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Abstract

Recently, increasing efforts have been made to define and measure dimensional phenotypes
associated with psychiatric disorders. One example is a probabilistic reward task developed by
Pizzagalli et al. (2005) to assess anhedonia, by measuring response to a differential reinforcement
schedule. This task has been used in many studies, which have connected blunted reward

response in the task to depressive symptoms, across clinical groups and in the general population.
The current study attempted to replicate these findings in a large community sample and also
investigated possible associations with Extraversion, a personality trait linked to reward sensitivity.
Participants (N = 299) completed the probabilistic reward task, as well as the Beck Depression
Inventory, Personality Inventory for the DSM-5, Big Five Inventory, and Big Five Aspect Scales.
Our direct replication attempts used bivariate correlations and ANOVA models. Follow-up and
extension analyses used structural equation models to assess relations among reward sensitivity,
depression, Extraversion, and Neuroticism. No significant associations were found between reward
sensitivity and depression, thus failing to replicate previous findings. Reward sensitivity (both
modeled as response bias aggregated across blocks and as response bias controlling for baseline)
showed positive associations with Extraversion, but not Neuroticism. Findings suggest reward
sensitivity as measured by this task may be related primarily to Extraversion and its pathological
manifestations, rather than to depression per se, consistent with existing models that conceptualize
depressive symptoms as combining features of Neuroticism and low Extraversion. Findings are
discussed in broader contexts of dimensional psychopathology frameworks, replicable science,
and behavioral task reliability.
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A longstanding debate exists regarding the utility of categorical versus dimensional
frameworks for identifying and classifying psychopathology. Historically, the majority of
research in psychiatry and clinical psychology has been framed around the categorical
diagnoses set forth by the Diagnostic and Statistical Manual of Mental Disorders (DSM).
Despite their influence and popularity, traditional DSM diagnoses have pervasive problems,
including heterogeneity within and overlap among diagnostic categories, and much
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empirical research indicates that continuous, dimensional methods of psychopathology are
more reliable and valid than traditional categorical frameworks (Kotov et al., 2017; Markon,
Chmielewski, & Miller, 2011; Wright et al., 2013).

In the case of depressive disorders, the problems with categorical diagnoses are evident

in their high degree of comorbidity with other diagnoses (e.g., anxiety disorders) and

the heterogeneity of symptoms used as criteria for diagnosis, which include contrasting
symptoms such as hypersomnia and insomnia, or overeating and lack of appetite (Fried,
2017; Hasler et al., 2004; Hyman, 2002). These problems pose challenges not only in the
clinic, where they raise barriers for using diagnosis to guide effective treatment, but also

in research that attempts to clarify the psychological and biological mechanisms underlying
psychiatric disorders. In response to these challenges, continuous, dimensional frameworks
account for comorbidity and heterogeneity by using psychopathology-related traits and
symptom dimensions that cut across diagnostic categories and are organized hierarchically
(e.g., Krueger & Markon, 2014; Kotov et al., 2017). Narrower dimensions at lower levels
account for heterogeneity, and they are grouped at higher levels according to their empirical
patterns of covariance, which allows for the modeling of comorbidity.

In addition to focusing on transdiagnostic trait and symptom dimensions, another important
approach to improving research on psychopathology is identifying and quantifying specific
transdiagnostic affective and cognitive mechanisms that might contribute to downstream
behavioral dysfunction and clinical symptomatology. This approach is exemplified by the
National Institute of Mental Health’s Research Domain Criteria (RDoC), which identifies
transdiagnostic features of psychopathology at multiple levels of analysis, focusing on

the use of behavioral paradigms and investigation of neural circuits (Insel et al., 2010).

One example of an important transdiagnostic phenotype that has been researched both

as a continuous trait or symptom dimension and in terms of underlying mechanisms

is anhedonia, which is related to depression and a variety of other traditional clinical
diagnoses. Anhedonia can be defined as a relative failure to obtain pleasure from activities,
or stimuli, previously experienced as rewarding (Keedwell et al., 2005). Anhedonia has been
demonstrated as a vulnerability factor for depressive symptomatology (Loas, 1996; Meehl,
1975) and is elevated among individuals diagnosed with depressive disorders (Snaith, 1993).
Various attempts have been made to operationalize anhedonia, including tasks that assess
responsiveness to rewarding stimuli (Costello, 1972) and numerous self-report measures,
including subscales derived from the Beck Depression Inventory (BDI; Beck et al., 1961;
Beck et al., 1996; Joiner et al., 2003; Pizzagalli et al., 2005). Further, anhedonia has

been conceptualized as part of a broader framework of dimensional psychopathology, as
measured by instruments such as the Personality Inventory for the DSM-5 (PID-5; Krueger
etal., 2012). In addition to being a key feature of depressive disorders, anhedonia is

also present in other DSM diagnoses, from bipolar disorder and schizophrenia to various
personality disorders (Andreasen et al., 2012; Di Nicola, 2013; Kwapil & Barrantes-Vidal,
2015).

One task developed to operationalize and measure anhedonia is a probabilistic reward task,
introduced by Tripp and Alsop (1999) and popularized by Pizzagalli et al. (2005). This task
has been referred to both as the Probabilistic Reward Task (PRT; Pizzagalli et al., 2008a,
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Pizzagalli et al., 2008b) and the Implicit Probabilistic Incentive Learning Task (IPILT; Barch
et al., 2017); throughout the rest of this paper, we will use “PRT” to refer to the task. In

the PRT, participants are rewarded at a differential frequency for discriminating between
long and short mouth stimuli presented on a cartoon face, resulting in a systematic (but not
typically conscious) preference for one stimulus over the other. Participants’ response bias
toward the more frequently rewarded or “rich” stimulus is an index of reward sensitivity,
and participants’ change in response bias from the beginning to the middle of the PRT is
often used as an index of reward learning. Change in response bias was found to correlate
negatively with scores on the BDI in an undergraduate convenience sample (A= 61) and

to differ significantly in that sample between individuals with BDI scores high enough to
indicate “mild depression” (=16, V= 15) and those with low scores (0-6, V= 21) (Pizzagalli
et al., 2005). In another study, individuals diagnosed with depressive disorders demonstrated
lower reward responsiveness than healthy controls (Pizzagalli et al., 2008), and first-degree
relatives of those with major depression also show lower reward responsiveness (Liu et al.,
2015). PRT performance has also been found to predict perceived stress (Pizzagalli et al.,
2007) and performance responds to acute stress (Bogdan et al., 2006). Other research has
highlighted associations between performance on the PRT and relevant brain systems, such
as resting electrical activity in the orbitofrontal cortex (Webb et al., 2016), feedback-related
electrical potentials (Bogdan et al., 2011; Bress & Hajcak, 2013; Whitton et al., 2016),
reward-related response in the anterior cingulate and basal ganglia (Santesso et al., 2008;
Whitton et al., 2016), and dopaminergic functioning (Kaiser et al., 2018; Santesso et al.,
2009).

Despite the breadth and apparent consistency of findings, many studies using the PRT have
had serious statistical limitations such as small sample sizes and use of dichotomized scores
(e.g., Pizzagalli et al., 2005; 2008), both of which reduce statistical power and thus increase
the proportion of significant results that are false positives (Cohen, 1983; MacCallum et al.,
2002). Furthermore, one of the highest-powered studies published using the PRT failed to
show an effect of depression on response bias, comparing patients with major depressive
disorder to healthy controls (M= 294; Lawlor et al., 2019) and other recent data fail

to support a correlation between response bias and measures of depression, anhedonia,

and Neuroticism—a personality trait related to depression (V= 216; Webb et al., 2020).
The current study attempted to replicate the correlation between BDI scores and reward
sensitivity, reported by Pizzagalli et al. (2005), and to examine potential associations with
another personality trait related to depression—low Extraversion (Allen et al., 2017; Kotov
etal., 2010). We used a large sample with adequate power to detect correlations in the
expected range of effect sizes and to estimate such correlations with reasonable precision
(Gignac & Szoderai, 2016; Hemphill, 2003; Richard et al., 2003; Schénbrodt & Perugini,
2013).

In addition to attempting a direct replication of the association between reward sensitivity
and depression, we also extended our analyses to consider the likely association of reward
sensitivity with relevant personality variables, namely Extraversion and its pathological
variants. Research on dimensional approaches to psychopathology suggests that psychiatric
symptoms can be described as risky or maladaptive variants of behaviors described by
normal personality variation (DeYoung & Krueger, 2018). Most major dimensions of risk
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for psychopathology appear to reflect the same latent variables as the major dimensions of
personality. For instance, maladaptively low Extraversion has been labeled “Detachment.”
Detachment is a core feature of depressive disorders and is also largely analogous to the
negative symptoms of schizophrenia and negative schizotypy (Cicero et al., 2019; Kotov et
al., 2016; Kotov et al., 2017).

Depression has been shown to be related to both low Extraversion and high Neuroticism
(Allen et al., 2017; Kotov et al., 2010). This combination of low Extraversion and high
Neuroticism is reflected in the item content of various self-report measures of depression,
particularly for heterogeneous scales such as the BDI. Neuroticism is strongly related to
depression and most other forms of psychopathology (Widiger, 2011), and the negative
affect and sensitivity to punishment characterizing Neuroticism is a key component of
depression. Nonetheless, depression is also related to lack of reward responsiveness,
reduced positive emotionality, and social withdrawal, all of which are components of low
Extraversion (DeYoung, 2015; Lucas et al., 2000). Though Extraversion is often considered
colloquially as primarily related to sociability, a large body of evidence suggests that the
defining characteristic of Extraversion is reward sensitivity generally, not mere sociability,
such that extraverts typically have more energy and positive affect than introverts even in
nonsocial situations (Corr, 2008; Lucas et al., 2000; Smillie, 2013; Smillie et al., 2007;
2011a; 2011b; 2012; 2019). Thus, measures of Extraversion may show stronger effects
than measures of depression when assessing relations with reward sensitivity, anhedonia,
and other related variables. In other words, to the extent that depression is associated with
reduced reward sensitivity, we hypothesize that this is because depression involves low
Extraversion, which is, in theory, the primary manifestation in personality of variation in
reward sensitivity.

The current study attempted to replicate findings from an investigation of the association
between depression and reward sensitivity in a nonclinical population, while also

conducting follow-up and extension analyses testing a more complete model of depression,
Extraversion, Neuroticism, and reward sensitivity. The specific findings of Pizzagalli et al.
(2005) that we attempted to replicate include (1) that reward learning was evident in the PRT
for the sample as a whole, (2) the significant difference in response bias between participants
meeting the threshold for “mild depression” in their BDI scores and those with low BDI
scores, (3) the significant correlation between a measure of Melancholic depression derived
from the BDI and changes in response bias from Block 1 to 3 of the PRT, and (4) the
significant difference in Melancholic depression scores between subjects with negative and
positive changes in response bias (Pizzagalli et al., 2005).

First, we hypothesized that we would replicate the results of Pizzagalli et al. (2005), in

that participants would show a reward-learning effect and depression would be negatively
associated with response bias across all blocks of the PRT and with response bias later

in the PRT, relative to baseline. We also attempted a conceptual replication of Pizzagalli’s
depression findings by examining additional measures of Depressivity and Anhedonia from
the PID-5. Second, we hypothesized that response bias and response bias relative to baseline
would be positively related to Extraversion; we anticipated these effects would be stronger
than those for depression, which reflects a combination of Detachment (low Extraversion)
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and Neuroticism. Consequently, our final hypothesis was that the effects of Extraversion and
associated variance in depression on response bias would be more apparent when controlling
for variance in Neuroticism.

Method

Participants

A total of 333 participants completed the PRT. Exclusion criteria based on performance
were identical to those used by Pizzagalli et al. (2005). Thirty participants were excluded
from further analyses because of a high prevalence of reaction time outliers (a total of more
than 40 outliers across the task, with outliers being identified as individual trials with a
reaction time that did not fall within a range of £3 SD of a given participant’s mean reaction
time). Four additional participants were excluded from the analyses for having below-chance
accuracy. Our final sample consisted of 299 people (148 females) between the ages of 20
and 41 (M= 26.37, SD=5.12). Participants were recruited from the community surrounding
Minneapolis, MN, primarily through online advertisements, and individuals represented a
variety of professions, with relatively few students.

All participants completed informed consent and all protocols were approved by the
University of Minnesota Twin Cities Institutional Review Board (IRB# 1002M78152,
“Neural Mechanisms of Personality in Decision Making”). The current article uses data
from a large-scale study on the neurocognitive mechanisms of personality and decision
making, conducted at the University of Minnesota Twin Cities. Our paper includes the
first analyses using a reward sensitivity task from this dataset and is our first publication
involving results from this task. However, the personality and psychopathology data from
this sample has been used in multiple articles that are already published. A list of those
articles is publicly available at the Open Science Framework (https://osf.io/qf63r/).1

Probabilistic Reward Task (PRT)

Task Description.—The PRT is a 25-minute signal detection task that has been validated
in multiple previous studies and was designed to assess individuals’ implicit responsiveness
to monetary reinforcements (Bogdan & Pizzagalli, 2006; Pizzagalli et al., 2005; 2008).

For each trial, participants were presented with a fixation cross for 500ms, followed by a
mouthless cartoon face (for 500ms). Then, either a long (13mm) or short (11.5mm) mouth
was presented on the face, for 100ms, and then disappeared. For each trial, participants were
then asked to determine whether the mouth presented was short or long. The cartoon face
was then presented without the mouth, until the participant used the keyboard to make a
response. The long and short mouths were presented equally as often, in a random order,
with no more than three sequential presentations of a given mouth stimulus. A total of 300
trials were presented, split into three blocks of 100 trials (hereafter referred to as Block 1
for the first 100 trials and Blocks 2 and 3 for the following sets of 100 trials). A random
selection of correct responses received positive feedback, for each of which participants

1\We are unable to provide open access to the data used in this study because consent forms assured participants that their data would
not be shared outside of the research team. Analytical scripts, a list of all procedures and measures included in this study, and a list of
references also utilizing the same broader dataset are publicly available at the Open Science Framework (https://osf.io/qf63r/).
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were rewarded with 5 cents. Feedback was always accompanied by the monetary reward and
no negative feedback was given. Figure 1 illustrates the PRT stimuli and procedure.

Across all three blocks of the PRT, an asymmetrical reinforcer ratio was used to encourage
a response bias toward one of the two mouth stimuli (McCarthy & Davison, 1979; Tripp

& Alsop, 1999). Correct identification of the long mouth (rich stimulus) was rewarded
three times as often, compared to the short mouth (lean stimulus). In the current study, the
long mouth was always rewarded more. In each block, a total of 40 trials received reward
feedback, 30 trials for the rich stimulus (long mouth) and 10 trials for the lean stimulus
(short mouth). Prior to the administration of the PRT, participants were told to win as much
money as possible and that they would not be rewarded for every correct response they
made. However, they were not told that there would be a disproportionate ratio of rewards
between the two stimuli. The participants’ performances were analyzed with respect to their
accuracy, discriminability, and degree of response bias formed throughout the PRT.

Some previous research (albeit limited in scope and statistical power) has demonstrated the
reliability of the PRT. Split-half reliability calculated using the Spearman-Brown prophecy
formula for even and odd trials on the task has been reported at a coefficient of 0.71, in

a sample of 294 individuals, demonstrating acceptable internal consistency (Lawlor et al.,
2019). Test-retest reliability (i.e., the correlation between participants’ performance scores at
two different time points, such as test sessions that are a month apart), however, has been
evaluated only in very small samples, showing test-retest correlations for response bias of r
= .57 (N = 25; Pizzagalli et al., 2005) and r= .62 (N = 16; Santesso et al., 2008).

Data Collection and Reduction.—Primary variables of interest for the PRT included
accuracy, discriminability, response bias, and change in response bias. Accuracy was
calculated as the percentage of stimuli correctly labeled as long or short for each of the three
blocks. Discriminability—log(d)—and response bias—Ilog(b)—variables were calculated
using signal detection principles (McCarthy & Davison, 1979; Tripp & Alsop, 1999).
Discriminability represents participants’ tendency to correctly distinguish between stimuli
after controlling for bias, whereas response bias represents a tendency to select one stimulus
over the other (Pizzagalli et al., 2005).2

log( Longcorrect X Shortcorrect
Longincorrect X Shortincorrect

1
log(d) = 03

Longcorrect X Shortipcorrect
Longincorrect X Shortcorrect

1
log(b) = 510g(

2As is standard when using log transformations—because logarithmic functions are undefined for values of zero—a constant of .5 was
added to all variables before they were entered into the log(d) and log(b) formulas (Brown & White, 2005). It is also worth noting that
our formulas differ slightly from the traditional signal detection measures of d” and ¢ (Green & Swets, 1966; Stanislaw & Todorov,
1999), as we use logit transformations rather than inverse normal transformations (McCarthy & Davison, 1979); values obtained,
however, yield similar results and are related almost linearly (Brown & White, 2005; Brown & White, 2009). The current formulas
were used to facilitate consistency with previous research using the PRT (Pizzagalli et al., 2005; Tripp & Alsop, 1999).
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Discriminability and response-bias variables were calculated for each block, after which,
main variables for discriminability and response bias were calculated by averaging values
from Blocks 2 and 3, given that Block 1 was considered a primary learning phase. Finally,
two change-in-response-bias variables were calculated as the difference in participants’
response bias from Block 1 to Block 2 and from Block 1 to Block 3.

Importantly, when using the performance measures derived from PRT, there are three
primary ways to operationalize reward sensitivity: (1) response bias throughout all three
blocks of the task, (2) difference scores for response bias from Block 1 to Blocks 2 or

3, and (3) response bias in Blocks 2 and 3 of the task, controlling for Block 1 response
bias (i.e., baseline). As response bias in the PRT is a measure of how differential reward
frequencies influence participants’ tendency to select one stimulus over the other, levels of
response bias throughout the PRT can be interpreted as an index of reward sensitivity (i.e.,
participants with a greater tendency to select the more-rewarded stimulus have a higher
response bias, which is interpreted as higher reward sensitivity). In addition to showing
greater bias throughout the entire task, we expect individuals more sensitive to reward cues
to develop a greater response bias over the course of the task (i.e., to show greater levels of
reward learning). This reward learning effect is another way to define reward sensitivity in
the PRT and can be operationalized using either difference scores (differences in response
bias from Block 1 to Block 2 or 3) or by controlling for bias in Block 1 when predicting bias
in Blocks 2 and 3.

Controlling for baseline is often preferable to using difference scores, when examining
associations with individual-difference variables. Difference scores do not capture any
information about the association between baseline scores and later scores, instead imposing
a linear restriction on their slopes when predicting outcome variables; thus, the specific
effect for baseline scores vs. scores at a second time point cannot be identified when using
difference scores (Allison, 1990; Edwards, 1996; Whittenborn, 1951). In other words, if one
finds an association with a difference score, one cannot tell whether the effect is due to
variation in the baseline condition or to variation in the condition of interest. Controlling for
baseline by partialling out variance in baseline performance from variance in the condition
of interest is useful because difference scores are typically dependent on and correlated with
baseline scores (Allison, 1990; Edwards, 1994; Edwards, 1996; Whittenborn, 1951). In the
current design, controlling for Block 1 values of response bias when examining associations
of a given variable with bias in Blocks 2 and 3 allows us to examine participants’

deviation from their expected level of response bias relative to other participants. Such
models yield outcome variables that are often more meaningful and informative than simple
difference scores (Edwards, 1994; Edwards, 1996; Whittenborn, 1951) and essentially
involve examining associations with rank-order change, rather than absolute change. In the
current dataset, response bias in Block 1 was highly negatively correlated with difference
scores in bias from Block 1 to 2 (r = —.52, p < .001), suggesting that controlling for baseline
might be a better approach than using absolute difference scores. Nonetheless, we also
present analyses using difference scores for our direct replication aims, in an effort to mirror
Pizzagalli’s original study (2005).
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Questionnaire Measures

Participants were administered a variety of questionnaires to measure psychopathology and
personality. Multiple measures of depression and of the Big Five were administered to
facilitate the creation of latent variables. Peer reports were also collected for Big Five
measures, from people who knew participants well, and at least one peer report was
available for 236 participants. When multiple peers provided ratings for a given participant,
they were averaged to create a single peer-report score.

Beck Depression Inventory (BDI-II).—The BDI-II is a 21-item, 4-point Likert-format
(0 for symptom absent and 3 for severe symptoms) self-report inventory used to assess
presence and severity of depressive symptoms (Beck et al., 1996). The BDI-II exhibits high
internal consistency, as well as external validity in predicting clinician ratings and scores

on other validated depression measures, in both clinical and general population samples.

In addition to overall scores, two sub-scores were created from the BDI data, in order to
replicate analyses conducted by Pizzagalli et al. (2005). First, a score was computed for BDI
items associated with anhedonic symptoms (“BDI anhedonic sub-score™): loss of pleasure
(item #4), loss of interest (item #12), loss of energy (item #15), and loss of interest in sex
(item #21) (Joiner et al., 2003). An additional sub-score was computed for melancholic
depression (Pizzagalli et al., 2004)—a subtype of major depressive disorder characterized by
pervasive anhedonia (Rush & Weissenburger, 1994)—by summing scores of BDI items that
map onto the DSM-1V criteria for melancholia: loss of pleasure (item #4), guilty feelings
(item #5), agitation (item #11), loss of interest (item #12), early morning awakening (item
#16D), and loss of interest in sex (item #21) (Pizzagalli et al., 2004). All BDI scores were
logarithmically transformed to approximate normality, as they showed original skew values
greater than 1.0 (Table 2). Results of all analyses were, however, substantively equivalent,
whether or not BDI scores were log transformed.

Personality Inventory for DSM-5 (PID-5).—The PID-5 (Krueger et al., 2012)
questionnaire includes 220 items rated on a 4-point Likert scale (between 0 for very

false or often false and 3 for very true or often true). This inventory was designed to
measure maladaptive traits that are symptoms of personality disorder in the alternative
model of personality disorder for the DSM-5. The PID-5 comprises 25 primary trait scales
that are grouped into five higher-order dimensions of Negative Affectivity, Detachment,
Psychoticism, Antagonism, and Disinhibition (Krueger et al., 2012). For the present
study, we used the Depressivity and Anhedonia scales, and scores were logarithmically
transformed to approximate normality (original skewness = 1.43 & 1.65, respectively).

Big Five Aspect Scales (BFAS).—The BFAS (DeYoung, Quilty, & Peterson, 2007)
consists of 100 items that require response ratings based on a 5-point Likert scale ranging
from 1 (strongly disagree) to 5 (strongly agree). The questionnaire subdivides each of the
Big Five into two component aspects (DeYoung et al., 2007), each assessed by 10 items,
which can be averaged to generate 20-item Big Five scores. In the present study we used
scores for Extraversion and Neuroticism.
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Big Five Inventory (BFI).—The BFI (John, Naumann, & Soto, 2008) was used

to evaluate participants based on the Big Five factors of personality—Extraversion,
Agreeableness, Conscientiousness, Neuroticism, and Openness to Experience. This measure
consists of 44 items scored on a 5-point Likert scale (1 for disagree strongly and 5 for agree
strongly). We used scores for Extraversion and Neuroticism.

Statistical Power.—Pizzagalli et al. (2005) found a negative correlation between change
in response bias and melancholic depression (r=-.28, p=.035, N=61). They also found

a range of associations between their response-bias variables and self-report measures of
depression and anhedonia, including measures taken at a follow-up visit. One effect they
reported between response bias and total depression at follow-up (r=-.46, p<.025, N=25)
is surprisingly large, considering that few variables that do not share method variance are
correlated at this magnitude (Hemphill, 2003). Such large effects are likely to be inflated due
to sampling variability in small samples. Given our sample of 299 and an alpha threshold of
.05, we had 90% statistical power to detect a correlation of £ .19 or stronger, and 80% power
to detect a correlation of + .16 or stronger.

Effects of Task Manipulation.—A two-way repeated-measures ANOVA was conducted
on accuracy, using block and type of stimulus as within-subject factors. Additionally,
one-way repeated-measures ANOVAs were conducted separately for discriminability and
response bias across each of the three blocks. In each instance, these ANOVA models were
followed by dependent-samples t-tests. Task performance variables, across the three blocks,
are visualized using bar plots with error bars representing standard error of the mean (Figure
2).

Direct Replication of Depression Associations.—Repeated measures ANOVA
models were conducted to test the interaction of depressivity-by-block on response bias.
Two models were created using BDI as either a categorical variable with two levels or

a continuous variable. Matching the criteria used by Pizzagalli et al. (2005), the level of
high BDI consisted of cases with total BDI scores greater than or equal to 16, and low
BDI consisted of cases with a total score less than or equal to 6. Our second model, using
continuous BDI scores, was incorporated to avoid the loss of statistical power using the
extreme groups ANOVA as employed in Pizzagalli’s original analysis. Correlations were
computed for each task performance variable and total BDI scores, as well as the two BDI
subscales for Melancholic and Anhedonic depression. Finally, an independent-samples t-test
was used to test the difference in BDI scores for participants with positive vs. negative
response biases.

Follow-up Depression Analyses.—In addition to our direct replications of the
association of BDI scores with response bias, we used similar repeated-measures ANOVA
models, t-tests, and bivariate correlation analyses in conjunction with the Anhedonia and
Depressivity scales of the PID-5. Following these tests, structural equation modeling

was used to examine relations between latent factors for depression and response bias,
thereby removing error variance associated with individual scales and allowing a more
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powerful test of the association between depression and reward sensitivity. Scores for BDI,
PID-5 Anhedonia, and PID-5 Depressivity were used as indicators of a latent variable for
depression, while response-bias values for each of the three blocks were used as indicators
of a latent response-bias variable. Two models were fit to examine the prediction of (1)
response bias across all three blocks, by latent depression, and (2) response bias in Blocks
2 and 3, by latent depression, controlling for Block 1 response bias. These two models
allow us to examine two different operationalizations of reward sensitivity, one focusing
on participants’ general tendency to select the more frequently reward stimulus across all
blocks and the other focusing on how this tendency develops throughout the task, relative to
participants’ baseline levels. Common fit indices were computed for all structural equation
models.

Extension Analyses of Personality and Task Performance.—To assess the
relations of PRT performance and latent personality factors, an additional series of
structural equation models was fit. All models were constructed using full information
maximum likelihood estimation to allow use of peer ratings despite missing data for some
participants. Personality measures were allowed to load on latent factors of Extraversion
and Neuroticism, and additional latent variables were used to model peer-report method
effects (for Extraversion and Neuroticism)3. For each of our models, we ran two versions
of the model (mirroring our above models for depression), one in which the criterion latent
variable was made up response bias of indicators from each of the three blocks and one in
which the criterion latent variable was made up of response bias indicators from only Blocks
2 and 3 and response bias from Block 1 was included as a predictor variable (allowing

us to control for participants’ baseline response bias). Our first set of models examine the
effects of Extraversion. Then, we examine the effects of Extraversion and Neuroticism,
while modeling their associated variance in depression using a hierarchically nested latent
variable for Depression, indicated by BDI and PID-5 Depressivity and Anhedonia and
loading onto both Neuroticism and Extraversion. In the construction of our models including
both Extraversion and Neuroticism, the residual variances of peer and self-report versions
of the same scales, for Extraversion and Neuroticism, were allowed to correlate. The latent
variables of Extraversion and Neuroticism were allowed to correlate, as were the methods
factors of Peer-Extraversion and Peer-Neuroticism. Finally, we ran supplemental versions
of our Extraversion and Neuroticism models that did not include a hierarchically nested
Depression latent variable, which appear in the appendix.

Effects of Task Manipulation

Descriptive statistics for PRT performance variables are reported in Table 1. Discriminability
was not correlated with response bias (= —.06, p=.31) or change in response bias (r= .07,
p=.20).

3These peer-report factors are not factors of substantive theoretical interest to be included as predictors of reward sensitivity but
rather are methods factors to account for shared method variance among the given peer report measures. Thus, their correlations with
our predictor variables of interest were set to zero and they were not used as predictors of response bias in our models. The shared
variance of self- and peer reports is already captured by our primary E (and N) latent variables, as the peer-report measures have
loadings on both the peer methods factors and the primary personality latent variables.
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Accuracy (Fig. 2a).—A two-way repeated measures ANOVA was computed for accuracy,
using block and stimulus type as a within-subjects factor. There were significant main
effects of block (A, 297) = 8.18, p<.001) and stimulus type (A1, 29g) = 391.72, p < .001), as
well as a significant block-by-stimulus interaction (£, 297) = 10.61, p<.001). Compared to
accuracy in Block 1, overall accuracy was higher in Blocks 2 (#29g) = =3.71, p<.001) and

3 (4298) = —3.88, p<.001). Accuracy did not significantly increase from Block 2 to 3 (429s)
=-0.60, p=.55). Across blocks, accuracy was higher for the rich stimulus compared to the
lean stimulus (429g) = 19.25, p < .001).

Discriminability (Fig. 2b).—A repeated measures ANOVA was computed for
discriminability, using block as a within-subjects factor. There was a significant effect of
block on discriminability (A, 297) = 13.83, p < .001), with discriminability increasing
significantly from Block 1 to Blocks 2 (f29g) = =2.63, p=.009) and 3 (#29g) = —3.40, p<
.001), but not from Block 2 to Block 3 (4298)= —0.84, p = .40).

Response Bias (Fig. 2c).—A repeated measures ANOVA was computed for response
bias, using block as a within-subjects factor. There was a significant main effect of block on
response bias (£, 297) = 12.15, p<.001), namely, response bias increased significantly from
Block 1 to Blocks 2 (4298) = —2.88, p=.004) and 3 (f29g) = —4.03, p < .001), but not from
Block 2 to Block 3 (#29g) = —1.26, p=.21).

Attempted Direct Replication of Depression Associations

Descriptive statistics and measures of internal consistency reliability—Cronbach’s a
(Cronbach, 1951) and w;(McDonald, 1999; Revell & Condon, 2019)—for self- and peer-
report measures are reported in Table 2. The distribution of BDI scores is shown in Figure

3. Of note, 61 of our 299 participants (20%) had “elevated BDI scores’ using the criterion of
total score =16, used by Pizzagalli et al. (2005); the original study had 15 of 62 participants
(24%) in this BDI score range. A total of 77 participants had BDI scores that were indicative
of at least mild depression, using Beck’s original suggested cut-off ranges (Beck et al.,
1996).

Repeated measures ANOVA models were computed to determine whether there was a block-
by-depressivity interaction on response bias. No significant interaction was found between
block and BDI group (£, 161) = 0.47, p=.63). Because this test reduces power relative to
treating BDI score as a continuous variable and using the whole sample, we also conducted
a repeated measures ANOVA including block and continuous BDI scores as predictors of
response bias, for which there was also no significant interaction (A, 296) = .16, p = .69).
Pearson correlations were used to further investigate associations between PRT performance
variables and BDI. No correlations were significant at an alpha level of .05 (Table 3).

Of particular note, the 95% confidence interval around the correlation between change

in response bias and melancholic depression in the current sample, [-.13, .13], did not
contain —.28, the correlation detected and presented as a key finding in Pizzagalli et al.’s
(2005) original study. Finally, contrary to the original findings, individuals with positive vs.
negative changes response-bias showed no significant differences in overall BDI ({296) =

J Pers Soc Psychol. Author manuscript; available in PMC 2022 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Blain et al. Page 12

0.18, p=.85) or its Anhedonic (4296) = —0.35, p=.72) or Melancholic sub-scores ({296) =
-0.06, p=.95).

Follow-up Depression Analyses

After testing for direct replication of the associations between PRT performance and BDI,
we followed up these analyses with similar tests for the Depressivity and Anhedonia scales
of the PID-5. There were no significant associations between these PID-5 scales and PRT
performance (Table 3). Similarly, there was no significant interaction of task block with
PID-5 Depressivity (A, 202) = 1.51, p=.22) or PID-5 Anhedonia (A, 292) = 0.63, p=

.43), in predicting response bias. Finally, individuals with positive vs. negative response-bias
values showed no significant differences in PID-5 Depressivity ({292 = 0.68, p=.50) or
PID-5 Anhedonia ({292) = 1.00, p=.32).

Next, we used structural equation models to extend the analyses from Pizzagalli’s original
study. All structural equation models had acceptable fit, as indicated by RMSEA values

less than .085 and TLI values greater than .950 (Table 4). Results of a structural equation
model predicting reward sensitivity, modeled as the shared variance of response bias across
the three blocks from shared variance in BDI, PID-5 Depressivity, and PID-5 Anhedonia,
are displayed in Figure 4a. Latent depression was not a significant predictor of Reward
Sensitivity, as modeled using shared variance in response bias across all three blocks (B =
-.05, 95% CI [-.19, .09]; Figure 4a). Depression also did not significantly predict the shared
variance of response bias in Blocks 2 and 3, when controlling for response bias from Block
1 (B =-.06,95% CI [-.19, .07]; Figure 4b).

Extension Analyses of Personality and Task Performance

Pearson correlations between measures of personality and PRT performance variables are
presented in the appendix (Table Al). Several Extraversion variables showed significant
positive correlations with change in response bias and with response bias aggregated over
Blocks 2 and 3 (Table Al). Next, we used structural equation models to examine the
effects of latent Extraversion on Reward Sensitivity as operationalized using response bias
aggregated across all blocks (Figure 5a) and bias in Blocks 2 and 3 controlling for Block
1 (Figure 5b). Extraversion was a significant positive predictor of response bias in Blocks
2 and 3, controlling for bias in Block 1 (B = . 14, 95% CI [.02, .27]; Figure 5b), but the
association between Extraversion and response bias across all three blocks did not reach
statistical significance (B = .13, 95% CI [-.01, .26]; Figure 5a); nonetheless, the associations
for both models were both in the positive direction and were nearly identical in their
magnitude, as evidenced by highly overlapping confidence intervals.

Next, we ran models predicting Reward Sensitivity from both Extraversion and Neuroticism,
including Depression as a hierarchically nested latent variable loading onto both personality
traits (Figures 6 and 7). Latent Depression had a negative loading from Extraversion (A
=-.32, 95% CI [-.43, —.22]) and a positive loading from Neuroticism (A = .61, 95% CI
[.52, .70]). Extraversion (and associated variance in depression) positively predicted Reward
Sensitivity, modeled both as the shared variance of response bias across all three blocks (B =
.17, 95% CI [.01, .32]; Figure 6) and as response bias in Blocks 2 and 3, using Block 1 bias
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as a covariate (B = .17, 95% CI [.03, .32]; Figure 7). Neuroticism (and associated variance
in depression) did not significantly predict response bias in either model. Results were
substantively similar using models that did not include a hierarchically nested Depression
latent variable, with Extraversion showing positive associations with response bias, whether
or not Block 1 bias was controlled for; these analyses are shown in detail in the appendix
(Figures Al and A2).

Discussion

The first aim of the current study was to replicate previous work linking performance on

the PRT with depressive symptomatology, as measured by the Beck Depression Inventory
(Pizzagalli et al., 2005). Specifically, we hypothesized that BDI scores would be negatively
associated with response bias, change in response bias, and response bias controlling for
baseline. However, we found no associations between response-bias variables and BDI

and replicated none of the significant effects from the original study. Neither were there
significant associations with the Depressivity or Anhedonia scales of the PID-5, which we
used to test a conceptual replication. Our structural equation models testing the effects of
depression on PRT performance also showed no effects. It is worth noting, however, that our
participants’ group-level response to the PRT manipulation did replicate previous findings,
as participants, on average, did develop a response bias toward the more frequently rewarded
stimulus, and the strength of this bias increased across the three blocks (Pizzagalli et al.,
2005).

Given the much greater statistical power of the current study than the original, these null
findings suggest that the original results may have been false positives. The finding from
the original study that the Melancholic sub scale of the BDI was significantly correlated
with response bias was based on a sample size of 61 individuals (Pizzagalli et al., 2005),

a sample with low statistical power for detecting all but the largest effect sizes regularly
observed in individual differences research (Gignac & Szodorai, 2016; Richard et al., 2003).
Moreover, some findings presented in the original study were detected after dichotomizing
key variables, which can lead to severe reduction of statistical power (Cohen, 1983;
MacCallum et al., 2002), thereby increasing the likelihood that any significant results are
false positives.

The Role of Extraversion in Reward Sensitivity and Depression

Although the association of reward sensitivity with depressive symptomatology did not
replicate in the current study, we did find support for our hypothesis that reward sensitivity
would be associated with Extraversion. In an effort to extend the results of previous work

by Pizzagalli et al. and to integrate them with current theory and research on personality

and dimensional models of psychopathology, we tested associations of PRT performance
with personality dimensions related to depression, hypothesizing that reward sensitivity—
modeled both as response bias and as response bias controlling for baseline—would be
positively associated with levels of Extraversion but not with levels of Neuroticism. Our
hypotheses were largely confirmed (though one of our six SEMs testing the relation between
Extraversion and reward sensitivity did not quite reach statistical significance) consistent

J Pers Soc Psychol. Author manuscript; available in PMC 2022 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Blain et al.

Page 14

with research showing associations between Extraversion and reward responsiveness as
measured in other behavioral tasks (Avila & Parcet, 2002; Robinson, Moeller, & Ode, 2010).
The association of Extraversion with reward sensitivity evident in behavioral tasks aligns
well with evidence that variation in the brain’s reward system is a major neural correlate

of Extraversion (Allen & DeYoung, 2017; Smillie & Wacker, 2014; Smillie et al., 2019).
Theories of the biological basis of Extraversion emphasize the role of the dopaminergic
incentive reward system (DeYoung, 2013), which is involved in the kind of reward learning
that occurs in the PRT (Depue & Collins, 1999).

Our findings suggest that levels of Extraversion, not depressivity, are associated with reward
sensitivity. More precisely, any association that depressivity has with reward sensitivity

is likely to be due to its association with Extraversion. The models in Figures 6 and 7

do imply at least a weak association between depression and reward sensitivity because
depression is an indicator of Extraversion (though not as strongly as it is an indicator of
Neuroticism). However, it also suggests that investigations into reward-function deficits

as a transdiagnostic factor underlying depression would be better off investigating the
Detachment (low Extraversion) symptom dimension specifically, rather than focusing on
depression symptoms more broadly. Indeed, the association between Extraversion and
reward sensitivity becomes stronger after controlling for variance in Neuroticism, suggesting
that reward sensitivity is related to Extraversion and associated variance in depression,
rather than to the depression variance associated with Neuroticism. Our findings support
the value of research on psychopathology that is theoretically driven and focuses on
empirically validated dimensional constructs that bridge the gap between psychopathology
and personality (DeYoung & Krueger, 2018).

In addition to corroborating research on the role of reward sensitivity in Extraversion,

our findings support research suggesting depression is related to both negative affectivity
and lack of reward responsiveness, with these symptoms related to Neuroticism and
Extraversion, respectively (Kotov et al., 2010). This conceptualization is in line with
RDoC'’s distinction between positive and negative valence systems and with many
traditional models of depressive symptomatology (Barch et al., 2016; Clark & Watson,
1991). Findings are also interesting when interpreted in conjunction with recent evidence
that performance on the PRT predicts positive response of depression patients to bupropion
but not sertraline (Ang et al., 2020); this is relevant to possible distinct mechanisms of
depression related to Neuroticism vs. Extraversion, as bupropion is thought to act on
dopamine (though also norepinephrine), a neurotransmitter theoretically and empirically
linked to Extraversion (Ascher et al., 1995; Depue & Collins, 1999), while sertraline acts
primarily on serotonin, which is related to Neuroticism (De Vane et al., 2002; Wright et al.,
2019). Future studies investigating cognitive and affective mechanisms of depression—and
their potential amelioration through psychopharmacological and behavioral interventions—
might benefit from incorporating measures of Extraversion and Detachment, in addition to
measures more closely related to Neuroticism and Negative Affect.
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Reliability and Validity Considerations

When using behavioral tasks to assess affective and cognitive mechanisms, such as reward
sensitivity, it is important to ensure one’s tasks are both reliable in their measurement of
individual differences and valid in measuring the constructs they seek to represent. Merely
having face validity does not make a measure reliable or valid. Moreover, even tasks that are
able to detect robust effects at the group level (e.g., tests of implicit bias and self-regulation)
often fail to produce reliable measurement of individual differences (Dang et al., 2020;
Hedge et al., 2018; Enkavi et al., 2019a; 2019b; Schnabel et al., 2008). Many of the

most frequently used behavioral tasks emerge from the cognitive and social psychology
literatures, where there is a focus on reducing individual differences in task performance in
efforts to reduce measurement error; hence, interindividual variability on task performance
is often seen as an obstacle to be overcome, rather than a substantive variable to be

tested (Cronbach, 1957). This leads to problems when these tasks are then adopted for
individual differences research because low between-subject variability inherently reduces
the reliability and, in turn, the validity of these measures (Hedge et al., 2018). Compared

to tasks from social and cognitive psychology, measures emerging from clinical psychology,
where the PRT originates, often fare better in evaluations of their psychometric properties
because individual differences are of primary interest in that field (Barch et al., 2016;
Pinkham et al., 2018). Regarding Pizzagalli’s PRT in particular, there is some work—albeit
limited in scope and hindered by low statistical power—establishing the task’s reliability
and validity.

The two main ways to quantify the reliability of a task are internal consistency and test-
retest reliability. The fact that all three response bias variables (for Blocks 1 through 3)
are correlated with one another and load significantly onto a single latent variable in our
current sample provides evidence of internal consistency. As mentioned in our methods
section, there is also evidence that the PRT has acceptable split-half reliability, providing
further evidence for the task’s internal consistency (Lawlor et al., 2019). In comparison,
the evidence for adequate test-retest reliability is limited to two studies with very small
samples. Notably, however, the PRT is currently under evaluation as part of two major
research efforts using large clinical samples: the Cognitive Neuroscience Test Reliability
and Clinical Applications for Schizophrenia (CNTRACs) Consortium (Barch et al., 2017,
Gold et al., 2012) and the Establishing Moderators and Biosignatures of Antidepressant
Response for Clinical Care for Depression (EMBARC) Study (Trivedi et al., 2016; Webb et
al., 2016; Webb et al., 2020). These efforts should help to further establish (or refute) the
PRT’s reliability as a useful measure for personality and psychopathology research.

It is also important to consider criterion validity of the PRT in relation to other tasks

and variables we would expect it to predict. Many researchers using the PRT—as

well as workgroups evaluating this and similar measures (e.g., the National Advisory
Mental Health Council Workgroup on Tasks and Measures for RDoC)—have framed its
published associations with clinical constructs of interest such as depression and anhedonia,
supplemented with neuroimaging and candidate gene research relating performance to brain
regions and neurochemicals related to reward processing, as evidence of convergent validity
(Delgado et al., 2016). Nonetheless, a majority of these studies (particularly those with
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neuroimaging or genetic components) are lacking in statistical power (Bogdan et al., 2006;
Bogdan et al., 2011; Bress & Hajcak, 2013; Liu et al., 2015; Pizzagalli et al., 2007;
Pizzagalli et al., 2008; Santesso et al., 2008; Webb et al., 2016; Whitton et al., 2016). Thus,
further research establishing the reliability and validity of the PRT is essential.

In addition to these broader issues of reliability and validity, there are a few other
limitations worth discussing. Although our current findings suggest that performance on
PRT is not correlated with depression in a community sample, we did not investigate
participants with severe levels of anhedonia or depression, as was done in studies using

the task in clinical populations (e.g., Pizzagalli et al., 2008a, 2008b; Vrieze et al., 2013).
Response bias on the PRT may, in fact, be reduced among depressed individuals with

more extreme levels of anhedonia, even if the association is not strong enough to be
detected in the general population, though other recent studies in clinical samples also

call this association into question (Lawlor et al., 2019). This possibility could not explain,
however, our failure to replicate the findings of Pizzagalli et al. (2005), given that BDI
scores in our sample were comparable or higher than in the original undergraduate sample.
Additionally, the lack of association between PRT performance and questionnaire measures
of anhedonia and depression does not speak to the question of whether these characteristics
might be related to reward sensitivity assessed using different behavioral tasks. Future
research in this area could address these limitations by incorporating additional measures of
reward sensitivity and recruiting additional participants in the clinical range of depressive
symptomatology. In particular, using latent variable frameworks to assess the relation
between joint personality-psychopathology dimensions and reward sensitivity modeled as
shared variance of performance on multiple tasks could be particularly useful for addressing
several of the limitations noted here (Blain et al., 2020a; Blain et al., 2020b; Campbell &
Fiske, 1959; Nosek et al., 2007).

Conclusion

In summary, results of the current study failed to replicate previous findings and suggest that
reduced reward response observed in previous studies may have been driven by low-levels
of Extraversion or by the presence of Detachment-related psychopathology, rather than

by depressive symptoms more generally. Thus, our findings emphasize the importance of
transdiagnostic research and the conceptualization of depression as related to both high
Neuroticism and low Extraversion. They also provide support for the theory that reward
sensitivity is a core mechanism of Extraversion. Finally, they underscore the importance of
replication with adequate sample sizes in moving toward reproducibility in psychological
research.
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Appendix
Table Al.

Pearson correlations of task performance with Extraversion and Neuroticism

1 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13. 14 RB

Accuracy  Discrimil

1. BFAS

Extraversion 1 09 —03 O
2. BFI

Extraversion 52 1 A1 —-07 -0
3. BFAS

Extraversion .62 .62 1 .06 10 .1
- Peer

4. BFI

Extraversion .58 .69 .83 1 A1 .00 .0:
- Peer

5. BFAS

Neuroticism -39 -30 -20 -17 1 .02 -.07 -.0
6. BFI

Neuroticism -37 -31 -22 -19 81 1 .02 -.05 -0
7. BFAS

Neuroticism -.19 -13 -34 -26 .55 .57 1 .10 -.13 -1
- Peer

8. BFI

Neuroticism -.26 -24 -39 -33 .55 .63 91 1 .03 -.09 -1
- Peer

9. BDI -22 -24 -25 -16 47 v .29 .35 1 -.07 -.08 -0
10. PID-5

Depressivity -44 -37 -33 -20 .59 .63 .37 40 .59 1 -.05 -.06 -.0
11. PID-5 _ _ _ _ - _ _
Anhedonia .59 .53 45 35 .53 .52 .38 41 45 .73 1 .07 .06 .0
12.RB

Block 1 .00 -02 -08 -08 .11 12 .09 09 -03 00 -01 1 -.10 -.0
13.RB

Block 2 .07 .10 .09 12 13 11 A1 .04 -02 -02 -03 41 1 .01 .14
14.RB

Block 3 .08 .03 .00 .04 .04 .07 A1 .03 -05 -10 -08 .30 .48 1 -.18 -.0
Mean 369 330 375 356 259 256 261 263 12 143 165 .13 .18 .20 .19 79 .68
SD .57 .82 47 .68 .67 .78 .61 71 8.08 .50 54 19 19 21 .17 .09 2]

Notes. N =299 (236 for peer-report measures). Correlations of 7> .11 are significant (at an a of .05) for all variable pairs
not including peer reports, and variable pairs including peer reports are significant when r>.12. BFAS = Big Five Aspect
Scales, BFI = Big Five Inventory, BDI = Beck Depression Inventory, PID-5 = Personality Inventory for DSM-5, RB =
response bias, ARB = change in response bias.
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Performance variables by block (means and standard deviations)

Block 1 Block 2 Block 3
Rich Accuracy ~ 0.82 (0.11)  0.85(.09)  0.86 (0.08)
Lean Accuracy  0.72(0.13) 0.73(0.13) 0.72(0.15)
Accuracy 0.77 (0.10)  0.79(0.09) 0.79 (0.10)
Discriminability  0.58 (0.27)  0.64 (0.28)  0.66 (0.30)
Response Bias 0.13(0.19) 0.18(0.19) 0.20(0.21)
Rich RT (ms) 546 (155) 519 (151) 521 (150)
Lean RT (ms) 577 (166) 560 (166) 567 (172)
RT (ms) 562 (158) 539 (156) 544 (157)
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Table 2.

Descriptive statistics for questionnaire measures

Mean (SD) Skew Range Cronbach’sa @
Self-Report
BDI Total 12.00 (8.08) 1.56 46.00 .90 .90
BDI Anhedonic 1.65 (1.76) 1.42 9.00 .66 .67
BDI Melancholic 4.14 (2.49) 1.13 13.00 .61 71
PID-5 Depressivity ~ 1.43 (0.50)  1.60  3.00 01 92
PID-5 Anhedonia 1.65 (0.54) 1.19 2.88 .84 .86
BFAS Neuroticism 2.59 (0.67) .26 3.55 .90 .90
BFAS Withdrawal 2.70 (0.71) .23 3.70 .81 .82
BFAS \olatility 249 (0.80) 44  3.90 89 .90
BFI Neuroticism 2.56 (0.78) .15 3.75 .85 .85
BFAS Extraversion 3.69 (0.57) -.42 3.40 .86 .87
BFAS Assertiveness  3.63 (0.65) -.43 3.30 .83 .84
BFAS Enthusiasm 3.74 (0.73) -.51 3.70 .84 .85
BFI Extraversion 3.30(0.82) -.13 4.00 .87 .88
Peer-Report
BFAS Neuroticism 2.61(0.61) 21 2.82
BFAS Withdrawal 2.58 (0.59) 31 2.73
BFAS Volatility 2.63(0.73) .26 335
BFI Neuroticism 2.63(0.71) .23 3.71
BFAS Extraversion 3.75(0.47) -.42 2.62
BFAS Assertiveness  3.67 (0.52) -.20 2.90
BFAS Enthusiasm 3.83(0.58) -71 3.30
BFI Extraversion 3.56 (0.68) -.09 3.46
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Pearson correlations between depression-related variables and task performance

Table 3.

Accuracy Discriminability Response Bias ARB1-2 ARB1-3
BDI -.07 -.03 -.07 .01 -.02
BDI Anhedonic -.05 .04 -.05 .04 -.02
BDI Melancholic -.08 -.02 -.09 .02 .00
PID-5 Depressivity -.05 -.07 -.05 -.02 -.09
PID-5 Anhedonia -.07 -.05 -.07 -.02 -.06

J Pers Soc Psychol. Author manuscript; available in PMC 2022 August 01.

Page 35



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Blain et al.

Table 4.
Fit statistics for structural equation models
Models RMSEA 95% C.I. XZ p TLI CFI
Depression and Response Bias .000 [.000, .020] 3.1 .927 1.0 1.0
Depression and Response Bias Controlling for Baseline .000 [.000, .031] 2.8 .900 10 10
E and Response Bias .078 [.046, .111] 31.0 001 957 978
E and Response Bias Controlling for Baseline .081 [.048,.115] 910.9 .001 .954 978
E, N, Depression, and Response Bias .061 [.046,.075] 1343 <.000 .959 971
E, N, Depression, and Response Bias Controlling for Baseline .062 [.047,.076] 1329 <.001 .957 971
E, N, and Response Bias .028 [.000, .053] 40.6 169 993  .996
E, N, and Change in Response Bias .030 [.000, .055] 39.2 .148 992 995
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