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A B S T R A C T

Background: The Research Domain Criteria (RDoC) constructs of Positive Valence Systems (PVS) and
Negative Valence Systems (NVS) are presumed to manifest behaviorally through early-emerging temperamental
negative affectivity (NA) and positive affectivity (PA). The late positive potential (LPP) is a physiological
measure of attention towards both negative and positive emotional stimuli; however, its associations with
behavioral aspects of PVS and NVS have yet to be examined.
Methods: In a community sample of children (N = 340), we examined longitudinal relationships between
observational measures of temperamental PA and NA assessed at age 6, and the LPP to both pleasant and
unpleasant images assessed at age 9.
Results: Lower PA at age 6 predicted reduced LPP amplitudes to pleasant, but not unpleasant, images. NA as a
composite measure was not related to the LPP, but specific associations were observed with facets of NA: greater
fear predicted an enhanced LPP to unpleasant images, whereas greater sadness predicted a reduced LPP to
unpleasant images.
Limitations: We were unable to evaluate concurrent associations between behavioral observations of
temperament and the LPP, and effect sizes were modest.
Conclusions: Results support correspondence between behavioral and physiological measures of emotional
processing across development, and provide evidence of discriminant validity in that PA was specifically related
to the LPP to pleasant images, while facets of NA were specifically linked to the LPP to unpleasant images.
Distinct associations of temperamental sadness and fear with the LPP highlight the importance of further
evaluating subconstructs of NVS.

1. Introduction

The National Institute of Mental Health's Research Domain Criteria
(RDoC) initiative aims to elucidate the mechanisms underlying psy-
chopathology by focusing on core biobehavioral constructs that are
dimensionally distributed and cut across traditional diagnostic bound-
aries. A key goal of RDoC is to elaborate the biological mechanisms
associated with psychological processes by establishing linkages across
multiple units of analysis—including brain circuits, physiology, self-
report and behavior—in order to develop nomological nets around
these constructs (Kozak and Cuthbert, 2016; Sanislow et al., 2010). An

important aspect of establishing the validity of these constructs is to
determine whether measures of each construct at different units of
analysis are related to one another (i.e., convergent validity), and to
establish discriminant validity in that units of analysis of one construct
should not be related to other constructs (Kozak and Cuthbert, 2016;
Shankman and Gorka, 2016).

The RDoC constructs of Negative Valence Systems (NVS) and
Positive Valence Systems (PVS) stem from research on temperament,
biobehavioral motivational systems, and psychopathology (Clark,
2005; Davidson, 1992; Gray, 1994; Kozak and Cuthbert, 2016; Lang
et al., 1990). NVS include responses to acute and sustained threat,
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potential harm, frustrative nonreward, and loss, while PVS include
approach motivation, initial and sustained responsiveness to reward,
reward learning, and habit (Kozak and Cuthbert, 2016; National
Institute of Mental Health, 2016). NVS and PVS have been linked to
internalizing and externalizing psychopathology at the behavioral,
physiological, and circuit levels of analysis. For example, some forms
of depression are characterized by lower activation in PVS, including
reduced expression of positive emotions (De Pauw and Mervielde,
2010; Klein et al., 2012; Kotov et al., 2010) and blunted reward
responsiveness (Forbes and Dahl, 2012; Pizzagalli, 2014; Proudfit
et al., 2015). On the other hand, externalizing symptoms, particularly
hyperactivity and impulsivity, have been linked to increased activation
in PVS (Tackett et al., 2012). NVS are consistently related to all forms
of psychopathology (Tackett et al., 2013), but have the strongest
association with symptoms of depression and anxiety, which are
characterized by greater behavioral expression of negative emotions
(De Pauw and Mervielde, 2010; Klein et al., 2012; Kotov et al., 2010),
as well as altered neural processing of negative or threatening stimuli
(Goodkind et al., 2013; Proudfit et al., 2015; Swartz and Monk, 2014).
Importantly, there is growing evidence that abnormalities in these
systems are observable among children at risk for internalizing
disorders, prior to the onset of symptoms (Klein et al., 2012; Pine,
2007; Proudfit et al., 2015); thus RDoC constructs of PVS and NVS may
inform our understanding of developmental pathways to psychopathol-
ogy (Casey et al., 2014; Franklin et al., 2015; Shankman and Gorka,
2016).

At the behavioral level, temperament style is particularly relevant to
PVS and NVS (Kozak and Cuthbert, 2016; National Institute of Mental
Health, 2016). Temperament refers to individual differences in emo-
tional reactivity, expression, and regulation that develop early in life,
with strong genetic and biological bases, and substantial stability over
time (Caspi and Shiner, 2006; Clark and Watson, 1999; Rothbart and
Bates, 2006). Positive affectivity (PA), which includes expression of joy
and exuberance, and negative affectivity (NA), which includes sadness,
anger, and fear, are two aspects of temperament that are closely related
to RDoC's PVS and NVS, respectively (Kozak and Cuthbert, 2016;
National Institute of Mental Health, 2016), and can be measured at
both the self-report and behavioral levels of analysis. As individual
differences in NA and PA emerge early in life, they may be particularly
useful units of analysis for informing the developmental origins of
these RDoC constructs.

At the physiological level, the late positive potential (LPP) is an
event-related potential (ERP) component that provides a neural
measure of sustained attention towards motivationally salient stimuli,
including positive and negative emotional faces, words, and scenes, and
can be reliably and easily assessed in children and across development
(Cuthbert et al., 2000; Hajcak et al., 2011; Kujawa et al., 2013; Schupp
et al., 2006). A range of psychopathologies, including both anxiety and
depression, have been characterized by an altered LPP to emotional
stimuli (e.g., Foti et al., 2010; Kujawa et al., 2015a; MacNamara et al.,
2015; Moser et al., 2008), suggesting it may be useful as a transdiag-
nostic measure of emotional processing. Through source localization
and combining functional magnetic resonance imaging (fMRI) with
ERP measures, the LPP has been linked to an extensive brain network,
including visual cortex and coupling between occipitoparietal and
frontal cortex, as well as activation in subcortical regions (Keil et al.,
2002; Liu et al., 2012; Moratti et al., 2011; Sabatinelli et al., 2013,
2007).2 Though the LPP is modulated by arousal (Olofsson et al., 2008)
and similar brain regions appear to contribute to the LPP to both
positive and negative stimuli, there is also evidence of somewhat
distinct neural contributions depending on valence. For example, while

activation in nucleus accumbens and medial prefrontal cortex (PFC)
correlated with the LPP to pleasant images, activation in ventrolateral
PFC and insula correlated with the LPP to unpleasant images (Liu
et al., 2012).

Despite the need for a neurodevelopmental perspective to inform
RDoC and evidence that individual differences in trait emotionality
develop early in life, very little work has examined the relationships
between observed behavior and physiology or circuits involved in PVS
and NVS, an essential step for informing how individual differences in
neural measures may relate to real-world functioning and behavior.
Most of the developmental literature has focused on behavioral
inhibition (BI), a temperament trait specifically characterized by
fearfulness and withdrawal in novel situations (Kagan et al., 1987).
For example, high BI in early childhood predicts greater right frontal
electroencephalogram (EEG) asymmetry, enhanced ERP measures of
error monitoring, and greater striatal activation during reward antici-
pation later in life (Bar-Haim et al., 2009; Fox et al., 2005; Guyer et al.,
2006; McDermott et al., 2009).

In addition, we previously reported that lower PA in early childhood
predicted a reduced reward positivity, an ERP component sensitive to
receipt of reward, in middle to late childhood (Kujawa et al., 2015b).
This finding provided evidence of correspondence between behavioral
and physiological aspects of PVS, and also indicated discriminant
validity in that NA was not related to physiological measures of reward
processing. As the LPP is modulated by arousal during the processing
of both positive and negative emotional information (Cuthbert et al.,
2000; Hajcak et al., 2011; Olofsson et al., 2008), it may provide insight
into distinct patterns of associations between behavioral expressions of
PA and NA and physiological measures of emotional processing.

Consistent with this, two cross-sectional studies in youth have
linked individual differences in the LPP to behavioral and question-
naire measures of NVS and PVS. In a sample of young children,
observed fearful behavior was associated with an enhanced LPP
specifically to unpleasant images in childhood (Solomon et al., 2012).
More recently, in a large sample of adolescent girls, questionnaire
measures of PA correlated with an enhanced LPP to both pleasant and
unpleasant images, raising the possibility that greater PA corresponds
to increased arousal during broad emotion processing (Speed et al.,
2015). Compared to questionnaire measures, laboratory assessment of
temperament provides an objective, micro-level examination of affec-
tive and behavioral responses (Goldsmith and Gagne, 2012); however,
no previous studies have examined behavioral indicators of both NVS
and PVS in relation to the LPP. In addition, as temperament develops
early in life, examining the relationship between early-emerging
temperament and the LPP later in life provides a particularly stringent
test of the relationship between behavioral and physiological units of
analysis.

The current study took a developmental approach to testing the
convergent and discriminant validity of behavioral and physiological
measures of emotional reactivity and processing. Specifically, at age 6,
children completed an observational laboratory assessment of PA and
NA. Approximately three years later, children completed an EEG
assessment in which the LPP was recorded in response to both
unpleasant and pleasant images. We tested whether behavioral mea-
sures of NVS and PVS predicted physiological measures of emotional
processing three years later by examining observational measures of PA
and NA at age 6 as predictors of the LPP to emotional images at age 9.
As facets of NA (i.e., fear, sadness, anger) may relate to specific
components of NVS (e.g., threat, loss, frustrative non-reward) and
show distinct associations with physiological measures, we also exam-
ined fear, anger and sadness as predictors of the LPP at age 9.
Consistent with prior work (Solomon et al., 2012; Speed et al.,
2015), we hypothesized that greater PA would predict an enhanced
LPP to pleasant images or to emotional images more broadly and
greater fearfulness would predict an enhanced LPP to unpleasant
images. Given evidence that fearfulness and anger are distinct with

2 We refer to the LPP as a physiological measure, consistent with the placement of
other ERP measures in the current RDoC Matrix (National Institute of Mental Health,
2016); however, it could also fit within the circuits level of analysis, as several studies
have evaluated its relationship with specific brain regions.
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regard to the direction of motivational intensity (Carver and Harmon-
Jones, 2009), and sadness is characterized by physiological responses
consistent with withdrawal and conservation of resources (Kreibig
et al., 2007), we hypothesized that anger and sadness may demonstrate
distinct associations with the LPP compared to fearfulness.

2. Methods

2.1. Participants

The sample was part of a larger community sample of children,
initially recruited when the children were 3 or 6 years old and re-
assessed at age 9 (Kujawa et al., 2014; Olino et al., 2010). When the
children were 6 years old, 491 children completed a laboratory
assessment of temperament. As close as possible to the child's 9th
birthday, 451 children returned to the laboratory, and 422 completed
the EEG emotional interrupt task (29 families chose not to complete
the task). An additional 82 participants were excluded for excessive
noise in the EEG data, few artifact-free trials after data processing, or
poor behavioral performance. The final sample consisted of 340
children (45.9% female): 88.8% White, 8.5% Black/African American,
2.4% Asian and .3% Native American. With regard to ethnicity, 10.9%
were of Hispanic/Latino origin. In 67.9% of the sample, at least one
parent had a college degree. At the time of the temperament assess-
ment, the mean child age was 6.64 (SD =.50), and at the follow up EEG
assessment, the mean age was 9.14 (SD =.35).

3. Measures

3.1. Laboratory Temperament Assessment Battery (Lab-TAB)

At the age 6 lab visit, participants completed the Lab-TAB
(Goldsmith et al., 1995), which included a series of 9 standardized
episodes designed to measure temperament by eliciting a variety of
behavioral and emotional responses (see Dyson et al., 2015 for more
details). PA and NA assessed in the laboratory has shown moderate to
high stability across early childhood and significant correlations with
ratings of PA and NA from home observations (Durbin et al., 2007).
Between each episode children were given a brief break to induce a
neutral affective state.

3.1.1. Card sorting
Children completed a pattern recognition task while trials were

rewarded or punished.

3.1.2. Mixed-up puzzles
Children were told to complete a puzzle, but were not given

adequate pieces to do so.

3.1.3. Story time
Children told a story using a picture book and were given praise for

doing so.

3.1.4. Disappointing toy
Children were shown several toys and asked to select their favorite,

but were then told it was unavailable at the moment and given a less
desirable toy (later, children were given a chance to play with their first
choice toy).

3.1.5. Picture tearing
Children were told that a photo was important to a researcher who

then left the room. Another experimenter entered the room and
encouraged the child to tear the picture.

3.1.6. Dress up
Children were asked to try on various outfits.

3.1.7. Kids' club
Children were told that they were being interviewed for admission

to a club that is exclusive for kids. After the interview, children were
told that they needed to provide additional information to get into the
club. By the end of the task all children were told that they had actually
been accepted to the club after the first interview.

3.1.8. Whoopee cushion
Children were encouraged to trick their mothers with a remote

controlled whoopee cushion.

3.1.9. Object fear
Children were exposed to a room with fear-eliciting objects.

3.1.10. Behavior coding
Coders were assigned to code a specific episode, received extensive

instruction on the coding system and behavioral indicators of each type
of affect, and were required to reach at least 80% agreement on all
codes within the episode with an experienced rater before coding
independently (Dyson et al., 2015). Each instance of facial, bodily, and
vocal positive affect, anger, sadness, and fear were rated on a 3-point
scale (low, moderate, and high intensity) during all episodes. The
scores from each behavioral expression (bodily, vocal, and facial) were
summed within each episode for each participant and then averaged
across episodes. Next, summed scores for each expression were
standardized across participants and averaged across behavioral ex-
pression types (e.g., fear = standardized bodily fear + standardized
vocal fear + standardized facial fear)/3). The range of coefficient alphas
for PA, anger, fear, sadness was .50–.83 (median .73). Thirty-five
videos were independently rated by a second coder to provide inter-
rater reliabilities (intraclass correlations; ICC). The range of interrater
reliabilities, expressed as ICC, was .68–.95 (median .78); N =35. For
the composite NA measure, standardized scores on anger, fear, and
sadness were combined (Cronbach's α = .70).

3.2. Emotional interrupt task

At the age 9 visit, participants completed an emotional interrupt
task (Kujawa et al., 2016, 2013; Weinberg and Hajcak, 2011), which
has previously been shown to reliably elicit an LPP in children and
adolescents (Kujawa et al., 2013). The tasks includes presentation of
pleasant, unpleasant, and neutral images from the International
Affective Picture System (IAPS; Lang et al., 2008). Trials began with
the presentation of an 800 ms fixation (+), then an image for 1000 ms
followed by a target arrow ( < or > ). The target arrow remained on
screen for 150 ms and was then replaced by the original image for an
additional 400 ms. Participants were instructed to press a button to
correspond to the direction of the arrow in order to ensure attention to
the task and measure emotion effects on reaction time (RT) and
accuracy. The task included 60 images (20 of each valence) presented
once in each of two blocks for a total of 120 trials. Examples of pleasant
pictures included children playing, cute animals, or babies; unpleasant
pictures included sad or angry people, threatening animals, or weap-
ons; and neutral pictures included neutral outdoor scenes or household
objects.3 Mean (SD) valence ratings from Lang et al. (2008) were
7.51(.51) for pleasant, 3.09(.76) for unpleasant, and 5.27 (.35) for
neutral; mean (SD) arousal ratings were 5.03(.77) for pleasant,
6.12(.58) unpleasant, and 3.02(.19) for neutral.

3 IAPS image numbers: pleasant images (1463, 1710, 1750, 1811, 2070, 2091, 2092,
2224, 2340, 2345, 2347, 7325, 7330, 7400, 8031, 8200, 8370, 8461, 8496, 8497);
neutral images (2514, 2580, 5390,5395, 5500, 5731, 5740, 5900, 7000, 7002, 7009,
7010, 7026, 7038, 7039, 7090, 7100, 7130, 7175, 7190); unpleasant images (1050, 1052,
1200, 1205, 1300, 1304, 1930, 2458, 2691, 2703, 2800, 2811, 2900, 3022, 6190, 6213,
6231, 6510, 6571, 9600).
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3.3. EEG recording and analysis

Continuous EEG was recorded using a 34-channel Biosemi system
(32 channel cap with additional recording sites for Iz and FCz). An
electrode was placed on the left and right mastoids, and four facial
electrodes positioned around the eyes recorded eye movements. The
ground electrode used during acquisition was formed by the Common
Mode Sense active electrode and the Driven Right Leg passive
electrode. Recordings were digitized using ActiView software at 24-
bit resolution with a LSB value of 31.25 nV and a sampling rate of
1024 Hz. Off-line analysis was performed using Brain Vision Analyzer
(Brain Products). Data were converted using a mastoid reference and
band-pass filtered with cutoffs at .1 and 30 Hz. The continuous EEG
recording was then segmented by trial, beginning 200 ms before each
picture onset and continuing for 1000 ms after the initial image was
presented. The EEG was corrected for eye blinks (Gratton et al., 1983),
and semi-automated artifact rejection was used to remove artifacts
with a voltage step of more than 50 μV between sample points, a
voltage difference of 300 μV within a trial, or a maximum voltage
difference of less than .5 μV within 100 ms intervals. Next, visual
inspection was used to remove data in which additional artifacts were
observed. ERPs were constructed by separately averaging the responses
to pleasant, neutral, and unpleasant images. Trials were only included
in the average if the participant correctly selected the direction of the
target arrow in order to ensure that children were attending to the
images. ERPs were baseline corrected to the 200 ms interval prior to
stimulus onset.

The LPP was scored as the mean activity 400–1000 ms after picture
onset and using an electrode pooling of O1, O2, Oz, Pz, P3, P4 where
the difference between emotional and neutral images are maximal in
children (Fig. 1; Kujawa et al., 2013). The LPP was examined as the
relative response to unpleasant or pleasant compared to neutral images
(i.e., emotional minus neutral difference; ΔLPP).

3.4. Data analysis

Hierarchical multiple regression analyses were computed to exam-
ine effects of PA and NA at age 6 on the ΔLPP to unpleasant and
pleasant images at age 9. In Step 1 of each model, we controlled for
child demographic variables, including sex, exact age at the EEG
assessment, and race/ethnicity. In Step 2, we first tested the effects
of PA and the NA composite measure. Next, to examine whether
specific facets of NA relate to ΔLPP, we repeated the analyses with

temperamental sadness, fear, and anger as predictors, rather than NA.
These analyses were computed in separate hierarchical regression
analyses because of multicollinearity when evaluating the composite
NA variable in combination with its facets.

4. Results

Descriptive statistics and bivariate correlations between child
demographics, temperament and ΔLPP measures are presented in
Table 1. Child age at the EEG assessment was weakly correlated with
age 6 PA, age 6 NA, and age 6 anger, such that children higher in
temperamental PA, NA, and anger at age 6 were slightly older at the
time of the age 9 assessment, possibly due to other demands on these
families that delayed scheduling the visit. Measures of temperament
exhibited low-moderate intercorrelations, with the exception of fear
with sadness and PA with anger. Greater levels of temperamental PA
correlated with an enhanced pleasant ΔLPP, and greater levels of fear
correlated with an enhanced unpleasant ΔLPP, respectively.

Next, we examined the effects of composite measures of NA and PA
at age 6 on the LPP at age 9 (Table 2). Age was a significant predictor of
the unpleasant ΔLPP in Step 1, but was no longer significant after
adding temperament variables to the model. Age 6 temperamental PA
significantly predicted the pleasant ΔLPP at age 9, such that higher PA
predicted an enhanced ΔLPP to pleasant images (Fig. 2). Age 6
temperamental NA did not significantly predict the pleasant or
unpleasant ΔLPP at age 9 (Table 2).

Next, the analyses were repeated substituting scores on sadness,
fear, and anger for NA (Table 2). PA continued to predict the pleasant
ΔLPP. While greater fear predicted an enhanced ΔLPP to unpleasant
images, greater sadness predicted a reduced ΔLPP to unpleasant
images (Fig. 3). Anger did not significantly predict the ΔLPP. Scatter
plots of all significant associations are presented in Fig. 4.4 None of the
effects of PA, fear, or sadness on ΔLPP were moderated by sex (ps
> .20). The effects of PA, NA, and facets of NA on the LPP to neutral
images were not significant (ps > .05), suggesting that effects were not
fully accounted for by individual differences in response to neutral
images.

5. Discussion

The current study examined associations between behavioral
measures of PA and NA and physiological measures of emotional
processing across development. Children who exhibited higher levels of
PA in the behavioral assessment at age 6 showed an enhanced LPP to
pleasant images approximately three years later, consistent with prior
findings that adolescents higher in self- and parent-reported PA
exhibited an enhanced LPP to emotional stimuli (Speed et al., 2015).
While the composite measure of NA was not significantly related to the
LPP, temperamental fearfulness at age 6 predicted an enhanced LPP to
unpleasant images, consistent with a previous cross-sectional study of
fearful behavior in children (Solomon et al., 2012), and temperamental
sadness predicted blunted responses to unpleasant images.
Importantly, these associations were observable across different do-
mains and across time, providing evidence of correspondence between
an in vivo assessment of emotional expression and a neural measure of
attention towards emotionally salient images three years later.

These findings provide evidence of convergent validity of behavioral
and physiological measures, consistent with RDoC's goal of evaluating
constructs across multiple levels of analysis. Children who express
higher levels of positive emotions in early childhood exhibit increased
physiological responses to pleasant images in later childhood, while

Fig. 1. ERP waveforms in response to pleasant, unpleasant and neutral images, and
scalp distributions depicting the response to pleasant and unpleasant compared to neural
images 400–1000 ms after stimulus onset in the complete sample.

4 Age 6 temperament variables did not significantly predict reaction time (RT) or
accuracy for unpleasant and pleasant (compared to neutral) trials (ps > .21), suggesting
that though individual differences in observed temperament are related to physiological
measures, they are not related to behavioral performance in this task.
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children who express more fearfulness exhibit increased reactivity to
and attention towards unpleasant or threatening images. On the other
hand, children who express greater sadness exhibit blunted responses
to unpleasant images, consistent with previous evidence of withdrawal
responses following a sad mood induction (Kreibig et al., 2007).
Surprisingly, sadness was associated with a blunted response to

unpleasant but not pleasant images. These findings suggest that
tendencies to express greater sadness may be associated with reduced
motivational relevance of and disengagement from unpleasant and
threatening images, specifically, with engagement with pleasant stimuli
better accounted for by individual differences in PA.

That is, in addition to demonstrating correspondence between
behavioral and physiological measures, the current findings also
demonstrate discriminant validity of these constructs. Behavioral
measures of PA were specifically related to physiological measures of
processing of pleasant, rather than unpleasant, images, and facets of
NA in early childhood specifically predicted LPP to unpleasant, rather
than pleasant, images in later childhood. These findings are somewhat
different from a previous study of questionnaire measures of person-
ality in adolescents (Speed et al., 2015), which found an association
between PA and the LPP to both pleasant and unpleasant images.
Given low correlations between questionnaire and laboratory measures
of temperament (Hayden et al., 2005; Mangelsdorf et al., 2000),

Table 1
Descriptive Statistics and Pearson's Correlations/Phi Coefficients between Study Variables.

Race/ Ethnicity Age Age 6 PA Age 6 NA Age 6 Fear Age 6 Sadness Age 6 Anger Unpleasant ΔLPP Pleasant ΔLPP

Sex .01 −.09 .06 −.03 .05 −.07 −.05 −.01 −.03
Race/Ethnicity __ −.04 −.01 .03 −.06 .06 .05 .04 .01
Age __ .11* .15** .08 .08 .14** .11 .08
Age 6 PA __ .26** .16* .29** .07 .07 .11*

Age 6 NA __ .60** .73** .72** .04 −.05
Age 6 Fear __ .08 .16** .12* −.03
Age 6 Sadness __ .36** .02 −.03
Age 6 Anger __ −.07 −.05
Unpleasant ΔLPP .50**

Mean (SD): 9.15 (.35) .03 (.89) −.01(.56) −.02(.76) −.03(.70) .03(.81) 5.06(6.63) 1.99(6.27)
Range: 8.33–10.92 −1.18–4.10 −.74–2.93 −1.02–3.64 −.85–4.25 −.59–6.54 −24.01–26.39 −17.78–22.64

* p≤. 05.
** p < .01; PA= positive affect; NA = negative affect; LPP = late positive potential.

Table 2
Multiple Regression Analyses with Temperament at Age 6 Predicting the Late Positive
Potential (LPP) at Age 9.

Pleasant ΔLPP Unpleasant ΔLPP

b(SE) β b(SE) β

Step 1
Sex −.32 (.69) −.03 .06 (.72) .01
Ethnicity/Race −.09 (1.12) .00 .97 (1.18) .05
Age 1.35 (.99) .08 2.05 (1.04) .11*

F(3,336) = .75, R2 = .01 F(3,336) = 1.49, R2 = .01

Step 2 – Model 1
Age 6 PA .90 (.40) .13* .42 (.42) .06
Age 6 NA −1.22 (.68) −.10 .06 (.72) .01

Change F(2,334) = 3.37*, R2 =
.03

Change F(2,334) = .57, R2 =
.00

Step 2 – Model 2
Age 6 PA .91 (.41) .13* .27 (.43) .04
Age 6 Fear −.40 (.46) −.05 1.09 (.48) .13*

Age 6 Sadness −.40 (.53) −.05 −1.18 (.56) −.13*

Age 6 Anger −.45(.47) −.06 .25 (.49) .03
Change F(4,332) = 1.71, R2 =
.03

Change F(4,332) = 2.40*, R2

= .03

* p≤. 05; PA= positive affect; NA = negative affect; LPP = late positive potential.

Fig. 2. Scalp distributions depicting the response to pleasant compared to neural images
400–1000 ms after stimulus onset for children with low (left) and high (right) levels of
PA at age 6. Note: For illustrative purposes, participants were divided into groups based
on the bottom and top 1/3 of PA scores at age 6. Analyses examined PA as a continuous
measure.

Fig. 3. Scalp distribution depicting the response to unpleasant compared to neutral
400–1000 ms after stimulus onset for children with low (left) and high (right) levels of
fear (top) and sadness (bottom) at age 6. Note: For illustrative purposes, residual scores
were computed to isolate the unique variance for each facet of NA, and participants were
divided into groups based on the bottom and top 1/3 of these scores. Analyses examined
fear and sadness as a continuous measure.
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distinct effects with these measures are not surprising, but highlight the
need for ongoing work examining the effects of methodological factors
on correspondence between units of analysis in the RDoC matrix.

PA, NA and the LPP have previously been linked to psychopathol-
ogy and risk. In the current study, fearfulness and sadness demon-
strated distinct patterns of associations with the unpleasant LPP in a
pattern that parallels previous findings of an enhanced LPP to
unpleasant images in anxiety but blunted LPP in depression (Kujawa
et al., 2015a; Proudfit et al., 2015; Weinberg et al., 2016). With regard
to risk, youth low in PA and high in temperamental sadness are at
increased risk of developing depression (De Pauw and Mervielde, 2010;
Dougherty et al., 2010; Wetter and Hankin, 2009), and risk for

depression has previously been associated with a blunted LPP to
emotional images (Kujawa et al., 2012; Nelson et al., 2015). Along
similar lines, children high in temperamental fearfulness are at
increased risk for developing anxiety symptoms (De Pauw and
Mervielde, 2010), and an enhanced LPP to unpleasant images has
been observed among offspring of parents with anxiety disorders
(Nelson et al., 2015). In addition to internalizing symptoms, tempera-
mental NA is a vulnerability for externalizing symptoms (Tackett et al.,
2012), and we have previously shown that an enhanced unpleasant LPP
prospectively predicted increases in externalizing symptoms in re-
sponse to stress (Kujawa et al., 2016).

Examining typical and atypical developmental trajectories of in-
dividual differences in emotional processing at both the behavioral and
physiological level could provide further insight into the development
of psychopathology. For example, it is possible that children who
exhibit low behavioral expression of PA and/or high sadness in early
childhood in combination with reduced physiological responses to
emotional images are at greatest risk for developing depressive
symptoms later in life, while those that exhibit enhanced fearfulness
and heightened reactivity to unpleasant images may be at greatest risk
for anxiety. On the other hand, children who exhibit early temperament
styles that predispose to risk for internalizing disorders but who show a
typical LPP to emotional images may be at lower risk of developing
depression and anxiety. In this way, the LPP and other physiological or
circuit measures may be useful for better understanding resilience and
multifinality. Alternatively, attention towards unpleasant or pleasant
stimuli, as measured by the LPP, may mediate effects of early
temperament style on later development of symptoms.

Observational measures of PA and NA were modestly positively
correlated with each other, suggesting that children who exhibited
greater expressions of affect in one domain also exhibited greater affect
in the other domain. While these dimensions have been shown to be
correlated with each other in cross-sectional analyses, they do not
appear to predict one another across time and development (Durbin
et al., 2007). In addition, in the current study, PA and NA demon-
strated unique associations with the LPP to each type of emotional
image, in a way that fits with the conceptualization that they are
distinct constructs (Watson et al., 1999).

A few limitations of the current study should be noted. First, while
associations between behavioral and physiological measures were
significant across three years, we were unable to examine concurrent
associations between measures. In addition, the magnitudes of effects
between behavioral measures and the LPP were modest. This is not
surprising, given the number of years between assessments and the
substantial differences in methods. Indeed, this is consistent with
evidence of modest effects when linking physiological to behavioral or
self-report measures in large samples, partly due to the lack of shared
method variance (Patrick et al., 2013), but also raises challenges for
RDoC and associations across levels of analysis (Kozak and Cuthbert,
2016). Despite the small effects, the current findings for PA and
fearfulness are generally consistent with previous studies of the LPP
in youth (Solomon et al., 2012; Speed et al., 2015); however, as this
study is the first to examine associations between observations of
sadness and the LPP, future work is needed to replicate this finding.

This study is among the first to examine both the PVS and NVS
using multiple units of analysis, with results providing evidence of
correspondence between behavioral observations of PA and the LPP to
pleasant images, as well as specific associations between facets of NA
and the LPP. In addition, the current findings provide evidence of
discriminant validity among these measures, in that behavioral mea-
sures presumed to reflect one system were unrelated to physiological
measures presumed to reflect the other system. Finally, the current
study capitalizes on a large sample, spanning three years of develop-
ment, providing insight into relationships between units of analysis in
the RDoC matrix.

Fig. 4. Scatterplots depicting the associations between: A. age 6 PA and ΔLPP to
pleasant images at age 9; B. age 6 fearfulness (residuals adjusting for other NA facets)
and ΔLPP to unpleasant images at age 9; C. age 6 sadness (residuals adjusting for other
NA facets) and ΔLPP to unpleasant images at age 9.
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