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Abstract

Transactional models of analysis can examine both moment-to-moment interactions within a dyad
and dyadic patterns of influence across time. This study used data from a prospective adoption
study to test a transactional model of parental depressive symptoms and mutual negativity between
mother and child over time, utilizing contingency analysis of second-by-second behavioral data.
To consider both genetic and environmental influences on mutual negativity, depressive
symptoms were examined in both adoptive and birth mothers. Adoptive mother depressive
symptoms at 9 months increased the likelihood that, at 18 months, children reacted negatively to
their mothers' negative behavior, which in turn predicted higher levels of adoptive mother
depressive symptoms at 27 months, suggesting that over time, mothers' depressive symptoms
influence and are influenced by moment-to-moment mutual negativity with their toddlers. Birth
mother depressive symptoms moderated the association between mutual negativity at 18 months
and adoptive mother depressive symptoms at 27 months, suggesting a child-driven contribution to
maternal depressive symptoms that can be measured by a genetic sensitivity.
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Transactional models of socialization regard parent and child behaviors as recurrent,
reciprocal exchanges over time, through which each partner influences the other (Sameroff,
1975). Reciprocal exchanges between partners occur at a moment-to-moment level and over
time become patterned interactions. Although research from a transactional perspective has
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focused on children's outcomes, the dynamic and dyadic nature of transactional patterns can
have long-term effects on parents as well. This study used both microanalysis of moment-to-
moment interactions and longitudinal analysis across infancy to examine mother and child
interactions. We examined these interactions in an adoption sample, which permits the
consideration of genetic relatedness within the transactional patterns.

Two lines of research support the transactional view of moment-to-moment interactions and
the development of these as stable interaction patterns over early childhood. First, research
examining moment-to-moment contingencies in mother—infant interactions demonstrates
that mothers and young children influence one another's subsequent behaviors within
seconds during brief interactions (e.g. Cohn & Tronick, 1989) and that the nature of these
contingencies may vary as a function of maternal depressive symptoms (e.g. Field, Healy,
Goldstein, & Guthertz, 1990). Second, longitudinal research shows parent and child
characteristics, such as maternal depressive symptoms and child behavior problems, are
correlated across time, in which early child behaviors are associated with later parental
depression, which in turn predicts later child behavior problems (Bagner, Pettit, Lewinsohn,
Seeley, & Jaccard, 2013; Gross, Shaw, Burwell, & Nagin, 2009; Gross, Shaw, Moilanen,
Dishion, & Wilson, 2008). Together, these findings suggest that mothers and young children
mutually influence each other's behaviors in everyday interactions and influence each other's
development across time.

A large body of research has examined maternal depression and children's outcomes, with
the premise that effects are predominantly unidirectional from negative and insensitive
parenting behaviors to the development of negative and oppositional behaviors in children.
In one exception, Gross et al. (2009) found higher levels of child noncompliance at 18
months of age to predict more chronic and elevated trajectories of maternal depression
across 8 years than did lower levels of noncompliance. Highlighting the transactional nature
of parent—child interaction, the current study used contingency analysis of the second-by-
second behaviors of mothers and their toddlers during a teaching task to evaluate the
influence of maternal depressive symptoms on mutual negativity in mother—child
interactions over time and the influence of mutual negativity on maternal depressive
symptoms over time. Moreover, because studies of maternal depression and its effects on
children's development typically do not control for potential genetic influences, the current
study used a prospective adoption design in which birth and adoptive parent characteristics
were measured, which permits parsing of both genetic and environmental influences.

Elevated maternal depressive symptoms are associated with a wide range of mental health
problems for offspring (Goodman et al., 2011) and may be uniquely challenging for parents
of toddlers. Parents of toddlers, because of their young children's lack of expressive
language and reasoning skills coupled with their newfound physical mobility and increasing
oppositionality, face daily care-giving challenges that require interest, energy and flexibility
(Brownell & Kopp, 2007; Shaw & Bell, 1993) anchored in a strong sense of efficacy and
well-being (e.g. Dix, 1991; Teti & Gelfand, 1991). The demanding nature of toddlerhood
challenges mothers to cope with their own negative emotions—for example, frustration and
exasperation—while trying to manage and socialize difficult toddler behaviors.
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One of the features of interactions between mothers who report elevated depressive
symptoms and their infants is mutual negative emotion (Field et al., 1990). Mutual negative
emotion is a critical area of study, as it is associated with later child behavior problems
(Cole, Teti, & Zahn-Waxler, 2003; Dumas, LaFreniere, & Serketich, 1995). Mothers with
higher levels of depressive symptoms may respond to their infants in ways that are less
contingent, attuned and synchronized with infant signals (Cohn & Tronick, 1989; Field,
Healy, & LeBlanc, 1989; Gelfand & Teti, 1990; Leadbeater, Bishop, & Raver, 1996).
Maternal depressive symptoms may also interfere with maintaining interaction and joint
attention (e.g. Henderson & Jennings, 2003). Together, these studies suggest that maternal
depressive symptoms contribute to greater negativity in the parent—child interaction.

A transactional model, however, underscores the bidirectional nature of social interaction.
Thus, it is critical to consider the child's contributions to mother—child interaction and the
long-term effects that mutual negativity may have on mothers' development. During
toddlerhood, children tend to be more emotionally negative (Bridgett et al., 2009; Lipscomb
et al., 2011), such that this is a period of development that may be particularly sensitive to
mutual negativity. Child behavior problems contribute to later parental stress and depressive
symptoms (e.g. Gross et al., 2008; Hammen, Burge, & Stansbury, 1990). Thus, it follows
that the interactions of toddlers and their mothers with depressive symptoms could be highly
mutually negative because of contributions from both mothers and children.

The qualities of dyadic interaction itself could also influence later parent and child
characteristics. For example, Leadbeater et al. (1996) found that positive contingent
interactions between mothers and their 20-month-old children about a new toy were
negatively correlated with maternal depressive symptoms 8-16 months later. Despite the
normative increase in negativity during toddlerhood and the key role that negative affect
plays in depression, to date, the specific impact of mutual negative exchanges over time
between mothers and children in early childhood on maternal depressive symptoms remains
unexamined. Although the literature is clear that there is a concurrent association between
maternal depressive symptoms and negative dyadic exchanges, the longitudinal
directionality of these associations is less clear. Transactional influences could occur
through intersecting and overlapping pathways (e.g. genetics, parent—child facial, vocal and
physical behaviors, parenting strategies and parent—child symptomatology); thus, beginning
to tease apart the primary contributors to transactional influence could prove critical in
informing targets for interventions.

Genetically Informed Samples

Given known genetic influences on depression and negative temperament, it is difficult to
disentangle the child's contributions to dyadic interaction in studies of biologically related
families. Children reared by their biclogical parent(s) share genes with their parent(s); thus,
it is impossible to determine whether children's patterns of responses to the parent reflect
shared genes with the parent or the effect of parenting behaviors associated with depression.
For example, if a toddler of a depressed parent were to cry and fuss more often than other
children, in biologically related families, we could not discern whether this child behavior
was due to shared genetic risk with the parent's psychopathology (e.g. crying as an early
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expression of the same genetic liability expressed in adults as depressive symptoms),
environmental risk (e.g. withdrawn or negative parenting) or an interaction of risk factors.
By clarifying the roles of genetic and environmental factors, targeted intervention strategies
and goals such as promotion of child regulation, treatment of parental depression, or
promotion of positive parent—child interaction patterns can be focused to maximize their
potential efficacy.

In one genetically informed study with adoptive families, with both adoptive and biological
children, in dyads where mothers and children had greater reciprocity, regardless of whether
the reciprocity was between adopted or biological children, the children had fewer behavior
problems, demonstrating a link between reciprocity and outcomes unrelated to genetic
similarity (Deater-Deckard & Petrill, 2004). Genetically informed studies, such as adoption
designs, can aid in understanding the child-driven contributions to parent—child interactions
and can help to identify those contributions that are more likely to be associated with the
early rearing environment.

Participants in the current study were from a longitudinal, prospective adoption study, the
Early Growth and Development Study (EGDS; Leve et al., 2013). Previous work from the
EGDS has found that both birth parent depressive symptoms and adoptive parent depressive
symptoms were linked with child behavior, suggesting both genetic and environmental
influences on children's behavior (Kerr et al., 2013; Laurent et al., 2013; Natsuaki et al.,
2010; Natsuaki et al., 2014; Pemberton et al., 2010; Rhoades et al., 2011). Birth mother
depressive symptoms, indicative of genetic risk, have been associated specifically with later
child externalizing problems in toddlerhood (Kerr et al., 2013; Pemberton et al., 2010) and
have been implicated in the association between child fussiness and adoptive mother (AM)
responsiveness (Natsuaki et al., 2010). However, this prior research has relied on
questionnaire measures of child and parent behavior, which provides information about
broad characteristics of individuals. Longitudinal transactions between maternal depressive
symptoms and mutual negativity in mother—child interaction may be found only for children
with certain genetic risk. Previous studies from the EGDS have found that children at
genetic risk for depression may be more reactive, fussy and emotionally dysregulated in
toddlerhood (Natsuaki et al., 2010; Pemberton et al., 2010), which could potentiate the
effects of maternal depressive symptoms on parent—child interaction. Moreover, child
behaviors associated with genetic risk may exacerbate parents' stress, frustration and
rejection felt in negative parent—child interactions that could contribute to an increase in
maternal depressive symptoms. We expected that adopted children's genetic risk for
depression, indexed by birth mothers' depressive symptoms, would moderate the
transactional associations between adoptive mothers' depressive symptoms and the mutual
negativity in mother—child interaction. Specifically, we hypothesized that in dyads with
children at greater genetic risk, the bidirectional associations between adoptive mothers'
depressive symptoms and mutual negativity in moment-to-moment interactions would be
stronger than in dyads with children at lower genetic risk.
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Microanalytic Dyadic Interactions

Similar to other approaches focused on the intensive study of parent—child interactions (e.g.
Cole et al., 2003; Dix, Meunier, Lusk, & Perfect, 2012; Dumas et al., 1995), the current
study used microanalytic coding. Microanalytic coding refers to coding discrete behaviors
on a moment-to-moment basis. Brief periods of dyadic interaction analysed
microanalytically have significant associations with a variety of parent and child
characteristics, such as between child physiological regulation and dyadic synchrony (Moore
& Calkins, 2004), prenatal cocaine exposure and dyadic engagement (Tronick et al., 2005),
child conduct problems and greater mutual negative emotion (Cole et al., 2003) and
maternal depression and greater matched negative affect (Field et al., 1990). We expected
that analysis of behaviors that had been observed at the microanalytic level would better
capture the reciprocal quality of parent—child interactions than broad questionnaire measures
and illuminate developmental pathways not evident when measured by ratings describing
either individual alone (i.e. checklists of child problem behaviors, parent depression
symptomatology questionnaires and observations of the child or parent alone). For example,
if a child expressed negative affect from the start to the end of the interaction, a global rating
of child behavior would be likely to describe the entire interaction as negative but would not
provide information about the context of the child's behavior by accounting for the
contribution of the parent's behavior. Studies comparing micro-level and macro-level coding
are quite rare, although two studies from one research group found micro-coded and macro-
coded ratings of maternal responsiveness to be unrelated (Lohaus, Keller, Ball, Elben, &
Voelker, 2001; VVoelker, Keller, Lohaus, Cappenberg, & Chasiotis, 1999), and some suggest
that the two coding systems do not represent the same underlying concept (Mesman, 2010).
We utilized the microanalytic approach, which we expected to illuminate how mood and
affective state (depressive symptoms) associated with everyday, specific and contingent
behaviors between parent and child could have long-term effects.

In the current study, we coded each second of a brief parent—child interaction and
determined, through the use of contingency analyses, to what degree one partner's behaviors
were related to the other's. This methodological strategy also allowed us to control for
within-person continuity of behavior (autocorrelation) so that change in one person's
behavior could be attributed solely to the other person's prior behavior. Thus, a child factor
(e.g. being more generally fussy) would not be mistaken as a parent—child dyadic factor.

There are various ways to quantify contingency in dyadic interaction. In this study, we
focused on mutual contingent negative behaviors, based on the theory that maternal
depressive symptoms have been shown to lead to more mutually negative parent—child
interactions (e.g. Cohn & Tronick, 1989; Field et al., 1989) and that negative parent—child
interactions are often cascading in nature (e.g. Patterson, 2002) and can lead to poor child
outcomes (e.g. Cole et al., 2003). The current study examined the likelihood of a child's
negative behavior following the mother's negative behavior in the next second, and the
reverse—the likelihood of a mother's negative behavior following the child's negative
behavior. This type of analysis captures the temporal unfolding of mutual negativity and
goes beyond determining whether the interaction is broadly negative to describe more
specifically in what way and in what temporal pattern. We expected that maternal depressive
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symptoms would increase the likelihood that children would respond negatively to mothers
negative behaviors and the likelihood that mothers would respond negatively to their
children's negative behaviors. Similarly, we expected that mutual negativity could
exacerbate later maternal depressive symptoms.

We controlled for child negative temperament, a phenotypic trait observed by the child's
adoptive mother. Past research has found concurrent associations between parent-rated
temperament and observations of parent—child interaction (e.g. Webster-Stratton & Eyberg,
1982). Child negative temperament was considered as a possible factor in predicting the
later quality of the parent—child interaction, as well as contributing to later maternal
depressive symptoms. As mentioned earlier, it is critical to consider child factors
contributing to maternal depressive symptoms and the parent—child interaction in
transactional models.

This study adds to previous findings from this sample by examining how maternal
depressive symptoms may influence mutual negativity in parent—child interaction during
toddlerhood and how, in turn, mutual negativity of parent—child interaction might influence
changes in subsequent maternal depressive symptoms. By examining transactional patterns
over time in an adoption sample, where the rearing (adoptive) parents and children do not
share genes, associations between maternal depressive symptoms and parent—child
interaction cannot be driven by shared genetics. This study also explored whether BM
depressive symptoms, an index of genetic influences on liability to problems in the child,
moderated the association between adoptive mothers' depressive symptoms and mutual
negativity between child and adoptive mother.

We hypothesized the following: (1) higher levels of adoptive mother depressive symptoms
when the child was 9 months of age would predict greater mutual negativity in mother—child
interaction at child age 18 months; (2) greater mutual negativity in mother—child interaction
at child age 18 months would be associated with higher levels of maternal depressive
symptoms at child age 27 months; and (3) mutual negativity in mother—child interaction of
children who are at risk due to birth mother depressive symptoms would be more strongly
predicted by earlier adoptive mother depressive symptoms and would more strongly predict
later adoptive mother depressive symptoms than children who are at a lower risk owing to
birth mother depressive symptoms.

Participants were from the longitudinal, multisite EGDS (Leve et al., 2013). The sample
consisted of 361 adopted children who participated in Cohort I, each linked to adoptive
parents and birth parents. Most (N = 343, 95%) of the adoptive parent couples were mothers
and fathers; 18 (5%) were same-sex couples. Prior to testing this study's hypotheses,
differences between opposite-sex and same-sex couples in depressive symptoms, parent
behaviors in the parent—child interaction and the relations between depressive symptoms and
parent—child factors were systematically examined. No significant differences were found;
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therefore, same-sex couples were included in the analyses, and the included parents will be
referred to as mothers for parsimony throughout.

Participants met the following eligibility criteria: (1) the adoption placement was domestic;
(2) the infant was placed within 3 months postpartum; (3) the infant was placed with a
nonrelative adoptive family; (4) the infant had no known major medical conditions such as
extreme prematurity or extensive surgeries; and (5) the birth and adoptive parents were able
to read or understand English at the eighth-grade level. Retention rates remained high
throughout the course of the study (97% for adoptive families and 95% for birth mothers).
Additional details about the study design and sample description can be found elsewhere
(Leve et al., 2013).

The data used to test hypotheses were drawn from the first three waves of assessment.
Approximately half of the children (43%) were female. The median child age at placement
was 3 days (SD = 13 days). Table 1 provides additional demographic information.

Study Design

Measures

Birth parent and adoptive family in-person assessments were conducted by interviewers who
completed a minimum of 40 h of training, including a 2-day group session, pilot interviews,
and videotaped feedback prior to administering interviews with study participants. All birth
parent assessments were conducted in a location convenient to the participant, most often at
home. The first birth parent interview occurred 3—-6months (average of 4 months)
postpartum, and the second was at 18 months. Adoptive family assessments occurred at
child ages 9, 18 and 27 months. All in-person assessments lasted 2-3 h and included a
collection of mailed self-report booklets, computer-assisted personal interview questions and
interviewer impressions. The first birth parent assessment also included a pregnancy history
calendar about the birth mother's drug use, mental health and stress during pregnancy, and
each adoptive family assessment included a series of videotaped interaction and
standardized tasks. For brevity, BM will refer to birth mother, BF to birth father, AM to
adoptive mother and AF to adoptive father.

Mother depressive symptoms—AM depressive symptoms were assessed at all three
measurement occasions (child ages 9, 18 and 27 months) using the Beck Depression
Inventory (BDI; Beck & Steer, 1993). BM depressive symptoms were assessed at 4 months
using the BDI. The BDI is a commonly used instrument that assesses the presence of 21
symptoms of depression. In the present study, 20 of the 21 items were administered. The
suicidal ideation item was removed to minimize situations where emergency clinical follow-
up would be needed, because of the difficulty in providing effective clinical follow-up in a
timely and effective manner in a nationally distributed sample (Leve et al., 2010).

AM and BM depressive symptoms were calculated as the sum of the 20 BDI items (a =
0.71, 0.79 and 0.84); 0-13 is considered minimal range, 14-19 is considered mild, 20-28 is
considered moderate and 29-63 is severe. See Table 2 for means and standard deviations.
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Adoptive mother and child interaction—To examine parent and child behaviors
during social interaction, AMs and their children were observed in a 3-min Parent-Child
Teaching task at 18 months. Dyads were presented with a toy that is challenging for most
children at 18 months to play with (a puzzle with large puzzle pieces) and instructed to
complete the task together. The task was completed on a large square mat in families'
homes, and attempts to minimize distractions (e.g. other children, pets and toys) were made.
Observational studies frequently use teaching tasks in which parents are instructed to show
their children toys and to encourage parent—child engagement (e.g. NICHD Early Child Care
Research Network, 2006). In most previous research, the teaching task procedure has been
used to assess parenting using global ratings of constructs including support for children's
engagement, sensitivity, positive regard, intrusiveness and supportive presence (Egeland &
Hiester, 1993).

The task was coded using a microcoding system (Moore, Teti, & Roben, 2009) adapted from
existing parent—child interaction rating scales (Cohn & Tronick, 1988; Moore & Calkins,
2004; Moore, Cohn, & Campbell, 2001). Discrete parent and child behaviors were coded in
domains of object interaction (e.g. approach and explore), physical activity (e.g. throw and
cuddle), attention (e.g. look at parent) and social-emotional (e.g. social initiation, resistance
and negative touch). Codes were assigned at 1-s intervals and were not mutually exclusive.

Teams of coders, naive to the hypotheses of the study, were trained by the first author, and
separate teams conducted the coding for parent and child behaviors using an observational
coding and analysis software package (Interact with p.a.t.t.e.r.n. analysis module; Mangold
International) to facilitate coding and provide sophisticated data management and analysis
functionality. To establish inter-rater reliability of codes, subsets of the cases were double-
coded. For child behaviors, 19% of cases were double-coded (x = 0.74), for codes used in
this study. For mother behaviors, 22% were double-coded (x = 0.79).

One of the advantages of discrete microcoding is that behaviors can be combined in modular
ways to create constructs of interest. The focus of the current study was the positive and
negative contingent responsiveness. To create variables of interest for contingency analysis,
theoretically relevant mother and child codes were combined to create scores for data
analysis. For the mother, the combined variables were the following: (1) Mother Positive
(codes included engage child with the toy, scaffold child's use of the toy, and positive touch)
and (2) Mother Negative (codes included negative touch, take toy away from child, explore
toy without child, look away from child and toy, and disengaged). For the child, combined
variables were the following: (1) Child Positive (look at parent, play appropriately with toy,
approach toy, and social initiation) and (2) Child Negative (move outside of reach of parent,
look away from toy or parent, off-task, and resist parent physically).

Time domain time-series methods were used to compute indices of contingent
responsiveness for both AMs and their children. Contingent responsiveness was measured
using dynamic factor models (Molenaar, 1985). Using LISREL 8.80 (Scientific Software
International, Inc.), models were run for each dyad, in which contemporaneous and 1-s
lagged associations within and between partners' behaviors were computed. Multiple indices
of contingent responsiveness were computed, which represented variation in one person's
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behavior that was explained by the other person's behavior in the previous second,
controlling for autocorrelation in each person's behavior.

Because the aim of the current study was to understand the role of mutual negativity, this
study focused on contingent responsiveness indices that were computed to represent the
degree to which child negative behaviors were contingent on mother negative behaviors in
the previous second (CHNeg to AMNeg; i.e. child negative response to AM negative
behavior) and the degree to which mother negative behaviors were contingent on child
negative behaviors (AMNeg to CHNeg). In addition, indices were computed to examine the
degree to which a child responded negatively to any mother behavior and a mother
responded negatively to any child behavior. These overall contingency indices were used as
control variables. Controlling for the degree to which any mother behavior predicted child
negative behavior (and vice versa) highlighted mutual negativity rather than general
negative contingency. The details on calculating these variables are presented in the Results
section.

Missing data—There were some missing data, with no more than 7% missing for any
variable except for the videoed observational Teaching Task. Some video problems included
missing video discs (N = 5) and some recordings that were unable to be coded because of
video malfunction (N = 16). Furthermore, if there was no positive or negative behavior from
the initiating partner for the examined behavior, then the score was computed as missing,
leaving an N of 298 for the teaching task. Thus, because of non-overlapping missingness,
our analytical sample ranged from 282 to 264.

Additional covariates—Child sex (coded as 0 for male and 1 for female) was a covariate.
In addition, several other factors that could confound or result in misinterpretation of the
findings were entered as covariates.

Infant fussiness. At 9 months, AMs and AFs completed an abridged version of the 24-
month Infant Characteristics Questionnaire (ICQ; Bates, Freeland, & Lounsbury, 1979),
which consists of 24 items rated on a seven-point scale with values of 7 indicating a very
difficult temperament. The fussiness scale, which sums 6 out of the 24 items, was used in
the present analyses (AM a = 0.81; AF a = 0.82). AM report of child fussiness was used in
the current study.

Prenatal and neonatal complications: To disentangle prenatal and/or neonatal
complications from genetic influences, a score was created that was adapted from the
McNeil-Sjostrom Scale for Obstetric Complications (Kotelchuck, 1994; McNeil &
Sjostrom, 1994). The level of prenatal risk was assigned to distinct risk factors, categorizing
risk from 1 (not harmful or relevant) to 6 (very great harm or deviation to offspring)
(Marceau et al., 2013). The items that comprised the score were taken from five categories
of complications: (1) toxin exposure (exposure to radiation, X-ray, lead and chemicals); (2)
drug and alcohol use (cigarettes, second-hand cigarette smoke, alcohol, marijuana, cocaine,
amphetamines, heroin, prescription pain killers, inhalants, sedatives and tranquilizers); (3)
pregnancy risk (circulatory problems, infections, maternal age, prenatal care, weight gain
and loss, nausea, bleeding and foetal movement); (4) preeclampsia risk (e.g. high blood
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pressure); and (5) neonatal risk factors (e.g. low birthweight). The scale generated a score
for each BM based on retrospective self-report of pregnancy and neonatal events. Events
meeting a minimum threshold of being at least potentially harmful or relevant to infant
outcome were summed to form a total score. The McNeil-Sjéstrom Scale has been shown to
have predictive validity (Nicodemus et al., 2008) and to be more sensitive than other
common measures of obstetric complications (McNeil, Cantor-Graae, & Sjostrom, 1994). In
the EGDS data, prenatal risk was found to relate to BM mental health characteristics and
adopted toddler internalizing problems (Marceau et al., 2013).

Descriptive statistics of primary study variables were computed with SPSS 20.0. The study
variables' N's, means, standard deviations and ranges are presented in Table 2. Analyses
were completed with participants who had completed all measures in each regression,
resulting in N's ranging from 264 to 282. Correlations among primary independent and
dependent variables are presented in Table 2.

The first step in data preparation was to compute indices that represented mutual negativity,
which would be used to test the degree to which AM depressive symptoms contributed to
this dyadic process. Of the multiple approaches one can take to assess contingency in dyadic
interaction, we chose dynamic factor analysis, one idiographic method for examining causal
relations in a time series. (Fisher, Newman, & Molenaar, 2011; Molenaar, 1985). We chose
this method because it accounts for within-time associations between partners and within-
subject continuity or autocorrelation, which then allows for the causal effects between
partners to be estimated, provided there is not a third unknown variable that explains the
association. A vector autoregressive (VAR) model with a lag of 1 s was tested. A VAR
analysis was run for each AM—child pair in usree 8.80, and the causal effects between
partners were extracted. That is, variables were extracted that represented how one partner's
behavior at time t predicted the other partner's behavior at time t + 1. The A matrix of factor
loadings was set to identity matrix, and the dmatrix of measurement error variances was
fixed at zero, restrictions that are necessary in LISREL for analysing relations between
latent variables with single manifest variables. The cross-lagged parameters from the 5
matrix were then extracted from each dyad. Because each model was saturated, the fit of
each of the models cannot be evaluated.

The extracted f's for each dyad were the indices computed to represent the likelihood that
one partner's negative behavior would follow the other's, accounting for within-time
similarity and each partner's own autocorrelation. That is, if CHNeg to AMNeg for one dyad
has a positive g, it is likely that the AM's negative behaviors are followed by negative
behaviors from the child. Higher gvalues indicate greater likelihood. If CHNeg to AMNeg
is negative, then it is unlikely that the AM's negative behaviors are followed by child
negative behaviors.
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Do Adoptive Mother Depressive Symptoms at 9 Months Predict Child Negative Response
to Adoptive Mother Negative Behavior (CHNeg to AMNeg) at 18 Months and is the Effect
Moderated by Birth Mother Depressive Symptoms?

Negative contingency was examined for longitudinal associations with AM depressive
symptoms. We tested whether AM depressive symptoms at 9 months was associated with
CHNeg to AMNeg at 18 months after controlling for concurrent depressive symptoms (18
months), perceived child temperament at 9 months, child sex, prenatal risk factors and the
degree to which the child responded negatively to any AM behavior (i.e. a measure of child's
overall negative contingent responsiveness). The degree to which AM depressive symptoms
at 9 months predicted CHNeg to AMNeg at 18 months was tested using hierarchical linear
regression. The first step included all controls. The second step added AM depressive
symptoms at 9 months to test if it was longitudinally associated with CHNeg to AMNeg
over and above the control variables added on the first step. The second step also included
BM depressive symptoms in order to include the main effect for the moderation term in Step
3. Step 3 included the moderation term between AM depressive symptoms at 9 months and
BM depressive symptoms. Step 1 of the model was not significant, R = 0.19, Adj. R? = 0.02,
F(5, 271) = 2.00, p < 0.10. With the unique variance added by the inclusion of the maternal
depression in Step 2, the model reached significance. In Step 2, only AM depressive
symptoms at 9 months and the degree to which the child responded negatively to any AM
behavior were significant predictors. Step 3 was not significant, and no unique variance was
added by the moderation term (see Table 3).

Does Child Negative Response to Adoptive Mother Negative Behavior (CHNeg to AMNeg)
at 18 Months Predict AM Depressive Symptoms at 27 Months and is the Effect Moderated
by Birth Mother Depressive Symptoms?

Next, CHNeg to AMNeg at 18 months was examined as a predictor of later AM depressive
symptoms at 27 months using hierarchical regression. BM depressive symptoms were tested
as a moderator of this association. The first step included all controls: AM depressive
symptoms at 18 months, perceived child temperament at 9 months, child sex, prenatal risk
factors and the degree to which the child responded negatively to any AM behavior. The
second step added CHNeg to AMNeg to test if it was associated with AM depressive
symptoms at 27 months above and beyond the control variables added on Step 1. The
second step also included BM depressive symptoms to test the main effect for the
moderation term in Step 3. Step 3 included the moderation term between AM depressive
symptoms at 9 months and BM depressive symptoms. Step 1 of the model was significant, R
=0.59, Adj. R? = 0.33, F(5, 258) = 27.32, p < 0.001. Prenatal risk factors and AM
depressive symptoms at 18 months were significant predictors. Unique variance was not
added by Step 2. Neither BM depressive symptoms nor CHNeg to AMNeg were significant
predictors. However, unique variance added by Step 3 reached significance. In this final
step, the moderation term of CHNeg to AMNeg and BM depressive symptoms was a
significant predictor (Table 4).

To better understand the significant moderation, simple slopes were tested (Aiken & West,
1991; Dawson, 2014). Simple slope analyses were conducted with a macro (Hayes &
Matthes, 2009) in SPSS 20.0. Significance was tested at a value of 19 for the moderator (19
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is at least a moderate level of depressive symptoms, as indicated in manual guidelines for
interpreting the BDI and accounting for one BDI item not being asked; Beck & Steer, 1993).
The simple slope of CHNeg to AMNeg was significant at high levels of BM depressive
symptoms (levels of 19 and above), B =7.79, t = 3.96, p < 0.0001, and nonsignificant at low
levels of BM depressive symptoms (18 months and below), B = 0.44,t=0.54, p =ns. The
simple slopes, plotted in Figure 1, show that CHNeg to AMNeg was associated with AM
depressive symptoms at 27 months only for children whose BMs reported high levels of
depressive symptoms.

The combined results of the longitudinal associations between AM depressive symptoms
and CHNeg to AMNeg are illustrated in Figure 2.

Do Adoptive Mother Depressive Symptoms at 9 Months Predict Adoptive Mother Negative
Response to Child Negative Behavior (AMNeg to CHNeg) at 18 Months and is the Effect
Moderated by Birth Mother Depressive Symptoms?

We next tested the same regression models as presented earlier, this time examining
mothers' negative behavior contingent on prior child negative behavior, that is, AMNeg to
CHNeg. We tested whether AM depressive symptoms at 9 months was associated with
AMNeg to CHNeg at 18 months after controlling for concurrent depressive symptoms (18
months), perceived child temperament at 9 months, child sex, prenatal risk factors and the
degree to which the AM responded negatively to any child behavior. The first step included
all controls and the second step added AM depressive symptoms at 9 months to test if it was
longitudinally associated with AMNeg to CHNeg over and above the control variables
added on the first step. The second step also included BM depressive symptoms in order to
include the main effect for the moderation term in Step 3. Only Step 1 of the model had
significant unique variance, R = 0.27, Adj. R? = 0.06, F(5, 271) = 4.38, p < 0.05, with the
degree to which the AM responded negatively to any child behavior as the only significant
predictor (5= 0.25, p < 0.05). No unique variance was added by any of our variables of
interest, suggesting no association between AM depressive symptoms at 9 months and
AMNeg to CHNeg.

Does Adoptive Mother Negative Response to Child Negative Behavior (AMNeg to CHNeg)
at 18 Months Predict Adoptive Mother Depressive Symptoms at 27 Months and is the
Effect Moderated by Birth Mother Depressive Symptoms?

We tested whether AMNeg to CHNeg at 18 months was associated with AM depressive
symptoms at 27 months after controlling for concurrent depressive symptoms (18 months),
perceived child temperament at 9 months, child sex, prenatal risk factors and the degree to
which the AM responded negatively to any child behavior. As before, the first step included
all controls and the second step added AMNeg to CHNeg to test if it was longitudinally
associated with AM depressive symptoms at 27 months over and above the control variables
added on the first step. The second step also included BM depressive symptoms to test the
main effect for the moderation term in Step 3. Only Step 1 of the model had significant
unique variance, R = 0.59, Adj. R% = 0.33, F(5, 258) = 27.43, p < 0.001, with depressive
symptoms at 18 months (4= 0.55, p < 0.001) and prenatal risk factors (#=0.11, p < 0.05) as
the only significant predictors. No unique variance was added by any of the variables of
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interest, suggesting no association between AMNeg to CHNeg and AM depressive
symptoms at 27 months.

Discussion

Bidirectional associations are often overlooked in the literature, particularly when
considering transactional effects on parent well-being (Gross et al., 2008; Pardini, 2008). In
particular, the moment-to-moment mutual exchange of negative emation, which is
associated with both maternal depression and child behavior problems (Cole et al., 2003;
Field et al., 1990), is an important area for transactional research given its potential as a
target for parent—child intervention. This is the first study to examine longitudinal
transactional associations between parent depressive symptoms and the qualities of the
moment-to-moment parent—child dyadic interaction using a genetically informed adoption
design. AM depressive symptoms at 9 months increased the likelihood that, at 18 months,
children reacted negatively to their mothers' negative behavior, which in turn predicted
higher levels of AM depressive symptoms at 27 months. This finding demonstrates a
postulate of the transactional model: that a quality of the dyad, a quality that is determined
by both parent and child behaviors, is influenced by earlier parent symptomatology, and vice
versa. Moreover, these associations were found in an adoption sample, which demonstrates
that the associations were not due to passive gene—environment correlation, that is, that the
associations between parent and child are not due to underlying genetic factors that
influence the trait in both parent and child.

Specifically, this pattern of findings suggested a direct environmental influence of maternal
depressive symptoms on children's tendency to engage in mutually negative interactions,
which, in turn, predicted the development of mothers' symptoms of depression 9 months
later. The first association replicates well-established correlations in the literature between
maternal depressive symptoms and the quality of parent—child interaction (Goodman &
Gotlib, 1999). The latter association could also be due to genetically influenced
characteristics of the child, unmeasured in this report, on later parent depression symptoms.
Overall, the findings highlight the transactional nature of the caregiving environment for
both parents and children, pointing to moment-to-moment and longitudinal effects of each
partner on the other. Moreover, these findings suggest that targeting the early parent—child
relationship for intervention could help reduce the development and impact of maternal
depression. The importance of the current findings to understanding the developmental
course of maternal depression during the postpartum period and beyond makes a
contribution to existing research, which has traditionally examined maternal depression in
relation to children's development only (e.g. Bakermans-Kranenburg, van 1Jzendoorn, &
Juffer, 2003; cf. Gross et al., 2008).

A measure of perceived child negative temperament was accounted for in the analyses,
indicating that observed patterns of early mother—child mutual negativity predicted maternal
depression above and beyond the mothers' perceptions of children's temperamental
negativity. Thus, relations were not due to method variance as a function of maternal report.
At the same time, moderation by BM depressive symptoms suggests that the association
between mother—child mutual negativity at 18 months and later AM depression was not the
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same for all dyads. AMs' depressive symptoms at 27 months were predicted by the degree to
which children negatively responded to their mothers' negative behaviors at 18 months, but
only when children had a BM with elevated levels of depressive symptoms. Furthermore,
this genetically based sensitivity or reactivity was related to mutual negativity in a manner
that led to increased depressive symptoms in mothers.

This is not the first study to find transactional effects only in the context of risk. Ciciolla,
Gerstein, and Crnic (2013) found longitudinal bidirectional effects, when children were of
preschool age, between maternal psychological distress and child internalizing problems, but
only if the children also had developmental delays, the majority of which were in language
and cognition. The authors interpreted this moderation as a possible indication of greater
vulnerability within the mother—child relationship due to the delay. The presence of the
developmental risk could make mothers more susceptible to transactional distress due to
child symptoms.

Our findings suggest that the child's genetic make-up, independent of our measure of
perceived temperament, may influence the transactional interaction. Perhaps children at
genetic risk for depression react with more intensity or more with more negative
emotionality when disciplined or restricted by their parents. Offspring of parents with
depression have been found to have poorer strategies for regulating emotion (e.g. Silk,
Shaw, Skuban, Oland, & Kovacs, 2006), although literature specifying this as a genetic
effect, such as identifying candidate genes associated with reactivity to emotions (Hariri et
al., 2005), is limited. We also found that obstetric complications significantly predicted
AM's depressive symptoms at 27 months. Thus, similar or related to the genetic
vulnerability, it seems likely that there is a child characteristic related to perinatal
complications that is involved in this transactional interaction that is not captured with our
parent-reported measures of early temperament. Previous studies with the EGDS population
have found associations between genetic risk, prenatal risk factors and toddler behavior
problems through prenatal risk factors (Marceau et al., 2013; Pemberton et al., 2010).
Pemberton et al. found that children with more prenatal risk had higher externalizing
symptoms at 27 months. It may be that the intensity and/or frequency of children's negative
behaviors or negative reactivity is greater in those at genetic risk and/or with obstetric
problems. Our coding did not take into account the intensity of the behaviors, which would
be an important area for future research.

Notably, we found significant effects of one mutually negative transactional variable on the
development of maternal depressive symptoms. Only children's negative responses to their
mothers' negative behaviors, and not vice versa, were associated with earlier and later
depressive symptoms. The longitudinal association between children reacting negatively to
negative parent behaviors and later maternal depressive symptoms, particularly in children
who are also at risk genetically, could be explained by parental feelings of inadequacy or
rejection that contribute to depressive symptomatology. Mothers who perceive their infants
as more reactive (Leerkes & Burnery, 2007) are at higher risk for low feelings of efficacy
during infancy, which is associated with maternal depression (Teti & Gelfand, 1991). It may
be that the mother restricts the child's play or is disengaged during play and as a result the
young child reacts negatively, perhaps in an effort to elicit a response. This may then lead to
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sustained or exacerbated depressive symptoms later, when the child is 27 months of age.
This pattern could be illustrative of a negative cycle of parent and child behaviors, not
unlike Patterson's (2002) coercive models of children's aggressive behaviors. Mothers'
reactions to their children's negative behaviors may be less associated with earlier and later
depressive symptomatology but instead be related to current contextual events or feelings.

Longitudinal data that are observational and microanalytic allow for the objective analysis
of the dyad beyond factors associated uniquely with each individual. Data supporting the
importance of dyadic interaction, and moving beyond research or interventions that address
child problems or parent problems in isolation, call for consideration of relational influences
in interventions aimed to improve either parent or child symptoms associated with parental
depression. Interventions for at-risk children in early childhood such as the Attachment and
Biobehavioral Catch-up (Dozier et al., 2006) and Parent—Child Interaction Therapy (Zizzer
& Eyberg, 2010) focus on intervening at the level of the dyad's interaction, not only on
changing global qualities of parenting behavior. Such interventions assist parents to tailor
responses to their children's specific behaviors and to note how children respond to the
parents' behaviors. This study lends support for such an approach, finding that a dyadic
quality of mutual negativity characterized by children's negative responses to mothers'
negative behaviors has longitudinal effects on the mother's depressive symptoms,
emphasizing a need for intervening early to improve patterns of interaction.

A limitation of this study is that it does not include child outcomes in the model. Further
analysis, including observed child behaviors, such as emotional negativity, disruptive
behavior problems, attention problems, and impulsivity, is warranted and could potentially
capture some of the variance suggested by the significance of obstetric risk and moderation
by genetic risk. It will be important to observe how child behaviors, maternal depressive
symptoms, and characteristics of the dyad change and influence one another over time. The
inclusion of observational child outcomes may aid in accounting for more variance in our
statistical models. Our models accounted for a small amount of the observed variance,
particularly in predicting children's negative response to mothers' negative behavior, and this
may be due to the challenge of predicting an observed variable that is not predicted by an
earlier measure of the same variable. The first model was predicting the dyadic quality in
our 3-min teaching task, a small snapshot of parent—child interaction that we are attempting
to generalize to broader parent—child characteristics. Although this measure and this type of
observation are used frequently in the literature (e.g. Denham, Renwick, & Holt, 1991;
Jacobvitz & Sroufe, 1987), it is also possible that the brief interaction is one reason for the
relatively small effects.

An additional limitation is that our genetic findings were with BMs only and were not
replicated with depressive symptom data from BFs. We ran our analyses with our smaller
sample of BFs for this study (N = 79) and did not find effects in the direction of the
moderation we found with the BMs. Replication of the findings using BF data would have
provided a strong confirmation of genetic effects because the effects from a BF to a child are
not confounded with prenatal environmental factors, although we attempt to control for such
factors by including obstetric complications in the model. Without BF data, we are including
only half of the child's genetic make-up.
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This study is the first that demonstrates transactional patterns between maternal depressive
symptoms and mother—child mutual negativity in young children in an adoption sample.
Notably, associations between mutual negativity and later maternal depressive symptoms
were only found in dyads in which the child was at genetic risk. Findings suggest that the
qualities of the rearing mother (depressive symptoms), child (prenatal and genetic risk) and
dyad (child's negative behavior contingent on mother's negative behavior) influence one
another over time and that intervening to change the dynamics of mother—child interaction
could potentially have beneficial effects on later maternal depressive symptoms. Exploration
of maternal depressive symptoms and parent—child interactions at the level of the dyad over
time, as opposed to static assessment of individuals, provides a more complex and in-depth
understanding of mutual influence, both momentary and long-term.
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Figure 1.

Moderation of CHNeg to AMNeg at 18 months predicting 27-month AM depressive
symptoms by BM depressive symptoms. Low and high BM depressive symptoms were
determined using a cut-off of 19 (at least moderate depression). BM, birth mother; AM,
adoptive mother; CHNeg to AMNeg, the degree of likelihood that a child responds

negatively to AM's negative behavior.
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Figure2.
Representation of two longitudinal hierarchical regressions tested between adoptive mother

(AM) depressive symptoms and child negative response to AM negative behavior. CHNeg
to AMNeg, the degree of likelihood that a child responds negatively to AM's negative
behavior. tp < 0.10, *p < 0.05.
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Table 1
Demographicsfor birth parentsand adoptive parents
Variable BM BF AM AF
Mean age (years) at first wave of data collection 23.83+6.12 2531+7.42 36.96+555 37.89+5.93
Race (%)
Caucasian 78 63 93 92
African American 11 20 4 5
Hispanic/Latino 4 8 1 1
Multi-ethnic 5 5 2 2
Otherd 2 4 1 1
Mean education level 5 5 9 9
Median annual house income $14 000 $21 000 $100 000
Mean number of individuals in home 3.6 35 3.7

Page 22

BM, birth mother; BF, birth father; AM, adoptive mother; AF, adoptive father. Education scores were as follows: 1 (less than eighth grade), 2
(completed eighth grade), 3 (completed 12th grade), 4 (some trade school), 5 (completed trade school), 6 (some junior college), 7 (completed junior

college), 8 (some college), 9 (completed college), 10 (some graduate/professional school) and 11 (completed graduate/professional school).

a . . . - . . .
Includes Asian, Native American/Pacific Islander, American Indian/Alaskan Native and unknown.
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Table 3
Regression coefficientsfor AM depressive symptoms at 9 months predicting child
negative response to mother negative behaviorsat 18 months
B B F change R2 change
Step 1
Child gender -0.04 -0.00
IBQ fussiness (9 months) 0.01 0.00
Prenatal risk factors -0.03  -0.00
AM depressive symptoms (18 months) -0.02  -0.00
Child negative response to any AM behaviors 018 o001
Step 2
AM depressive symptoms (9 months) 0.15° 001"
BM depressive symptoms (4 months) -0.04  0.00 2.33t 0.02F
Step 3
AM depressive symptoms (9 months) by BM depressive symptoms (4 months) 0.01 0.00 0.03 0.00
Total model F and adj. R? for Step 2 F=211" Adj.R2=003"

L is the standardized regression coefficient at entry; B is the unstandardized regression coefficient at entry. N = 277.

IBQ, Infant Behavior Questionnaire; AM, adoptive mother; BM, birth mother.

Tp <0.10;
p <0.05;

Fk

p <0.01.
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Table 4
Regression coefficients for the moderation of child negative responsesto AM negative
behaviorsat 18 months predicting AM depressive symptoms at 27 months by BM

depressive symptoms
B B F change R? change

Step 1

Child gender 0.09 0.10

IBQ fussiness (9 months) o010t o1t

Prenatal risk factors 011* 012"

AM depressive symptoms (18 months) 056" 062

Child negative response to any AM behaviors 0.04 0.04
Step 2

CHNeg to AMNeg 010t 1.48f

BM depressive symptoms (4 months) -0.04 -0.01 23T 0.01T
Step 3

CHNeg to AMNeg by BM depressive symptoms (4 months) g 12*  .15* 512% 0.01"
Total model F and adj. R? F=1876"" Adj.R?=035""

fis the standardized regression coefficient at entry; B is the unstandardized regression coefficient at entry. N = 264.

IBQ, Infant Behavior Questionnaire; AM, adoptive mother; BM, birth, mother; CHNeg to AMNeg, the degree of likelihood that a child responds
negatively to AM's negative behavior.

Tp <0.10;
*
p <0.05;

**
p < 0.001.
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