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(Donohue et al., 2019; Whalen, Sylvester, & Luby, 2017). 
While most young children have difficulties navigating neg-
ative emotions, young children with depression have greater 
difficulties regulating their sadness and experience negative 
moods more often and for longer than non-depressed chil-
dren (Cole et al., 2008). Recent work suggests that parent-
ing and the caregiver-child relationship may contribute to 
the onset and maintenance of PO-MDD (Donohue et al., 
2022; McLeod et al., 2007; Whalen et al., 2021), but most 
of this work has used static measures of parenting and the 
general caregiver-child relationship, offering little informa-
tion about the specific patterns of caregiver-child interaction 
that may be driving the increased risk for PO-MDD. One 
potential mechanism by which the caregiver-child relation-
ship may contribute to child symptoms is difficulties in the 
caregiver-child co-regulation of emotion. The current study 
uses a dynamic systems approach to investigate whether co-
regulation patterns in dyads with a child experiencing PO-
MDD differ from dyads with a child without the disorder, as 

Preschool onset Major Depressive Disorder (PO-MDD) 
is considered a severe psychological disorder affecting 
approximately 2% of young children that can lead to chronic 
functional impairment and poor outcomes across domains 
of functioning (Luby et al., 2014; Whalen et al., 2017; 
Wichstrom et al., 2012). Over the past decade, numerous 
empirical studies document the validity, functional impair-
ment, neurobiological correlates, and homotypic continu-
ity of PO-MDD that often lead to ongoing impairment and 
poor functioning across the child’s developmental course 

  Laura E. Quiñones-Camacho
laura.quinonescamacho@austin.utexas.edu

1 Department of Educational Psychology, University of Texas 
at Austin, 1912 Speedway STE 5.708 Mail Stop D5800, 
78712 Austin, TX, USA

2 Department of Psychiatry, Washington University in St. 
Louis, St. Louis, MO, USA

Abstract
Preschool onset Major Depressive Disorder (PO-MDD) is a severe disorder often leading to chronic impairment and poor 
outcomes across development. Recent work suggests that the caregiver-child relationship may contribute to PO-MDD 
symptoms partially through disrupted caregiver-child interactions. The current study uses a dynamic systems approach to 
investigate whether co-regulation patterns in a dyad with a child experiencing PO-MDD differ from dyads with a child 
without the disorder. Preschoolers between the ages of 3–7 years-old (N = 215; M(SD) = 5.22(1.06); 35% girls; 77% white) 
were recruited for a randomized controlled trial of an adapted version of parent-child interaction therapy. An additional 
sample (N = 50; M(SD) = 5.17(.84)’ 34% girls; 76% white) was recruited as a control group. Dyads completed two inter-
active tasks and affect was coded throughout the interaction. State Space Grids (SSG) were used to derive measures of 
dyadic affective flexibility (i.e., affective variability in dyadic interactions) and shared affect. PO-MDD dyads did not 
differ from controls in dyadic affective flexibility. However, there were significant differences in shared positive and 
neutral affect. PO-MDD dyads spent less time and had fewer instances of shared positive affect and spent more time 
and had more instances of shared neutral affect than the community control group. These comparisons survived multiple 
comparisons correction. There were no differences for shared negative affect. Findings suggest that children experiencing 
PO-MDD have differing dyadic affective experiences with their caregivers than healthy developing children, which may 
be a mechanism through which depressive states are reinforced and could be targeted for treatment.
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this may be a mechanism for the maintenance and worsen-
ing of symptoms and could serve as a robust target for treat-
ment. To our knowledge, this is the first study to use this 
approach to explore caregiver-child interactions in children 
with PO-MDD.

Early in life, the development of regulatory abilities hap-
pens mainly in the context of caregiver-child interactions 
(Fox & Calkins, 2003; Sroufe, 1996). Through labeling 
emotions, modeling regulatory strategies, and coaching or 
co-regulating, caregivers facilitate the acquisition of regula-
tory skills (Eisenberg, 2020; Eisenberg et al., 1998; Mor-
ris et al., 2017; Thompson, 2014). While caregivers play a 
crucial role in their children’s developing regulatory abili-
ties, children also actively contribute to these interactions 
and co-regulatory attempts (Feldman, 2007; Feldman et al., 
1999; Moore et al., 2013; Tronick, 2007). Because of this, 
the caregiver-child dyad is considered a mutually regulat-
ing system where the caregiver and child are continuously 
influencing each other’s behaviors and emotional states 
through shared affect and contingent responding (Cole et 
al., 2003; Feldman, 2007; Granic, 2000; Lunkenheimer 
et al., 2020; Tronick, 2007). Importantly, these reciprocal 
influences early in life have been found to be crucial for 
many developmental milestones beyond emotion develop-
ment, including social competence more broadly (Feldman 
et al., 2013), language (Donnelly &  Kidd, 2021), as well 
as general developmental outcomes (Feldman, 2015). In the 
context of emotion, dyadic affective flexibility – the affec-
tive variability in dyadic interactions – aids in the co-regu-
lation of the caregiver-child dyad by facilitating children’s 
learning of self-regulation and adaptive social interactions 
(Granic & Lamey, 2002; Hollenstein et al., 2004; Lunkne-
heimer et al., 2012). High dyadic affective flexibility sup-
ports children’s learning of regulatory skills by giving the 
dyad the opportunity to practice regulating a more extensive 
range of affective states, a skill key to achieving emotional 
competence (Lunkenheimer et al., 2012). Work on dyadic 
affective flexibility in mother-child dyads demonstrates that 
greater flexibility is adaptive, with several studies finding 
that greater dyadic flexibility is linked to more overall posi-
tive interactions and fewer behavioral problems in the child 
(Granic et al., 2007; Lunkenheimer et al., 2011, 2013).

On the other hand, when caregiver-child dynamics are 
characterized by high mutually negative and rigid inter-
actions, the risk for child behavioral problems increases 
(Dumas et al., 2001; Lunkenheimer et al., 2011, 2016; 
Rubin et al., 1991). Dysfunctional caregiver-child dynam-
ics are characterized by greater difficulty attuning during 
co-regulatory attempts and may be most problematic in 
early childhood, when children are still developing emo-
tion regulation skills and greatly depend on their caregivers 
to co-regulate with them (Fox & Calkins, 2003; Hoffman, 

Crnic, & Baker, 2006). While there is a dearth of work on 
caregiver-child dynamics in the context of child depression, 
there is significant evidence that caregiver - primarily moth-
ers - depression has enduring effects on the caregiver-child 
relationship, increasing risk for children’s later psychopa-
thology (Cummings et al., 2005; Downey & Coyne, 1990; 
Goodman et al., 2011, 2020). Indeed, caregivers (most often 
mothers) with depressive symptoms tend to show lower lev-
els of positive affect with their children (Tronick & Reck, 
2009), but this work is limited to caregiver effects and has 
not fully considered caregiver and child affective dynamics 
in depressed children during dyadic interactions. However, 
fully considering the bidirectional nature of caregiver-child 
interactions can help us understand factors that contribute 
to child psychopathology in the absence of caregiver psy-
chopathology. Interactions with a young child experienc-
ing depression may be more challenging for the caregiver, 
making it difficult for the caregiver to maintain a positive 
interaction. This, in turn, could result in less dyadic positive 
shared affect and less affective flexibility, further worsening 
children’s negative affect and depressive symptoms. The bi-
directional nature of this interaction may be very powerful 
in early childhood, setting off a cycle of interactive effects.

A Dynamic Systems Approach to Studying 
Co-regulation

Given the dynamic and reciprocal nature of caregiver-
child interactions, a greater understanding of how chil-
dren’s symptomatology may influence caregiver-child 
interactions would greatly benefit from a dynamic systems 
approach. State Space Grids (SSG) were developed to mea-
sure dynamic systems as they unfold in real-time using the 
dyad as the unit of analysis (Hollenstein, 2007; Lamey et al., 
2004). SSG offers a richer understanding of caregiver-child 
interactions by mapping the moment-to-moment fluctua-
tions of affect and behavior throughout an interaction for 
both caregiver and child. This offers a significant advan-
tage over the typically used static measures of the global 
positive or negative nature of the relationship. SSGs in 
caregiver-child interactions have been used to study affec-
tive flexibility and shared affect as it relates to children’s 
developing self-regulation and psychopathology symptoms 
(Granic et al., 2007; Hollenstein et al., 2004). Capitalizing 
on this technique, Hollenstein and colleagues (2004) found 
that less dyadic flexibility (i.e., rigidity; with mothers) was 
associated with preschoolers internalizing and external-
izing symptoms both concurrently and longitudinally. In 
another seminal study in this area, Granic and colleagues 
(2007) found that aggressive children who showed signifi-
cant improvements in symptomatology after treatment also 
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saw an increase in dyadic flexibility. Lastly, in a recent study 
conducted with mothers, greater dyadic flexibility in healthy 
dyads was associated with better child self-regulation, as 
long as the interactions were primarily positive (Lobo & 
Lunkenheimer, 2020).

Conversely, studies examining the role of caregiver (pri-
marily mothers) depressive symptoms using SSGs demon-
strates that higher caregiver symptoms are associated with 
lower dyadic affective flexibility, suggesting that caregiver 
depressive symptomatology is linked with different dyadic 
patterns from those seen in healthy dyads (Lunkenheimer et 
al., 2013). The finding that caregiver depressive symptoms 
is linked with decreased dyadic flexibility suggests that 
dyadic interaction patterns may look qualitatively different 
in dyads with a member experiencing depressive symptoms. 
In dyads with a young child presenting symptoms, dysfunc-
tional caregiver-child interactions may play a significant 
role in the development and maintenance of clinical disor-
ders. While the role of caregiver depressive symptoms has 
been well explored, we have no knowledge of data explor-
ing the effects of child depressive symptoms on dyadic-level 
measures of affect and co-regulation in early childhood. 
Understanding how caregiver-child affective flexibility dif-
fers between dyads with a child experiencing MDD and 
children who are not may help delineate malleable factors 
within the dyad that contribute to increased symptoms.

Another commonly used SSG measure is shared affect or 
the ability to initiate and sustain matching affective displays 
(e.g., caregiver and child concurrently displaying positive 
affect; Guo et al., 2015; Lunkneheimer et al., 2011). Mea-
sures of shared affect are complimentary to affective flex-
ibility as they can show dyadic patterns not visible when 
focusing only on affective flexibility (Guo et al., 2015, 
2017). Work on shared affect has focused mainly on posi-
tive interactions, showing that interactions characterized 
by shared positive affect are associated with better child 
outcomes (Lobo & Lunkenheimer, 2020). Differences in 
the valence of affective displays may be an essential aspect 
differentiating dyads with a child experiencing MDD from 
children without a diagnosis. One potential meaningful 
difference in these dyads may be shared neutral affect, as 
there is evidence suggesting that in the context of (at least 
maternal) depression, higher levels of both shared neutral 
and negative affect are common (Downey & Coyne, 1990). 
While healthy dyadic interactions are characterized by both 
periods of shared affective states and periods of mismatch 
(e.g., child negative and caregiver neutral or positive; Tron-
ick, 2007), healthy caregiver-child interactions early in life 
are generally positive in nature. While negative affect would 
undoubtedly be important to consider in caregiver child 
interactions, laboratory-based tasks may not offer enough 
affective range to fully probe differences across the entire 

negative affect spectrum. Instead, in the context of these 
tasks, a lack of developmentally expected shared positive 
affect may be manifested as an increased duration of neutral 
states. Thus, interactions characterized by high frequency 
and duration of shared neutral affect and low shared posi-
tive states may indicate dysfunctional patterns of interaction 
within these tasks. This in turn, may be a way through which 
depressive states are reinforced in the child.

Current Study

The current study aimed to examine moment-to-moment 
caregiver-child affective flexibility and shared affect in 
young children with and without a PO-MDD diagnosis and 
their primary caregiver. Specifically, we explored whether 
dyads with a depressed child differed in dyadic affective 
flexibility and shared affective displays across positive, 
neutral, and negative states. We utilized data from the base-
line assessment of a randomized clinical trial for a novel 
treatment for PO-MDD, allowing us to test for potential dif-
ferences in dyadic patterns before dyads underwent treat-
ment (Luby et al., 2018, 2019). The trial was registered with 
ClinicalTrials.gov (NCT02076425) and tested an adapted 
version of parent-child interaction therapy (PCIT; Luby et 
al., 2018) with the addition of a novel emotion development 
module designed specifically for young children with PO-
MDD. Based on existing work showing caregiver depres-
sion is associated with decreased affective flexibility and 
shared positive affect (Downey & Coyne, 1990; Tronick & 
Reck, 2009), we hypothesized that depressed children would 
show less affective flexibility, less shared positive, and more 
shared neutral and negative affect with their caregivers than 
children without a diagnosis, even when accounting for 
caregiver depressive symptoms. Analyses also controlled 
for externalizing symptoms to further disentangle the role of 
depressive symptoms versus other types of behavioral prob-
lems. To account for potential differences associated with 
high levels of caregiver depressive symptoms, we followed-
up with analyses exploring whether patterns of shared affect 
and dyadic flexibility within the PO-MDD group differed 
between dyads with a caregiver experiencing high versus 
low levels of depressive symptoms.

Method

Participants

Preschoolers between the ages of 3.03–7.00 years (M = 5.22, 
SD = 1.06; 75 girls (35%)) were recruited to be part of a 
randomized controlled trial from day cares, preschools, 
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Measures

Child depression. Childhood depression diagnosis was con-
firmed using The Kiddie Schedule for Affective Disorders 
and Schizophrenia- Early Childhood (KSADS-EC; Gaf-
frey & Luby, 2012). The KSADS-EC is a semi-structured 
diagnostic interview administered to caregivers of children 
ages 3.0–6.9 years, with good construct validity and test-
re-test reliability. All diagnostic interviews were conducted 
by trained master’s level clinicians who established inter-
rater reliability prior to study start. Interviews were video-
taped, reviewed for reliability and calibrated for accuracy, 
and interrater reliability was computed on a monthly basis 
(depression diagnosis: Κ = 0.74).

Child externalizing symptoms. Externalizing behaviors 
in the child were assessed via caregiver report by using 
the externalizing behaviors subscale of the Child Behavior 
Checklist (CBCL; Achenbach & Rescorla, 2000). Caregiver 
completed the 1.5-5 or the 6–18 version based on the age of 
the participating child. The externalizing problems subscale 
reflects rule breaking behavior and aggressive behavior. 
T-scores were used as covariate in analyses.

Caregiver depression. Depressive symptoms in the par-
ticipating caregiver were self-reported using the Beck 
Depression Inventory–II (BDI-II; Beck et al., 1996). The 
BDI-II consists of 21 questions assessing depressive symp-
toms during the previous two weeks. Items are summed 
to yield a total score. Higher scores indicate more severe 
depressive symptoms. Based on BDI suggested cutoff of 20 
(Beck et al., 1996), a total of 26 parents (12%) in the MDD 
group and two parents (4%) in the community control group 
had moderate to severe symptoms of depression.

Income-to-Needs ratio. The income-to-needs ratio was 
calculated as the total family income at the time of the visit 
divided by the federal poverty level based on family size 
(McLoyd, 1998).

Observational Tasks and Coding

Tasks. Two observational tasks were used in the current 
study to assess caregiver-child affect (Kochanska & Aksan, 
1995, 2004). First, in the Marble Run Task, dyads were 
asked to build a standing marble run based on a picture. The 
second task, the Etch-a-Sketch task, required the dyad to 
work together to get through a maze on an etch-a-sketch by 
having each member of the dyad control a dial of the etch-
a-sketch. Both of these tasks were designed to elicit mild 
stress levels, were expected to elicit negative emotions in 
the child and required caregiver involvement for comple-
tion. Caregiver and child affect were coded using proce-
dures described below.

primary care and mental health practices in the St. Louis 
metropolitan area and were screened using the validated 
Preschool Feelings Checklist (Luby et al., 2004), a measure 
of early childhood depression between 2014 and 2017. All 
study procedures were approved by the Washington Uni-
versity in St. Louis Medical School Institutional Review 
Board. To be invited for an in-person assessment, children 
needed to have an elevated parent-report score on the PFC 
and elevated depressive symptoms, administered via a semi-
structured interview by phone. MDD/MDD-NOS diagno-
sis was confirmed during the baseline assessment using a 
structured interview (described below). Exclusion criteria 
included autism spectrum disorder, significant neurological 
or medical conditions or developmental delays, active treat-
ment of PO-MDD (i.e., children in ongoing psychotherapy 
or on antidepressant medication), unstable caregiving role 
or if child or family symptom severity indicated need for 
immediate care (see Luby 2018 for CONSORT diagram). 
The participating caregiver provided consent for themselves 
and their child to be part of the study before study proce-
dures took place. Following baseline assessment, dyads 
were randomly assigned to the PCIT-ED or waitlist condi-
tion. This manuscript includes data from 215 parent-child 
dyads with a depressed child who participated in the base-
line assessment prior to randomization. The racial break-
down of the MDD sample was: 76.7% white, 12.1% Black 
or African American, 0.5% Asian, 10.7% more than once 
race. A total of 11.2% of the sample identified as Hispanic/
Latinx. The income breakdown for the families in the MDD 
group included 29% with an income below $50,000, 17% 
with an income between $50,000–80,000, and 54% with an 
income above $80,000.

In parallel, a community sample of preschoolers 4.01–
7.19 years-old (M = 5.17, SD = 0.84; 17 girls (34%)) was 
recruited from the St. Louis metropolitan region from 
daycares, primary care practices and local flyers posted 
online and in person. Children needed to score below clini-
cal threshold on the Child Behavior Checklist (CBCL, 
T-score < 70 for total CBCL score) and were matched on 
gender, age, ethnicity and socio-economic status. The cur-
rent manuscript includes data from 50 parent-child commu-
nity dyads who participated in a one-time session similar 
to the baseline assessment for the MDD group. The racial 
breakdown of the community group was: 76% white, 10% 
Black or African American, 4% Asian, 10% more than 
once race. A total of 12% of the sample identified as His-
panic/Latinx. The income breakdown for the families in the 
community sample included 25% with an income below 
$50,000, 25% with an income between $50,000–80,000, 
and 50% with an income above $80,000.
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From the SSG, we derived three grid-level measures that 
represent dyadic affective flexibility across the entire SSG 
space: range, dispersion, and transition. These measures 
have been consistently used as indicators of dyadic flexibil-
ity (Granic et al., 2007; Guo et al., 2015; Lunkenheimer et 
al., 2011, 2021). The range represents the total number of 
unique cells displayed by the dyad. Higher values indicate 
that the dyad spent more time in different states in the grid, 
showing greater flexibility in affective displays. Disper-
sion represents the distribution of affective displays across 
the entire grid and is calculated as the sum of squared pro-
portional durations across all cells, adjusted for the num-
ber of cells in the grid. These values are then inverted, so 
the values range from 0 (indicating all affective displays 
were within the same cell) to 1 (indicating that the affec-
tive displays were distributed equally across all the cells 
in the grid; Lunkenheimer et al., 2011). Lastly, transitions 
can be defined as the number of moves in affective states 
(and between cells), with higher values indicating that the 
dyad moved more frequently between states. A transition is 
defined as the total number of cell displays minus one, with 
a display representing at least one event happening within 
a given cell.

We also derived six measures representing regional-level 
measures of shared affect across the entire task for positive, 
neutral, and negative states (i.e., duration and visits to each 
shared state). Region duration measures the extent to which 
the dyad sustains a particular affective state (e.g., time spent 
in a shared positive state; Guo et al., 2015; Guo et al., 2017; 
Lunkneheimer et al., 2013). Region displays indicate the 
tendency of the dyad to initiate a shared affective state by 
indicating the number of times the dyad moved into a partic-
ular region (e.g., shared negative state) from another region 
of the grid (e.g., caregiver positive and child neutral).

To account for minor differences in the total duration of 
the task across dyads, all SSG variables were converted to 
proportions by dividing each SSG variable by the total dura-
tion of the task before any analyses were conducted. The 

Coding. All videotapes were coded using the Dyadic 
Parent-Child Interactions in Early Childhood, PCIT-ED 
edition manual (Whalen & Gilbert, 2017). This manual 
was adapted from the Dyadic Interaction Coding Manual 
(Lunkenheimer et al., 2011) and has been used in previous 
manuscripts from the lab (Brady et al., 2022; Whalen, Gil-
bert, & Luby, 2021). The coding scheme includes indepen-
dent assessment of affective displays and functional control/
compliance behaviors (not considered here) in the caregiver 
and child. A team of coders independently coded each video 
using Noldus Observer XT software (Zimmerman et al., 
2009). Coders were blind to diagnostic and treatment status 
of participants and to study hypotheses and were randomly 
assigned the videos. Master coders (authors DW and KB) 
coded 20% of the videos (chosen at random) to confirm that 
inter-observer agreement was maintained throughout time. 
All coders achieved reliability higher than 80% with the 
master coders before they were able to code videos indepen-
dently. Caregiver and child affective codes were organized 
into positive, neutral, and negative affective categories for 
each of the tasks. These general codes for positive, neutral, 
and negative caregiver and child affect were used to calcu-
late the dyadic affective measures described below.

State Space Grids. Caregiver-child dyadic patterns were 
assessed using State Space Grids (SSG) in GridWare 1.15 
(Lamey et al., 2004), consistent with most work on SSGs 
(e.g., Guo et al., 2015; Lunkenheimer et al., 2013; Lunken-
heimer et al., 2021). Caregiver and child affect were mapped 
onto SSGs with three affective displays (positive, neutral, 
and negative) on the x-axis for the child and the y-axis for 
the caregiver, resulting in a total of nine possible combi-
nations of affective displays. The trajectories of affective 
displays across the two tasks were plotted for the entire 
duration of the tasks. Each circle in the SSG grid indicates 
an event, and its size indicates the duration of time spent in 
that state. Thus, larger circles indicate longer time spent in 
that state. Lines between circles indicate transitions from 
one state to the other (see Fig. 1 for an example).

Fig. 1 Representative SSGs 
depicting trajectories for parent-
child behavior in one community 
control (A) and one MDD (B) 
dyad during the MR task. Circles 
vary in size based on the duration 
of time spent in a particular state. 
Larger circles indicate more time 
spent on that state. Lines show 
transitions between dyadic states
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Primary Analyses

Primary analyses explored whether dyads with a child with 
MDD differed from community controls in measures of 
dyadic flexibility and shared (positive, neutral, and nega-
tive) affect.

Do Dyads with a Depressed Child Differ in Their Affective 
Flexibility from Community Controls?

An ANCOVA for each of the following variables: range, 
dispersion, and transitions was conducted. There were no 
significant differences in any of the three measures of affec-
tive flexibility (Table 2).

Do Dyads with a Depressed Child Differ in Their Shared 
Affect from Community Controls?

Six ANCOVAs covarying for child’s age, family’s income-
to-needs ratio, caregiver depression, and child externalizing 
symptoms were conducted on our measures of positive, neu-
tral, and negative shared affect. For each affective valence, 
two variables were considered: duration of time spent in 
shared affect and the number of visits to that shared affec-
tive state.

There were significant effects of group on duration and 
displays of a shared positive state, such that the commu-
nity control group spent more time and had more instances 
of shared positive states. These comparisons survived FDR 
correction (Table 2). There were also significant effects of 
group on duration and displays of a shared neutral state, 
such that the MDD group spent more time and had more 
instances of shared neutral states than the community con-
trol group. These comparisons survived FDR correction 
(Table 2). Lastly, there were no significant effects of group 
on duration or visits to a shared negative state.

Follow-up for Non-normally Distributed Variables

Examination of results from Kolmogorov-Smirnov and 
Shapiro-Wilk tests revealed that affect variables were not 
normally distributed. We conducted non-parametric Mann-
Whitney U tests on affect variables to confirm the validity 

proportion scores for both observational tasks were then 
averaged into a single score to reduce the number of analy-
ses performed.

Analysis Plan

Primary analyses comparing shared affect between care-
giver-child dyads for the community control and MDD 
groups were conducted using ANCOVAs. Age, income-to-
needs, externalizing symptoms, and caregiver depressive 
symptoms were included as covariates. An ANCOVA was 
conducted for each SSG-derived dyadic variable with all 
four covariates. FDR correction for multiple comparisons 
was used. Kolmogorov-Smirnov and Shapiro-Wilk were 
conducted on the outcome variables to check for normality. 
Follow-up analyses within the PO-MDD group were con-
ducted to assess whether PO-MDD dyads with a caregiver 
reporting moderate to high depressive symptoms differed 
from PO-MDD dyads with a caregiver reporting low symp-
toms in all SSG variables.

Results

Preliminary Analyses

Before conducting our primary analyses, we assessed 
whether our community control and MDD groups differed 
in any covariate of interest. No gender differences emerged 
for either the MDD or the community control group, X2 (1, 
N = 265) = 0.014, p = .906. We also found no differences in 
age or family’s income-to-needs (Table 1). However, age 
and income-to-needs were retained as covariates given the 
extant research demonstrating that there are significant dif-
ferences in caregiver-child interactions based on these vari-
ables and to be consistent with previous work using this 
sample. As expected, the groups did differ on caregiver 
depression and externalizing symptoms. Caregivers in the 
MDD group had higher mean levels of depressive symp-
toms than caregivers in the community control group and 
children in this group had higher caregiver-reported levels 
of externalizing symptoms (Table 1).

Table 1 Covariates by group with t-test comparisons
Variable Full Sample Controls (N = 50) MDD 

(N = 215)
 

Mean SD Mean SD Mean SD t(df) p d*
Age 5.21 1.02 5.17 0.84 5.22 1.06 − 0.29 0.77 − 0.05
Income to Needs 2.97 1.33 2.90 1.29 2.98 1.34 − 0.41 0.69 − 0.07
Child Externalizing** 61.90 13.68 42.69 8.94 66.31 10.37 -14.73 < 0.001 -2.33
Caregiver depression 10.04 9.13 4.58 6.31 11.31 9.23 -4.89 < 0.001 − 0.77
*Effect sizes reported as Cohen’s d; **T-scores
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were created based on a BDI-II cutoff of 20 (indicative of 
moderate symptoms). A total of 26 caregivers had a BDI-
II over the cutoff and were assigned to the high symptoms 
group, the other 189 caregivers were assigned to the low 
symptoms group. We ran t-tests as well as non-parametric 
Mann-Whitney U tests (given the non-normality of the SSG 
variables) to assess whether the dyads with a depressed 
child and a caregiver experiencing high symptoms of 
depression differed from dyads with a depressed child and 
a caregiver experiencing low symptoms in SSG variables. 
All analyses were non-significant (p > .10 before FDR cor-
rection), suggesting that dyads with a caregiver with high 
symptoms were not driving the PO-MDD effects in our pri-
mary analyses.

Discussion

The current study explored whether dyads with a young 
child experiencing PO-MDD showed different patterns of 
moment-to-moment affective displays during a caregiver-
child interaction compared to community controls using 
SSGs. The use of this dynamic approach is a notable 
advancement over previous work that has focused on static 
measures of the general caregiver-child relationship. Con-
trary to our expectations, we did not find group differences 
in dyadic flexibility or shared negative affect. However, con-
sistent with our hypotheses, we did find significant group 
differences in shared positive and neutral affect, such that 
the PO-MDD group showed less shared positive and more 

of results as these tests are robust to nonnormality and dis-
tribution free. The results of the Mann-Whitney tests rep-
licated the ANCOVA results. Overall affective flexibility 
as evidenced by the affective range (U = 5649, p = .575), 
dispersion (U = 4762, p = .209), and transitions (U = 6094, 
p = .141) did not significantly differ between the community 
control and MDD groups. Consistent with the ANCOVA 
results, positive shared affect duration (U = 3596, p < .001) 
did differ between the two groups. The control group had a 
mean rank duration of 168.58, while the control group had a 
mean rank duration of 124.73. Similar results were seen for 
positive visits (U = 3740, p < .001), with the mean rank for 
the control group (165.70) being higher than for the MDD 
group (125.40). Neutral shared affect results were also 
consistent with the ANCOVA results. Both neutral dura-
tion (U = 3463.50, p < .001) and neutral visits (U = 3303.50, 
p < .001) differed between the two groups. The MDD group 
showed higher duration (mean rank = 141.89) and visits 
(mean rank = 142.63) than the control group (mean rank 
duration = 94.77; mean rank visits = 91.57). Lastly, also 
consistent with the ANCOVA results, negative duration 
(U = 3740, p < .001) and negative visits (U = 3740, p < .001) 
did not differ between the two groups.

Follow-up for Caregiver Depression

While depressive symptoms were not a significant covariate 
in any of the models, we ran follow-up analyses in the PO-
MDD group only to assess whether dyadic patterns within 
this group differed based on caregiver depression. Groups 

Table 2 ANCOVA tests comparing caregiver-child affective flexibility and shared affect between the community control and MDD groups with 
covariates

Control (N = 50) MDD 
(N = 215)

Mean SD Mean SD F(df) p
(FDR p)

Partial η2

Overall
 Cell Range 0.03 0.02 0.02 0.01 0.57 0.45 0.002
 Dispersion 0.004 0.004 0.003 0.001 2.03 0.16 0.01
 Transitions 0.06 0.03 0.07 0.03 0.81 0.37 0.003
Positive
 Positive: 
 Duration

0.19 0.19 0.11 0.16 6.74 0.01
(0.02)

0.03

 Positive: Visits 0.01 0.01 0.01 0.01 4.69 0.03
(0.05)

0.02

Neutral
 Neutral: Duration 0.21 0.21 0.35 0.25 7.70 0.006

(0.02)
0.03

 Neutral: Visits 0.01 0.01 0.02 0.01 8.53 0.004 (0.024) 0.03
Negative
 Negative: Duration 0.03 0.06 0.02 0.04 0.52 0.24 0.002
 Negative: Visits 0.003 0.01 0.003 0.01 0.08 0.79 0.00
Note: Duration = time spent in a shared emotional state; Visits = the number of times the dyad moved into a shared stated. All variables are 
proportion scores
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number of children in our PO-MDD sample. Understanding 
caregiver-child dynamics that may be contributing to young 
children’s depressive symptoms is of vital importance for 
the identification of dyadic-level target mechanisms for 
intervention. While the most adaptive parent-child interac-
tions are characterized by more than just shared positive 
affect, positive affective displays within the dyad are impor-
tant for shaping the quality of parent-child interactions. A 
lack of shared positive affect with an increase of shared neu-
tral affect likely indicates patterns of dysfunction within the 
dyad. Interestingly, caregiver depression symptoms did not 
emerge as a significant covariate in any of our primary anal-
yses. We also failed to find differences in dyadic patterns in 
PO-MDD dyads with a caregiver experiencing high vs. low 
depressive symptoms. The lack of caregiver effects suggests 
that child symptoms have a notable effect on caregiver-child 
dynamics that has not been sufficiently considered in work 
to date and needs to be accounted for.

Clinically, these findings have several implications. 
Children with PO-MDD and their caregivers shared more 
neutral and less positive affect, independent of caregiver 
depressive symptoms. Although much research has been 
done examining how caregiver depression influences chil-
dren’s outcomes, in the context of interventions targeting 
children’s depressive symptoms, mild to moderate caregiver 
depression need not be an impediment to effective interven-
tion (Luby et al., 2018; Schwartz et al., 2022). Interventions 
that focus on enhancing positive emotions in young children 
with PO-MDD, such as PCIT-ED (Luby et al., 2018) may be 
particularly useful to not only improve children’s depressive 
symptoms but also enhance the quality of their relationship 
with caregivers, and in turn, caregiver symptoms. The find-
ings from the current study provide empirical evidence that 
could influence how PCIT-ED is implemented. Specifically, 
PCIT-ED should explicitly emphasize increasing positive 
affect, particularly dyadic shared affect, and work towards 
decreasing shared neutral affect during mildly stressful situ-
ations, as this may be exceptionally beneficial for these chil-
dren. Further, these findings will also be useful for future 
shortened adaptations of PCIT-ED (which are currently in 
progress) to clarify which components are most essential 
to emphasize and deliver in a shortened format. Moreover, 
findings from this study could also help contextualize find-
ings from other parent training interventions, including 
interventions with emotion-oriented modules (Assenany & 
McIntosh, 2002; Bierman, McDoniel, & Loughlin-Presnal, 
2019; England-Mason & Gonzalez, 2020; Maliken & Katz, 
2013; Sanders et al., 2014). Specifically, our findings sug-
gest that these interventions may also wish to consider the 
benefit of teaching caregivers to over-respond to their child’s 
positive affect in order to heighten and sustain both positive 
affect and corresponding mutuality (McMakin et al., 2011). 

shared neutral affect with their caregivers during an interac-
tion than the community controls. While our study is not 
able to say with certainty what may be driving this lack of 
shared positive affect, developmental work demonstrating 
the generally positive nature of caregiver-child interactions 
supports the idea that a lack of shared positive affect indi-
cates some dysfunction in the caregiver-child relationship.

Our study is the first to demonstrate that the moment-
to-moment affective patterns of dyadic interaction of 
young children with PO-MDD are different than their non-
depressed peers, and that this is not influenced by caregiver 
depressive symptoms or child externalizing symptoms. This 
represents a notable contribution to the PO-MDD literature. 
It also points to a modifiable caregiver-child level factor that 
may influence young children’s depressive symptoms and 
which can serve as a target for early intervention to address 
symptoms in this group.

As expected, patterns of dyadic interaction differed in our 
PO-MDD sample compared to the community controls. This 
is consistent with previous work showing that interactions 
characterized by low shared positive affect are associated 
with both caregiver and child behavioral problems (Guo et 
al., 2017; Lunkenheimer et al., 2013). It is interesting, how-
ever, that the differences in our study were specific to shared 
positive and neutral affect and not dyadic flexibility or nega-
tive affect as hypothesized. This suggests that while both 
groups showed a similar range of affective displays there 
were qualitative differences in the amount of time they spent 
in positive and neutral states. While we had hypothesized 
that children in the PO-MDD would show more shared 
negative affect with their caregivers, PO-MDD dyads spent 
a comparable amount of time in shared negative displays 
with their caregivers. This could be due to the mildly stress-
ful nature of the task resulting in a low incidence of nega-
tive states for both groups. The specificity of our finding to 
shared positive and neutral affect is not unique to our study 
as others have found similar patterns (e.g., Guo et al., 2015). 
Our findings suggest that PO-MDD symptoms may be at 
least partially maintained through a lack of positive affect 
in the caregiver-child interactions. Future work should aim 
to further probe this by also exploring the neurobiological 
processes driving these dyadic patterns as recent work dem-
onstrates that this level of analysis can offer further insight 
into dyadic interaction patterns across disorders (Quiñones-
Camacho et al., 2021; Ratliff et al., 2022).

Most work on depression and caregiver-child affective 
dynamics has centered on caregiver depression given its 
notable and enduring effects on child development (Cum-
mings & Davies, 2005; Goodman et al., 2011; Lunkne-
heimer et al., 2013; Lunkenjeimer et al., 2021). However, 
young children can experience depression in the absence 
of caregiver symptoms, as was the case for a significant 

1 3



Research on Child and Adolescent Psychopathology

source had no role in the design and conduct of the study, the collec-
tion, management, analysis, and interpretation of the data; the prepara-
tion, review, or approval of the manuscript; or the decision to submit 
the manuscript for publication.

Declarations

Conflict of Interest The authors have declared that they have no com-
peting or potential conflicts of interest.

Ethics Approval Approval for the study procedures was obtained from 
the ethics committee of Washington University in St Louis School of 
Medicine. The procedures used in this study adhere to the tenets of the 
Declaration of Helsinki.

Consent to Participate Written informed consent was obtained from 
the parents.

References

Achenbach, T. M., & Rescorla, L. A. (2000). Manual for the ASEBA 
preschool forms and profiles (30 vol.). Burlington, VT: Univer-
sity of Vermont, Research center for children, youth, & families.

Assenany, A. E., & McIntosh, D. E. (2002). Negative treatment out-
comes of behavioral parent training programs. Psychology in the 
Schools, 39(2), 209–219. https://doi.org/10.1002/pits.10032

Beck, A. T., Steer, R. A., & Brown, G. (1996). Beck depression inven-
tory–II. Psychological assessment.

Bierman, K. L., McDoniel, M. E., & Loughlin-Presnal, J. E. (2019). 
How a preschool parent intervention produced later benefits: 
A longitudinal mediation analysis. Journal of Applied Devel-
opmental Psychology, 64, 101058. https://doi.org/10.1016/j.
appdev.2019.101058

Brady, R. G., Donohue, M. R., Waller, R., Tillman, R., Gilbert, K. E., 
Whalen, D. J., Rogers, C. E., Barch, D. M., & Luby, J. L. (2022). 
Maternal emotional intelligence and negative parenting affect 
are independently associated with callous-unemotional traits in 
preschoolers.European Child and Adolescent Psychiatry, online 
ahead of print.

Cole, P. M., Luby, J., & Sullivan, M. W. (2008). Emotions and the 
development of childhood depression: Bridging the gap. 
Child Development Perspectives, 2, 141–148. https://doi.
org/10.1111/j.1750-8606.2008.00056.x.

Cole, P. M., Teti, L. O., & Zahn-Waxler, C. (2003). Mutual emotion 
regulation and the stability of conduct problems between pre-
school and early school age. Development and Psychopathology, 
15(1), 1–18. https://doi.org/10.1017/S0954579403000014.

Cummings, E., Keller, P. S., & Davies, P. T. (2005). Towards a fam-
ily process model of maternal and paternal depressive symptoms: 
Exploring multiple relations with child and family functioning. 
Journal of Child Psychology and Psychiatry, 46(5), 479–489. 
https://doi.org/10.1111/j.1469-7610.2004.00368.x.

Donnelly, S., & Kidd, E. (2021). The longitudinal relationship between 
conversational turn-taking and vocabulary growth in early lan-
guage development. Child Development, 92(2), 609–625. https://
doi.org/10.1111/cdev.13511.

Donohue, M. R., Whalen, D. J., Gilbert, K. E., Hennefield, L., Barch, 
D. M., & Luby, J. L. (2019). Preschool depression: A diagnos-
tic reality. Current Psychiatry Reports, 21, 128. https://doi.
org/10.1007/s11920-019-1102-4. https://doi-org.beckerproxy.
wustl.edu/.

Donohue, M. R., Yin, J., Quiñones-Camacho, L., Hennefield, L., Till-
man, R., Gilbert, K., & Luby, J. (2022). Children’s maternal 

Lastly, it is likely that children with PO-MDD also exhibit 
low levels of positive affect in other social situations and 
interactions, as such, increasing positive affect displays may 
also improve other relationships.

The above results should be considered with the follow-
ing limitations. This manuscript reports on secondary data 
analysis of a randomized control trial and should be inter-
preted in light of the larger RCT inclusion and exclusion 
criteria. For instance, some criteria used to balance treat-
ment groups (e.g., sex and co-morbid externalizing disor-
ders) in the PO-MDD participants may have selectively 
excluded others from participation, as the final sample 
was relatively high in socio-economic status and primar-
ily white. Although coding was conducted on a second-by-
second basis, the overall scheme focused on global affective 
displays. This is in contrast to systems designed to capture 
minute facial changes and behavioral displays (e.g., FACS). 
As such, coders ratings may have been influenced by either: 
(1) overarching impressions of the caregiver or child; and/
or (2) a prominent interactional turn that occurred during 
the task. Moreover, this may have constrained instances of 
negative affect coded, thus, future research would benefit 
from using a similar analytic approach with a more fine-
grained coding system. Additionally, while developmen-
tally appropriate tasks were chosen for the interaction, the 
level of negative affect for both groups in the task was gen-
erally low, potentially precluding a thorough exploration of 
group effects on negative shared affect. Finally, although 
many of our caregivers reported symptoms of depression in 
the mild to moderate range, our results may not generalize 
to caregivers with more severe depressive symptoms or cur-
rent episodes of depression.

In sum, our study found young children experiencing 
PO-MDD have disrupted affective patterns with their care-
givers characterized by decreased positive and increased 
neutral exchanges that may be contributing to the mainte-
nance and worsening of their MDD symptoms. Our findings 
represent a unique and noteworthy contribution of child 
affect to our understanding of risk factors for PO-MDD 
and dyadic impairments and supports interventions such as 
PCIT-ED focused on modifying caregiver-child interactions 
for improving child symptoms.

Acknowledgements L.E.Q.C., D.J.W., J.L.L., and K.E.G. had full 
access to all the data in the study and take responsibility for the integ-
rity of the data and the accuracy of the data analysis. The authors wish 
to thank the families who participated in the Parent–Child Interac-
tion Treatment Emotion Development (PCITED) study as well as the 
team of coders who made this work possible. Clinical trial registration 
information: A Randomized Control Trial of PCITED for Preschool 
Depression; http://clinicaltrials.gov/NCT02076425.

Funding This work was supported by the National Institute of Mental 
Health, Grant #s 5R01MH098454-04 (PI: J.L.L.), K23MH115074-01 
(PI: K.E.G.), K23MH22325028202-01 (PI: D.J.W.). The funding 

1 3

http://dx.doi.org/10.1002/pits.10032
http://dx.doi.org/10.1016/j.appdev.2019.101058
http://dx.doi.org/10.1016/j.appdev.2019.101058
http://dx.doi.org/10.1111/j.1750-8606.2008.00056.x
http://dx.doi.org/10.1111/j.1750-8606.2008.00056.x
http://dx.doi.org/10.1017/S0954579403000014
http://dx.doi.org/10.1111/j.1469-7610.2004.00368.x
http://dx.doi.org/10.1111/cdev.13511
http://dx.doi.org/10.1111/cdev.13511
http://dx.doi.org/10.1007/s11920-019-1102-4
http://dx.doi.org/10.1007/s11920-019-1102-4
https://doi-org.beckerproxy.wustl.edu/
https://doi-org.beckerproxy.wustl.edu/
http://clinicaltrials.gov/NCT02076425


Research on Child and Adolescent Psychopathology

successful “real-world” interventions for aggressive children. 
Journal of Abnormal Child Psychology, 35(5), 845–857. https://
doi.org/10.1007/s10802-007-9133-4.

Guo, Y., Garfin, D. R., Ly, A., & Goldberg, W. A. (2017). Emotion 
co-regulation in mother-child dyads: A dynamic systems analysis 
of children with and without autism spectrum disorder. Journal 
of Abnormal Child Psychology, 45(7), 1369–1383. https://doi.
org/10.1007/s10802-016-0234-9.

Guo, Y., Leu, S. Y., Barnard, K. E., Thompson, E. A., & Spieker, S. 
J. (2015). An examination of changes in emotion co-regulation 
among mother and child dyads during the strange situation. Infant 
and Child Development, 24(3), 256–273. https://doi.org/10.1002/
icd.1917.

Hoffman, C., Crnic, K. A., & Baker, J. K. (2006). Maternal depres-
sion and parenting: Implications for children’s emergent 
emotion regulation and behavioral functioning. Parenting: Sci-
ence and Practice, 6(4), 271–295. https://doi.org/10.1207/
s15327922par0604_1.

Hollenstein, T. (2007). State space grids: Analyzing dynamics across 
development. International Journal of Behavioral Development, 
31(4), 384–396. https://doi.org/10.1177/2F0165025407077765

Hollenstein, T., Granic, I., Stoolmiller, M., & Snyder, J. (2004). 
Rigidity in parent-child interactions and the development of 
externalizing and internalizing behavior in early childhood. Jour-
nal of Abnormal Child Psychology, 32, 595–607. https://doi.
org/10.1023/B:JACP.0000047209.37650.41.

Kochanska, G., & Aksan, N. (1995). Mother-child mutually posi-
tive affect, the quality of child compliance to requests and 
prohibitions, and maternal control as correlates of early inter-
nalization. Child Development, 66, 236–254. https://doi.
org/10.1111/j.1467-8624.1995.tb00868.x.

Kochanska, G., & Aksan, N. (2004). Development of mutual 
responsiveness between parents and their young chil-
dren. Child Development, 75, 1657–1676. https://doi.
org/10.1111/j.1467-8624.2004.00808.x.

Lamey, A., Hollenstein, T., Lewis, M. D., & Granic, I. (2004). Grid-
Ware (Version 1.1). Computer software Retrieved from http://
www.statespacegrids.org

Lobo, F. M., & Lunkenheimer, E. (2020). Understanding the parent– 
child co-regulation patterns shaping child self-regulation. Devel-
opmental Psychology, 56, 1121–1134. https://doi.org/10.1037/
dev0000926.

Luby, J. L., Barch, D. M., Whalen, D., Tillman, R., & Freedland, K. E. 
(2018). A randomized controlled trial of parent-child psychother-
apy targeting emotion development for early childhood depres-
sion. American Journal of Psychiatry, 175(11), 1102–1110. 
https://doi.org/10.1176/appi.ajp.2018.18030321.

Luby, J. L., Gaffrey, M. S., Tillman, R., April, L. M., & Belden, A. C. 
(2014). Trajectories of preschool disorders to full DSM depres-
sion at school age and early adolescence: Continuity of preschool 
depression. The American Journal of Psychiatry, 171, 768–776. 
https://doi.org/10.1176/2Fappi.ajp.2014.13091198

Luby, J. L., Gilbert, K., Whalen, D., Tillman, R., & Barch, D. M. 
(2019). The differential contribution of the components of par-
ent child interaction therapy emotion development for treat-
ment of preschool depression. Journal of the American Academy 
of Child & Adolescent Psychiatry, 59(7), 868–879. https://doi.
org/10.1016/j.jaac.2019.07.937.

Luby, J. L., Heffelfinger, A., Koenig-McNaught, A. L., Brown, K., 
& Spitznagel, E. (2004). The preschool feelings Checklist: A 
brief and sensitive screening measure for depression in young 
children. Journal of the American Academy of Child & Ado-
lescent Psychiatry, 43, 708–717. https://doi.org/10.1097/01.
chi.0000121066.29744.08.

Lunkenheimer, E., Hamby, C. M., Lobo, F. M., Cole, P. M., & Olson, 
S. L. (2020). The role of dynamic, dyadic parent–child processes 

representations moderate the efficacy of parent–child Interaction 
therapy—emotion development (PCIT-ED) treatment for Pre-
school Depression. Research on Child and Adolescent Psychopa-
thology, 1–14. https://doi.org/10.1007/s10802-022-00897-2.

Downey, G., & Coyne, J. C. (1990). Children of depressed parents: An 
integrative review. Psychological Bulletin, 108(1), 50–76. https://
doi.org/10.1037/0033-2909.108.1.50.

Dumas, J. E., Lemay, P., & Dauwalder, J. P. (2001). Dynamic analyses of 
mother–child interactions in functional and dysfunctional dyads: 
A synergetic approach. Journal of Abnormal Child Psychology, 
29(4), 317–329. https://doi.org/10.1023/A:1010309929116.

Eisenberg, N. (2020). Findings, issues, and new directions for research 
on emotion socialization. Developmental Psychology, 56(3), 
664–670. https://doi.org/10.1037/dev0000906.

Eisenberg, N., Cumberland, A., & Spinrad, T. L. (1998). Parental 
socialization of emotion. Psychological inquiry, 9(4), 241–273. 
https://doi.org/10.1207/s15327965pli0904_1.

England-Mason, G., & Gonzalez, A. (2020). Intervening to shape 
children’s emotion regulation: A review of emotion socialization 
parenting programs for young children. Emotion, 20(1), 98–104. 
https://doi.org/10.1037/emo0000638

Feldman, R. (2007). Parent–infant synchrony and the construction of 
shared timing; physiological precursors, developmental outcomes, 
and risk conditions. Journal of Child Psychology and Psychiatry, 
48, 329–354. https://doi.org/10.1111/j.1469-7610.2006.01701.x.

Feldman, R. (2015). Mutual influences between child emotion regu-
lation and parent–child reciprocity support development across 
the first 10 years of life: Implications for developmental psy-
chopathology. Development and Psychopathology, 27(4pt1), 
1007–1023.

Feldman, R., Bamberger, E., & Kanat-Maymon, Y. (2013). Parent-spe-
cific reciprocity from infancy to adolescence shapes children’s 
social competence and dialogical skills. Attachment & Human 
Development, 15(4), 407–423. https://doi.org/10.1080/1461673
4.2013.782650.

Feldman, R., Greenbaum, C. W., & Yirmiya, N. (1999). Mother–
infant affect synchrony as an antecedent of the emergence of 
self-control. Developmental Psychology, 35(1), 223. https://doi.
org/10.1037/0012-1649.35.1.223.

Fox, N. A., & Calkins, S. D. (2003). The development of self-control 
of emotion: Intrinsic and extrinsic influences. Motivation and 
Emotion, 27, 7–26. https://doi.org/10.1023/A:1023622324898.

Gaffrey, M. S., & Luby, J. L. (2012). Kiddie schedule for affective 
disorders and schizophrenia-early childhood version (K-SADS-
EC). St Louis, MO. Washington University School of Medicine.

Goodman, S. H., Rouse, M. H., Connell, A. M., Broth, M. R., Hall, 
C. M., & Heyward, D. (2011). Maternal depression and child 
psychopathology: A meta-analytic review. Clinical Child and 
Family Psychology Review, 14, 1–27. https://doi.org/10.1007/
s10567-010-0080-1.

Goodman, S. H., Simon, H. F., Shamblaw, A. L., & Kim, C. Y. (2020). 
Parenting as a mediator of associations between depression in 
mothers and children’s functioning: A systematic review and 
meta-analysis. Clinical Child and Family Psychology Review, 
23(4), 427–460.

Granic, I. (2000). The self-organization of parent– child relations: 
Beyond bidirectional models. In M. D. Lewis, & I. Granic (Eds.), 
Emotion, development, and self-organization: Dynamic systems 
approaches to emotional development (pp. 267–297). New York, 
NY: Cambridge University Press.

Granic, I., & Lamey, A. V. (2002). Combining dynamic-systems and 
multivariate analyses to compare the mother-child interactions of 
externalizing subtypes. Journal of Abnormal Child Psychology, 
30, 265–283. https://doi.org/10.1023/A:1015106913866.

Granic, I., O’Hara, A., Pepler, D., & Lewis, M. D. (2007). A dynamic 
systems analysis of parent–child changes associated with 

1 3

http://dx.doi.org/10.1007/s10802-007-9133-4
http://dx.doi.org/10.1007/s10802-007-9133-4
http://dx.doi.org/10.1007/s10802-016-0234-9
http://dx.doi.org/10.1007/s10802-016-0234-9
http://dx.doi.org/10.1002/icd.1917
http://dx.doi.org/10.1002/icd.1917
http://dx.doi.org/10.1207/s15327922par0604_1
http://dx.doi.org/10.1207/s15327922par0604_1
http://dx.doi.org/10.1177/2F0165025407077765
http://dx.doi.org/10.1023/B:JACP.0000047209.37650.41
http://dx.doi.org/10.1023/B:JACP.0000047209.37650.41
http://dx.doi.org/10.1111/j.1467-8624.1995.tb00868.x
http://dx.doi.org/10.1111/j.1467-8624.1995.tb00868.x
http://dx.doi.org/10.1111/j.1467-8624.2004.00808.x
http://dx.doi.org/10.1111/j.1467-8624.2004.00808.x
http://www.statespacegrids.org
http://www.statespacegrids.org
http://dx.doi.org/10.1037/dev0000926
http://dx.doi.org/10.1037/dev0000926
http://dx.doi.org/10.1176/appi.ajp.2018.18030321
http://dx.doi.org/10.1176/2Fappi.ajp.2014.13091198
http://dx.doi.org/10.1016/j.jaac.2019.07.937
http://dx.doi.org/10.1016/j.jaac.2019.07.937
http://dx.doi.org/10.1097/01.chi.0000121066.29744.08
http://dx.doi.org/10.1097/01.chi.0000121066.29744.08
http://dx.doi.org/10.1007/s10802-022-00897-2
http://dx.doi.org/10.1037/0033-2909.108.1.50
http://dx.doi.org/10.1037/0033-2909.108.1.50
http://dx.doi.org/10.1023/A:1010309929116
http://dx.doi.org/10.1037/dev0000906
http://dx.doi.org/10.1207/s15327965pli0904_1
http://dx.doi.org/10.1037/emo0000638
http://dx.doi.org/10.1111/j.1469-7610.2006.01701.x
http://dx.doi.org/10.1080/14616734.2013.782650
http://dx.doi.org/10.1080/14616734.2013.782650
http://dx.doi.org/10.1037/0012-1649.35.1.223
http://dx.doi.org/10.1037/0012-1649.35.1.223
http://dx.doi.org/10.1023/A:1023622324898
http://dx.doi.org/10.1007/s10567-010-0080-1
http://dx.doi.org/10.1007/s10567-010-0080-1
http://dx.doi.org/10.1023/A:1015106913866


Research on Child and Adolescent Psychopathology

regulation in the development of psychopathology: Cross-brain 
associations between parents and children. Clinical Child and 
Family Psychology Review, 1–14. https://doi.org/10.1007/
s10567-022-00380-w.

Rubin, K. H., Both, L., Zahn-Waxler, C., Cummings, E. M., & Wilkin-
son, M. (1991). Dyadic play behaviors of children of well and 
depressed mothers. Development and Psychopathology, 3, 243–
251. https://doi.org/10.1017/S0954579400005289.

Sanders, M. R., Kirby, J. N., Tellegen, C. L., & Day, J. J. (2014). The 
triple p-positive parenting program: A systematic review and 
meta-analysis of a multi-level system of parenting support. Clini-
cal Psychology Review, 34(4), 337–357. https://doi.org/10.1016/j.
cpr.2014.04.003

Schwartz, K. T., Chronis-Tuscano, A., Tillman, R., Whalen, D., Gilbert, 
K. E., & Luby, J. (2022). Parent–child psychotherapy targeting 
emotion development: Unpacking the impact of parental depres-
sion on child, parenting and engagement outcomes. European 
Child & Adolescent Psychiatry, 1–11. https://doi.org/10.1007/
s00787-022-02093-5.

Sroufe, L. A. (1996). Emotional development: The organization of 
emotional life in the early years. New York: Cambridge Univer-
sity Press.

Thompson, R. A. (2014). Socialization of emotion and emotion regu-
lation in the family. In J. J. Gross (Ed.), Handbook of emotion 
regulation (pp. 173–186). The Guilford Press.

Tronick, E., & Reck, C. (2009). Infants of depressed mothers. Harvard 
Review of Psychiatry, 17(2), 147–156.

Tronick, E. Z. (2007). The neurobehavioral and social-emotional 
development of infants and children. New York, NY: Norton.

Whalen, D. J., & Gilbert, K. E. (2017). Dyadic interaction coding 
manual: PCIT-ED Edition. St. Louis: Washington University.

Whalen, D. J., Gilbert, K. E., & Luby, J. L. (2021). Changes in self-
reported and observed parenting following a randomized control 
trial of parent–child interaction therapy for the treatment of pre-
school depression. Journal of Child Psychology and Psychiatry, 
62(1), 86–96. https://doi.org/10.1111/jcpp.13263.

Whalen, D. J., Sylvester, C. M., & Luby, J. L. (2017). Depression 
and anxiety in preschoolers: A review of the past 7 years. Child 
and Adolescent Psychiatric Clinics, 26, 503–522. https://doi.
org/10.1016/2Fj.chc.2017.02.006

Wichstrøm, L., Berg-Nielsen, T. S., Angold, A., Egger, H. L., Solheim, 
E., & Sveen, T. H. (2012). Prevalence of psychiatric disorders in 
preschoolers. Journal of Child Psychology and Psychiatry, 53(6), 
695–705. https://doi.org/10.1111/j.1469-7610.2011.02514.x.

Zimmerman, P. H., Bolhuis, J. E., Willemsen, A., Meyer, E. S., & Nol-
dus, L. P. (2009). The Observer XT: A tool for the integration 
and synchronization of multimodal signals. Behavior Research 
Methods, 41, 731–735.

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

in parental socialization of emotion. Developmental Psychology, 
56, 566–577. https://doi.org/10.1037/dev0000808.

Lunkenheimer, E., Lichtwarck-Aschoff, A., Hollenstein, T., Kemp, C. 
J., & Granic, I. (2016). Breaking down the coercive cycle: How 
parent and child risk factors influence real-time variability in 
parental responses to child misbehavior. Parenting: Science and 
Practice, 16, 237–256. https://doi.org/10.1080/15295192.2016.1
184925.

Lunkenheimer, E. S., Albrecht, E. C., & Kemp, C. J. (2013). Dyadic 
flexibility in early parent–child interactions: Relations with 
maternal depressive symptoms and child negativity and behav-
iour problems. Infant and child development, 22(3), 250–269. 
https://doi.org/10.1002/icd.1783.

Lunkenheimer, E. S., Hollenstein, T., Wang, J., & Shields, A. M. 
(2012). Flexibility and attractors in context: Family emotion 
socialization patterns and children’s emotion regulation in late 
childhood. Nonlinear Dynamics-Psychology and Life Sciences, 
16(3), 269–291.

Lunkenheimer, E., Skoranski, A. M., Lobo, F. M., & Wendt, K. E. 
(2021). Parental depressive symptoms, parent–child dyadic 
behavioral variability, and child dysregulation. Journal of Family 
Psychology, 35(2), https://doi.org/10.1037/fam0000807.

Lunkenheimer, E. S., Olson, S. L., Hollenstein, T., Sameroff, A. J., & 
Winter, C. (2011). Dyadic flexibility and positive affect in parent–
child co-regulation and the development of child behavior prob-
lems. Development and Psychopathology, 23, 577–591. https://
doi.org/10.1017/s095457941100006x.

Maliken, A. C., & Katz, L. F. (2013). Exploring the impact of paren-
tal psychopathology and emotion regulation on evidence-based 
parenting interventions: A transdiagnostic approach to improving 
treatment effectiveness. Clinical Child and Family Psychology 
Review, 16, 173–186. https://doi.org/10.1007/s10567-013-0132-4

McLeod, B. D., Weisz, J. R., & Wood, J. J. (2007). Examining the 
association between parenting and childhood depression: A meta-
analysis. Clinical Psychology Review, 27(8), 986–1003. https://
doi.org/10.1016/j.cpr.2007.03.001.

McLoyd, V. C. (1998). Socioeconomic disadvantage and child devel-
opment. American Psychologist, 53, 185–204.

McMakin, D. L., Siegle, G. J., & Shirk, S. R. (2011). Positive affect 
stimulation and sustainment (PASS) module for depressed mood: 
A preliminary investigation of treatment-related effects. Cognitive 
therapy and research, 35(3), 217–226. https://doi.org/10.1007/
s10608-010-9311-5.

Moore, G. A., Powers, C. J., Bass, A. J., Cohn, J. F., Propper, C. B., 
Allen, N. B., & Lewinsohn, P. M. (2013). Dyadic interaction: 
Greater than the sum of its parts? Infancy, 18, 490–515. https://
doi.org/10.1111/j.1532-7078.2012.00136.x.

Morris, A. S., Criss, M. M., Silk, J. S., & Houltberg, B. J. (2017). The 
impact of parenting on emotion regulation during childhood and 
adolescence. Child Development Perspectives, 11(4), 233–238. 
https://doi.org/10.1111/cdep.12238.

Quiñones-Camacho, L. E., Hoyniak, C. P., Wakschlag, L. S., & Perl-
man, S. B. (2021). Getting in synch: Unpacking the role of par-
ent–child synchrony in the development of internalizing and 
externalizing behaviors. Development and Psychopathology, 
1–13. https://doi.org/10.1017/S0954579421000468.

Ratliff, E. L., Kerr, K. L., Cosgrove, K. T., Simmons, W. K., & Morris, 
A. S. (2022). The role of neurobiological bases of dyadic emotion 

1 3

http://dx.doi.org/10.1007/s10567-022-00380-w
http://dx.doi.org/10.1007/s10567-022-00380-w
http://dx.doi.org/10.1017/S0954579400005289
http://dx.doi.org/10.1016/j.cpr.2014.04.003
http://dx.doi.org/10.1016/j.cpr.2014.04.003
http://dx.doi.org/10.1007/s00787-022-02093-5
http://dx.doi.org/10.1007/s00787-022-02093-5
http://dx.doi.org/10.1111/jcpp.13263
http://dx.doi.org/10.1016/2Fj.chc.2017.02.006
http://dx.doi.org/10.1016/2Fj.chc.2017.02.006
http://dx.doi.org/10.1111/j.1469-7610.2011.02514.x
http://dx.doi.org/10.1037/dev0000808
http://dx.doi.org/10.1080/15295192.2016.1184925
http://dx.doi.org/10.1080/15295192.2016.1184925
http://dx.doi.org/10.1002/icd.1783
http://dx.doi.org/10.1037/fam0000807
http://dx.doi.org/10.1017/s095457941100006x
http://dx.doi.org/10.1017/s095457941100006x
http://dx.doi.org/10.1007/s10567-013-0132-4
http://dx.doi.org/10.1016/j.cpr.2007.03.001
http://dx.doi.org/10.1016/j.cpr.2007.03.001
http://dx.doi.org/10.1007/s10608-010-9311-5
http://dx.doi.org/10.1007/s10608-010-9311-5
http://dx.doi.org/10.1111/j.1532-7078.2012.00136.x
http://dx.doi.org/10.1111/j.1532-7078.2012.00136.x
http://dx.doi.org/10.1111/cdep.12238
http://dx.doi.org/10.1017/S0954579421000468

	A Dynamic Systems Analysis of Dyadic Flexibility and Shared Affect in Preschoolers with and Without Major Depressive Disorder
	Abstract
	A Dynamic Systems Approach to Studying Co-regulation
	Current Study
	Method
	Participants
	Measures
	Observational Tasks and Coding
	Analysis Plan

	Results
	Preliminary Analyses
	Primary Analyses
	Do Dyads with a Depressed Child Differ in Their Affective Flexibility from Community Controls?
	Do Dyads with a Depressed Child Differ in Their Shared Affect from Community Controls?
	Follow-up for Non-normally Distributed Variables
	Follow-up for Caregiver Depression


	Discussion
	References


