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Using Positive Emotion Training With Maltreated Youths to 
Reduce Anger Bias and Physical Aggression
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1Department of Psychological Science, School of Social Ecology, University of California, Irvine

2School of Social Welfare, University of California, Berkeley

3Goldman School of Public Policy, University of California, Berkeley

4Division of Biostatistics, School of Public Health, University of California, Berkeley

Abstract

Maltreated youths often overinterpret anger in others’ emotional expressions, particularly 

expressions that are ambiguous, and this “anger bias” is associated with aggressive behavior. In the 

current experiment, we tested the effect of an emotion-training intervention on anger bias and 

subsequent aggression. Eighty-four youths, ages 8 to 17, who had been removed from home 

because of maltreatment and had screened positive for aggressive tendencies, served as 

participants. Over 4 days, youths completed positive emotion training, a computerized program in 

which youths classify emotional expressions. Youths in the treatment condition received feedback 

to encourage their recognition of happiness over anger in ambiguous expressions. Physical 

aggression up to 1 week posttraining was assessed on the basis of self- and staff reports. The 

intervention was effective in reducing youths’ anger bias and somewhat so in reducing aggression

—the latter of—which occurred infrequently, limiting power. Results offer direction for 

developmental research and cost-effective interventions for maltreated youths at risk for 

aggression and future justice-system involvement.
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Among the many significant consequences of child maltreatment is an impaired ability to 

understand and respond to others’ emotions (Norman et al., 2012; Springer, Sheridan, Kuo, 
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& Carnes, 2007; Teicher & Sampson, 2016; Widom, 2017; Young & Widom, 2014), 

particularly anger (Kim & Cicchetti, 2010; Milojevich, Levine, Cathcart, & Quas, 2018; 

Pollak, 2015). Maltreated children tend to be hypervigilant to cues of anger and hostility 

(Dodge, 2006; Pollak, Cicchetti, Hornung, & Reed, 2000; Pollak & Kistler, 2002). This 

tendency, though adaptive in violent homes or neighborhoods where quick detection of 

threat is essential to survival, is problematic in less-threatening settings—where it may be 

viewed as an “anger bias” that leads youths to perceive others’ ambiguous behavior as 

hostile and to respond with retaliatory aggression (Crick & Dodge, 1994; Dodge, 2006; 

Dodge, Bates, & Pettit, 1990; Dodge, Pettit, Bates, & Valente, 1995; Gibb, Schofield, & 

Coles, 2009; Leist & Dadds, 2009; Price & Glad, 2003; Teisl & Cicchetti, 2008). Studies 

consistently reveal positive links between anger bias and aggression among children and 

adolescents who have been maltreated or exposed to violence (for a review, see Orobio de 

Castro, Veerman, Koops, Bosch, & Monshouwer, 2002).

Despite robust evidence of anger bias and its links to aggression in maltreated children and 

adolescents, little attention has been devoted to testing whether this bias can be reduced, 

thereby preventing aggressive responding. We conducted such a test in the present 

experiment. Specifically, we had a randomized sample of maltreated youths, ages 8 to 17, 

complete a brief emotion-recognition program. Those in the control group received no 

feedback. Those in the treatment group received training feedback designed to reduce anger 

bias. Before, during, and after the training, we measured each youth’s aggressive behavior. 

We also collected information on each youth’s age and pubertal phase to explore whether the 

effects of training varied with development.

Emotion-Recognition Training

Although we could not identify any published studies that tested methods for reducing anger 

bias specifically in maltreated youths, several studies have examined strategies for altering 

emotional-response tendencies in other populations (e.g., Dadds, El Masry, Wimalaweera, & 

Guastella, 2008; Dadds et ah, 2006; Hubble, Bowen, Moore, & van Goozen, 2015; 

Schönenberg et al., 2014). These strategies can be heuristically grouped into “top-down” and 

“bottom-up” approaches.

Top-down cognitive approaches assume that changing deliberative (and controllable) 

conscious thought processes can help prevent problematic behavior (e.g., Hudley & Graham, 

1993; Sukhodolsky, Solomon, & Perine, 2000). Thus, for example, role-playing, modeling, 

and behavioral rehearsal techniques (e.g., “think before acting”) have been used to reduce 

tendencies toward interpreting others’ intentions as hostile among youths with disaiptive 

behavior disorders (Sukhodolsky, Golub, Stone, & Orban, 2005; Sukhodolsky, Smith, 

McCauley, Ibrahim, & Piasecka, 2016; Vassilopoulos, Brouzos, & Andreou, 2015). Other 

top-down approaches involve explicit instructions about how to recognize and respond to 

different emotions (e.g., Mind Reading: The Interactive Guide to Emotions; Baron-Cohen, 

Golan, Wheelwright, & Hill, 2004). These have been used, for example, to correct for 

deficits in fear recognition that may underlie reduced empathy and risk for conduct problems 

among youths with callous-unemotional traits (Dadds, Cauchi, Wimalaweera, Hawes, & 

Brennan, 2012).
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Anger bias, however, may largely operate automatically—affording relatively little 

opportunity for top-down cognitive control or conscious effort (Dodge, 2006; Orobio de 

Castro et al., 2002; Wilkowski & Robinson, 2008). If so, intervention strategies that employ 

top-down approaches are unlikely to alter anger bias. Instead, strategies that target 

automatic, underlying emotion-recognition tendencies, that is, bottom-up approaches, may 

maximize aggression prevention (Skeem, Scott, & Mulvey, 2014).

Indeed, studies testing bottom-up intervention approaches (e.g., Schönenberg et al., 2014; 

Suleiman & Dahl, 2017) show promise for changing emotion-recognition biases and 

reducing behavioral problems in a range of populations, some of which are similar to 

maltreated youths. For instance, brief computerized interventions that guide individuals’ 

attention toward particular regions of the face have been shown to increase accuracy in 

recognizing emotional expressions. Youth and adults with psychopathic tendencies tend to 

look at the eyes less often than individuals without such tendencies, and the eyes are a key 

source of information about emotional states (Dadds et al., 2006, 2008). Adult offenders 

with a history of violence who are trained via dot-probe tasks to attend to the eyes of others 

have shown subsequent improvements in fear recognition (Schönenberg et al., 2014). 

Juvenile offenders’ recognition of fear and other emotions can also be improved via small 

repeated activities, such as mimicking emotions in a mirror, and these improvements protect 

against severe offenses over a 6-month follow-up period (Hubble et al., 2015).

A few bottom-up intervention strategies have targeted anger bias. In contrast to the strategies 

just mentioned, which largely seek to enhance recognition of fearful expressions, bottom-up 

strategies focused on anger bias seek to decrease tendencies to perceive expressions as angry 

(e.g., Hiemstra, De Castro, & Thomaes, 2018; Stoddard et al., 2016). One such approach, 

positive emotion training (PET), developed by Penton-Voak and colleagues (2013), is 

designed to shift an individual’s tendency to perceive ambiguous facial expressions as angry 

toward perceiving ambiguous facial expressions as happy. An initial investigation of PET 

was conducted with 11- to 16-year-olds (N = 46) referred to treatment because professionals 

believed the youths were at risk for future criminal behavior. In the first PET session, youths 

were presented with arbitrarily ordered images of faces depicting emotions ranging from 

extremely happy to extremely angry (with ambiguous midpoints) and were asked to classify 

each one as happy or angry. On the basis of their responses, youths’ individual baseline 

thresholds for perceiving anger versus happiness were established (i.e., the face in the range 

at which youths switched from perceiving anger to perceiving happiness). In four additional 

PET sessions completed on consecutive days, the procedures from the initial session were 

repeated, but the youths were provided with feedback about whether each classification was 

“correct” or “incorrect.” To create a positive bias, youths randomly assigned to the treatment 

condition were told that some faces they had just labeled as angry (i.e., the two faces closest 

to their baseline individual threshold for perceiving anger, with the baseline updating with 

each session) were happy. Youths in a control condition received feedback at their baseline.

The feedback was effective: Youths in the treatment condition decreased their tendency to 

perceive anger (i.e., their baseline was shifted toward perceiving ambiguous faces as happy 

rather than angry), whereas youths in the control condition showed no significant changes in 

their baseline threshold. Perhaps more importantly, youths in the treatment condition also 
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decreased their aggressive tendencies, reflected in both self- and staff-reported incidents of 

aggression, during a 2-week posttraining period (Griffiths, Jarrold, Penton-Voak, & Munafo, 

2015; Penton-Voak et al., 2013). A similar intervention has since been tested with clinically 

referred youths, ages 9 to 14, with a history of aggression (Hiemstra et al., 2018). Results 

also suggested benefits, particularly in terms of reducing anger bias. However, to our 

knowledge, PET and related emotion-training approaches have not been specifically tested 

with maltreated youths, who also show tendencies toward anger bias and aggression (e.g., 

Dodge, 2006; Pollak et al., 2000) and who are at risk for future involvement in the juvenile-

justice system (e.g., Smith, Ireland, & Thornberry, 2005). From a prevention perspective, it 

is important to determine whether the effects of PET generalize from samples defined by 

delinquency to those defined by maltreatment. We did just this in the present study.

Present Study

In the current investigation, we conducted a doubleblind, randomized controlled trial of the 

effects of emotion-recognition training on anger bias and physical aggression among 

maltreated children and adolescents (i.e., “youths”). Participants, ages 8 to 17 years, were 

living in a temporary residential facility because of substantiated maltreatment. This group 

of participants was ideal given maltreated youths’—especially those in residential facilities

—common tendencies toward both anger bias and aggressive behaviors (McMillen et al., 

2005; Ryan, Marshall, Herz, & Hernandez, 2008; Teisl & Cicchetti, 2008). Our sample, 

however, was also screened for aggression, and we selected for inclusion youths whose 

scores fell in the top third of maltreated children at the facility. Our goal was to test the 

effect of training in a diverse sample of maltreated youths who were at risk for aggression 

and delinquency but who were not necessarily conduct-disordered or already involved in the 

juvenile-justice system.

The youths completed PET (Penton-Voak et al., 2013) over 4 days, during which they 

classified facial expressions as angry or happy. Youths in the PET modification condition 

received corrective feedback designed to shift their threshold for perceiving anger in 

ambiguous faces in a positive direction (i.e., toward perceiving greater happiness). Youths in 

the control condition received feedback consistent with their original response tendencies 

(see the Method section). We hypothesized that, compared with youths in the control 

condition, those in the PET condition would manifest (a) reduced anger bias (i.e., higher 

thresholds for perceiving anger rather than happiness in ambiguous faces) and (b) reduced 

physical aggression, as measured via self-report and staff report of incidents during training 

and 1 week posttraining.

As a final note, our design enabled us to explore, at least provisionally, whether the impact 

of training on anger bias and aggression varied as a function of the youths’ developmental 

phase. First, with regard to anger bias, youths may be particularly sensitive to modifications 

to this bias during the transition to puberty. With the onset of puberty, for instance, youths 

become more attentive to and influenced by feedback from others (Pfeifer & Peake, 2012), 

show increased sensitivity to others’ emotional expressions and responses (Crone & Dahl, 

2012; Forbes, Phillips, Silk, Ryan, & Dahl, 2011), and exhibit positive changes in their 

interpretation of ambiguous and neutral expressions (Lawrence, Campbell, & Skuse, 2015; 
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Tottenham, Phuong, Flannery, Gabard-Durnam, & Goff, 2013). These changes may make 

early puberty a period in which youths are likely to be especially responsive to training 

about others’ emotions. Second, turning to aggressive behavior, youths may show greater 

changes in aggression as a function of PET during later adolescence. Aggression often 

increases during adolescence, especially among maltreated youths (Milojevich, Russell, & 

Quas, 2018). This increase may be particularly robust when pubertal phase and not just age 

is considered as an indicator of development (Hemphill et al., 2010; Najman et al., 2009; 

Oldehinkel, Verhulst, & Ormel, 2011). As variability in aggression becomes greater, there is 

greater room for behavioral change and potentially larger effects of training on aggression. 

We tested these possibilities. Although given substantially limited statistical power, we view 

the analyses as an exploratory guide for future research rather than a strong empirical test 

from which definitive conclusions can be drawn.

Method

Participants

Youths were recruited from a temporary residential facility on the west coast of the United 

States for children and adolescents removed from home because of maltreatment 

substantiated by social services. Recruitment occurred from 2015 to 2017. Youths were 

eligible if they had resided at the facility for at least 3 days and scored above predetermined 

cutoffs on the reactive and total subscales of the Reactive-Proactive Aggression 

Questionnaire (RPQ; Raine et al., 2006; scores ≥ 9 and ≥ 12, respectively), completed at 

screening (see Measures and Procedure section). The cutoff corresponded to a value in the 

top third of scores compared with data collected in prior investigations of the youths in this 

facility (Dickerson, Flynn, Levine, & Quas, 2018; Milojevich, Levine, et al., 2018). Youths 

incapable of communicating in English or who had an observable cognitive disability that 

inhibited their ability to communicate were not eligible. The presiding judge of Juvenile 

Court and County Social Services reviewed the study and granted permission to invite 

youths to participate. Staff confirmed youths’ interest and availability at the beginning of 

each day of data collection, and youths were individually approached; 11 declined to 

participate. Participating youths provided written assent.

We recruited and randomized 112 youths for this study. Of those, 28 (25%) discontinued the 

study too early to be included in outcome analyses (20 were discharged or had scheduling 

difficulties; 8 withdrew). There were no significant differences in dropout rates between the 

treatment and control conditions, χ2(1)s ≤ .55, p ≥ .46. There were also no significant 

differences between the youths who constituted the final sample (n = 84) and youths who 

discontinued (n = 28) in demographic characteristics, baseline aggression, conduct 

problems, callous-unemotional traits, delinquency, anger, or pubertal phase (see specific 

variables below). Nonetheless, to provide a conservative test of the effects of PET, we 

conducted propensity-weighted analyses to further control for potential selection effects.

The final sample included 84 youths, ages 8 to 17 years (M = 13.12 years, SD = 2.53; 52% 

male). All completed at least three sessions of PET, including the final session, in which the 

first set of outcome measures was administered. Youths were randomly assigned to the PET 

condition (n = 44; 50% male; mean age = 13.46 years, SD = 2.38) or the control condition (n 
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= 40; 55% male; mean age = 12.75 years, SD = 2.67). Randomization was completed by the 

principal investigators using GraphPad QuickCalcs randomization software (https://

www.graphpad.com/quickcalcs/randomizel.cfm). Racial distribution was as follows: 42% 

Hispanic, 19% mixed race, 16% White, 11% African American, 5% Asian, and 7% “Other.”

Of the final sample, 70 youths (84%) also completed a 1-week follow-up.1 Those who did 

not had left the facility. Comparisons between the youths who did (n = 70) and did not (n = 

14) complete the 1-week follow-up indicated no significant differences in age, gender, race, 

baseline self-reported and staff-reported aggression, conduct problems, callous-unemotional 

traits, history of juvenile offending, anger (trait, state, and control), or pubertal phase, χ2(1)s 

≤ 2.76, ps ≥ .10, ts ≤ 1.13 (dfs 103–110), ps ≥ .26.

As shown in Table 1, youths in the PET and control conditions were comparable in 

demographics and baseline measures. Although none of the differences between groups 

reached statistical significance at p < .05, the groups differed marginally in baseline levels of 

anger: Youths in the PET condition reported modestly higher levels of trait anger (Cohen’s d 
= 0.31) and modestly lower ability to control their anger (Cohen’s d = 0.35) than youths in 

the control condition. As noted previously, we included propensity-score analyses that 

account for any of these differences in assessing the effect of PET on outcomes.

Measures and procedure

The current project was a part of a collaboration with social services on maltreatment and 

emotional functioning. During the project, youths at a residential facility completed 

screening measures of their well-being, emotions, and behaviors to improve the facility’s 

ability to develop care plans for the youths. The measures included questionnaires used to 

screen children for eligibility in the current project.

Screening measures and procedures.—Youths at the facility (ages 8–17) were 

invited to complete a 20-min assessment after they had been at the facility for at least 3 days. 

Virtually all youths agreed and completed the assessment. Measures relevant to the current 

project included a demographic questionnaire (e.g., age, gender, race), a measure of pubertal 

phase, and measures tapping aggression, anger, conduct problems, callous-unemotional 

traits, and arrest records.

The Pubertal Development Scale (Petersen, Crockett, Richards, & Boxer, 1988) is a widely 

used self-report scale with good reliability and moderate-to-strong correlations with 

hormonal and physical indicators of pubertal development (e.g., Shirtcliff, Dahl, & Poliak, 

2009). Questions ask about changes in height, body hair, and skin; for boys, changes in 

voice and facial hair; and for girls, breast development and menstruation. Responses range 

from 1 (not yet started) to 4 (development seems complete); menstruation is scored as 1 (not 
started) or 4 (started). Values are averaged to yield a score reflective of pubertal phase 

(Carskadon & Acebo, 1993; see also Cardoos et al., 2017). Internal consistency was 

adequate in this sample (Cronbach’s α = .72 for boys and α = .70 for girls).

1.Note that 1 youth completed the 1-week follow-up approximately 2 weeks after the emotion-training procedures.
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Aggressive tendencies were assessed via the Reactive-Proactive Aggression Questionnaire 

(Raine et al., 2006). Youths indicate (on 3-point scales ranging from 0 = never to 2 = often) 

how often they engage in various types of aggressive behavior. Responses are averaged to 

create two subscales—proactive aggression (e.g., “Had fights to show who was on top”) and 

reactive aggression (e.g., “Gotten angry when others threatened you”)—and a total score. 

Note that the reactive and proactive subscales are often highly correlated, raising questions 

about the distinction between these subtypes of aggression (see Smeets et al., 2017); in the 

present study, the correlation was r(82) = .53, p < .001. In prior studies, internal consistency 

has ranged from .81 to .91 for the subscales and total scale (e.g., Raine et al., 2006). Internal 

consistency scores in the present study ranged from .64 to .82.

Next was a widely used and well-validated measure of anger, the child/adolescent version of 

the State-Trait Anger Expression Inventory (STAXI-2 C/A; Spielberger, 1991). Youths rate 

(on 3-point scales) how often or how intensely they experience angry feelings (e.g., “I feel 

annoyed” 1 = not at all, 2 = somewhat, 3 = very much; “I try to calm down” 1 = hardly ever, 
2 = sometimes, 3 = often). Items are averaged (some are reverse-coded) to create subscales 

for state anger, trait anger, and anger control. State anger reflects the intensity of angry 

feelings youths are currently experiencing and the extent to which they feel like expressing 

those feelings. Trait anger indexes how often youths feel angry in general, and the anger-

control scale reflects the extent to which youths try to control expressing their anger. Higher 

scores on state and trait anger reflect greater tendencies toward anger, whereas scores on 

anger control reflect greater tendencies toward controlling anger. In the present sample, 

internal consistency ranged from .43 to .92 (M = 0.70) across scales, values consistent with 

those reported in other studies (del Barrio, Aluja, & Spielberger, 2004; Reyes, Meininger, 

Liehr, Chan, & Mueller, 2003).

Finally, we assessed conduct problems, tendencies toward callous and unemotional traits, 

and juvenile offending. Conduct problems were measured via an adaptation of a 

questionnaire by Odgers, Moffitt, Broadbent, et al. (2008) that asked (yes/no) whether 

youths engaged in problematic behaviors such as stealing, bullying, threatening, assaulting, 

and damaging property, that represent diagnostic criteria of conduct disorder (see the fourth 

edition of the Diagnostic and Statistical Manual of Mental Disorders; American Psychiatric 

Association, 1994). The number of “yes” responses was averaged to create a total score 

(Kuder-Richardson 20 coefficient = .86) reflecting youths’ average level of conduct-disorder 

symptoms. Higher scores indicate greater symptoms. Callous and unemotional traits (i.e., 

limited empathy and guilt and shallow affect) were assessed via the Inventory of Callous-

Unemotional Traits (Frick, 2004), a measure that asks (on 4-point scales ranging from 0 = 

not at all to 3 = definitely) how true statements (e.g., “I do not feel remorseful when I do 

something wrong”) are about youths. Responses are averaged to form three subscales 

(callousness, unemotional, uncaring), which combine into a total score. The measure has 

established acceptable reliability and validity (Kimonis et ah, 2016; Kimonis et ah, 2008); 

our internal consistency, .79, is similar to that in prior studies. Finally, youths were asked 

(yes/no) whether they had been arrested, convicted, or incarcerated because of a crime. 

Youths who responded “yes” to any of these were classified as having an arrest record.
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Intervention measures and procedures.—Youths eligible according to their scores on 

the aggression measure were invited to complete the study. Those who agreed were 

randomly assigned to the PET condition or the control condition. They completed four 

sessions over a period of 4 to 5 consecutive days and a fifth session 1 week later. Sessions 

took place in a private, quiet room with a trained research assistant and began with verbal 

assent from the youths. At the end of the fourth session and 1-week follow-up, youths were 

given small incentives.

PET conditions

During each session, youths were administered the PET program (Penton-Voak et ah, 2013). 

The stimuli include 15 images of a male child’s facial expression morphed from 

unambiguously happy to unambiguously angry, with ambiguous expressions in the mid-

range (an illustration of PET stimuli and procedures is shown in Figure SI in the 

Supplemental Material available online). Faces were repeatedly presented in each session, as 

described below, separated into baseline, training, and test phases. Each session included all 

three phases. Before each face was shown, a fixation cross (1,500–2,500 ms, randomly 

jittered) was presented. Then the face was presented (150 ms), followed by a mask of white 

noise (150 ms). Finally, there was a prompt asking youths to classify the face as happy or 

angry (see Penton-Voak et al., 2013), to which the youths responded by pressing a key.

Each baseline phase included 45 trials (i.e., face presentations) in which each of the 15 

morphed levels of faces were presented three times in random order. On the basis of youths’ 

classifications of each face, a baseline threshold was calculated in each session to reflect 

youths’ tendency toward perceiving happiness over anger in ambiguous expressions as a 

proportion of happy responses divided by the total number of trials completed. Scores 

ranged from 0 to 15, with lower scores reflecting a negativity bias, or a tendency toward 

perceiving anger in ambiguous expressions.

Each training phase contained 186 trials. All 15 of the morphed levels of expressions were 

presented in random order, but those in the ambiguous range were presented more 

frequently, and those toward the extremes (i.e., happy or angry) were presented less 

frequently. After youths indicated what expression was shown in each trial, they received 

feedback (“Correct!/Incorrect! That face was happy/angry”).

Feedback differed by condition. In the control condition, youths received feedback that was 

consistent with their individual baseline threshold. Thus, responses were labeled “correct” 

when youths classified images above their baseline threshold as happy and when they 

classified images below their baseline threshold as angry; all other responses were labeled as 

incorrect. In the treatment condition, which was meant to create a positivity bias, youths 

received feedback indicating that their individual baseline threshold plus two levels toward 

the happy end of the continuum was correct. Thus, responses were labeled “correct” when 

youths classified the two images closest to and below their baseline threshold as happy and 

when they classified images below that revised threshold as angry; all other responses were 

labeled as incorrect.
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The test phases (45 trials, all expressions shown equally in random order) occurred last and 

were identical to the baseline phases. Youths did not receive feedback after classifying each 

face. After each test phase, a final threshold for perceiving happiness over anger in the 

ambiguous faces was calculated (i.e., proportion of happy responses out of the total number 

of trials). Thus, in total, four separate final thresholds, one for each of the four sessions of 

PET, were calculated. These served as outcomes in subsequent analyses.2

A generalization task followed in the final session. Its format was identical to the test phase, 

but the face was female, which permitted an assessment of whether PET effects generalize 

from male to female faces. Her expressions were morphed across the same 0 to 15 (angry to 

happy) range. Youths classified each expression, and a generalization threshold was 

calculated (again, the proportion of happy responses out of the total number of trials; in this 

task, only one threshold was generated).

Physical aggression

Indices of physical aggression were collected across three different time points—the week 

before the intervention (baseline) and the period during and 1 week after youths participated 

in the intervention (as outcomes). There were two sources of information for each index. 

The first was youths’ self-report, which was assessed via a modified version of the Conflict 

Tactics Scale (Straus & Gelles, 1990; modified by Monahan et al., 2001). Questions asked 

whether youths had engaged in any form of physically aggressive behavior (e.g., hitting, 

slapping, punching, kicking) over the past 5 days. Dichotomous scores (0 = no, 1 = yes) 

were created to indicate whether youths had endorsed physical aggression at each time 

period (i.e., before, during, and 1 week after training; base rates = 12.20%, 8.43%, and 

4.41%, respectively). The second source was staff at the residential facility. Staff members 

were required to document whenever youths engaged in violent behavior (e.g., they 

assaulted a staff or peer). From incident reports, dichotomous scores were computed, 

indicating whether youths had engaged in any violence (0 = no, 1 = yes) in the week before, 

during, and after PET (base rates = 4.76%, 4.76%, and 7.79%, respectively). By crossing 

time points with information sources, four dichotomous outcome measures of aggression 

(self- and staff-reported, during training and 1 week posttraining) were computed. As noted 

previously, base rates for these outcome measures were very low (less than 10%; some were 

less than 5%).

Propensity Weighting

For all reported analyses, we applied propensity weighting as a robust method of controlling 

for potential selection effects, given attrition (i.e., 28 youths were excluded from some 

analyses because of a lack of outcome data), and thus the possibility of nonrandom dropout. 

Propensity weights were generated via an ensemble machinelearning algorithm (van der 

Laan, Polley, & Hubbard, 2007) that calculated estimated probabilities of each subject 

receiving his or her observed condition, controlling for characteristics that potentially related 

to condition assignment, outcome variables, or both. These included age, gender, pubertal 

2.Note that several youths (n = 7) showed extreme shifts in their threshold for perceiving ambiguous expressions as angry across at 
least one session of the emotion-modification protocol, as indexed by ratings that were four steps greater or lesser than their adjacent 
score. The inclusion of these response tendencies did not affect the results; thus, all available data were utilized in the analyses.
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phase, race, baseline aggression, anger (state, trait, control), initial baseline threshold for 

perceiving expressions as angry, conduct problems, and callous-unemotional traits. The 

distribution of the estimated weights did not reveal any extreme values (range = 1.589–

2.436, M = 1.929). Thus, no observations were up-weighted disproportionately.

Results

Results are presented in three sections. The first two correspond to the main study goals and 

estimate the effects of PET on youths’ anger bias and physical aggression, and the third 

describes exploratory analyses regarding the role that development may play in moderating 

these effects. Because there were no significant differences in observed effects by gender, 

t(81–82)s ≤ .53, ps ≥ .59, χ2(69–84)s ≤ .86, ps ≥ .35, and to promote focus and conserve 

space, gender is not featured in the results.

Aim 1: effect of PET on anger bias

Overall, the sample appears to have been appropriate for PET, given clear evidence of anger 

bias in this group. Maltreated youths tended to rate faces in the ambiguous range (faces 6–

10) as angry, which is consistent with other research with maltreated samples (for a review, 

see Dodge, 2006) and aggressive youths (e.g., Waldman, 1996), for whom anger bias across 

other types of measures has been reported. To determine whether the emotion-modification 

instructions (i.e., PET) reduced this bias, we used latent-growth-curve analysis to estimate 

change in youths’ thresholds for interpreting ambiguous expressions as angry across the 

training sessions. Five scores were included: the initial baseline threshold and the four test 

thresholds. We then tested via multiple-group structural equation modeling analysis whether 

the change in thresholds varied as a function of condition. Models were fitted using Mplus 

(Version 7.0; Muthen & Muthen, 2012) with robust maximum likelihood estimation (MLR) 

and evaluated using recommended fit indices (Hu & Bender, 1999). A two-factor growth 

model was fit. Latent class growth model parameters were standard, following die approach 

described by Preacher, Wichman, MacCallum, and Briggs (2008). Youths’ test thresholds for 

perceiving anger (i.e., anger bias) in each session (lower scores redect a greater tendency 

toward perceiving anger over happiness) were entered as a product of a latent intercept 

factor (intercept parameters were fixed to be equal to values of 1 for each time point, 

allowing youths’ initial threshold to be identified); a slope factor, with slope parameters 

fixed at 0 for Time 1, 1 for Time 2, 2 for Time 3, 3 for Time 4, and 4 for Time 5; and 

individual error terms (constrained to be equal at each time point, redecting homogeneity of 

error variances).

For the full sample, linear growth was supported, evidenced by a significant change in model 

fit between the no-growth and linear-growth models (Δχ2 = 159.84, Δdf = 3, p < .001, 

comparative fit index = .95, root mean square error of approximation = 0.10, standardized 

root mean squared residual = .19).3 Overall, youths’ anger bias decreased across sessions (y1 

3.We also tested the fit of a quadratic-growth versus linear-growth model. Although the χ2 difference test indicated that the quadratic 
growth model was a significant improvement in fit over the linear model (Δχ2 = 13.39, Δdf = 4, p < .05, comparative fit index = .99, 
root mean square error of approximation = .06, standardized root mean square residual = .09), the quadratic term itself was 
nonsignificant (p = .09). Thus, the linear model was considered the best fitting and most parsimonious model for our data. Additional 
analyses confirmed that linear models were supported in both conditions.
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= 0.35), although individual differences in trajectories (σ1 = 0.73, SE = 0.15, p < .001) and 

initial levels (σ0 = 1.68, SE = 0.49, p = .001) were also apparent.

Most importantly, multiple-group analyses revealed that the change in youths’ threshold for 

perceiving anger varied by condition. That is, comparisons between a model in which slope 

parameters (y1) were freely estimated for both conditions (i.e., a treatment effect on slope 

was allowed) and a model in which slope parameters were constrained to be equal across 

conditions (i.e., no treatment effect on slope) revealed a significant loss in model fit when 

the constraint was applied (Δχ2 = 26.11/Δdf = 1, p < .001; the Satorra-Bentler scaling 

correction was applied to adjust the χ2 for MLR). As shown in Figure 1 (see also Table 2), 

the freely estimated model revealed, as hypothesized, that the anger bias among youths in 

the PET condition declined (i.e., their threshold for perceiving ambiguous faces as happy 

increased; y1 = 0.88, p < .001), whereas the anger bias among youths in the control 

condition showed no decline and in fact showed a slight increase across sessions (y1 = 

−0.24, p = .04). The difference in slopes between conditions was equivalent to d = 1.5, a 

large effect (see Feingold, 2013).

To determine whether the effects of PET on youths’ anger bias generalized beyond the initial 

stimuli (i.e., male faces) on which youths were explicitly trained, we examined youths’ 

responses to the female-faced generalization task. We conducted a bivariate regression with 

youths’ threshold from the generalization task as the dependent measure and condition (0 = 

control condition, 1 = PET condition) as the predictor. The model was significant, F(1, 82) = 

23.95, p < .001, R2 = .22. Youths in the PET condition had a higher threshold (i.e., lower 

anger bias), M = 10.02, than youths in the control condition, M = 6.47, b = 3.55, 95% 

confidence interval, or CI for b = [2.11, 4.99], SE = .73, t(82) = 4.89, p < .001, and the size 

of this effect was large, d = 1.09. Thus, the feedback significantly reduced youths’ tendency 

to identify anger in ambiguous expressions, and this reduction generalized to faces 

representing a different gender.

Aim 2: effect of PET on physical aggression

Having determined that PET reduced anger bias, we next tested whether PET reduced 

aggressive behavior. Separate logistic regressions were conducted predicting youths’ self-

reported and staff-reported engagement in physical aggression during training and at the 1-

week follow-up. Condition was entered as the predictor. When self-reported aggression was 

considered, a strong trend emerged during training (equivalent to d = 1.17, a large effect; see 

Chen, Cohen, & Chen, 2010; Chinn, 2000), but did not reach statistical significance, b = 

−2.09, 95% CI for b = [−4.31, 0.12], SE = 1.11, K82) = −1.88, odds ratio, or OR = 0.12, p 
= .06, model F(1, 82) = 3.54, p = .06, most likely because the low base rate of observed 

aggression (< 10%) seriously limits power to detect an effect. This trend suggests that 

youths in the control condition were more likely to report an aggressive act during training 

than youths in the PET condition. Similar trends did not emerge at the 1-week follow-up, 

although this may be due to an even lower base rate of aggression (only 5%, or 3 youths, 

endorsed aggression). No significant effects emerged for staff-reported aggression during or 

one week after training.
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Exploratory analyses: the moderating role of development

Exploratory analyses tested whether the effects of PET varied depending on youths’ 

development. Given the strong correlation between pubertal status and age (r = .73), we 

focus on pubertal phase here. In brief, we found no evidence that development moderates the 

effect of PET on anger bias but preliminary evidence that development moderates the effect 

of PET on aggression.

First, using slope estimates from the latent-growth-curve analysis described earlier, linear 

regression explored whether puberty moderated the effect of PET on youths’ anger bias (i.e., 

angry/happy threshold) across the training sessions. The overall model was significant, F(3, 

80) = 15.08, p < .001, R2 = 0.34, but the interaction term (Condition × Puberty) was not, 

suggesting that the effect of PET on youths’ anger bias did not vary across pubertal phase. 

Second, logistic regressions were conducted predicting youths’ self-reported and staff-

reported aggression during and 1 week after training. For self-reported aggression, the 

Condition × Puberty interaction during training was significant, b = 2.60, 95% CI for b = 

[1.30, 3.89], SE = .65, OR = 13.46, t(79) = 3.98, p < .001, overall model, F(3, 79) = 11.46, p 
< .001. The effect size was large, with an OR corresponding to d = 1.44 (Chen et ah, 2010; 

Chinn, 2000). Among youths in the middle and later phases of puberty, those in the control 

condition were more likely to report engaging in physical aggression than those in the PET 

condition, b = 0.16, 95% CI for b = [0.03, 0.29], SE = 0.06, t(79) = 2.42, p < .05, and b = 

0.23, 95% CI for b = [0.03, 0.44], SE = 0.10, t(82) = 2.28, p < .05, respectively (see Fig. 2). 

For staff-reported aggression, a similar trend emerged but did not reach statistical 

significance, b = 7.28, SE = 4.89, t(80) = 1.49, OR = 1,451.42, 95% CI for b = [−2.46, 

17.02], p = .14, overall model, F(3, 80) = 2.23, p = .09). These results hint that the effects of 

the emotion-training program on aggression may be stronger among youths who are 

relatively late in adolescent development, a trend worthy of further exploration with a larger 

sample who engage in higher rates of aggression.

Discussion

Although anger bias is prevalent among maltreated children and increases the likelihood of 

aggressive behavior, few systematic efforts have been directed toward changing this bias and 

thereby preventing aggression. We attempted to do just this. Specifically, we used a rigorous 

statistical approach, including propensity weighting to control for potential selection effects 

and latent-growth curve-analyses to model change over time, to test whether a scalable 

bottom-up emotion-training intervention called positive emotion training (Penton-Voak et 

al., 2013) could reduce anger bias and prevent aggression among maltreated youths with 

some aggressive tendencies. Our results revealed that PET indeed reduces anger bias and 

might prevent aggression among maltreated youths; although low base rates of aggression 

somewhat limited our statistical power. Nevertheless, our results offer concrete directions for 

future research to continue to develop “wise” interventions (Walton, 2014) that target 

mechanisms underlying problematic behavior in high risk youths.
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Principal findings

Perhaps the most significant and exciting aspect of our results is our finding that PET 

affected anger bias among maltreated youths: Corrective feedback clearly reduced these 

vulnerable youths’ tendency to interpret ambiguous faces as angry. Our results replicate and 

extend those from prior work with other populations, including typically developing 

children, clinic-referred youths, and justice-involved youths (Hiemstra et al., 2018; Penton-

Voak et al., 2013; Stoddard et al., 2016). Also consistent with findings from other work 

(Dalili, Schofield-Toloza, Munafo, & Penton-Voak, 2017; Griffiths et al., 2015), the effects 

of PET generalized beyond the original stimuli (i.e., a male face) to novel stimuli (i.e., a 

female face). In theory, PET’s effects could change interpretations of facial expressions 

during everyday interactions, which is essential to preventing aggressive behavior that lies 

downstream from those interpretations.

Shifting from anger bias to behavior, a nonsignificant trend suggests that PET may prevent 

physical aggression among maltreated youths, at least in the short term. Youths who 

received corrective feedback reported engaging in less physical aggression during training 

than control youths. This short-term reduction in aggression parallels findings observed in 

other at-risk populations, including youths at risk of criminal offending (e.g., Penton-Voak et 

al., 2013). The base rate of short-term physical aggression in our maltreated sample was 

very low, especially for staff-reported aggression, which limited our statistical power to 

detect an effect of PET on aggression. Given the goal of intervening with maltreated youths 

to prevent violence, our results must be replicated in future studies with larger sample sizes 

and longer follow-up periods that can test PET’s preventive effects with adequate power.

Developmental directions for future research

An exciting exploratory component of our research concerned whether development 

moderated the effects of PET on anger bias and aggression. First, with regard to anger bias, 

we found little evidence, albeit in a small sample, that pubertal phase moderated the effect of 

PET on anger bias. This finding seems at odds with theories that youths are particularly 

responsive to socio-emotional learning during early adolescence (e.g., Crone & Dahl, 2012; 

Skeem et al, 2014), although methodological limitations that include limited power, a cross-

sectional design, and selection effects (as children placed in the shelter at young ages could 

differ in treatment-relevant features from adolescents placed at older ages) may also be at 

play. If such a finding replicates, however, in larger, longitudinal studies, it challenges the 

view that anger biases, once established, become more rigid over time and with age (Dodge, 

2006). The value of corrective feedback in reducing anger bias may be consistent across age, 

at least into older adolescence—an optimistic view that suggests it is rarely too late for 

intervention with youths.

Second, regarding aggressive behavior, our study provides preliminary hints that youths in 

later pubertal phases may manifest greater PET-related reductions in aggression than those 

in earlier phases of development. Aggression, including that among maltreated youths 

(Milojevich, Levine, et al., 2018), increases substantially in mid- to late adolescence 

(Hemphill et al., 2010; Najman et al., 2009). Our findings suggest a short-term decrease in 

self-reported aggression among more developed youths, in keeping with prior research 
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conducted with samples of youths who were older and at greater risk (e.g., Penton-Voak et 

al., 2013). Of course, for all of the reasons noted above—especially, our limited statistical 

power to test for interaction effects—these results should be considered, at best, provisional, 

until they are replicated in larger studies with longitudinal designs. This replication will 

provide a more nuanced and comprehensive understanding of the role that puberty (vs. age) 

plays in moderating the efficacy of emotion training on different outcomes for high-risk 

youths.

Summary

Collectively, our results highlight the potential value of a novel, simple, and brief protocol to 

reduce anger bias and prevent aggression among youths who have been maltreated and 

manifest some aggressive tendencies. As a group, maltreated youths are at heightened risk 

for involvement in aggression, violence, and other criminal behavior (Widom, 2017; Widom 

& Wilson, 2015), but have been largely overlooked in the development of brief interventions 

that could prevent such outcomes (fiambrick, Oppenheim-Weller, N’zi, & Taussig, 2016). 

This may not be surprising, given that only 5% of justice-involved youths at high risk for 

reoffending receive evidence-based services (fienggeler & Schoenwald, 2011; Redpath & 

Blunder, 2010; see also Lipsey, fiowell, & Kelly, 2010). Maltreated youths often experience 

out-of-home placements that interfere with the delivery of any kind of stable mental health 

services over time (Burns et ah, 2004; Petrenko, Culhane, Garrido, & Taussig, 2011). 

Although they are not evidence-based “interventions” per se, promising computerized 

approaches such as PET could increase the reach of preventive services to this high-risk 

group—and potentially other underserved populations at risk for aggression (see Kazdin, 

2015; Kazdin & Blase, 2011).

Limitations and future directions

Although the study is novel in its focus on an overlooked and important population of youths 

at risk for anger bias and aggression, namely maltreated youths, limitations must be noted. 

First, the small sample size and cross-sectional design preclude strong tests of the effect of 

PET on physical aggression and of how pubertal development may moderate the effects of 

PET (including tests that disentangle pubertal development from age). Second, attrition 

during the follow-up limited our ability to assess the impact of PET on youths’ aggressive 

behavior over a follow-up period longer than 1 week. Thus, larger, longitudinal randomized 

controlled trials with extended follow-up periods would be useful. Third, even though no 

significant gender differences in dependent measures or the effects of PET on anger bias or 

aggression were evident, the larger literature indicates that girls and boys often differ in 

emotion processing and aggression, so gender should be specifically examined as a potential 

moderator in future intervention studies (e.g., Cullerton-Sen et al, 2008). Finally, there were 

signs that PET was not a particularly engaging activity for some youths, even though they 

were in sheltered care with few options for entertainment. For example, during later sessions 

of PET, a few youths (n = 7) exhibited response biases, labeling virtually all faces at one 

extreme or the other (i.e., either all happy or all angry), but their exclusion from analyses did 

not substantively alter findings, and a few youths in the control condition showed a slight 

increase in anger bias across sessions, likely because of frustration with the repetitive 

feedback. For interventions to be sustainable, they must be motivating and engaging to 
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youths (Fleming et ah, 2017; Johnson et al., 2016; Schoech, Boyas, Black, & Elias-Lambert, 

2013). More creative tasks, faces, and feedback delivery methods should thus be tested.

Conclusions

This study extends a small but growing body of work that tests novel, clinically feasible 

methods of improving emotion-recognition tendencies and preventing aggression among at-

risk populations. Results offer evidence of the potential value of a bottom-up emotion-

training intervention for reducing anger bias and aggression among maltreated youths and 

highlight important directions for future research. Together, this line of work can contribute 

to the development of practical and scalable interventions that address a broader goal of 

breaking the cycle of violence and maladjustment among youths who have endured 

maltreatment.
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Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Effect of positive emotion training (PET) on youths’ emotion-recognition thresholds by 

condition. Scores range from 0 to 15; lower scores reflect a greater negativity bias (i.e., 

tendency to perceive anger). Session 0 is baseline. Error bars represent ±1 SE.
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Fig. 2. 
The effect of condition and puberty on youths’ likelihood of physical aggression during 

training. Probability of physical aggression is plotted for each pubertal phase: Middle 

puberty represents the mean, early puberty represents 1 SD below the mean, and late puberty 

represents 1 SD above the mean. Error bars represent 95% confidence intervals. PET = 

positive emotion training.
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