generally reported low severity, passive SI and the MFQ does not
include items assessing suicidal planning, intent, or behavior. As
such, we were unable to determine the specificity of these findings to
passive vs. active suicidal thoughts, or suicidal thoughts vs.
behaviors. Third, and relatedly, although assessing SI over a shorter
period of time (i.e., two-weeks versus 12-months) improves the
accuracy of report, we acknowledge the likelihood that some
adolescents in our sample who did not report SI during the two-
week period assessed by the MFQ may have experienced SI during
the 12-month follow-up period. Future longitudinal studies that
incorporate more frequent and comprehensive follow-up assess-
ments of STBs are needed to better understand the trajectory of risk,
particularly given that STBs are often episodic in nature and tend to
fluctuate dramatically over time. Fourth, the current study focuses
exclusively on dyadic social communication in the context of a
conflict discussion. In the absence of similar data from a positively-
valenced interaction, it is impossible to discern whether these
patterns of social communication are specific to negatively-valenced

interactions or to the nature of parent-adolescent interactions more
generally.

It is also important to note that our sample for the facial affect
analyses was much larger (N = 103) than the sample used for the
eye-gaze analyses (N= 70). As a result, the facial affect models are
more highly powered than the eye-gaze models. That said, we
acknowledge the possibility that, in some instances, FaceReader
may have inaccurately identified another emotional expression
(e.g., derision) as happiness. Additionally, we observed systematic
differences in which participants could be coded by FaceReader.
Specifically, in our study, FaceReader was unable to code facial
affect from significantly more participants who identified as Black
than participants who identified as another race. As previously
noted, there are documented challenges with automated facial
recognition software fitting algorithms to darker skin (Zou &
Schiebinger, 2018), which is likely the result of bias for lighter skin
in the training sets for these programs.We note this as a significant
limitation that impacted the racial diversity of participants
included in some of our models. Finally, the current study is also
limited by its focus on girls, hindering generalization to boys. This
decision was made to reduce heterogeneity in the sample, enabling
a more highly powered examination of the model, which is more
theoretically relevant for girls than boys (e.g., Centers for Disease
Control and Prevention, 2024; Guyer et al., 2009; Kowalski et al.,
2014; Nesi et al., 2019; Rose & Rudolph, 2006; Weinstein et al.,
2006). Future research that develops and tests mechanistic models
of STB for adolescent boys is necessary. Relatedly, future studies
that focus on the role of the parent-adolescent relationship in
youth should not only enroll mother-daughter dyads, but also
father-daughter, mother-son, and father-son dyads to determine
the extent to which these dynamics of social communication differ
as a result of the genders of relationship partners. These studies
should also consider the role of other behavioral forms of social
communication, like verbal behavior, in risk for STB.

Conclusion

In summary, findings from the current study indicate dynamics of
social communication during conflictual (and potentially stressful)
parent-adolescent interactions are associated with risk for STB in
early adolescent girls. If replicated, the dynamics of eye-gaze and
positive facial affect during parent-adolescent interactions could
serve as accessible behavioral targets for prevention and
intervention efforts to reduce future STB. Continued research in
this area may elucidate specific and modifiable mechanisms of risk
(e.g., social connectedness) that can be targeted to reduce future
STB with cost-effective and accessible therapeutics like attention
retraining and social skills trainings. If supported by future
research, such interventions could aim to increase specific
dynamics of social communication that sustain beneficial social
connection processes to reduce STB during adolescence and into
adulthood.

Supplementary material. The supplementary material for this article can be
found at https://doi.org/10.1017/S0954579425000070.
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