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Abstract

Evaluation of facial and vocal emotional cues is vital in social interactions but can be highly 

influenced by characteristics of the observer, such as sex, age, and symptoms of affective 

disorders. Our evaluations of others’ emotional expressions are likely to change as we get to know 

them and anticipate how they are likely to behave. However, the role of associative learning in the 

evaluation of social cues remains poorly understood. In this study, we investigated whether 

emotional ratings (valence and arousal) and reward valuation (“liking” and “wanting” measures) 

of neutral facial expressions can be altered through associative learning. We also examined 

whether emotional ratings and reward valuation varied with symptoms of anxiety and depression, 

disorders known to impair socio-affective functioning. Participants (N = 324) were young adults, 

ranging in scores across dimensions of depression and anxiety symptoms: “general distress” 

(common to depression and anxiety), “anhedonia-apprehension” (more specific to depression), and 

“fears” (more specific to anxiety). They rated neutral faces and completed a probabilistic learning 
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task that paired images of neutral faces with positive or negative social feedback. Results 

demonstrated that pairing neutral faces with positive social feedback increased ratings of arousal, 

valence, and reward valuation (both “liking” and “wanting”). Pairing neutral faces with negative 

feedback reduced valence ratings and reduced “wanting,” but did not impact arousal ratings or 

“liking.” Symptoms of general distress were associated with negative bias in valence ratings, 

symptoms of anhedonia-apprehension were associated with reduced “wanting,” and symptoms of 

fears were associated with altered accuracy over trials. Notably, the association between general 

distress and negative bias was reduced following the associative learning task. This suggests that 

disrupted evaluation of social cues can be improved through brief training.
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Introduction

We are highly sensitive to facial and vocal emotional cues from others. Telling a joke to a 

friend, for example, we eagerly await their response, anticipating whether they will laugh or 

not, comparing it to other times we made them laugh and subsequently updating our internal 

view of their disposition and sense of humour. However, facial and vocal emotional cues are 

inherently ambiguous, and reactions to social cues can differ by characteristics of the 

observer, including sex, age, and psychopathology (e.g., Hall & Matsumoto, 2004; 

Leppänen et al., 2004; Mill et al., 2009; Yoon & Zinbarg, 2008; Young et al., 2017). How we 

react to these social cues, and how it influences our behaviour in the future, involves both 

evaluative and associative learning processes, which have been shown to be altered in 

anxiety disorders and depression.

Information processing biases that favour negative over positive stimuli are theorised to play 

a central role in maintaining symptoms of affective disorders (Gotlib & Joormann, 2010; 

Mathews & MacLeod, 2005). To date, studies of biased information processing of social 

cues have focused on evaluation of stimuli at a single point in time (e.g., rating the valence 

of face stimuli viewed once). However, evaluation of social cues may also be altered through 

interactions with the same individual, for instance, by learning about their character through 

repeated exposure to their emotional responses. This study aimed to investigate whether this 

type of associative learning could alter emotional ratings and reward valuation of neutral 

facial expressions, and whether symptoms of anxiety and depression impact these processes. 

Improved understanding of how emotional responses to social cues can be altered through 

learning from daily life experiences may offer insight into how perceptual biases arise, and 

how they might be more effectively treated.

The role of learning in emotional ratings and reward valuation of social cues

The study of socio-affective responses to human faces has primarily taken a stimulus-driven 

approach, focusing on the physical attributes of faces which are more or less pleasant/

attractive, and how configurations of facial muscles communicate emotions (Adolphs, 2002; 

Ekman & Cordaro, 2011; Hahn & Perrett, 2014). These studies have demonstrated some 
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universalities in how individuals from different countries and cultures perceive facial 

attractiveness and the emotions being communicated by certain expressions (Ekman & 

Friesen, 1971; Elfenbein & Ambady, 2002; Rhodes et al., 2001). Nevertheless, observer-

based processes can also impact evaluation of emotional cues from others. When we interact 

with a person we know well, we are often able to anticipate their responses, even in a novel 

situation. This relies on recall of associations encoded in memory that were formed during 

prior interactions with that individual. Recall of learned information is one “top-down” 

process that may impact the anticipation and evaluation of socio-emotional cues (Wieser & 

Brosch, 2012).

Prior experimental work has demonstrated that even simple conditioning procedures can 

modulate perceived valence and reward value of face stimuli. For example, pairing a face 

stimulus with positive statements was shown to increase subsequent likeability ratings for 

that face, whereas pairing with negative statements decreased likeability (Davis et al., 2009). 

In another study, associating faces with negative biographical information led to ratings of 

more negative valence in neutral facial expressions (Suess et al., 2015). These studies have 

typically relied on linguistic-based learning and paradigms with 100% reinforcement rates 

(i.e., one face is always presented with negative information). However, linguistic-based 

learning is not fully representative of daily social interactions, where we often learn about 

others’ emotional tendencies based on non-linguistic facial and vocal expressions of 

emotion. When we learn about individuals in this way, we are confronted with a more 

complex set of response contingencies, where individuals sometimes respond positively and 

sometimes respond negatively. Just because an individual reacts negatively in one context 

does not mean that person will always react negatively, or will react negatively in a similar 

context on a different day. We do not know whether learning based on probabilistic non-

linguistic feedback can similarly impact emotional ratings and reward valuation of social 

cues. In addition, prior work was limited to a single measure of emotional or reward 

responses (rating of likeability or valence alone). As the current dominant model of emotion 

encompasses both valence and arousal, emotional responses can be more comprehensively 

assessed by including ratings of both of these dimensions (Posner et al., 2005). Responding 

to a “reward” stimulus is also a multi-faceted process, with separable constructs relating to 

its anticipation, experience and learning about the reward (Morris & Cuthbert, 2012; Rømer 

Thomsen et al., 2015), that may not be adequately captured in a single rating of likeability. 

Measuring “wanting” through effortful behaviour (in the form of a key-pressing task) is 

thought to additionally provide a more objective, or implicit, measure of reward valuation 

(Aharon et al., 2001; Parsons et al., 2011).

Our first goal was to investigate how probabilistic affective social feedback would impact 

emotional responses (ratings of valence and arousal) and reward valuation (measures of 

“liking” and “wanting”) of neutral facial stimuli. In a computer-based learning task, 

participants viewed pairs of neutral facial expressions. They were instructed to find out, 

through trial and error, which was the “happier” and “sadder” person in each pair. In each 

trial, they could select one of the faces in each pair which would then turn into a positive 

expression (happy face plus laugh sound) or a negative expression (sad face plus cry sound). 

Six different faces were paired with different probabilities of positive and negative feedback 

to investigate the impact of different contingencies on learning processes and changes in 
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emotional ratings and reward valuation. We predicted that overall positive social feedback 

would be associated with increased ratings of valence and greater reward valuation, whereas 

negative social feedback would be associated with decreased ratings of valence and reduced 

reward valuation. In addition, we predicted that the extent of changes in emotional ratings 

and reward valuation would relate to the amount of positive versus negative feedback.

Disrupted socio-affective processing with symptoms of anxiety and depression

Bias in information processing that favours negative over positive information has been 

proposed as a vulnerability and maintenance factor in depression and anxiety (Bistricky et 

al., 2011; Everaert et al., 2017; Gotlib & Joormann, 2010; Mathews & MacLeod, 2005; 

Mobini et al., 2013). These biases have been widely observed in relation to social stimuli 

with studies showing small but consistent negative interpretation bias among individuals 

with symptoms of anxiety disorders and depression when rating neutral or ambiguous facial 

or vocal expressions (Beevers et al., 2009; Bourke et al., 2010; Gebhardt & Mitte, 2014; 

Gollan et al., 2008; Joormann & Gotlib, 2006; Leppänen et al., 2004; Yoon & Zinbarg, 

2008; Young et al., 2017).

In addition to negative bias, responses to socio-affective cues could be disrupted by altered 

reward processing and affective learning in anxiety and depression. Disrupted reward 

functioning is related to a cluster of symptoms known as “anhedonia,” the loss of 

motivation, interest, and pleasure of previously enjoyable experiences (American Psychiatric 

Association, 2013). Although common among individuals with depression, anhedonia is a 

transdiagnostic symptom cluster that can also affect individuals with anxiety disorders 

(Cooper et al., 2018; Rømer Thomsen et al., 2015). In experimental studies, symptoms of 

anhedonia have been linked to decreased motivation on effortful motor tasks for monetary 

(Treadway et al., 2009) or social rewards (Fussner et al., 2018).

Disrupted learning from affective stimuli has also been observed among individuals with 

anxiety and depression. Anhedonia has been linked to reduced learning in the context of 

rewarding stimuli (Pizzagalli et al., 2008; Whitton et al., 2015). Symptoms of anxiety are 

associated with heightened reactivity to threat, leading to overgeneralisation of learned fears 

and a reduced capacity to extinguish such learned associations (Pittig et al., 2018). For social 

cues, one recent study demonstrated that individuals with higher levels of symptoms of 

social anxiety disorder were more accurate at learning contingencies between face stimuli 

and likelihood of positive or negative feedback (Abraham & Hermann, 2015).

The second goal of this study was to replicate previous findings linking anxiety and 

depression with disruptions in emotional ratings and reward valuation of social stimuli. We 

had three specific hypotheses: (1) negative bias in emotional responses to neutral facial 

expressions (valence ratings) would be associated with symptoms common to anxiety and 

depressive disorders (a symptom dimension referred to as “general distress”), (2) symptoms 

of anhedonia (based on a symptom dimension we refer to as “anhedonia-apprehension”) 

would be related to reduced reward value of neutral facial stimuli, and (3) reduced learning 

performance (as assessed by cumulative accuracy) in response to positive stimuli would be 

related to anhedonia-apprehension, and heightened learning performance in response to 

negative stimuli would be related to anxiety-specific symptoms (a symptom dimension 
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referred to as “fears”). The third goal was to explore whether associative learning through 

social feedback would impact predicted associations between general distress and negative 

bias and between anhedonia-apprehension and reward value. We examined this by assessing: 

(1) whether training on a probabilistic feedback task impacted these associations, and (2) 

whether any changes observed were specific to stimuli presented during the training phase or 

generalised to non-trained stimuli.

Methods

Participant recruitment

Participants were recruited for the Brain, Motivation and Personality Development 

(BrainMAPD) study, a multisite longitudinal project investigating positive and negative 

valence functioning in late adolescence to early adulthood based at the University of 

California, Los Angeles and Northwestern University. Participants were recruited based on 

their scores on self-reported trait Neuroticism (Eysenck Personality Questionnaire-

Neuroticism (EPQ-N); Eysenck & Eysenck, 1975; Kelley et al., 2019) and Reward 

Sensitivity (Behavioural Activation Scale (BAS); Carver & White, 1994) from among a total 

of 2,461 who completed these screening instruments. Participants were recruited to ensure 

sampling from high/mid/low ranges (tertiles) on both scales, with oversampling from the 

two diagonals of the bivariate space defined by the quasi-orthogonal EPQ-N and BAS scales 

(i.e., high EPQ-N/high BAS, low EPQ-N/low BAS, mid EPQ-N/mid BAS, high EPQ-N/low 

BAS, and low EPQ-N/high BAS). Other inclusion criteria were right-handed, no magnetic 

resonance imaging (MRI) contraindications (due to the inclusion of MRI assessments in the 

BrainMAPD project), fluent in English, not colour blind (requirement for a different 

experimental task), and aged 18–19 years old at the time of recruitment. A total of 324 

participants recruited into the study completed the current task (214 female, mean age = 

19.52 years, standard deviation (SD) = 0.73, see Table 1 for details and racial/ethnic 

composition of sample). The sample size was based on power calculations for the larger 

longitudinal study, aiming to detect small effect sizes with 80% power among 150 

participants completing multiple assessments (accounting for attrition over a 3-year period). 

Participants provided written, informed consent and all procedures were approved by the 

institutional review board (IRB) at each institution.

Although this study was designed to use a dimensional approach to investigate broad 

symptom domains, diagnostic interviews were also conducted on the majority of participants 

(n = 294; 90.7%). Participants were assessed using the Structured Clinical Interview for 

Diagnostic and Statistical Manual of Mental Disorders (5th ed.; DSM-5) (First & Williams, 

2016), a semi-structured diagnostic interview. The proportions of individuals who met 

diagnostic criteria for anxiety and depressive disorders are reported in Table 1.

Self-report assessment of anxiety and depression symptoms

Symptoms of anxiety and depression were assessed in a dimensional framework, using 

factor analytic methods to generate scores across distinct symptom clusters. In previous 

work, a tri-level model of anxiety and depression was identified based on factor analyses of 

self-reported symptoms in studies of adolescents and adults (Naragon-Gainey et al., 2016; 
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Prenoveau et al., 2010). These analyses identified one “broad” and two “intermediate” 

symptom factors: general distress (common to anxiety and depression), fears (more specific 

to anxiety disorders), and anhedonia-apprehension (more specific to depression; see 

statistical analysis section below for details on factor score calculation).

Participants completed 101 questionnaire items selected from self-report measures of 

symptoms of anxiety and depression. Sixty-seven of these items were those that Prenoveau 

et al. (2010) used to create their tri-level hierarchical model, originating from five self-report 

measures: the Fear Survey Schedule-II (FSS; Geer, 1965), the Albany Panic and Phobia 

Questionnaire (APPQ; Rapee et al., 1994), the Self-Consciousness subscale of the Social 

Phobia Scale (SPS; Mattick & Clarke, 1998; Zinbarg & Barlow, 1996), the Inventory to 

Diagnose Depression (IDD; Zimmerman et al., 1986), and the Mood and Anxiety Symptom 

Questionnaire (MASQ; Watson et al., 1995). The remaining 34 items were the full scales of 

the Penn State Worry Questionnaire (PSWQ; Meyer et al., 1990) and the Obsessive-

Compulsive Inventory Revised (OCIR; Foa et al., 2002), included to better characterise 

symptoms of generalised anxiety disorder (GAD) and obsessive-compulsive disorder 

(OCD).

The 50-item FSS (Geer, 1965) examines symptoms representative of specific phobia. The 

FSS asks participants to identify how much fear they would experience if they encountered a 

particular situation or stimulus (0 = none, 3 = some fear, 6 = terror). The participants in this 

study answered all seven of the FSS questions used by Prenoveau et al. (2010).

The APPQ (Rapee et al., 1994) consists of 22 items that examine fear of sensation-

producing activities along with agoraphobic scenarios. Like the FSS, the original version of 

this questionnaire asks participants how much fear they would feel in each of the listed 

experiences (0 = no fear, 5 = moderate fear, 8 = extreme fear). Those in this study answered 

10 questions used by Prenoveau et al. (2010).

The 13-item Self-Consciousness subscale of the SPS (Mattick & Clarke, 1998; Zinbarg & 

Barlow, 1996) examines sensitivity to social evaluation. This sensitivity is a key component 

of social phobia. The original version of this questionnaire asks how typical a statement is of 

the participant (0 = not at all typical of me, 2 = Moderately, 4 = extremely typical of me). 

Participants in this study answered eight items used by Prenoveau et al. (2010).

The 21-item IDD (Zimmerman et al., 1986) assesses depression symptoms such as 

anhedonia and hopelessness. Each IDD item contains five statements. The participants 

decide which of the statements best reflect how they have been feeling in the past week. 

Individuals in this study answered eight of the original items.

The 90-item MASQ (Watson et al., 1995) measures symptoms of a broad range of anxiety 

and depressive disorders. The original MASQ asks participants to describe to what extent 

they have had certain symptoms over the past week (1 = Not at all, 3 = Moderately, 5 = 

Extremely). Thirty-four of these items identified by Prenoveau et al. (2010) were used in this 

study.
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The PSWQ (Meyer et al., 1990) contains 16 items that assess worry, the key symptom of 

GAD. The original version of this measure uses a 5-point Likert-type scale where 

individuals identify how typical a given statement is of their life in general. The scale ranges 

from 1 = not at all typical to 5 = very typical and participants completed all items.

The 18-item OCI-R (Foa et al., 2002) self-report measure examines key symptoms of OCD. 

The original OCI-R uses a 5-point Likert-type scale to assess how prevalent the symptoms of 

OCD are in a participant’s life. The scale ranges from 0 = not at all to 4 = extremely, and 

participants completed all items.

Social learning task

This task was an adapted version of a probabilistic social learning task (Parsons, Young, 

Bhandari, et al., 2014). Probabilistic learning tasks have been used to study learning patterns 

in response to positive and negative reinforcement (Frank et al., 2004) and in responses to 

threatening cues in social anxiety (Abraham & Hermann, 2015). In this task, participants 

learn to associate images of neutral faces with audio-visual positive and negative social 

feedback (smile/laugh or frown/cry). Faces are presented in pairs, and participants are 

instructed to find out who is the “happier” and the “sadder” person in each pair. They can 

select one of the two faces which then immediately changes to an image of a happy face, 

paired with a laugh sound, or a sad face, paired with a cry sound (see Figure 1). We used 

multimodal (facial and vocal) feedback rather than unimodal (facial) feedback, as these cues 

often co-occur in social interactions. A second goal was to maximise task engagement, as 

the attentional capture and salience of audio-visual stimuli has been shown to be greater than 

that of unimodal stimuli (Koelewijn et al., 2010). There are three pairs of faces presented 

with different contingencies of happy and sad feedback (see “training phase” for more 

details). This allows investigation of learning in response to positive and negative feedback 

at different levels of difficulty. Before and after the task, participants complete measures of 

arousal, valence, pleasantness (“liking”), and motivation (“wanting”; see below). This allows 

investigation of: (1) the extent to which learning changes emotional ratings and reward 

valuation of neutral faces, and (2) individual differences in these processes. The total task 

duration ranged from 12–29 min (M = 16.94 min; SD = 2.24). Each phase of the task is 

described in detail below.

Ratings of valence, arousal, and pleasantness (“liking”)

Participants completed a series of ratings of neutral female facial expressions (stimuli from 

NimStim database; Tottenham et al., 2009). A set of 12 neutral faces were rated on three 

scales: arousal, valence, and pleasantness. Scales were horizontal visual analogue scales 

(Figure 1) with anchors as follows: “very relaxed” to “very excited” (arousal), “very 

unhappy” to “very happy” (valence), “very unpleasant” to “very pleasant” (pleasantness, a 

measure of “liking”). Six of these stimuli were subsequently presented during the training 

phase of the task, whereas the other six were just rated before and after training. Responses 

were made by mouse-click on a 0–100 visual analogue scale (with no upper time limit on 

responding). These ratings were completed before and after the training phase (described 

below). Stimuli were presented in a randomised order that varied across participants, ratings 

scales, and time points (before or after training). Note that only female facial expressions 
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were included as the training task used positive and negative emotional vocalisations from 

the OxVoc database (Parsons et al., 2014), in which only female negative vocalisations are 

available.

Motivation to view (“wanting”)

Participants also completed a motivation to view measure in which they could vary the 

duration of viewing each neutral face stimulus. This measure has been used in prior studies 

examining the “wanting” component of reward valuation, by assessing effort expended to 

“consume” or view the reward (Aharon et al., 2001; Parsons et al., 2011). Stimuli appear on 

screen for a default duration of 6 s, participants can repeatedly press the “up” key on the 

keyboard to incrementally increase viewing time for each face, or the “down” key to 

decrease viewing time (maximum duration of 12 s, minimum duration of 2 s, each keypress 

corresponds to an increment of 250 ms). A vertical bar indicating time remaining is 

displayed on-screen, with the bar “moving down” to indicate time passing (Figure 1). This 

measure was also completed before and after training. Although not explicitly instructed, 

participants might reason that shortening the duration of stimulus viewing would shorten the 

overall duration of the task. If this was the case, we would not observe differences on our 

comparison of interest, the change in motivation to view from before to after training (by 

stimulus type, see Supplementary Materials for further discussion of this issue). We did not 

observe that participants were simply acting to reduce the task duration.

Training phase: probabilistic learning

Six of the twelve neutral stimuli used in the pre-training ratings were presented during the 

training phase, whereas the other six stimuli remained unseen during this period. Training 

consisted of a probabilistic learning task in which participants learn to associate neutral 

facial images with varying likelihood of receiving positive or negative social feedback. 

Social feedback was provided in the form of emotional facial expressions (happy or sad) and 

emotional vocalisations (laughter or cry sounds). On each trial, participants view two faces, 

are asked to select one face (using “up” and “down” keyboard keys), and then receive 

feedback (happy face and laugh sound, or sad face and cry sound) from the face they select 

(see Figure 1). Note that the image of the individual used for the neutral facial expression 

was the same as that for the positive and negative feedback, so by selecting a neutral face, 

participants then saw the same individual smile and laugh or frown and cry (this is a 

different procedure to Abraham & Hermann, 2015, in which different faces were used for 

feedback).

Participants were instructed that for each pair of faces, “there is one happy and one sad 

person,” and that “like in real life, the happy person will not always be happy and the sad 

person will not always be sad.” Individual faces varied in the likelihood of positive and 

negative feedback, creating three levels of difficulty. In the first pair of faces, one face led to 

positive feedback on 80% of trials and negative feedback on 20% of trials, while the other 

face led to negative feedback on 80% of trials and positive feedback on 20% of trials. This 

was the easiest to learn pair. The other pairs had contingencies of 70% versus 30% and 60% 

versus 40%. Participants completed two rounds of 60 trials (120 trials total, 40 trials for each 

pair). In one round, participants were instructed to “find the ‘happier’ person, and continue 
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to always select this person, even if they sometimes appear to be sad.” In the other round, 

they were instructed to find the “sadder” person, so all participants viewed all faces under 

both versions of instructions. This ensured approximately equal levels of positive and 

negative feedback across the task (mean percentage of positive feedback trials = 49.70%, 

negative = 50.30%, SD = 4.57%). The order of rounds was randomised across participants. 

The allocation of face pairs with rates of positive and negative feedback was 

counterbalanced across participants. This ensured that when assessing changes in valence, 

arousal, pleasantness and motivation to view before and after training, any changes observed 

were independent of the specific features of individual faces.

Testing phase

Immediately following the training phase, participants completed a testing phase in which 

they viewed pairs of faces and were instructed to “choose the person that ‘feels’ the most 

happy, based on what you have learned during the previous task. If you are not sure which 

one to pick, just go with your gut instinct.” Responses were made using the “up” and 

“down” keys and participants were asked to respond as quickly and accurately as possible. 

Participants received no feedback on their performance, and face pairs were fully mixed so 

that each face was presented with every other face twice (total 30 trials).

Statistical analysis

Prior to the analysis relating to the experimental task described here, confirmatory factor 

analysis (CFA) was conducted to test whether the tri-level symptom model (Prenoveau et al., 

2010) provided a good fit to the self-reported symptom data in the current sample provided 

at the time of the behavioural testing session. These analyses are described in full in Kramer 

et al. (2019). In brief, the CFA was conducted using Mplus Version 8 statistical software 

treating all items as categorical using robust weighted least squares estimation (WLSMV) 

using all available information (i.e., accommodating missing data). Model goodness of fit 

was evaluated using three fit indices including the comparative fit index (CFI; Bentler, 

2004), the root mean square error of approximation (RMSEA; Styger, 1989), and the 

weighted root mean square residual (WRMR; DiStefano et al., 2018; Yu, 2002). The 

WRMR, like the standardised root mean square residual (SRMR; Bentler, 1995) for 

continuous data, measures the (weighted) average differences between the sample and 

estimated population variances and covariances. As WRMR is considered experimental and 

its developers caution users to not rely heavily on it (e.g., DiStefano et al., 2018), we 

supplemented it by re-specifying the items as continuous to obtain a SRMR estimate. To 

conclude good model fit, we adopted the following cutoffs: CFI ⩾ .90, RMSEA ⩽ .06, 

WRMR ⩽ 1.0, and SRMR ⩽ .08 (DiStefano et al., 2018; Hu & Bentler, 1998; Yu, 2002). 

Model fit was good: CFI = .97, RMSEA = .021 (90% confidence interval = [.018, .024]), 

WRMR = .94, and SRMR = .05. We saved factor score estimates from this model and used 

them to represent the tri-level model symptom dimensions of General Distress, Anhedonia-

Apprehension, and Fears in our analyses relating these symptom dimensions to performance 

in the probabilistic social learning task (full item loadings available in Supplementary 

Materials Table S1). It should also be noted that these three factor scores are quasi-

orthogonal. Thus, the correlations of the General Distress factor scores equalled .08 (p = .17) 

and –.07 (p = .24), respectively, with the Fears and Anhedonia-Apprehension factor scores. 
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Similarly, the correlation between Fears and Anhedonia-Apprehension factor scores 

equalled .07 (p = .22). Consequently, associations with each dimension’s factor score can be 

considered unique of the others.

In addition, face validity of tri-level factor scores was assessed by performing correlations 

between factor scores and diagnostic status (presence of anxiety disorder, dummy coded; 

major depressive disorder, dummy coded). In line with the expected structure of the tri-level 

model, anxiety disorder diagnostic status was significantly correlated with General Distress 

and Fears factor scores (r = .50, p < .001; r = .12, p = .035, respectively), but not Anhedonia 

(r = –.08, p = .16), whereas depression diagnostic status was significantly correlated with 

General Distress and Anhedonia factors scores (r = .33, p < .001, r = –.14, p = .015), but not 

Fears scores (r = .04, p = .409).

Aim 1.—Repeated-measures ANOVAs with orthogonal, polynomial analysis of trends were 

performed to investigate linear associations between stimulus type (80/70/60/40/30/20% 

positive feedback) and change in ratings of arousal, valence, and pleasantness, as well as 

change in viewing times on the motivation to view task. To compare whether predominantly 

positive feedback had a greater effect on ratings than predominantly negative feedback, 

mean absolute change scores were calculated for “positive” stimuli (paired with 80%, 70%, 

60% positive feedback) and “negative” stimuli (paired with 40%, 30%, 20% positive 

feedback). Paired samples t-tests were used to assess differences in the extent of change in 

ratings of arousal, valence, and pleasantness, as well as mean viewing times.

Aim 2.—Linear regression analyses were used to investigate relationships between 

symptom dimensions of anxiety and depression (general distress, fears and anhedonia-

apprehension factors) and measures of arousal, valence, pleasantness, and motivation to 

view before training and changes in these measures from before to after training (using 

estimates of linear trends in the relationship between change in ratings and stimulus type). 

Linear and quadratic terms of cumulative accuracy slopes were calculated as a measure of 

learning performance across trials during the training phase. Quadratic terms were used in 

addition to linear terms to capture the asymptotic nature of learning during this task. 

Regression analyses were also used to assess performance on the testing phase which was 

quantified as the linear slope of the relationship between performance accuracy and stimulus 

type.

Aim 3.—Multiple regression analyses were conducted to investigate whether significant 

relationships between dimensions of the tri-level model and behavioural measures prior to 

training changed over time (from preto post-training), including sex as a covariate. These 

analyses were repeated for faces seen during the training phase and for unseen faces to test 

whether any changes observed generalised to untrained stimuli. All analyses were conducted 

using SPSS (v.24), and multiple regression analyses were conducted using the PROCESS 

macro for SPSS (Hayes, 2017).
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Results

All data were examined for outliers and there were no values falling outside the first and 

third quartiles ±1.5 times the interquartile range.

Training phase performance

Overall, accuracy on the social feedback learning task was high, with performance varying 

in line with the feedback contingencies. The highest accuracy during training was for the 

easiest to learn pair (80–20 pair; M = 82.30%, SD = 18.93), followed by the 70–30 pair (M 
= 76.90%, SD = 20.98), and the lowest performance accuracy for the 60–40 pair (M = 

66.37%, SD = 25.43). There were significant linear and quadratic trends in cumulative 

performance accuracy across trials, linear F(1, 323) = 302.64, p < .001, η2 = .48, and 

quadratic F(1, 323) = 34.18, p < .001, η2 = .10; Figure 2a. There was also a significant linear 

trend in accuracy scores across stimulus pairs, F(1, 323) = 71.41, p < .001, η2 = .18. 

Performance increased linearly as uncertainty within the face pair was reduced.

Testing phase performance

During the testing phase, participants demonstrated accurate learning of response 

contingencies, with the 80% happy face being the most frequently selected on the forced-

choice task (choosing which face was the “happier” individual) and the 20% happy face 

being least frequently selected. There was a significant linear trend in the relationship 

between face stimulus type and task performance, proportion of trials chosen as “more 

happy,” F(1, 323) = 967.66, p < .001, η2 = .75; Figure 2b.

Aim 1: does social learning affect emotional ratings and reward valuation of social cues

Examining participant ratings of arousal, valence, pleasantness, and responses on the 

motivation to view task across the six neutral faces presented before and after the training 

and testing phases, we found the following.

Arousal.—There was a significant linear trend in the relationship between stimulus type 

and change in arousal rating, F(1, 323) = 23.59, p < .001, η2 = .07. Arousal ratings non-

significantly increased for stimuli paired with 20% and 30% positive feedback and 

significantly increased for stimuli paired with 40% or more positive feedback. Mean change 

in arousal ratings increased linearly as the percentage positive feedback increased (see Table 

2 for full details).

Valence.—There was a significant linear trend in the relationship between stimulus type 

and change in valence rating, F(1, 323) = 252.28, p < .001, η2 = .44. Thus, the change in 

valence ratings increased linearly as the percentage positive feedback increased. More 

specifically, valence ratings significantly decreased for stimuli paired with 20% positive 

feedback, non-significantly decreased for stimuli paired with 30% positive feedback, non-

significantly increased for stimuli paired with 40% positive feedback, and significantly 

increased for stimuli paired with 60% or more positive feedback (Table 2).
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Pleasantness (“liking”).—There was a significant linear trend in the relationship 

between stimulus type and change in pleasantness rating, F(1, 323) = 129.14, p < .001, η2 

= .29. Just as was the case for arousal and valence, the change in pleasantness ratings 

increased linearly as percentage positive feedback increased. More specifically, pleasantness 

ratings non-significantly decreased for stimuli paired with 20% positive feedback, non-

significantly increased for stimuli paired with 30% positive feedback, and significantly 

increased for stimuli paired with 40% or more positive feedback (Table 2).

Motivation to view (“wanting”).—There was a significant linear trend in the 

relationship between stimulus type and change in viewing times for face stimuli, F(1, 323) = 

65.77, p < .001, η2 = .17. Consistent with the other three dependent variables, the change in 

viewing times increased linearly as percentage positive feedback increased. More 

specifically, viewing times significantly decreased for stimuli paired with 20% positive 

feedback, non-significantly decreased for stimuli paired with 30% positive feedback, non-

significantly increased for stimuli paired with 40% and 60% positive feedback, and 

significantly increased for stimuli paired with 70% and 80% positive feedback (Table 2, note 

that significant differences in preto post-training viewing times, including significant 

increases for some stimuli, indicate that participants were not solely motivated to decrease 

overall task duration, see Supplementary Materials for further discussion).

Comparison of positive versus negative feedback.—Paired samples t-tests 

demonstrated that there were significant differences in the absolute magnitude of change by 

feedback type (“majority positive” [mean of 60%, 70%, 80% happy] versus “majority 

negative” [mean of 40%, 30%, 20% happy]) for ratings of arousal, t(323) = 5.92, p < .001, d 
= .34; valence, t(323) = 6.37, p < .001, d = .37; and pleasantness, t(323) = 5.53, p < .001, d 
= .31, as well as performance on the motivation to view task, t(323) = 4.83, p < .001, d 
= .27. Changes following majority positive feedback were significantly greater in absolute 

magnitude than those following majority negative feedback.

We did not collect ratings of emotional responses to the positive and negative feedback 

stimuli as part of this task, so we conducted a post hoc online experiment (hosted by 

Prolific; https://app.prolific.co) to examine whether there were differences in valence and 

arousal of positive versus negative feedback stimuli. An independent sample (N = 30) rated 

positive and negative face/voice pairs for valence and arousal. We computed an “absolute 

difference” valence score (i.e., how “different from neutral” stimuli were) and conducted 

paired samples t-tests to examine differences in ratings of valence and arousal. Results 

demonstrated no significant “absolute difference” in valence ratings between positive and 

negative stimuli (p > .05). There was a significant difference in arousal ratings, such that 

arousal was higher for positive compared with negative stimuli (p = .003, see Supplementary 

Materials for full details). This greater arousal of positive stimuli may account for why 

positive feedback had a larger impact than negative feedback in changing responses to 

neutral face stimuli.

Sex differences.—As the face and voice stimuli were all female, we examined whether 

there were any effects of participant sex on performance during the training and testing 

phases of the task, as well as on the changes in valence, arousal, pleasantness, and 
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motivation to view measures. All analyses demonstrated no significant effect of sex (all p’s 

⩾ .05, see Supplementary Materials Table S2 for details).

Aim 2: do symptom dimensions of anxiety and depression relate to aspects of social 
functioning?

Emotional responses to neutral facial expressions.—Linear regression analyses 

demonstrated significant associations between the general distress factor and mean valence 

ratings of neutral faces prior to training (p < .001, Table 3). Individuals with higher scores on 

the general distress factor rated neutral facial expressions more negatively. There were no 

other significant relationships between factors of the tri-level model or sex and ratings of 

arousal and valence prior to training (all p’s > .05). There were also no significant 

relationships between factors of the tri-level model and individual estimates of linear slopes 

in the change of ratings from pre- to post-training by face type (all p’s > .05).

Reward value of neutral facial stimuli.—There was a significant association between 

the anhedonia-apprehension factor and mean viewing times of neutral faces prior to training 

(Table 3). Individuals with higher levels of anhedonia-apprehension had lower viewing times 

for the neutral face stimuli. There were no other significant relationships between factors of 

the tri-level model or sex and measures of reward value (ratings of pleasantness and 

motivation to view) prior to training (all p’s > .05). There were no significant associations 

between factors of the tri-level model or sex and estimates of individual slopes of change in 

responses from pre- to post-training by face type (all p’s > .05).

Learning from social feedback

Training.—Regression analyses demonstrated significant associations between the fears 

factor and linear slopes of cumulative performance accuracy for the 80–20 and 70–30 pairs 

(β = .19, p = .001; β = –.18, p = .001, respectively), and between the general distress factor 

and linear slopes of cumulative performance accuracy for the 70–30 pair (β = .12, p = .04). 

Individuals with higher levels of fears had steeper slopes (more rapid learning) on trials for 

the easiest to learn pair (80–20), and shallower slopes (slower learning) on trials for the 

medium-difficulty pair (70–30), whereas individuals with higher levels of general distress 

had steeper slopes on this pair. Other tri-level model factors and sex were not significant 

predictors in these models. There were no significant associations between cumulative 

performance accuracy in the hardest to learn pair (60–40, p > .05). There were also no 

significant associations between factors of the tri-level model and estimated quadratic trends 

(all p’s > .05).

Testing.—There were no significant associations between factors of the tri-level model and 

performance during the testing phase (p’s > .05).

Aim 3: changes in associations with symptoms from before to after training

General distress and valence.—multiple regression analysis demonstrated a significant 

change in the relationship between general distress and mean valence ratings from pre- to 

post-training. General distress, time, and the interaction between these variables overall 

significantly predicted mean valence ratings, overall model fit: F(4, 319) = 20.77, p < .001, 
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R2 = .21. General distress was a significant predictor of valence ratings (β = –.23, p = .001), 

as was time (pre- or post-training: β = .43, p < .001). There was also a significant interaction 

effect of general distress and time (β = .16, p = .024). Examination of simple slopes 

demonstrated that prior to training, there was a significant relationship between general 

distress and mean valence rating (β = –.22, p < .001), such that higher levels of general 

distress were associated with more negative valence ratings. After training this relationship 

was no longer significant (β = –.002, p = .98). Thus, the interaction was driven by training 

reducing the relationship between general distress and mean valence ratings (Figure 3a).

Anhedonia and viewing time.—multiple regression analysis demonstrated no 

significant change in the relationship between anhedonia-apprehension and viewing times 

from pre- to post-training. Anhedonia-apprehension, time, and the interaction between these 

variables overall significantly predicted mean valence ratings, overall model fit: F(4, 319) = 

2.86, p < .024, R2 = .035. Anhedonia-apprehension was a significant predictor of viewing 

time, β = .23, t(644) = –2.86, p = .004, but time was not (β = .05, p = .33). The interaction 

between anhedonia-apprehension and time was also not significant (β = –.09, p = .26; Figure 

3b).

Test of generalisability.—As with the stimuli presented during the task, there was a 

significant change in the relationship between general distress and mean valence ratings of 

stimuli not presented during the task from pre- to post-training. General distress, time, and 

the interaction between these variables overall significantly predicted mean valence ratings, 

overall model fit: F(4, 323) = 6.04, p < .001, R2 = .07. General distress was a significant 

predictor of valence ratings (β = –.16, p = .04), as was time (pre- or post-training; β = .20, p 
< .001). There was also a significant interaction effect of general distress and time (β = .20, 

p = .01). Examination of simple slopes demonstrated that prior to training, there was a 

significant relationship between general distress and mean valence rating (β = –.18, p 
= .001), and after training, this relationship was no longer significant (β = .009, p = .87). 

Thus, the interaction was driven by training reducing the relationship between general 

distress and mean valence ratings.

Comparison of the association between anhedonia-apprehension, time, and the interaction 

between these two variables significantly predicted mean viewing times for unseen faces, 

F(4, 319) = 5.06, p = .001, R2 = .06. Anhedonia-apprehension was a significant predictor of 

viewing time (β = –.21, p = .007), and individuals with higher levels of anhedonia-

apprehension demonstrated shorter viewing durations. Time was also a significant predictor 

(β = –.20, p < .001), and overall viewing durations were shorter for unseen faces after 

training, compared with before. There was no significant interaction between anhedonia-

apprehension and time (β = –.12, p = .13).

Discussion

In this study, we demonstrated three main sets of significant findings. First, we observed that 

a brief probabilistic learning task led to more positive emotional ratings and a greater reward 

value for neutral face stimuli paired with predominantly positive feedback. There was 

limited evidence for more negative emotional ratings and reduced reward value for neutral 
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face stimuli paired with predominantly negative feedback. Second, we found the following 

associations between emotional and reward processing and symptom dimensions of anxiety 

and depression: (1) participants with higher levels of general distress (a factor common to 

anxiety and depression) showed more negative bias in ratings of valence of neutral faces; (2) 

participants with higher levels of anhedonia-apprehension had decreased motivation to view 

neutral faces, and (3) participants with higher levels of fears and general distress had altered 

performance accuracy across trials. Third, we observed that the association between general 

distress and negative bias was significantly reduced following training.

Positive social feedback alters emotional ratings and reward valuation of neutral facial 
expressions

Comparing performance before and after training, neutral faces paired with predominantly 

positive feedback (70% or greater) were rated as higher in arousal, valence, and pleasantness 

(the “liking” component of reward valuation) and resulted in longer viewing durations (a 

measure of motivation, the “wanting” component of reward valuation). Faces paired with 

60% positive/40% negative feedback were rated as higher in arousal, valence, and 

pleasantness, with no change in viewing durations. Faces paired with 40% positive/60% 

negative feedback were also rated as higher in arousal and pleasantness, with no change in 

valence or viewing duration. There was no change in ratings for stimuli paired with 30% 

positive/70% negative feedback. Stimuli paired with 20% positive/80% negative feedback 

were rated as lower in valence and had lower viewing durations, with no change in arousal 

or pleasantness. Overall, greater change was demonstrated among faces paired with higher 

probabilities of positive feedback. In a direct comparison, we observed greater absolute 

change in arousal, valence, pleasantness, and viewing time following “majority positive 

feedback” (collapsing across 80%, 70%, 60% positive feedback conditions) than following 

“majority negative feedback” (collapsing across 20%, 30%, 40% positive feedback 

conditions). Notably, these effects were observed after a short period of training (duration M 
= 6.87 min, SD = 0.71 min).

This perhaps surprising finding suggests that positive social feedback is more effective than 

negative social feedback at changing emotion ratings and reward valuation of ambiguous 

facial expressions. Returning to the example earlier, when telling joke to a friend, a positive 

response might impact how positively we view that friend, potentially affecting our 

likelihood of seeking them out or telling them more jokes in the future. Negative feedback to 

our jokes, however, may not substantially impact our view of that individual. These findings 

are comparable to prior work using a similar paradigm with infant faces instead of adult 

faces (Parsons, Young, Bhandari, et al., 2014). Other work has demonstrated that both 

positive and negative statements can alter the reward value of face stimuli (Davis et al., 

2009), whereas valence of face stimuli was altered by negative, but not positive biographical 

information (Suess et al., 2015). Together, these findings suggest that emotional ratings and 

reward valuation of neutral faces can be manipulated using other sources of information, but 

that the specific type of information provided may be important in determining the direction 

of this effect.
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One potential explanation for the limited change in emotional and reward responses 

following negative feedback is that the sad face/cry sound negative feedback may have been 

insufficiently aversive or salient to impact responses to neutral facial expressions. We 

selected smile/laugh and frown/cry feedback as stimuli that are high and low in valence 

(respectively) but relatively low in arousal. Direct comparisons of the arousal level of happy 

and sad facial expressions from the NimStim face set demonstrated no significant 

differences in arousal level (Smith et al., 2013). There were also no significant differences in 

arousal or motivation to respond to adult laughter and cry vocalisations from the OxVoc 

sounds set (Parsons, Young, Craske, et al., 2014). However, to further investigate this, we 

performed a post hoc experiment, examining ratings of the positive and negative feedback 

stimuli. We observed a difference in ratings of arousal for combined face/voice pairs, such 

that “happy” feedback (smile plus laughter) was significantly higher in arousal than “sad” 

feedback (frown plus cry). Future work might aim to use negative multimodal stimuli that 

are matched in arousal to the positive stimuli used here (perhaps using angry/threatening or 

disgust cues) to further examine the efficacy of negative social feedback in altering 

responses to neutral facial stimuli.

Relationships between symptom dimensions of anxiety and depression and social 
functioning

We replicated previous findings demonstrating a negative bias in the valence of neutral facial 

expressions, with more negative ratings associated with higher levels of general distress (a 

symptom factor common to anxiety and depression). This finding is in line with previous 

work demonstrating negative bias in depression or anxiety disorders. Here, we show that this 

bias is associated with symptoms that are common to both disorders indicating a potentially 

shared transdiagnostic process. This complements prior prospective work demonstrating the 

mediating role of negative bias in the relationship between behavioural inhibition, anxiety, 

and depression at different stages of development and highlights the transdiagnostic 

relevance of these behaviours (Connolly et al., 2016; Price et al., 2016; White et al., 2017).

We also found that negative bias in ratings of valence among neutral faces was significantly 

reduced following social feedback training. On average, individuals demonstrated increased 

mean positive valence ratings of neutral faces from pre- to post-training, but these effects 

were larger for individuals with higher symptoms of general distress, effectively reducing 

negative bias by the end of the task. Interestingly, this change in negative bias also 

generalised to neutral faces that were not presented during the training. One possible 

explanation for this effect is that through associative training, attention is directed more 

towards the stimuli presented, rather than towards internal mood states. A change in 

attention might then result in more objective rating of other face stimuli, perhaps relying 

more on information from physical features of faces than the observer’s own biases. Prior 

work has demonstrated that interventions targeting attention (e.g., attention bias 

modification) significantly reduce symptoms of anxiety (Hakamata et al., 2010). The role of 

attention was not tested in this study but could be addressed in future work by altering 

instructions to differentially direct attention (e.g., to compare responses when instructed to 

focus on the eyes or the mouth during feedback, or to focus on your own internal reaction to 

stimuli).
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We also demonstrated that higher levels of anhedonia-apprehension symptoms (more 

specific to depression) were associated with decreased motivation to view neutral face 

images, prior to training. Anhedonia was not associated with altered ratings of pleasantness, 

demonstrating a dissociation between the “liking” and “wanting” components of reward 

valuation. This finding is consistent with previous work demonstrating associations between 

symptoms of anhedonia and reduced effortful behaviours (Treadway et al., 2012). Previous 

work has demonstrated this effect in a decision-making task in which participants can win a 

monetary reward. We found evidence of a similar effect in the absence of an explicit reward, 

when participants are simply making keypress responses to view images of neutral faces. 

Although social cues are thought to carry an inherent reward value (Krach et al., 2010), this 

finding suggests that anhedonia-apprehension may have an impact on effortful behaviours 

even when the reward value of a stimulus is not explicit. We found no significant change in 

the relationship between anhedonia-apprehension and motivation to view neutral faces after 

training. As a hypothesised deficit in reward-related functioning, this effect is perhaps 

unsurprising, suggesting that simple associative learning was not sufficient to change 

motivation to view neutral stimuli. A lack of association between anhedonia-apprehension 

and performance on training trials suggests that the absence of change was not attributable to 

reduced associative learning. It may be that manipulation of this association is not amenable 

through probabilistic learning, or perhaps that more extensive training is required.

Finally, we found that higher levels of fear symptoms (specific to anxiety disorders) and 

general distress (common to anxiety and depression) were associated with altered slopes of 

performance accuracy during training. This is largely consistent with prior work 

demonstrating more accurate learning of probabilistic contingencies among individuals with 

higher levels of anxiety symptoms (Abraham & Hermann, 2015). Our findings were 

observed within a group of individuals with a range of symptoms across different types of 

anxiety disorders, suggesting that disrupted learning is related to “fear” symptoms that are a 

feature of different disorders, rather than being specific to social anxiety. Examining 

disrupted learning patterns across individual pairs of stimuli, we observed that higher scores 

on the “fears” symptom dimension were associated with steeper performance slopes 

(indicating faster learning) on the easiest-to-learn pair, less steep slopes on the medium-

difficulty pair, and no effect on the hardest pair. We also observed that symptoms of general 

distress were associated with a steeper slopes on the medium-difficulty pair, but no effects 

on the other pairs. Unlike prior work demonstrating associations between symptoms of 

anhedonia-apprehension and reduced reward learning (e.g., Pizzagalli et al., 2008), we found 

no association between anhedonia-apprehension and performance accuracy during training.

Although we do not have a clear explanation for these findings, it is possible that different 

dimensions of symptoms implicated in anxiety and depression may interact to affect socio-

emotional learning. One limitation of the current task design, which may be masking a 

clearer pattern of effects, is that learning was reinforced by both positive and negative 

feedback. Participants were instructed to approach positive stimuli in one half of the training 

(“find the happier person”) and approach negative stimuli in the other half (“find the sadder 

person”). It was implied by the task design and instructions that successful approach of one 

stimulus simultaneously meant successful avoidance of the other (i.e., selecting the correct 

“happy” face not only provided positive social feedback but also prevented exposure to 

Young et al. Page 17

Q J Exp Psychol (Hove). Author manuscript; available in PMC 2021 July 29.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



negative social feedback). Prior work has demonstrated disrupted patterns of approach and 

avoidance tendencies that vary with symptoms of anxiety and depression (e.g., Heuer et al., 

2007; Trew, 2011). In the current task, different contingencies of positive and negative 

reinforcement across stimulus pairs may differentially engage disrupted approach and 

avoidance tendencies. In future, we could design a task to separate the positive and negative 

reinforcers (for example, comparing positive feedback with neutral, or no feedback) to 

examine these effects.

Strengths and limitations

These effects were demonstrated in a large sample of young adults with a wide range of self-

reported symptoms of anxiety and depression. Comparison with clinical samples will be of 

interest in future work to see if the patterns observed here at a dimensional level are 

replicated, or are potentially more pronounced. It will also be important to establish whether 

negative bias and disrupted motivation can be affected by social feedback learning in these 

populations. The findings presented here were observed during a testing session that 

occurred immediately after the end of the training phase. The temporal stability of these 

effects would be of interest, particularly whether they persist beyond the end of the 

experimental session. Although we demonstrate that negative interpretation bias is 

modifiable through brief training, this approach does not necessarily translate directly into 

therapeutic intervention. Similar work in the domain of attentional bias training held much 

promise for novel therapeutic intervention, yet effect sizes remain modest (Mogoaşe et al., 

2014). What these findings do suggest is that core appraisal processes are modifiable 

through associative learning and that, at least in the case of social stimuli, positive feedback 

may be a particularly effective approach. Here, we tested only the effects of happy and sad 

facial expressions as social feedback, further investigation of whether other types of 

expression (particularly anger, fear or disgust expressions as negative feedback) might have 

different effects on modifying valence and arousal responses to neutral facial expressions. It 

also remains to be seen whether the effects observed here translate to non-social stimuli. 

Finally, as this task involved learning, differences in cognitive abilities might affect 

performance, and inclusion of an intelligence quotient (IQ) measure in future would allow 

investigation of this possibility.

Conclusion

In sum, we demonstrate that emotion ratings and reward valuation of neutral faces are 

readily altered through associative learning. The extent of the change in emotional responses 

and reward value was linearly associated with the ratio of positive-to-negative feedback, 

with positive feedback overall leading to greater change in emotional responses and reward 

value than negative feedback. Negative bias in valence of neutral faces was associated with 

the symptom factor “general distress,” a set of symptoms that are common to anxiety 

disorders and depression. Notably, this effect was reduced following learning based on 

probabilistic feedback, demonstrating that this bias can be modified through intervention. 

Disrupted motivation to view neutral faces was associated with anhedonia-apprehension, a 

cluster of symptoms specific to depression. Altered cumulative performance accuracy during 

the training phase of the task was associated with symptoms of “fears” and “general 
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distress.” These results suggest that brief associative learning can impact perceptual and 

affective processes implicated in anxiety and depression.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Example screens presented during experiment. Upper: neutral faces were rated on arousal, 

valence and pleasantness (left), and participants completed a keypress “motivation to view” 

measure (mid and right) before and after training. Lower: during the training phase, 

participants learned to associate different faces with different probabilities of positive and 

negative feedback, by selecting one of two neutral faces (left) and receiving either positive 

(mid) or negative (right) social feedback.
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Figure 2. 
Training and testing phase data. (a) Cumulative accuracy scores across trials are separated 

by face pair. Performance accuracy was highest for the 80–20 pair, followed by the 70–30 

pair, and then the 60–40 pair (shaded areas represent 95% confidence intervals). (b) 

Proportion of trials selected as “more happy” during the testing phase increased 

corresponding with stimulus contingencies during training phase (error bars indicate mean ± 

standard error).
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Figure 3. 
Changes in associations with symptoms from preto post-training. (a) There was evidence of 

a negative bias prior to training that was significantly reduced following training. (b) Higher 

levels of anhedonia-apprehension (lower scores) were associated with shorter viewing times 

before training, but this effect was not significantly reduced following training.
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Table 1.

Demographics and diagnostic status of participants included in the study (N = 324).

Demographic variable

Age (M, SD) 19.52 0.73

Sex 211F,

112M, IT
a

Race/ethnicity (N, %)

 White 167 51.54

 Black or African American 28 8.64

 Asian 99 30.56

 American Indian or Alaska Native 7 2.16

 Multiracial 22 6.79

 Hispanic or Latino 82 25.31

Diagnostic status, n = 294 (N, %)

One or more anxiety disorders
b 99 33.67

 Generalised anxiety disorder 33 33.33

  Obsessive compulsive disorder 10 10.10

  Panic disorder 10 10.10

  Post-traumatic stress disorder 10 10.10

  Social anxiety disorder 54 54.55

  Separation anxiety disorder 1 1.01

  Specific phobia 31 31.31

 Depressive disorder
c 27 9.18

  Major depressive disorder 21 7.14

  Persistent depressive disorder 6 2.04

a
Transgender (this participant was excluded from sex difference analyses),

b
62 individuals met criteria for more than one disorder,

c
24 of these individuals also met criteria for one or more anxiety disorders.
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Table 2.

Mean, standard error, and 95% confidence intervals for change in emotional responses (arousal and valence 

ratings) and reward value (pleasantness ratings and viewing time) of face stimuli.

Stimulus type (% positive feedback)
Mean Standard error 95% confidence interval

Lower bound Upper bound

Change in arousal rating

 20% Positive 1.03 1.00 −0.94 2.99

 30% Positive 1.87 0.96 −0.02 3.76

 40% Positive 3.25* 1.02 1.23 5.27

 60% Positive 6.10* 1.08 3.98 8.23

 70% Positive 7.03* 1.11 4.85 9.22

 80% Positive 7.38* 1.25 4.92 9.84

Change in valence rating

 20% Positive −2.18* .94 −4.02 −0.34

 30% Positive −1.51 .87 −3.21 0.19

 40% Positive 1.32 .90 −0.45 3.08

 60% Positive 10.05* .85 8.39 11.72

 70% Positive 12.76* .83 11.12 14.40

 80% Positive 15.63* .92 13.81 17.44

Change in pleasantness rating (“liking”)

 20% Positive −0.03 0.97 −1.94 1.88

 30% Positive 1.41 0.99 −.54 3.36

 40% Positive 3.92* 0.95 2.05 5.79

 60% Positive 8.89* 0.95 7.02 10.76

 70% Positive 11.30* 0.95 9.42 13.18

 80% Positive 13.62* 1.01 11.63 15.60

Change in viewing time (ms, “wanting”)

 20% Positive −425.93* 113.22 −648.67 −203.19

 30% Positive −229.17 119.17 −463.62 5.29

 40% Positive 41.67 144.63 −242.87 326.20

 60% Positive 162.81 146.76 −125.92 451.54

 70% Positive 572.53* 151.95 273.59 871.48

 80% Positive 836.42* 158.89 523.84 1149.00

*
Significant difference (p < .05).
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Table 3.

Results of regression analyses investigating the relationship between tri-level factor scores and pre-training 

measures of emotion (arousal and valence) and reward value (pleasantness and viewing time).

B SE b β

Arousal

 General distress −.20 .61 −.02

 Fears .30 .65 .03

 Anhedonia-apprehension .65 .61 .06

 Sex −.35 1.17 −.02

Valence

 General distress −1.78 .43 −.23*

 Fears −.15 .47 −.02

 Anhedonia-apprehension .15 .44 .02

 Sex .53 .83 .04

Pleasantness

 General distress 1.52 .95 .09

 Fears .53 .50 .06

 Anhedonia-apprehension .47 .53 .05

 Sex −.32 .50 −.04

Viewing time

 General distress 130.91 104.74 .07

 Fears 30.69 111.94 .02

 Anhedonia-apprehension −318.69 104.32 −.17*

 Sex 195.40 200.05 .06

SE: standard error.

*
p < .01
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