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Abstract

Background—Reward learning has been postulated as a critical component of hedonic 

functioning that predicts depression risk. Reward learning deficits have been established in adults 

with current depressive disorders, but no prior studies have examined the relationship of reward 

learning and depression in children. The present study investigated reward learning as a function 

of familial depression risk and current diagnostic status in a pediatric sample.

Method—The sample included 204 children of parents with a history of depression (n=86 high-

risk offspring) or parents with no history of major mental disorder (n=118 low-risk offspring). 

Semi-structured clinical interviews were used to establish current mental diagnoses in the children. 

A modified signal detection task was used to assess reward learning. We tested whether reward 

learning was impaired in high-risk offspring relative to low-risk offspring. We also tested whether 

reward learning was impaired in children with current disorders known to blunt hedonic function 

(depression, social phobia, PTSD, GAD, n=13) compared to children with no disorders and to a 

psychiatric comparison group with ADHD.

Results—High- and low-risk youth did not differ in reward learning. However, youth with 

current anhedonic disorders (depression, social phobia, PTSD, GAD) exhibited blunted reward 

learning relative to nondisordered youth and those with ADHD.

Conclusions—Our results are a first demonstration that reward learning deficits are present 

among youth with disorders known to blunt anhedonic function and that these deficits have some 
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degree of diagnostic specificity. We advocate for future studies to replicate and extend these 

preliminary findings.
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adolescent behavior; reinforcement; risk factors

Anhedonia, a hallmark symptom of depression, is characterized by reduced pleasure and 

motivation to pursue rewards.1 Depressed adults show blunted emotion to various hedonic 

laboratory stimuli relative to nondepressed persons,2,3,4 and exhibit reduced willingness to 

expend effort to obtain rewards on laboratory tasks.5 Although previously neglected, there is 

now growing interest in hedonic deficits in depressed youth6 and youth at high risk for 

depression.7 The domain of hedonic functioning is broad, however, and empirical studies 

have only begun to identify the aspects most critical to depression (e.g., diminished 

anticipation of reward value;8,9,10 reward seeking deficits11,12). One aspect of hedonic 

function that may be pivotal in explaining depression risk is reward learning, or the ability to 

learn reward value of environmental contingencies and modulate behavior appropriately to 

maximize reinforcement.

Recent advances in objective assessment of reward learning involve modified signal 

detection techniques.13 Subjects are presented with one of two similar stimuli very briefly 

(100 ms) and must provide a speedy stimulus identification (<1500 ms) Correct responses 

are rewarded more frequently for one stimulus than the other. The critical metric is the 

extent to which subjects develop a response bias toward the more frequently rewarded 

stimulus. Unlike other reward-relevant decision making tasks (e.g., gambling tasks), reward 

learning paradigms index responses to a single, consistent reward contingency in the 

absence of punishment or “risky” choices. Thus, a key advantage of the reward learning 

paradigm is that it cleanly isolates the ability to learn reward value.

Studies utilizing reward learning paradigms have documented deficits in depressed14,15 and 

dysphoric adults,16,13 and these deficits predict worse prospective outcomes.13,15 Recent 

work in adult depression suggests this paradigm is also sensitive to enhancements in reward 

learning due to substances thought to act on the reward system.17 In sum, this paradigm has 

been successfully used to illuminate various aspects of reward functioning in adult 

depression.

Surprisingly, reward learning has not been investigated in pediatric depression. Depression 

often begins during adolescence, and is likely to recur in adulthood.18 Recent commentary 

has advocated for studies characterizing reward functioning during youth, when deficits may 

begin to increase future depression risk.6,19 Some have suggested that reward dysfunction 

may be a mechanism by which parental depression renders youth more vulnerable to 

psychopathology.20 Studies examining children of depressed parents, who are at particularly 

high risk for mood and anxiety disorders,21,22,23 are well designed to examine pediatric 

reward learning.
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Hedonic Functioning in High-Risk Youth

Although no studies examined reward learning in high-risk youth, deficits in other aspects of 

hedonic functioning have been documented. In particular, studies utilizing behavioral 

assessments found that children at high familial risk of depression exhibit lower positive 

affect, less positive emotional behavior, and lower positive emotion expression than those at 

low risk.24,25,26,27 Studies assessing neural responses to pleasant or rewarding stimuli have 

also documented differences between youth at high and low familial depression risk, even in 

the absence of differences in reported affect.9,28 These findings suggest that hedonic deficits 

in high risk youth may be more discernable using implicit or objective assessment 

methodology.

Hedonic Functioning in Disordered Youth

No studies of reward learning have been performed in depressed youth. However, a growing 

literature documents deficits in other aspects of hedonic functioning.6 For instance, 

differences in neural responses to rewards have been documented in depressed youth29 and 

shown to predict future symptoms and treatment responses.30 Behavioral studies also reveal 

deficits, including impaired reward-related decision-making. On a computerized decision 

making task that varied reward magnitude and probability, depressed boys were less able 

than controls to modulate behavior to maximize reward in the face of changing reward 

contingencies.12 Under high reward probability conditions, controls maximized payoff by 

more frequently choosing the high magnitude reward, while depressed boys were equally 

likely to choose a low magnitude reward. These findings suggest that depression impairs 

behavioral modulation to maximize reward in the face of changing contingencies.

The Question of Diagnostic Specificity

Research on the various aspects of hedonic functioning, including reward learning, has 

focused mainly on depression. However, affective models increasingly recognize that 

hedonic deficits are not unique to depression,31 and some anxiety disorders may also impact 

hedonic functioning. Specifically, marked hedonic impairments has been found in social 

phobia,32 posttraumatic stress disorder (PTSD),33,34 and generalized anxiety disorder 

(GAD).35 By contrast, specific phobias, panic disorder, and obsessive- compulsive disorder 

(OCD) appear to have a limited, if any, impact on hedonic functioning.36,37 Depression in 

youth is often accompanied or preceded by anxiety symptoms, likely reflecting overlap in 

risk mechanisms,38 and anxiety disorders continue to exhibit high comorbidity with 

depression throughout adulthood.39 Studies examining the effect of anxiety on youth's 

hedonic functioning have thus been advocated by pediatric researchers.6

Other disorders may enhance rather than diminish hedonic functioning. Attention-deficit 

hyperactivity disorder (ADHD) has been associated with increased sensitivity to 

opportunities for immediate gratification, which may be related to the impulsivity 

commonly seen in ADHD.40 Two previous studies have found behavioral differences on 

reward learning tasks between ADHD and control youth,41,42 suggesting that reward 

learning paradigms are well-suited to examine reward learning across disorders.
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The Present Study

The first aim of the present study was to test whether high-risk youth exhibit deficient 

reward learning relative to youth at low depression risk. High-risk youth were the offspring 

of proband parents with a history of depression; low-risk youth were the offspring of control 

parents with no prior history of major mental disorder. A second aim was to examine 

whether reward learning deficits were present in youth with current depression or anxiety 

disorders that have been shown to impact hedonic functioning (social phobia, PTSD, GAD), 

referred to collectively as the “anhedonic” disorders group. This group of currently 

disordered youth was compared to youth with no current disorders and to a psychiatric 

comparison group with ADHD (and no mood or anxiety disorders).

We hypothesized that (a) high-risk proband offspring would exhibit lower levels of reward 

learning relative to low-risk control offspring, and that (b) youth with anhedonic disorders 

would exhibit lower levels of reward learning than those with no disorder or with ADHD. 

To better isolate the effects of risk status and current disorders, our tests controlled for age, 

ethnicity, and the number of stressful life events in the last year. High-risk offspring were 

likely to experience more stressors than controls, and stress has been associated with 

impaired reward learning.43,44

Method

Participants

Participants were 204 youth ages 8-19 (M=12.30, SD=3.97). Participants were recruited 

based on being the offspring of a parent who, between 1997 and 2007, participated in a 

previous study either as a proband with a history of childhood onset depression or a control 

with no history of major mental disorder. Our sample included 86 high-risk offspring of 59 

proband parents and 118 low-risk offspring of 48 control parents,).

Measures

Diagnosis of Psychiatric Disorders—Psychiatric diagnoses of offspring were 

determined via the semi-structured Interview Schedule for Children-Diagnostic version 

(ISCA-D), which covers the major DSM-IV psychiatric disorders and was based on the 

ISCA.45 The ISCA-D has been used previously with acceptable inter-rater reliability.46 

Diagnostic procedures have been described elsewhere.46 Trained clinicians (master's or 

doctoral level) interviewed the parent about the child and then the child about him/herself. 

The interviewing clinician derived the initial diagnosis, which was routinely checked by a 

second clinician. The diagnoses were subsequently verified by consensus among senior 

research clinicians.

Depression symptoms—The Children's Depression Inventory-II Self Report (CDI-II)47 

is a 28-item assessment of depression symptoms experienced in the last 2 weeks.

Anxiety symptoms—The Revised Children's Manifest Anxiety Scale (RCMAS)48 is a 37 

item self report assessment of current anxiety symptoms.
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Stressful Life Events—Parents were asked about 34 life events occurring during the last 

year, including events involving family members (e.g., hospitalization, job loss of a parent), 

or the child directly (e.g., contact with juvenile court). Scores were the total number of 

adverse events endorsed.

Reward Learning—Our method drew upon previous work with this task,13,41,44 and 

involved briefly presenting one of two stimulus versions (e.g., a short line or long line) and 

asking participants to identify which stimulus was seen. The two stimulus versions were 

presented equally often. Only some correct responses were followed by a monetary reward 

(10 cents)—one stimulus version was scheduled to be rewarded for correct responses three 

times as often as the other stimulus. Creating an unbalanced reward schedule between the 

two types of correct responses produces a systematic preference—or response bias—for the 

stimulus most often followed by the reward.49 Conceptually, individuals with higher reward 

learning capacity exhibit more of a response bias because they modulate their responses to 

increase the chances of receiving the reward (i.e., more often report seeing the stimulus that 

is more frequently paired with a reward). Individuals with lower reward learning exhibit less 

response bias, but still perform adequately on the task.13,41 Response bias on the signal 

detection task, therefore, was used to index reward learning. To enable use with a pediatric 

sample, we adapted the original task in the following ways: 1) fixation times and inter-trial 

intervals were shortened to improve task pacing, 2) rewarding stimuli were made more 

entertaining, 3) practice trials were expanded.

The task was presented on a PC via E-prime software (version 2.0, Psychological Software 

Tools, Inc., Pittsburgh, PA), in 3 blocks of 100 trials. Each trial began with a flashing 

fixation point, presented twice in the middle of the screen (125ms) followed by a blank 

screen (125ms). The fixation point was then replaced with a schematic face missing a mouth 

(500ms). The mouth then appeared either as a long (13mm) or short (12mm) version for 

100ms and then disappeared, leaving the mouthless face on the screen (1400ms). Upon 

seeing the mouth, participants responded as to whether they saw the long or short mouth by 

pressing either the ‘z’ or ‘m’ key. Participants were instructed to keep their index fingers on 

the z and m keys, which were marked with brightly colored stickers with schematic faces on 

them to represent which key corresponded to which stimuli (long or short). Short and long 

stimuli were presented equally often (50 trials each per 100-trial block) in a quasi-

randomized order (neither version was presented more than 3 times in a row). Participants 

were instructed that not all correct identifications would be followed by a reward. Indeed, 

only 40 correct identifications per each 100-trial block were scheduled to receive a reward. 

All other correct responses were unrewarded. When correct identifications were rewarded 

the words “Great! You win 10 cents!” appeared in bold white letters along with a brightly 

colored fireworks display on a black screen (1400ms) accompanied by audio praise 

(cheering), followed by a blank screen (150ms). All other trials offered no feedback and a 

blank screen (1550ms). Figure 1 displays a schematic of a representative trial.

The stimulus version scheduled to be rewarded most often (30 out of 40 potential reward 

trials) is referred to as the “rich” stimulus, and the version associated with reward less often 

(10 out of 40 potential reward trials) is the “lean” stimulus. The assignment of each stimulus 

to be “rich” or “lean” was counterbalanced along with the corresponding key to create 4 task 

Morris et al. Page 5

Depress Anxiety. Author manuscript; available in PMC 2016 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



versions. Some previous studies utilizing this methodology have implemented a controlled 

reinforcement procedure, or missed reward replacement (i.e., offering additional reward 

opportunities until a fixed ratio of received rewards was met). Following our prior work 

utilizing this task in adults,50 we controlled only the potential for receiving 3 rich rewards 

for every 1 lean reward. The advantage of this design is that the participant's reward ratio is 

contingent upon his/her own performance, allowing for individual variation in the exact ratio 

of rich to lean rewards, and serving as a more stringent test of response bias hypotheses. 

Prior work using this procedure in adults has successfully yielded the desired reward ratio of 

3:1.50

Procedure

All sessions were monitored by trained post-Bachelor's level research assistants who 

remained in the experimental room. The child was seated approximately 20 inches from the 

computer monitor and was told the task was a “Faces Game.” In the demonstration trial, the 

researcher walked the child through each stimulus screen he/she would see during a trial, 

including the rewarding stimuli screen. The researcher then guided participants through 6 

slowly paced practice trials. This was followed by 20 practice trials, performed 

independently. The child was then told that the game would not always tell if he/she 

responded correctly or incorrectly, but that some correct responses would be rewarded with 

10 cents and he/she could win up to $12. To establish credibility and enhance salience of the 

monetary reward, the $12 remained visible to the child. After each trial block, the amount 

won so far was presented and the experimenter verbally praised participants by name. After 

the third and final block, the experimenter distributed all winnings. Children received breaks 

between trial blocks.

Data Reduction and Analysis

Excluded cases—Following prior work,50,51 we excluded cases based on the number of 

reward received in each trial block. Participants who received fewer than 20 of 40 potential 

rewards (including both rich and lean reward trials) were excluded (n=47). This strategy, 

although more liberal than a previous adult study requiring receipt 75% of potential 

rewards,51 has been shown to ensure included participants receive adequate numbers of 

rewards to create the desired 3:1 rich to lean reward ratio.50

Deleted trials—Consistent with prior work,44 trials with reaction times <100 ms or >1500 

ms were excluded. Trials with non-allowed key presses (i.e., keys other than z or m) were 

also excluded. The total number of deleted trials ranged from 0 to 35 (M=4.30, SD = 6.12).

Response bias calculations—Response bias was calculated following past work. 

Calculation formulas were derived from signal detection theory.49 For clarity, components 

of the formulas are defined below in both traditional signal detection terms (e.g., hits, 

misses) and in terms specific to our task:

H = Hits = Correct identification of the rich stimulus (rich = rewarded more often)

F = False alarms = Choosing the rich stimulus when the lean stimulus was presented

M = Misses = Choosing the lean stimulus when the rich stimulus was presented

Morris et al. Page 6

Depress Anxiety. Author manuscript; available in PMC 2016 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



C = Correct Rejections = Correct identification of the lean stimulus

Response bias was defined as the tendency to systematically prefer the rich stimulus over 

the lean stimulus and was represented by the following formula:

Following previous work, 0.5 was added to each cell of the decision matrix to allow 

calculations where cells contain zeros.43

Task Performance—Consistent with previous studies,44 we conducted preliminary 

analyses of discriminability and accuracy to ensure adequate overall task performance. 

Mean accuracy on the task across the sample was 69% (SD= 10.0), indicating acceptable 

performance. Discriminability refers to the ability to discriminate between the two stimuli 

and was calculated as in previous studies.44

Covariates—In considering task performance, we also screened the data for age and sex 

effects. Sex did not affect accuracy rates, discriminability, or response bias (ps>.05). Age 

was positively associated with accuracy, F(1,203)=68.09, p<.001, and discriminability, 

F(1,203)=69.32, p<.001, but was unrelated to response bias, p>.05. Age was included as a 

covariate in the main statistical analyses. We also tested for effects of task version (rich 

versus lean stimuli version and accompanying key press), and no task version effects were 

evident in accuracy or discriminability, ps>.05. Task version had an unexpected effect on 

response bias, F(3,203)=7.53, p<.01, with one version yielding lower response bias scores 

than the other three. Task version was thus included as a covariate in subsequent analyses.

Familial Dependence—Finally, because 48% of parents had 2 or more offspring in the 

study, we initially used mixed models to test for effects of familial dependence on reward 

task performance. Because results of these analyses found no significant family-level 

random effects, we applied standard repeated measures general linear model approaches for 

subsequent data analyses.

Results

Sample Characteristics

Proband and control offspring did not differ in terms of age, sex, or handedness, but differed 

in ethnicity (see Table 1). Proband offspring had significantly higher self-rated depression 

(CDI-II) and anxiety symptoms (RCMAS) than control offspring. Proband offspring also 

experienced a higher rate of stressful life events in the last year than controls. Proband and 

control offspring did not differ in rates of lifetime depression (n=8 proband offspring, n=10 

control offspring), p>.05. Fourteen children (7 proband offspring, 7 controls) met criteria for 

current anhedonic disorders (depression, social phobia, PTSD, GAD). Twenty-three children 

met criteria for current ADHD (17 proband offspring, 6 controls). Proband offspring were 
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more likely than control offspring to be diagnosed with ADHD, χ2 (1, N=203) = 11.10,p=.

001, but did not differ in their rates of current anhedonic disorders, p<.05. One participant 

met criteria for both ADHD and a current anhedonic disorder and was excluded from 

analyses.

Diagnostic group differences in anhedonia and depression symptoms were verified with one-

way ANOVAs. An anhedonia symptom composite score was first created with CDI-II items 

#11 (have fun), #18 (like being with people), #21 (push self to do schoolwork), #27 (fun at 

school). As expected, there were group differences in anhedonia symptoms, F(2,140)=7.50, 

p=.001, with the anhedonic disorders group reporting higher anhedonia scores (M=3.25, 

SD=2.05) than the ADHD (M=1.00, SD=.89) and the nondisordered (M=1.39, SD=1.66) 

groups, ps>.05. Likewise, the diagnostic groups differed in CDI total scores, 

F(2,139)=10.48, p<.001, with the anhedonic disorders group reporting higher CDI scores 

(M=16.67, SD=10.36) than the ADHD (M=6.00, SD=4.90) and the nondisordered groups 

(M=7.41, SD=6.58), ps<.001.

Preliminary Analyses of Reward Learning Task

Proband and control offspring did not differ in number of deleted trials (overall M=4.30, 

SD=6.12), task accuracy rates (overall M=.69, SD=.10) or number of rewards received 

(overall M=28.86, SD=3.82). When participants were compared based on current diagnostic 

status (anhedonic disorders, ADHD, non-disordered), there were also no differences in 

deleted trials, accuracy, or rewards received, all ps>.05. For the full sample, the mean 

number of rewards received did not differ across blocks, p>.05. A ratio of lean to rich 

rewards received was calculated for each participant (computed as lean divided by rich). The 

ratio of potential rewards was 10 lean to 30 rich (1:3 or .33). The actual mean ratio of 

rewards received for the sample was .26, which acceptably exceeds the desired 1:3 ratio and 

corresponds to a ratio of receiving 1 lean reward for every 3.8 rich rewards. There was a 

trend level difference between proband and control offspring on reward ratio, F=(1, 

155)=3.48, p=.06, and a significant difference among diagnostic groups, F(1,155)=3.57, p=.

03. Reward ratio was thus included as a covariate in all main analyses.

Response Bias as a Function of Familial Risk

A repeated measures ANCOVA was performed with offspring status (proband offspring, 

control) as a between subjects variable and trial block (block 1, block 2, block 3) as a 

within-subjects repeating variable. Effects of reward ratio, task version, age, ethnicity, and 

number of life stressors were covariates. Results revealed a main effect of trial block, F(2, 

294)=15.86, p<.001, and planned within-subjects polynomial contrasts showed that the trial 

block effect was linear, F(1,147)=21.73, p<.001, with means increasing across blocks (M

block1 =.13, SD=.20; M block2 =.22, SD=.25; M block3 =.26, SD=.29). The linear effect 

indicates response bias, or successful reward learning. No main effect, F(1,147)=.642, p=.

42, or interaction with block, F(2,294)=.069, p=.93, emerged for offspring status. Thus, 

contrary to our hypothesis, high- and low-risk offspring did not differ in response bias. a

Discriminability, accuracy, and reaction time—A repeated measures ANCOVA with 

offspring status (proband offspring, control) as the between subjects variable and block as 
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the within subjects variable was performed for discriminability. There were no significant 

main effects or interactions of offspring status on discriminability, all ps>.05. Identical 

analyses were performed for accuracy and reaction time, revealing no significant main 

effects or interaction effects of offspring status on accuracy or reaction time, all ps>.05.

Response Bias as a Function of Current Mood and Anxiety Disorders

To test the effects of anhedonic disorders on reward learning, current diagnostic status 

(anhedonic disorders n=13, ADHD n=12, non-disordered n=131) was added into the model 

above. There remained a main effect of block, F(2, 288)=10.43, p<.001, and within-subjects 

contrasts showed the effect was linear, F(1,144)=14.39, p<.001. As in the above analyses, 

there was no main effect for proband status and no block x proband status interaction, all 

ps>.05. The block x diagnostic group interaction was also not significant, F(2,288)=.99, p=.

41. There was a main effect of diagnostic group, F(2,144)=5.48,p=.005. Pairwise 

Bonferroni-corrected comparisons revealed that youth with anhedonic disorders exhibited 

lower overall response bias than nondisordered youth (p=.042) and youth with ADHD (p=.

004). Nondisordered and ADHD youth did not differ significantly in response bias (p>.05). 

See Figure 2.

Discriminability, accuracy, and reaction time—Repeated measures ANCOVAs were 

performed to test for effects of current diagnostic on discriminability, accuracy, and reaction 

time across blocks. There were no significant main effects or interaction effects for 

diagnostic status on discriminability, accuracy, or reaction time, all ps>.05.

Discussion

Reward learning is a key aspect of hedonic functioning and its impairment may increase 

depression risk. This study was the first to investigate reward learning as a function of 

depression risk in youth. Using a modified signal detection task, we assessed reward 

learning in offspring of parents with a history of depression. Unexpectedly, we found no 

association between reward learning and familial depression risk. The literature on hedonic 

aExploratory analyses examined the potential impact of stress and risk status in predicting reward learning. Prior work suggests stress 
has a blunting effect on reward learning in healthy adults and can interact with depression risk,44,50 but no studies have examined the 
impact of stress in youth. Using the same model as the main analyses, we reran the ANCOVA including an interaction term 
representing the number of life stressors x offspring status, and including current diagnostic status as a control variable. As in the main 
analysis, the effect of block was significant, F(2,286)=10.94, p<.001, as was the main effect of diagnostic status, F(2,143)=5.37, p=.
006. A three way interaction between block, life stressors, and offspring status emerged, F(2,286)=3.03, p=.050. To decompose this 
interaction, two groups were formed using the median number of life stressors in the sample: those with <2 stressors formed the low 
stress group (n=58) and those with 2 or more stressors formed the high stress group (n=99). Separate ANOVAs were performed 
examining each offspring group. Among control offspring, life stress was unrelated to response bias in block 1, 2, or 3 (all ps>.05). 
Among proband offspring, high stress proband offspring tended to exhibit higher response bias in block 1 (M=.19, SD=.20) than those 
with low stress (M=.09, SD=.16), F(1,65)=3.74, p=.058,. In block 2, the difference was significant, F(1,65)=7.57, p=.008, with high 
stress proband offspring again showing greater response bias (M=.33, SD=.28) than those with low stress (M=.14, SD=.22). Again in 
block 3, high stress proband offspring had significantly greater response bias (M=.36, SD=.30) than those with low stress (M=.18, 
SD=.24), p=.023. These results held when univariate analyses were repeated controlling for current diagnostic status. We found no 
evidence that life stress impacts reward learning in low risk youth. Among high risk youth, however, increased stress was related to 
heightened reward learning. Interestingly, this effect was similar to our recent findings in adults at high and low depression risk, where 
high risk adults displayed heightened reward learning under stress. In that study, we found those who exhibited heightened reward 
learning under stress had lower depression one month later, prompting us to question whether enhanced reward learning under stress 
might indicate depression resistance.50 Taken together, these findings suggest stress may impact reward learning differently at 
varying depression risk levels, and future research is needed to determine how stress-induced heightening of reward learning relates to 
prospective functioning in high risk youth.

Morris et al. Page 9

Depress Anxiety. Author manuscript; available in PMC 2016 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



deficits in such high-risk groups has been mixed, with no prior reward learning studies. One 

possibility is that the association between reward learning and other aspects of hedonic 

functioning is weaker than one might assume. A second possibility is that reward learning 

deficits are present in high-risk children, but less detectable in laboratory performance than 

in other indices (e.g., neural activity). A final possibility is that such deficits emerge only 

when more complex decision-making processes are called upon (e.g., intentional risk 

decisions11). Multi-method assessment of neural, behavioral, and subjective components of 

reward function will be critical for future clarification.29

We also assessed the impact of current diagnoses on reward learning. We found that youth 

with anhedonic disorders exhibited blunted reward learning in comparison to the non-

disordered and ADHD groups. This finding is the first documentation of reward learning 

deficits in youth with pediatric depression and anxiety. The finding of blunted reward 

learning in a pediatric sample suggests the possibility that reward learning deficits observed 

in adult studies cannot be attributed to a long history of depressive episodes and associated 

changes in behaviors. Rather, our results support reward learning as a state dependent 

variable, which is more related to a current anhedonic state than any generic impacts of 

having a depressed parent. Considering the links between reward learning deficits and a 

worse symptomatic course in adults,13,15 it is an open question whether impaired reward 

learning increases risk for future depressive episodes among those with early onsets. Future 

research may have implications for early interventions such as behavioral activation,51 

which targets low rates of reinforcement long seen by behavioral models as central to the 

development and maintenance of adult depression.52

Our study was also novel in examining diagnostic specificity of reward learning deficits. We 

found partial evidence of diagnostic specificity: youth with anhedonic disorders differed not 

only from controls but also from youth with ADHD. Prior studies have found similar levels 

of overall response bias in ADHD and controls,41 but have identified more subtle group 

differences suggestive of enhanced response bias toward immediate versus delayed 

rewards.42 Future studies with more fine-grained analyses of reward functioning among 

ADHD youth are needed.

Our study's findings should also be appreciated in light of some limitations. For theoretical 

and practical reasons, we examined reward learning among youth with either a current 

depressive disorder and/or an anxiety disorder shown previously to diminish hedonic 

functioning. Reinforcing our decision, the anhedonic disorders group indeed reported 

increased anhedonic symptoms compared to the ADHD and non-disordered groups. 

Unfortunately, we lacked statistical power to compare reward learning between depressive 

and anxiety disorders. Because our sample was recruited based on offspring status rather 

than current diagnoses, our group sizes for diagnostic groups were small (anhedonic 

disorders n=13, ADHD n=12). Therefore, replication as well as specific group contrasts 

using larger sample sizes would be useful. Finally, because the study was cross-sectional, 

we cannot comment on the causal status of reward deficits with respect to current or future 

mood and anxiety disorders. Longitudinal studies are needed to elucidate the etiological 

significance of reward learning deficits in youth.
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Figure 1. 
Trial Schematic. This figure illustrates the length of each screen seen during a reward trial 

with a correct response. Actual reward trials included a colorful fireworks display and an 

audio praise clip following a correct response.
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Figure 2. 
Estimated Marginal Means for Response Bias by Diagnostic Group. The group with current 

anhedonic disorders (n=13) shows blunted reward learning compared to those with current 

ADHD (n=12) and no disorders (n=131), who show the normative reward learning pattern.
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Table 1

Sample Characteristics by Proband Status

Variable Proband Offspring n=86 Control Offspring n=118 Test Statistic

Sex (% females) n=46 (53%) n=55 (47%) χ2 (2, N=204) = .94, ns

Mean Age (SD) 11.98 (3.04) 12.53 (3.08) t(202) = 1.27, ns

Handedness
*
 (% right-handed)

83% 90% Cramer's V=.11, ns

Race χ2 (2, N=204) = 12.48, p <.01

    Caucasian n=58 (67%) n=67 (57%)

    African-American n=11 (13%) n=39 (33%)

    Biracial n=17 (20%) n=12 (10%)

Mean Number of Stressful Life Events (past year) 3.72 (2.96) 2.02 (1.89) F(1,203)=25.13, p<.001

CDI-II mean (SD) 9.83(7.76) 7.03 (7.40) F(1,192)=6.49, p=.012

RCMAS mean (SD) 9.88 (6.39) 7.89 (6.59) F(1, 181)=4.17, p<.05

CDI-II = Children's Depression Inventory-Self Report. RCMAS = Revised Manifest Anxiety Scale.

*
Comparison of three handedness groups: right, left, or both.
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