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Abstract

The relations between maternal sensitivity and infant negative emotionality have been tested 

extensively in previous literature. However, the extent to which these associations reflect 

unidirectional or bi-directional effects over time remains somewhat uncertain. Further, the 

possibility that maternal characteristics moderate the extent to which infant negative emotionality 

predicts maternal sensitivity over time has yet to be tested in cross-lag models. The goal of 

the current study is to address these gaps. First time mothers (N = 259; 50% White; 50% 

Black) and their infants participated when infants were 6-, 14-, and 26-months of age. Infant 

negative emotionality was assessed via maternal report and direct observation during standardized 

laboratory tasks, which were subsequently combined to yield a multimethod measure at each 

wave. Maternal sensitivity was observationally coded at each wave and mothers self-reported 

emotion dysregulation at 6- and 14-months. A random intercepts cross-lagged model with 

maternal emotion dysregulation specified as a moderator revealed that infant negative emotionality 

at 6-months was negatively associated with maternal sensitivity at 14-months, but only among 

mothers higher in emotion dysregulation. Higher maternal sensitivity was in turn associated with 

lower infant negative emotionality when infants were 26-months of age. The indirect pathway 

was significant, lending support for the transactional model. Implications for future research and 

prevention/intervention are discussed.
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Scientists have long argued that parents play a role in shaping their children’s development, 

and since the 1960s, there has been attention to the possibility that children also 

shape parenting (Bell, 1968). Researchers have focused on the extent to which child 

temperament (i.e., individual differences in reactivity and regulation; Rothbart & Bathes, 

2006), particularly negative emotionality, may contribute to parenting in the moment and 
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longitudinally (e.g., Belsky & Rovine, 1987). Likewise, parenting contributes to change in 

temperament; infants who experience more sensitive caregiving (i.e., responsive, warm, and 

contingent parental responses) may experience a decline in negative emotionality over time 

(Bell & Ainsworth, 1979). In subsequent theorizing, Sameroff (2009) posited a model by 

which children and parents may influence one another in the moment and contribute to 

change in the other over time. This longitudinal chain of effects whereby a person affects 

their environment, which in turn, contributes to change in their own characteristics is known 

as the transactional model.

In the current study, we aimed to test a transactional model by which maternal sensitivity 

and infant negative emotionality have longitudinal effects on one another over the first 

two years of the infants’ life, while differentiating the between- and within-dyad effects 

over time. Infant negative emotionality, a core dimension of temperament is one of 

the most frequently examined infant predictors of subsequent developmental outcomes. 

Temperament is based in biology but is susceptible to influence from characteristics 

of the environment (Rothbart & Bates, 2006), including the caregiving environment. 

Identifying factors that may promote increases or decreases in negative emotionality 

over time is important given consistent evidence that heightened negative emotionality 

predicts a host of maladaptive outcomes, including externalizing and internalizing behavior 

problems and deficits in social skills (Pauli-Pott et al., 2007; Rothbart & Bates, 2006). 

Maternal sensitivity is a critical aspect of infants’ early environmental experiences. Infants 

who receive more sensitive caregiving develop more adaptive emotional, behavioral, and 

physiological regulation compared to children who receive less sensitive caregiving and 

demonstrate lower behavioral and physiological stress reactivity (Calkins & Leerkes, 2004; 

Leerkes et al., 2009). Notably, in their foundational review and response to commentaries 

focused on emotion socialization, Eisenberg and colleagues (1998a; 1998b) asserted that 

emotion socialization is a transactional process whereby child behavior shapes subsequent 

emotionally relevant parenting and parenting shapes child outcomes including temperament.

Although many researchers have examined reciprocal and transactional effects between 

temperament and parenting, prior studies of this type tend to (1) rely primarily on mother-

reported temperament, (2) focus predominately on negative parenting behaviors, and (3) 

ignore the possibility that other factors may moderate how infant negative emotionality 

and maternal sensitivity are related overtime. Examining a maternal characteristic as a 

moderator of this model is well justified given long-standing evidence that the effects of 

temperament on maternal behavior vary depending on mothers’ risks and available resources 

(Crockenberg, 1986; Crockenberg & Leerkes, 2003). Previous research highlighting the 

negative effects of infant crying on parents’ emotional and cognitive processes (e.g., Leerkes 

et al., 2012) support our focus in the current study on maternal emotion regulation given that 

in the context of distress, caregivers are tasked with responding sensitively and responsively 

to their infant while also modulating their own arousal.
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Associations between Temperament and Parenting

Parenting Predicts Temperament

Caregiving may contribute to infants’ negative emotionality in several ways. First, infants 

learn to minimize or maximize their distress based on how caregivers have responded to 

their distress in the past. Infants who learn that their mothers are inconsistently responsive 

tend to maximize their distress to promote the likelihood of maternal responses, and infants 

who learn that their mothers reject their distress cues tend to minimize their distress in 

order to prevent rejection from their mothers (Cassidy, 1994). This has been supported in 

more recent work (McKay et al., 2019), and appears to be long lasting, with parent-driven 

effects on temperament being observed through toddlerhood (Hentges et al., 2019) and into 

early adolescence (Briscoe et al., 2019). Longitudinal associations of infants’ minimization 

and maximization of distress in response to their history of caregiving can be seen across 

other domains, including maternal warmth (Van den Akker et al., 2014) and emotion 

socialization (Pérez-Edgar & Hastings, 2018). Second, parenting affects infant negative 

emotionality through the development of adaptive or maladaptive physiological reactivity 

and regulation. Early experiences with sensitive and responsive caregiving can provide a 

social buffer to stress reactivity as assessed via cortisol by the time infants are 12 months old 

(Bernard & Dozier, 2010; Gunnar & Donzella, 2002), and researchers have demonstrated 

that heightened cortisol reactivity is linked with later heightened infant negative emotionality 

(Braren et al., 2019). Overall, this body of work suggests that more sensitive caregiving 

promotes lower levels of negative emotionality, whereas insensitive caregiving increases 

negative emotionality in the moment and over time.

Temperament Predicts Parenting

Children’s temperament has been associated with parenting behaviors both concurrently and 

longitudinally across many domains of parenting and developmental periods (Rothbart & 

Bates, 2006). In particular, heightened negative emotionality makes parenting more difficult 

in two ways. First, children higher in negative emotionality are more demanding of their 

caregivers, and the frequency and intensity of infants’ distress, coupled with difficulty 

soothing such infants, contributes to parental fatigue and lower parenting self-efficacy 

(Kienhuis et al., 2010). Second, infant crying is an aversive sound that elicits strong 

physiological, emotional, and cognitive reactions in the moment (Leerkes et al., 2012), and 

it is possible that frequent exposure to this stressor may undermine cognitive and emotional 

processes that promote adaptive parenting.

Indeed, previous research demonstrates that infants who exhibit higher levels of negative 

emotionality during early infancy are more likely to have mothers who display negative 

affect during playful interactions throughout infancy and into toddlerhood, as well as over 

time (Dix & Yan, 2014), are less engaged in social interactions (Hibel et al., 2019), and 

are more likely to engage in harsh parenting (Armour et al., 2016; Hajal et al., 2015). 

Less work has examined negative emotionality in relation to positive caregiving, but some 

research demonstrates that infant negative emotionality undermines sensitive and responsive 

caregiving in the moment and over time (Leerkes, 2010; Woldarsky et al., 2019). In the 

current study, we aim to extend the latter by examining the concurrent and longitudinal 
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implications of infant negative emotionality on maternal sensitivity, a positive caregiving 

construct.

Role of maternal emotion dysregulation.—Although the negative effect of infant 

negative emotionality on caregiving quality appears to be prevalent, observed effects are 

weak in magnitude, and explain relatively small amounts of the variance in parenting 

behaviors (see Paulussen-Hoogeboom et al., 2007 for a meta-analysis and evaluation of 

effect sizes). Crockenberg (1986; Crockenberg & Leerkes, 2003) has argued that maternal 

characteristics may affect the degree to which infant negative emotionality undermines 

the quality of parenting. Not all mothers engage in less sensitive caregiving toward their 

highly reactive infant. Rather, certain characteristics of mothers (e.g., heightened depressive 

symptoms) or their environments (e.g., poor social support) may hinder effective caregiving 

to infants that are more easily and intensely distressed. Thus, in the current study, we 

examined the degree to which maternal emotion dysregulation served as a moderator of 

the association between infant negative emotionality and maternal sensitivity. We focus on 

maternal regulation for two primary reasons. First, given the aversive and arousing nature 

of infant negative emotionality, individual differences in mothers’ ability to regulate their 

own emotions may play a critical role in determining their capacity to prioritize and respond 

sensitively to their infants, particularly over time as the stress of caring for a challenging 

infant may accrue. Second, a focus on maternal emotion regulation is well-justified by 

existing theoretical frameworks. Specifically, Eisenberg et al.’s (1998) model of emotion 

socialization and Dix’s (1991) affective organizational model of parenting both note parent 

emotion characteristics, such as arousal and regulation, are central predictors of parenting in 

emotionally arousing situations, which likely modulate how parents respond in the face of 

challenging child behaviors or traits. This is a critical gap in the literature as it has only been 

tested using a microanalytic timeframe (Scott et al., 2020). Mothers who responded more 

negatively to aversive child behaviors on days when they felt more dysregulated compared to 

days they felt less dysregulated.

Transactional Effects Over Time

Taken together, these bodies of research suggest that bidirectional, transactional effects 

between negative emotionality and parenting behaviors are probable. A cross-lagged design 

is optimal for examining transactional associations because it allows for the differentiation 

between infant and mother-driven effects while controlling for stability over time and 

within time associations between variables of interest. Overall, there have been mixed 

findings in these studies, with some demonstrating there are no significant cross-lag 

effects from mothers or children (e.g., Verhage et al., 2015; Wittig & Rodriguez, 2019). 

Other studies only find support for mother-driven effects (i.e., parenting affecting later 

infant negative emotionality; Cha, 2017; Klien et al., 2018), with such effects being 

somewhat more prominent during early infancy (Perry et al., 2018; Scaramella et al., 

2008). In contrast, studies beginning later in infancy have demonstrated child-driven effects, 

specifically, higher negative emotionality predicted increases in parent over-reactivity from 

10-months to 27-months (Lipscomb et al., 2011). Finally, Perry and colleagues (2018) 

demonstrated that infant negative emotionality at 5 months was associated with increases 

in maternal intrusiveness at 10 months, which was in turn associated with more infant 
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negative emotionality at 24 months. The latter results provide the strongest evidence of the 

transactional model given infants contributed to change in their environment, which then 

altered their own developmental trajectory.

Current Study

The above cited studies that employed the transactional model to study associations between 

infant negative emotionality and parenting are characterized by an important methodological 

limitation, and important gaps remain in this area of inquiry that we address in the current 

study. First, most relied solely on mother-reported infant negative emotionality, which could 

be biased based on mothers’ perceptions of the infant, mothers’ mood or personality, and 

factors like maternal depression (Stifter & Dollar, 2016). Perry et al. (2018) specifically 

called for future research to utilize observationally coded infant negative emotionality 

measures, while also acknowledging the benefits of mother-report. Thus, in the current 

study, we used a multi-method approach of measuring infant negative emotionality by 

utilizing both mother-report and observed infant negative emotionality. Second, with the 

exception of Cha (2017), the above studies focus on associations between infant negative 

emotionality and negative parenting behaviors, such as intrusiveness, parental control, and 

harsh parenting. We examine longitudinal and transactional associations between maternal 

sensitivity, a positive aspect of parenting, and infant negative emotionality, which is 

important given that previous work has established the importance of maternal sensitivity 

for many social and emotional outcomes. Third, prior studies focus on main effects, despite 

evidence that negative effects of infant negative emotionality on parental outcomes are more 

prevalent among mothers with other risk factors (Crockenberg, 1986; Paulussen-Hoogeboom 

et al., 2007). Unexamined moderators could be one reason the extant literature provides 

mixed support for the presence of child-driven effects. Thus, we examine maternal emotion 

dysregulation as a moderator of the cross-lagged paths from infant negative emotionality to 

subsequent maternal sensitivity. Fourth, we employ the random intercepts cross-lagged panel 

model (RICLPM) which tests bidirectional effects while disaggregating the between- and 

within-person effects over time. This approach is superior to the basic cross-lagged model 

in that estimations in the basic model can be biased and inflated given the conflation of 

between- and within-person effects.

We hypothesized that after accounting for stability and concurrent associations: 1) higher 

levels of maternal sensitivity at 6-months and 14-months would be associated with lower 

levels of infant negative emotionality at 14-months and 26-months, 2) higher levels of infant 

negative emotionality at 6-months and 14-months would be associated with lower levels of 

maternal sensitivity at 14-months and 26-months, and 3) maternal emotion dysregulation 

would moderate the association between 6-month and 14-month infant negative emotionality 

and later maternal sensitivity, such that for mothers higher in emotion dysregulation, the 

effect of infant negative emotionality on sensitivity would be stronger. We anticipated 

two possible indirect effects. First, insensitive maternal behavior may lead to subsequent 

insensitive behavior over time via heightened infant negative emotionality. Second, infant 

negative emotionality may contribute to elevated subsequent negative emotionality by 

undermining maternal sensitivity, particularly in dyads where mothers have higher emotion 

dysregulation. Given that we were interested in both the moderating effects of maternal 
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emotion dysregulation and the indirect effects of sensitivity and infant temperament over 

time, it is possible that conditional indirect effects would emerge; the indirect effect would 

be significant for mothers higher or lower in emotion dysregulation.

Method

Participants

Participants included 259 first time mothers (131 African American, 128 European 

American) and infants when infants were 6- (n = 230; 50% female; n = 15 questionnaire 

only), 14- (n = 227; n = 19 questionnaire only), and 26-months (n = 214; n = 15 

questionnaire only) of age. Participants were recruited from childbirth and breastfeeding 

classes, obstetrics and gynecology practices, and word of mouth. At the prenatal wave 

(about 6–8 weeks before mothers’ due date), mothers ranged from 18 to 44 years of age (M 
= 25.05, SD = 5.41). Maternal education varied: 27% of mothers had a high school diploma 

or less, 27% had attended some college, and 46% had at least a 4-year degree. Annual 

income ranged from less than $2,000 to over $100,000 (median = $35,000). Most mothers 

reported being married to or living with their child’s father (57%), 24% were dating, but 

not living with their child’s father, and 19% were single. Attrition/missing data over time 

was due to participants moving, infant mortality, being too busy to participate, and inability 

to contact participants despite multiple attempts. Missingness was not associated with most 

key demographic variables (i.e., income-to-needs, marital status, race, or experience with 

infants). Mothers who completed more waves of data collection were older (r = .15, p < .05) 

and had higher levels of education (r = .17, p < .01).

Procedures

Upon enrollment in the study, mothers were mailed a packet of questionnaires to collect 

demographic information. During the follow-up waves, mothers completed questionnaires 

about their infants’ temperament and maternal emotion dysregulation and attended a 

laboratory session with their infant in which dyads participated in distress-electing tasks. 

With the exception of the Still-Face paradigm at 6-months and the clean-up task at 26-

months, all distress eliciting tasks were 4 minutes. Mothers were instructed not to interact 

with infants until signaled by the experimenter after 1 minute, and for the remaining 

3 minutes mothers were allowed to interact however they wanted with infants without 

interfering with the task. At 6-months, distress-eliciting tasks included an arm restraint, 

novel toy approach, and Still-Face paradigm. For the arm restraint, an experimenter knelt 

in front of infants and gently held their forearms. For the novel toy approach, a loud 

remote-controlled dump truck moved toward and away from the infant. At 6-months, dyads 

also participated in the Still-Face Paradigm, where mothers and infants were seated across 

from each other and engaged in three episodes: engage, still-face, and re-engage, each 

lasting two minutes long. At 14-months, distress-eliciting tasks included the toy removal 

and novel character approach. For the locked jar, an attractive toy phone was placed in a 

plastic jar that infants were unable to open. For the novel character approach, an assistant 

wearing a character mask entered the room, approached the infant, and interacted with 

infants in unpredictable ways (e.g., singing, dancing, talking to infants). At 26-months, the 

distress-eliciting tasks included toy clean-up, locked box, and spider approach. After the 
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7-minute free play session, an experimenter entered the room and gave the mother and 

child two plastic containers and instructed mothers to get their child to clean up all of the 

toys. Mothers were told that they could accomplish this any way they wanted, but they 

must involve their child. The clean-up task lasted for 5 minutes or until all of the toys 

were cleaned up. For the locked box, an attractive toy was placed into a locked plastic 

box. The experimenter showed infants how to unlock the box using a set of keys, and then 

gave infants a set of keys that would not open the box. For spider approach, a large spider 

strapped to a remote-controlled car approached and withdrew from children. All procedures 

were approved by the University of North Carolina Greensboro Internal Review Board 

(Protocol #09–0035).

Measures

Infant Negative Emotionality—Infant negative emotionality was assessed via a maternal 

report measure and observationally coded infant distress. Mothers completed the Infant 

Behavior Questionnaire – Revised Very Short Form (IBQ-RVSF; Putnam et al., 2014) at 

6- and 14-months and the Early Childhood Behavior Questionnaire – Very Short Form 

(ECBQ-VSF; Putnam et al., 2006) at 26-months. Both measures have been used extensively 

in previous work and demonstrate internal consistency reliability and convergent validity 

with other measures infant temperament (Putnam et al., 2014; Putnam et al., 2006). Both 

measures include 12 items that ask mothers to report the frequency of their infants’ negative 

emotionality in response to common situations (e.g., When meeting a stranger, how often 

does your baby show distress?) on a 7-point scale from 1 (never) to 7 (always) over the last 2 

weeks. Internal consistency reliability was adequate for 6-, 14- and 26-months: αs = .74, .82, 

and .74, respectively.

Infant affect was continuously rated from videos of the distress-eliciting tasks at each wave 

on a 7-point scale from 1 (high positive affect) to 7 (high negative affect) (adapted from 

Braungart-Rieker & Stifter, 1996) using INTERACT 9 (Version 9; Mangold, 2011). Mean 

distress was calculated for each task at each wave with higher scores reflecting higher 

duration and intensity of distress. Almost all infants (6-months: 97%, 14-months: 91%, 

26-months: 97%) displayed some distress at each wave, although episodes of distress were 

brief, and few infants displayed brief instances of positive affect resulting in mean affect 

scores between 4 (neutral) and 5 (mild negative affect) (6-months: M distress = 4.43, SD 
= .43; 14-months: M distress = 4.19, SD = .27; 26-months: M distress = 4.19, SD = .26). 

Coders were blind to other data and reliability cases were selected at random. Disagreements 

were resolved via consensus coding. Inter-rater reliability was assessed using weighted 

kappa based on 15 to 25% of double coded cases for each wave (6-month κ = .76; 14-month 

κ = .75; 26-month κ = .81).

For each wave, an exploratory factor analysis was conducted that included the IBQ/ECBQ 

negative emotionality score and mean observed distress for each observational task. At each 

wave a one-factor structure was revealed with an Eigen factor greater than 1 explaining 

88% of the variance at 6-months and 14-months and 0% at 26-months. Thus, scores were 

standardized and averaged to create a single multi-method negative emotionality score.
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Maternal Sensitivity—Maternal sensitivity was rated separately for the free play task 

and each distress task at each wave using Ainsworth’s 9-point sensitivity scale (Ainsworth 

et al., 1974). Scores range from 1 (highly insensitive; inconsistently responsive, responses 

are inappropriate or fragmented) to 9 (highly sensitive; mothers are attuned to infants’ 

behaviors, perceives infants’ signals quickly and acts accordingly). Coders were trained 

on the scale and inter-rater reliability was assessed via randomly assigned double-coded 

cases (6-month: N = 26, 13%; 14-month N = 40, 20%; and 26-month: N = 30, 15%); 

intraclass correlation coefficients ranged from .74 to .92. Sensitivity scores were computed 

by averaging ratings across tasks within waves to create one overall sensitivity score (α = 

.89, .84, and .87 for 6-, 14-, and 26-months, respectively).

Maternal Emotion Dysregulation—Mothers completed the Difficulties with Emotion 

Regulation Scale (DERS; Gratz & Roemer, 2004) at 6- and 14-months. This measure 

has been used in non-clinical samples, demonstrates test-retest reliability, good internal 

consistency reliability, convergent validity with other self-reports about emotion, and 

predictive validity to infant and mother outcomes (e.g., Gratz & Roemer, 2004; Leerkes 

et al., 2020). The DERS is a 36 item measure in which participants respond to items like 

“When I am upset, I feel out of control,” on a 5-point scale from 1 (almost never) to 5 

(almost always). Items were averaged together to create a total score at each wave (α = .93 

for both), with higher scores representing more emotion dysregulation.

Data Transparency and Openness

Hypotheses and data analysis plans were not preregistered. Data and code are not publicly 

available. Additional information regarding data, analyses, code, and study protocols may be 

obtained from the authors upon request.

Results

Analytic Plan

Preliminary analyses were conducted to examine descriptive statistics and bivariate 

correlations among variables of interest (Tables 1 and 2). The main analyses that 

examined the associations between maternal sensitivity and infant negative emotionality 

were estimated using a random intercepts cross-lagged panel model (RICLPM; Usami, 

2021) in Mplus (Version 8; Muthén & Muthén, 2017). The RICLPM is advantageous in 

that, by design, the model differentiates between- and within-dyad effects, allowing us 

to see how constructs change and are related to each other over time without influence 

from between-person variance. Mplus uses full information maximum likelihood, which 

allows for the examination of all available data, regardless of missingness. Following 

procedures by Usami (2021), fitting a RICLPM includes: 1) specifying latent between-

person individual difference factors for maternal sensitivity and infant negative emotionality; 

2) centering the within-person variables by specifying latent variables with single manifest 

indicators of maternal sensitivity and infant negative emotionality at each timepoint; 3) 

constraining measurement error variances for each manifest indicator to 0; 4) specifying 

cross-lagged effects between within-person variables; 5) specifying covariances between the 

within-person variables; and 6) constraining the correlations of the between-person factors 
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and other exogenous variables to be 0. After specifying this model, we also fitted a model 

that included maternal emotion regulation as a moderator of the association between infant 

negative emotionality and maternal sensitivity at each cross-lagged path using latent variable 

moderation (see Muthén & Asparouhov, 2003). Significant interactions were probed one 

standard deviation above and below the mean of emotion dysregulation to test for simple 

slopes (Aiken & West, 1991). Indirect effects and conditional indirect effects were tested 

when both the path from maternal sensitivity to subsequent infant negative emotionality 

(or the interaction with the path) and path from infant negative emotionality to subsequent 

maternal sensitivity were both significant. Given the nature of RICLPMs, the effects of 

time-invariant covariates are implicitly controlled (Usami et al., 2019). Thus, no covariates 

were included in the statistical model.

Preliminary Analyses

Descriptive statistics for the main study variables are presented in Table 1. All variables 

were normally distributed. Of note, maternal sensitivity was highly correlated over time 

(rs = .64, .64, and .67). Infant negative emotionality was moderately correlated over time 

(rs = .31, .19, and .29). Further, maternal sensitivity and infant negative emotionality were 

negatively correlated both within timepoint (e.g., 6-month maternal sensitivity and 6-month 

infant negative emotionality r = −.27) and longitudinally (e.g., 6-month infant negative 

emotionality with 14-month maternal sensitivity r = −.26).

Random Intercepts Cross-Lagged Panel Model

The RICLPM (Figure 1) demonstrated excellent fit across all indicators of model fit, χ2(1) 

= 2.23, p = .14; RMSEA = .071, 90% CI [.000, .202]; CFI = .996; SRMR = .021. 

There was a significant negative between-person correlation between maternal sensitivity 

and infant negative emotionality (β = −.65, p < .001), suggesting that on average, higher 

maternal sensitivity was correlated with lower infant negative emotionality. Within-person 

within-timepoint correlations between infant negative emotionality and maternal sensitivity 

at 6-months were not statistically significant (β = −.14, p = .17), but were statistically 

significant at 14-months (β = −.22, p = .03) and 26-months (β = −.36, p < .001). Maternal 

sensitivity was not significantly stable from 6- to 14-months (β = .22, p = .11) but was 

significantly stable from 14- to 26-months (β = .30, p = .02). Infant negative emotionality 

did not demonstrate statistically significant stability from 6- to 14-months (β = .17, p = 

.17) or from 14- to 26-months (β = .05, p = .65). Only one lagged effect was statistically 

significant, such that higher maternal sensitivity at 14-months was associated with lower 

infant negative emotionality at 26-months (β = −.20, p = .049).

Moderation and Conditional Indirect Effects.—Next, a model with moderation 

was specified. Specifically, 6-month infant negative emotionality by 6-month maternal 

emotion dysregulation was specified to predict 14-month sensitivity and 14-month infant 

negative emotionality by 14-month maternal emotion dysregulation was specified to predict 

26-month sensitivity. In the moderated cross-lagged model, only the first interaction was 

significant, and thus, the 14-month interaction was removed. The final path model is 

presented in Figure 2. Model fit was good across all indicators of fit, χ2(3) = 5.38, p = .15; 

RMSEA = .057, 90% CI [.000, .134]; CFI = .993; SRMR = .023. The interaction between 
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6-month infant negative emotionality and 6-month maternal emotion dysregulation was 

statistically significant (β = −.24, p = .004). For mothers higher in emotion dysregulation, 

there was a negative association between infant negative emotionality at 6-months and 

maternal sensitivity at 14-months (β = −.25, p = .01). This effect was not significant for 

mothers lower in emotion dysregulation (β = .16, p = .26).

As a final step, a conditional indirect effect was tested to determine if the indirect effect 

from 6-month infant negative emotionality to 14-month maternal sensitivity to 26-month 

infant negative emotionality was significant in dyads in which mothers were higher in 

emotion dysregulation. The conditional indirect effect was significant at 90% CI, B = 

.07, SE = .04, β = .06, 90% CI [.008, .180]. Thus, infants who were higher in negative 

emotionality elicited less sensitive care over time if their mothers were higher in emotion 

dysregulation, which in turn predicted more infant negative emotionality at 26-months.

Discussion

In the current study, we used a transactional random intercepts cross-lagged panel model 

design to examine how maternal sensitivity and infant negative emotionality were associated 

with each other across three timepoints throughout infancy. Further, we examined the degree 

to which maternal emotion dysregulation moderated the association between infant negative 

emotionality and later maternal sensitivity. Our results provide support for transactional 

associations between infant negative emotionality and maternal sensitivity, but only when 

mothers have more difficulty regulating their own emotions.

Stability and Concurrent Associations

We found that maternal sensitivity was stable, but only during later infancy. This is likely 

due to the disentanglement of between- and within-person effects, given that our preliminary 

correlations would suggest that maternal sensitivity is stable across infancy, which would be 

consistent with other research that has examined parenting behaviors over time e (Cha et al., 

2017; Perry et al., 2018; Perry et al., 2014). Compared to other studies that have examined 

stability in temperament (e.g., Bornstein et al., 2015; Perry et al., 2018), our stability 

coefficients were lower likely due to the analytic technique extrapolating between-person 

and within-person effects and differences in the measurement of infant negative emotionality 

(e.g., mother report only in previous work vs. our use of multiple assessments). It is possible 

that our stability coefficients were lower in magnitude because observed distress is less 

stable over time compared to mother report. In follow-up analyses, we found this to be the 

case in our sample, such that stability coefficients for observed distress ranged from .10 to 

.15 and stability coefficients for mother-reported negative emotionality ranged from .38 to 

.43 (comparable to that of other research; ranged from .35 to .41). Notably, these follow-up 

correlations do not account for removing the between-person effects like the main analyses 

do. Observations based on behavior in a single day are expected to be less stable over time 

compared to maternal reports of temperament which are based on infants’ typical behavior 

over the past two weeks.

In the current study, we found an overall negative association between average maternal 

sensitivity and average infant negative emotionality (between-person effect), consistent 
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with prior research (Leerkes & Wong, 2012). The timepoint-specific associations were not 

significant at 6-months, but were significant, negative, and moderate in magnitude for 14- 

and 26-months. One explanation for this could be that as caregivers and infants spend more 

time together and develop a longer relational history, it is possibly that negative behavior 

from one member of the dyad has greater potential to erode the behavior of the other. A 

limitation of these concurrent associations is that the directionality of the associations is 

unclear, underscoring the value of the longitudinal model.

Cross-lagged and Transactional Effects

We did not find any evidence of child-driven effects without considering the effects 

of moderation. In the moderated model, there was a child effect from infant negative 

emotionality at 6-months to subsequent sensitivity at 14-months among mothers with more 

emotion regulation problems. That we found child-driven effects under certain conditions 

supports our view that some previous work may have failed to find evidence of child-

driven effects due to untested moderators. These results support previous work suggesting 

that infant negative emotionality does not affect all mothers the same way, but rather, 

certain maternal characteristics may exacerbate the negative effects of infant distress on 

caregiving (Crockenberg & Leerkes, 2003). Infant distress is aversive and arousing, and 

mothers who struggle to regulate their emotions may be particularly inclined to engage in 

insensitive behavior when infants higher in negative emotionality are distressed, but also 

when they are non-distressed because they may be burnt out from responding to frequent 

and intense distress cues and miss opportunities to engage positively when their infants 

are in positive states (van den Boom & Hoeksma, 1994). However, this interaction effect 

was only significant during early infancy (i.e., 6-months predicting 14-month maternal 

sensitivity). That the interaction between infant negative emotionality and maternal emotion 

dysregulation was not significant later in infancy may be a function of the demands of 

parenting an infant early in the first year of life that subsequently subside. Coping with 

infants’ heightened negative emotionality may be particularly challenging during the first 

6 months when coupled with additional stressors such as fatigue caused by frequent night 

wakings (Trifu et al., 2019), making maternal regulatory abilities particularly important at 

this time. By the time infants reach 14- and 26-months of age, maternal hormones are highly 

likely to have re-stabilized (Trifu et al., 2019), infants sleep becomes more consolidated and 

predictable, and new parents have gained confidence their parenting (Leerkes & Burney, 

2007). Thus, mothers may be better able to cope with infant negative emotionality later in 

infancy regardless of individual differences in their regulatory capacities.

Both the simple RICLPM and the model with moderators revealed that 14-month maternal 

sensitivity was predictive of lower subsequent infant negative emotionality at 26-months 

supporting the view that temperament is influenced by the environment (Rothbart & Bates, 

2006). Infants who experience high quality caregiving have more opportunities to develop 

adaptive emotion regulation skills that may minimize displayed negative emotionality 

(Leerkes et al., 2009). The evidence of mother-driven effects during late infancy is consistent 

with some previous research (e.g., Cha, 2017; Perry et al., 2018). The indirect effect from 

6-month infant negative emotionality to 26-month infant negative emotionality through 

14-month maternal sensitivity was significant, but only for dyads in which mothers were 
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higher in emotion dysregulation. The transactional pattern may occur because infants who 

experience insensitive parenting may heighten their emotional distress to elicit caregiving 

from their mothers (Cassidy, 1994) and/or may experience worse physiological regulation 

(Calkins & Leerkes, 2004) over time which contributes to greater negative emotionality.

Inconsistent with prediction and previous work (e.g., Leerkes & Wong, 2012), early 

maternal sensitivity (i.e., 6 months) was not associated with later negative emotionality. 

Throughout infancy, distinct domains of self-regulation (e.g., behavioral, physiological) 

develop extensively, but perhaps on different timetables. It is possible that it takes longer 

before maternal sensitivity contributes to sufficient enhancements in emotion regulation that 

would elicit a change in infants’ propensity to display negative emotion. Early sensitivity 

may enhance physiological regulation earlier in infancy and alter behavioral expressions of 

negative affect later. Thus, perhaps incorporating a physiological indicator of arousal and 

emotionality such as baseline RSA which is thought to reflect infants’ trait-like responses to 

the environment may yield different results (Perry et al., 2018; Perry et al., 2014).

Taken together, these results have applied implications. Maternal emotion regulation appears 

to serve a critical role in promoting sensitive responding when faced with an infant high 

in negative emotionality, at least early in infancy, which in turn serves to reduce infant 

negative emotionality over time. Thus, enhancing expectant or early post-partum mothers’ 

emotion regulation skills may increase maternal sensitivity, resulting in lower levels of 

negative emotionality over time. Enhancing maternal emotion regulation skills by focusing 

on emotion coaching, cognitive reframing, and emotional awareness has been demonstrated 

to be effective in promoting positive caregiving (Zimmer-Gembeck et al., 2019). Such 

efforts may be particularly important for mothers whose infants who are more easily and 

intensely distressed.

Strengths, Limitations and Future Directions

The current study has several strengths. First, the sample was intentionally recruited so that 

half of the mothers were European American, and half were African American. Much of the 

previous work examining transactional models were completed using mostly homogenous 

samples regarding race and ethnicity. Additionally, the sample was diverse with respect to 

indices of socio-economic status such as education and income. Second, this was a multi-

method study that drew from mother reported information (i.e., infant negative emotionality 

and maternal emotion dysregulation) and observationally coded infant and mother behavior 

using well-established observational tasks and coding schemes (i.e., infant distress and 

maternal sensitivity). Specifically, the multi-method measure of infant negative emotionality 

was responsive to Perry et al.’s (2018) call for a more integrated and comprehensive 

examination of infant negative emotionality that does not solely rely on potentially biased 

maternal reports.

A number of limitations also warrant discussion. First, this was a community sample, and 

it is possible that samples with higher levels of maternal emotional risk, such as high 

regulatory difficulties (e.g., Ostlund et al., 2019) or psychopathology may yield different 

results. Second, the observational tasks were brief, and the distress tasks were designed to 

elicit heightened distress and may not reflect how the infant behaves in typical daily life. 
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Thus, future work should utilize longer observations and incorporate home observations to 

capture infant temperament in a routine setting. Relatedly, we did not establish measurement 

invariance for infant negative emotionality across the waves of assessment. Although 

establishing measurement invariance would be ideal, there is not a single measure or series 

of tasks that are appropriate for 6-, 14-, and 26-month-old infants, thus, tasks must be 

updated for developmental appropriateness. Measurement invariance has been established 

for the maternal report measures of infant negative emotionality (see Putnam et al., 2008), 

but efforts have not yet been set forth for observed measures of temperament across infancy. 

Fourth, we only examined a maternal characteristic as a moderator of child effects on 

sensitivity and did not consider the possibility that other child characteristics, such as 

perceptual sensitivity, attentional control, and emotion regulation, operate as moderators 

of parent effects on negative emotionality. Such an approach is warranted based on the 

differential susceptibility perspective (Ellis et al., 2011) and should be examined in future 

research. Fifth, the time interval varied between data collection waves. Eight months passed 

between the 6-month and 14-month assessments and 12 months passed between the next 

two. A cross-lagged panel model does not allow for the weighting of time, and thus, we 

may be missing critical regulatory developmental processes. Future work should utilize 

longitudinal growth curve modeling to allow for the weighting of time to examine time-

sensitive linear change. Last, although we view our approach of aggregating across multiple 

contexts (i.e., distress and non-distress) a strength of the current study, it is possible that 

there may be differences in how infant negative emotionality develops in the context of 

maternal sensitivity to distress specifically (Leerkes, 2010). Future work in which sensitivity 

to distress and non-distress are each measured across multiple tasks for longer periods of 

time at each wave would be ideal for comparing cross-lagged effects from each parenting 

context.

Conclusion

In conclusion, the current study contributes to the literature on the development of negative 

emotionality throughout infancy and the predictors of maternal sensitivity. In particular, 

this study provides evidence to suggest that mothers and infants both contribute to the 

development of infant negative emotionality over time. Consistent with the transactional 

model, infants high in negative emotionality elicited a decline in maternal sensitivity 

over time, under certain conditions, which in turn increased infant negative emotionality. 

Utilizing transactional models in future work can shed light on the role that mothers have 

in the development of infant negative emotionality. Further, the current study underscores 

the importance of understanding the interplay between infant and mother characteristics in 

predicting sensitive caregiving and longer-term child outcomes and underscores the value of 

focusing on maternal emotion dysregulation specifically.
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Figure 1. 
RICLPM Testing associations between maternal sensitivity and infant negative emotionality

Note. M. Sens. = Maternal Sensitivity; I. NE. = Infant Negative Emotionality. Values are 

standardized coefficients. *p < .05, **p < .01.
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Figure 2. 
RICLPM with moderators of emotion regulation

Note. M. Sens. = Maternal Sensitivity; I. NE. = Infant Negative Emotionality. Values are 

standardized coefficients. *p < .05, **p < .01.
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Table 1

Descriptive Statistics for Varaibles of Interest

M SD Min. Max. Skew Kurtosis

1. 6m Maternal Sensitivity 4.99 1.44 1.67 8.00 −0.06 −1.08

2. 14m Maternal Sensitivity 5.46 1.68 1.50 9.00 −0.11 −0.64

3. 26m Maternal Sensitivity 6.09 1.50 1.67 9.00 −0.41 −0.72

4. 6m Infant NE 0.01 0.79 −1.50 1.99 0.38 −0.49

5. 14m Infant NE 0.01 0.80 −1.71 2.92 0.65 0.70

6. 26m Infant NE −0.01 0.81 −1.58 2.59 0.97 0.95

7. 6m Maternal Emot. Dyreg. 1.71 0.45 1.00 3.66 1.60 3.58

8. 14m Maternal Emot. Dysreg. 1.86 0.51 1.00 3.59 1.07 0.79

Note. M = months. NE = negative emotionality.
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