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ARTICLE INFO ABSTRACT

Keywords: Background and objectives: Anxiety disorders are characterized by biased perceptual judgment. An experimental
Social anxiety disorder model using simple verbal instruction to target specific decision parameters that influence perceptual judgment
Generalized anxiety disorder was developed to test if it could influence anger perception, and to examine differences between individuals with

Emotion perception

social anxiety disorder (SAD) relative to generalized anxiety disorder (GAD) or non-psychiatric controls.
Decision making

Signal detection theory Methods: Angfer percepti.on was decomposed into thljee decision parameters (percepFual similarity of angry vs.

Cognitive behavioral therapy not-angry facial expressions, base rate of encountering angry vs. not-angry expressions, payoff for correct vs.

Anger perception incorrect categorization of face stimuli) using a signal detection framework. Participants with SAD (n = 97),
GAD (n = 90), and controls (n = 98) were assigned an instruction condition emphasizing one of the three de-
cision parameters. Anger perception pre-vs. post-instruction and its interaction with diagnosis were examined.
Results: For all participants, base rate instructions impacted response bias over and above practice effects,
supporting the validity of this instructional task-based approach to altering response bias. We failed to find a
similarity or payoff instruction effect, nor a diagnosis interaction.
Limitations: Future instructional tasks may need to more closely target core cognitive and perceptual biases in
anxiety disorders to identify specific deficits and how to optimally influence them.
Conclusions: This study demonstrates that specific decision parameters underlying perceptual judgment can be
experimentally manipulated. Although our study failed to show diagnosis specific effects, it suggests that in-
dividual parameter “estimation” deficits may be experimentally isolated and potentially targeted, with the ul-
timate goal of developing an objective approach to personalized intervention targeting biased perceptual
judgments in anxiety disorders.

1. Introduction “estimates” of socio-environmental parameters. We developed a
mathematical model of perceptual decision making to describe these
During social interactions, we look into the face of another person parameters, aspects of their subjective estimation, and subsequent ef-
and in the blink of an eye infer that person's mental state, including fects on emotion perception. Our model incorporates key insights from
their intentions and emotions. These perceptions inform our expecta- behavioral economics—expected value and optimality—into a signal
tions about what the other person will do or say, as well as our decisions detection theory (SDT) framework (Fig. 1; Lynn and Barrett, 2014; Lynn
about how to best respond. The accuracy of mental state inferences can et al., 2018).
be understood as a decision-a process that guides behavior pursuant to A large body of evidence shows that signal detection response bias
knowledge about the environment. Each decision relies on our is, in part, a function of a perceiver's evaluation of: (1) the base rate of
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Fig. 1. The Signal Utility Estimator (SUE) model of emotion perception. As
input, the model uses three experimenter-supplied parameters that define the
decision environment: (1) the similarity parameter, modeled by the distributions
of target and foil categories (here, angry and not-angry mental states, respec-
tively) over some perceptual domain (e.g., a continuum of facial scowl in-
tensity), (2) the base rate parameter, or relative frequency of encountering tar-
gets vs. foils, and (3) the decision payoffs parameter, or costs & benefits
associated with correct or incorrect identification of targets and foils. The SUE
output is the expected value (curve) of categorizing any given stimulus as a
target (ie., as angry). The point of maximum expected value is the optimal
threshold location (dashed drop line) for a given set of parameter values.
Judging all faces to the right of threshold as “angry” will maximize accrued
benefit over a series of judgments. Signal detection theory characterizes the
perceiver's ability to discriminate targets (e.g., facial and body actions in-
dicating anger) vs. foils (e.g., non-threatening actions), called perceptual sensi-
tivity, and the perceiver's tendency to identify signals (a given scowl intensity)
as target vs. foil, called response bias. Our framework is aimed at assessing
mental state inference with respect to the accuracy of a perceiver's subjective
representations of the underlying parameters (e.g., Lynn et al., 2016).

occurrence of targets relative to foils (e.g., threats vs. non-threats), and
(2) the payoff (benefits and costs) associated with correct vs. incorrect
categorizations (e.g., Green & Swets, 1966). For example, a high base
rate of encountering targets (angry people) demands a relatively low
threshold for identifying even mildly scowling facial movements (i.e.,
the signal) as indicative of targets (e.g., anger). This is called liberal
threat detection response bias. Similarly, a low cost for missed detec-
tions of targets calls for a relatively high threshold for identifying the
signal as a target, called conservative threat detection response bias.
Strongly biased perceptual decision making is a salient feature of
many psychiatric disorders. Social anxiety disorder (SAD) specifically is
characterized by exaggerated concerns about negative evaluation and
rejection in social situations with a bias to interpret or recall social
interactions and events negatively (e.g., Alden, Taylor et al., 2008;
Machado-de-Sousa, Arrais et al., 2010; Staugaard, 2010; Stopa & Clark,
2000). Cognitive behavioral theories suggest that in SAD, perceived
threat and associated anxiety are enhanced by negative cognitions
about the self and others in social situations that lead to hypervigilance
toward social threat cues (e.g., Clark, Wells et al., 1995; Rapee,
Heimberg et al., 1997). Wong and Rapee's (2016) conceptual causal
model of the development and maintenance factors for SAD proposes
that threat valuation is a key factor contributing to the development of
“primary cognitive and behavioral processes that detect and eliminate
social threat.” This social evaluative threat principle proposes that pri-
mary cognitive (e.g., attention to self and threat in the environment)
and behavioral processes (e.g., escape and avoidance) drive changes in
other cognitive (e.g., negative self-evaluation cognitions and antici-
patory processing) and neurobiological processes (e.g., hyperactivation
of the amygdala in response to negative facial expressions). Elevations
in assigned threat values contribute to elevated anxiety in social and
performance situations; they conclude that many studies-including of
scowling faces—support that elevated social anxiety is associated with
enhanced detection and/or attention to threat (Wong & Rapee, 2016).
Variation in the perception of anger in facial expressions is just one
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example of social evaluative threat that derives from perceptions of the
external environment (i.e., people with whom an individual interacts).
Although not fully generalizable to all social and evaluative situations
and not the only possible negative expression type, scowling facial
expressions have the advantage that they can be systematically ma-
nipulated and tested empirically when presented as stimuli in the la-
boratory setting, as utilized in different ways in many studies of SAD
(e.g., Carré, Gierski et al., 2013; Evans, Wright et al., 2008; Grafton &
MacLeod, 2016; Klumpp, Fitzgerald et al., 2015).

A broad, though not fully consistent, experimental literature has
also supported an attentional bias towards emotional faces among those
with social anxiety (e.g., Anderson, Dryman et al.,, 2013; Boal,
Christensen et al., 2018; Liang, Tsai et al., 2017; McTeague, Laplante
et al., 2018; Singh, Capozzoli et al., 2015). Similarly, in a set of emotion
perception experiments in a signal detection framework with the same
sample as the current study, anxiety severity was connected to differ-
ences in response bias (Lynn et al., 2018). Of relevance, prior research
with self-reported responses to vignettes has further suggested that
people with SAD overestimate both the base rate and the costs of
aversive social interactions (e.g., Foa, Franklin et al., 1996; Uren, Szab6
et al., 2004; Voncken, Bogels et al., 2003). Such altered perceptions can
result in fear and avoidance of a wide array of social and performance
activities and settings, leading to significant distress and impairment.

Cognitive behavioral therapy (CBT) for SAD seeks to address biases
toward threat through a combination of cognitive restructuring tech-
niques as well as behavioral techniques that enable gathering new
evidence to support changes in cognitions and reduce avoidance (e.g.,
Clark, 2013, pp. 1-22). Cognitive interventions teach patients, via
verbal instruction, to increase awareness of and change pathological
misperceptions of the meaning and emotional significance of social and
performance-related events through cognitive restructuring strategies.
In CBT, patients explicitly learn to identify bias and gather evidence to
“recalibrate” their perceptions to better reflect true environmental
circumstances. For example, patients may be instructed to consciously
evaluate the objective evidence that someone was truly judgmental of
them and the consequences of this judgment if present. Patients do so
by asking themselves: “How often has the person really been judgmental in
the past?” (emphasis on the base rate parameter), “What was the actual
outcome in this instance?” (emphasis on payoff), and “What does the
person do or say when they truly are or are not being judgmental?” (em-
phasis on similarity). Each parameter corresponds to a mechanism by
which an “affective recalibration” to environmental context may occur
during CBT, which leverage principles of associative learning. CBT
approaches do not, however, differentiate among aspects of stimulus
representation that theories of learning and decision-making show to be
independent, such as the three parameters highlighted above.

One question that has remained unaddressed is whether focusing on
one specific decision parameter at a time might be a more precise and
effective strategy for addressing overly biased perceptions. Targeting
specific decision parameters could potentially lead to more persona-
lized treatment of an individual's specific underlying emotion percep-
tion abnormalities. Another question is whether a strategy of using
explicit knowledge tailored to a specific parameter estimate could re-
duce misperceptions of social threat in individuals with SAD, here ex-
perimentally modeled as judgments about anger perception in faces.
Recent advances indicate that explicit instructions to examine salient
cues (e.g., see Mogg, Bradley et al., 2016 for review of anxiety and
attention to threat) may play a role in improving patient outcomes in
people with anxiety disorders. For example, one study found that
adding explicit directions to attention bias modification (ABM) that
engage conscious attention such as adaptive positive visual search goals
may result in better anxiety outcomes (Waters, Zimmer-Gembeck et al.,
2015). This framework of threat and anxiety reflects more complex
understanding that both bottom up, more automatic cognitive biases
towards or away from threat, as well as top down systems involved in
attentional control and threat evaluation likely interact in anxiety
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disorders, which may in part reflect imbalance of these systems (Mogg,
Bradley et al., 2016). This study is a first step to examine how specific
decisional parameters based on signal detection theory may be ex-
perimentally measured and influenced by a set of brief but specific
simple standardized instructions, and whether such an experimental
approach focused on anger perception is differentially effective in the
setting of SAD compared to generalized anxiety disorder (GAD) and to
the absence of psychiatric disorder.

1.1. The current study

Here, we experimentally explored the efficacy of parameter-specific
instruction on response bias in emotion perception in individuals with
SAD compared to individuals with GAD as well as a psychiatrically
healthy control group. As reviewed above, prior studies indicate that
SAD is associated with elevated social threat valuation (e.g., Wong &
Rapee, 2016) and processing differences for depictions of negative-va-
lence facial expressions, including anger, disgust, sadness, and fear,
over positive-valence expressions (e.g., Machado-de-Sousa et al., 2010).
We thus selected depictions of anger on faces for our paradigm based on
this prior research and theories, and because of its congruence with
symptoms of social anxiety, such as inferring a critical social evalua-
tion.

Because GAD is a disorder that involves anxious worry not specifi-
cally focused on social perception, it was selected as an active control
comparator for SAD. Specifically, while research with emotion per-
ception and GAD has found mixed results with both greater and re-
duced emotion perception (e.g., Bui, Anderson et al., 2017; Rutter,
Scheuer et al., 2019), this has tended to be present across emotions and
not specific to social or evaluative threat cues. Thus, even though there
is some suggestion that neural correlates of reactivity to scowling faces
may be transdiagnostic (MacNamara, Klumpp et al., 2017), comparing
SAD to GAD enables a control for these transdiagnostic factors poten-
tially related to heightened non-specific anxiety and nervousness that
might influence the experimental anger perception manipulation re-
sults. Thus, if participants with SAD behave differently from non-an-
xious controls in the parameter-specific manipulations of perceptual
judgments about anger in faces, having a GAD control group would
enable assessment of whether or not this might be a non-specific an-
xiety effect versus a specific effect fund only in those with social threat
concerns.

We compared the effect of different sets of brief verbally-delivered
instructions about three distinct aspects of anger perception. One in-
struction set drew attention to the base rate of occurrence of targets
relative to foils. A second instruction set drew attention to the payoffs.
A third instruction set drew attention to the perceptual similarity be-
tween targets and foils.

In a pre-vs. post-instruction comparison, our aims were to in-
vestigate if simply drawing attention to salient aspects of these judg-
ments would affect response bias, and to compare the effect among
participants with SAD, GAD, and psychiatrically healthy control parti-
cipants. Specifically, we hypothesized that drawing people's attention
to one of three specific environmental parameters theorized to influ-
ence response bias in signal detection theory would affect how people
learn to categorize facial expressions.

Concerning response bias, we made two predictions:

(1) Because our experimental design implemented a liberal-bias base
rate value, we predicted that, by drawing participants' attention to
the base rate, our base rate instruction would result in a more
liberal response bias (tendency to judge faces as angry) in the post-
instruction task than in the pre-instruction task.

(2) Because the our experimental design implemented a conservative-
bias payoff matrix, we predicted that our payoff instruction (em-
phasizing parameter values that affect response bias in the opposite
direction of the base rate), by drawing participants' attention to the
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payoffs, would produce a more conservative response bias (ten-
dency to judge faces as not angry) in the post-instruction task than
in the pre-instruction task.

Concerning perceptual sensitivity, we predicted that our similarity
instruction, by drawing participants’ attention to features that dis-
tinguished our emotion categories, would result in higher perceptual
sensitivity in the post-instruction task than in the pre-instruction task. If
change in sensitivity following similarity instruction was no greater
than in other conditions, this would argue for a practice effect on
perceptual sensitivity.

Concerning diagnosis groups, we have previously speculated that a
“misestimate” of base rate and/or payoffs may be computationally re-
sponsible for the interpretive bias exhibited by individuals with anxiety
disorders (Lynn et al., 2018). Although SAD is a condition more clearly
linked to abnormalities in social threat perception than are the GAD or
control conditions, it could be the case that SAD is associated with ei-
ther hyper- or hypo-sensitivity to information about base rate and/or
about payoff. We predicted that SAD would show a stronger influence
of one or more instruction conditions than the control group (e.g.,
consistent with theories that abnormalities in social threat valuation
can be influenced by cognitive interventions in SAD: Wong & Rapee,
2016). We did not have predictions about specific instruction condi-
tions vis-a-vis diagnosis group.

2. Methods
2.1. Participants & assessments

A total of 293 participants, men and women aged 18-65, were re-
cruited by local hospital and media advertising. Experienced and
trained clinician interviewers assessed participants for psychiatric di-
agnoses with the Structured Clinical Interview for DSM-IV (SCID; First,
Spitzer et al., 2002). Participants included those with a primary diag-
nosis of current SAD (n = 101), GAD (n = 91), and psychiatrically
healthy controls (n = 101). Other current psychiatric diagnoses were
exclusionary (apart from specific phobia for participants with SAD or
GAD), including GAD for SAD participants and SAD for GAD partici-
pants, respectively. Alcohol or substance abuse or dependence within
the past 6 months, lifetime history of psychotic disorders, mental dis-
order due to a medical condition or substance use, or dementia were
also exclusionary. Unstable severe medical illness, history of seizure
disorder, current use of psychiatric medications, positive urine tox-
icology screen test, and uncorrected visual impairment were also ex-
clusionary. Psychiatrically healthy control participants had no current
or lifetime history of a DSM-IV Axis I diagnosis and were required to
meet the same inclusion/exclusion criteria as the SAD and GAD parti-
cipants.

Participants were consented, screened, and tested at the Center for
Anxiety and Traumatic Stress Disorders at the Massachusetts General
Hospital between December 21, 2011 and September 21, 2016. The
present research was part of a larger study that involved completing
questionnaires and participating in a series of perception experiments
(RO1IMHO093394). Following the clinical assessments, participants
completed several versions of the perception tasks described here as
part of the larger study (see Lynn et al., 2018). Of the participants
enrolled in the larger study, 285 (97.3%) returned within one week to
complete additional versions of the perception tasks, concluding with
the task described here. Participants were compensated $150 after
study completion. Thus, following attrition, 97 participants with SAD,
90 participants with GAD, and 98 psychiatrically healthy control par-
ticipants participated in the task described here. Informed consent was
obtained prior to participation. Study procedures were approved by the
Partners Healthcare Institutional Review Board.
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2.2. Perception task

We created stimulus sets, each depicting a range of facial scowl
intensity, from 0 to 100% scowl in 10% increments (Fig. 1 depicts one
set). Faces were shown one at a time on a computer screen. Participants
categorized the faces as angry or not angry by answering the on-screen
prompt “Was that person angry?”, using their index fingers to press USB
keyboard buttons labeled “Yes” and “No”. Additional details of the
general stimulus design procedure are described elsewhere (e.g., Lynn
et al., 2014, 2016, 2018).

The optimal decision criterion for “angry” vs. “not-angry” faces that
participants should seek to adopt in the tasks was determined by the
values of the three SDT parameters as programmed into the experiment
software: they should match their behavior to the contingencies of the
task. The perceptual similarity parameter was implemented by drawing
target and foil trials from Gaussian signal distributions imposed over
the 11-item stimulus set. Mean target and foil stimuli were 60% and
40% scowl intensity, respectively, both with standard deviations of
15% scowl intensity (depicted in Fig. 1). The base rate was im-
plemented as the proportion of target to foil trials. The base rate was
0.78: 78% of the trials were drawn randomly from the target distribu-
tion and had the correct answer “Yes” (i.e., angry) regardless of their
signal strength. The payoff parameter was implemented as points
earned or lost for correct and incorrect categorization of a stimulus as
target or foil. Correct detections and correct rejections earned 10
points, missed detections lost 3 points, and false alarms lost 10 points.

The high base rate calls for a low threshold (liberal response bias).
The low cost of missed detections relative to false alarms demands a
high threshold (conservative response bias). The liberal-going effect of
the base rate on response bias mathematically overwhelms the con-
servative-going effect proscribed by the payoffs, so that the observed
bias of participants is expected to be liberal. The standard deviations set
a perceptual sensitivity cap of d’ = 1.3. At that sensitivity, optimal re-
sponse bias was ¢ = —0.6 (depicted in Fig. 1).

Each participant was presented with 230 trials. Each trial began
with a white fixation cross (300 ms duration) centered on a black
screen, followed by a face stimulus (500 ms duration). The response
prompt then followed the face and remained on-screen until the par-
ticipant responded. Participants received immediate on-screen feedback
(including “Yes - that was right” or “No - that was wrong”, the points just
earned, and their cumulative points). Participants were instructed to
earn as many points as they could (thereby optimizing their categor-
ization of the stimuli). A 300 = 100 ms inter-trial interval (black
screen) followed the feedback. Participants finished the task in ap-
proximately 10 min. Stimulus set and response button location (“z" or
"/" key) were counterbalanced across participants. The task was pro-
grammed in Matlab (The Mathworks, Inc.) with Psychophysics Toolbox
(version 3; (Brainard, 1997).

2.3. Parameter-specific instruction

Participants completed the perception task twice, once before re-
ceiving instruction about one of the three signal detection parameters,
and then again following that instruction. Participants were assigned to
one of the instruction conditions via counter-balancing blocked by di-
agnosis, independent of other participant characteristics. We created
three brief presentations (in Microsoft PowerPoint), one focusing on
each of the three signal detection parameters (see Fig. 2). Each of the
three instruction types briefly highlighted the connection between
angry faces and social threat in the environment. The base rate in-
struction (panel B) informed participants of the likelihood of angry
faces (comparable to cognitive interventions targeting correction of
errors about likelihood of threat). The payoff instruction (panel C) in-
cluded a higher point value (“cost” of 10 points lost) for false alarms
than for missed detections (3 points lost), while rewarding correct ca-
tegorizations of angry or non-angry faces equally. This task thus

Journal of Behavior Therapy and Experimental Psychiatry 65 (2019) 101498

essentially incentivized a correction to the tendency to overvalue risk of
missed detections of anger by including a greater penalty for over-in-
terpretation of ambiguous faces as angry. These three conditions were
intended to experimentally isolate simple instructions consistent with
cognitive work done in cognitive behavioral therapy (CBT) to correct
maladaptive biases resulting in hypervigilance to any suggestion of
negative responses (e.g., to not miss any critical judgment or anger)
during social or performance situations, as occurs in SAD. The simi-
larity instruction (panel D) guided participants to attend to cues
(“evidence”) for their conclusions about the presence or absence of
anger.

After completing the task the first time, a researcher administered
the parameter-specific instruction and read each screen aloud to the
participant. After answering any questions, the researcher started the
post-instruction task. Following trials 20 and 40 of the task, the com-
puter paused the task and informed the participant of his or her overall
performance with the statement, “You have earned ##% of the points we
would expect.” The researcher then said to the participant, “In the next
section, remember to keep thinking about [how likely someone is to be angry,
benefits and costs of being correct or mistaken, the similarity between how a
person looks when he or she is angry vs. not angry]" and resumed the task.
Following trial 41, the researcher left the room until the end of the
task.”

2.4. Data analytic approach

Differences between diagnostic groups in basic demographics,
consisting of age, gender (men vs. women), and race (coded into white
vs. non-white), were examined with a one-way ANOVA for age and chi-
square tests for gender and race. From the perception task data, we used
the observed frequencies of correct detections (CDs), missed detections
(MDs), false alarms (FAs) and correct rejections (CRs) to calculate re-
sponse bias (c) and perceptual sensitivity (d’) (Macmillan & Creelman,
1991; Stanislaw & Todorov, 1999) as dependent measures. We calcu-
lated response bias as ¢ = —0.5*(z(CDs/(CDs + MDs))+z(FAs/
(FAs + CRs))) and perceptual sensitivity as d' = z(CDs/(CDs + MDs))-z
(FAs/(FAs + CRs)), where z is the inverse of the normal cumulative
distribution function. Trials with a response time < 250 ms were ex-
cluded from the calculations due to the likelihood of containing motor
errors (2-4% of trials were excluded for approximately 20% of parti-
cipants). We conducted repeated measures ANOVAs to test the effects of
primary diagnosis (healthy control vs. SAD vs. GAD), time (pre-vs. post-
instruction), and instruction type (base rate vs. payoff vs. similarity), as
well as their interactions, on response bias and sensitivity. The key
effects of interest were the interactions involving time, which indicated
whether outcome changed from pre-to post-instructions. We also added
gender, race (white vs. not white), and age as covariates to the models.
We accounted for the correlation of within-subject observations by
modeling time (pre-vs. post-instruction) as repeated measures per
person with an unstructured covariance structure, and modeled sti-
mulus sets (i.e., different photographic models) as a random effect. We
used pairwise comparisons with false discovery rate (FDR) adjustment
to investigate pre-vs. post-instruction differences for each type of in-
struction across all diagnoses, as well as within each diagnostic group.
To test differences between diagnostic groups, we used specific con-
trasts that compared the pre-to post-instruction changes in each anxiety
group (SAD or GAD) to healthy controls for each type of instruction,
again adjusting for multiple comparisons with FDR adjustments. Data

3 Approximately half of the participants received an earlier version of these
instruction sets that contained additional explanatory text and did not include
feedback at trials 20 and 40. We revised the instructions to improve clarity. The
revision did not statistically significantly affect the pattern of results, and so we
have not included the revision as a factor in the statistical analyses presented
here.
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expression sometimes means "angry" and sometimes not. Risk
means there are costs to being wrong.

Before we do a last experiment we want to give you more
information about this kind of decision making.

We want to see if having some additional information about these
ideas helps on the next experiment.

A Emotional Decisions B How common are threats?
You've completed 12 experiments in which you were confronted Part of making that best guess is adjusting our perception in light of
with uncertainty and risk. Uncertainty means that a particular how likely someone is to be angry.

In the prior experiment the person was pretty likely to be angry —
about 80% of the faces were “angry.”

Next, we’ll begin the last experiment. The likelihood of anger will be
the same in this last experiment.

threshold is a threat.

How do people decide? C What are benefits & costs?
To deal with risk and uncertainty, people use a threshold. For Part of making that best guess is adjusting our perception in light of
example, we behave as if any face more angry looking than the the benefits and costs of being correct or mistaken.

There are two ways to be correct and two ways to be mistaken.
We've been using points for the benefits and costs:

* Correct Detections: you feel threatened, and in fact really are.

Gain 10 points.
<-Not angry | Angry -> * Correct Rejections: you do not feel threatened and indeed are
safe. Gain 10 points.
Threshold
i * False alarms: you feel threatened but are actually safe. Lose 10
Even though we’ll sometimes be wrong — e.g., people whom we points
i “ "
thmkgre angry rea'lly e not - a threshold represents our “best * Missed detections: you do not feel threatened, when in fact you
guess” about the situation. are. Lose 3 points.

Next, we’ll begin the last experiment of the study using these same
point values again.

D

Part of making that best guess is adjusting our perception in light of
the similarity between how a person looks when he or she is angry
vs. not angry.

Usually not angry

How distinguishable are threats?

Sometimes not angry, ... Usually angry

sometimes angry

Look at the features that distinguish "angry" from "not-angry,"
perhaps the mouth and eyebrows. Notice features that change
subtlety with scowl intensity. Sometimes you'll be wrong about a
face, but attending to these features will still help overall.

Next, we'll begin the last experiment.

Fig. 2. Parameter-specific instruction. (A) All three instruction sets began with an introduction to the concepts of perceptual uncertainty and behavioral economic
risk. (B) The base rate condition concluded with a description of the likelihood of encountering anger. (C) The payoff condition concluded with a description of
benefits and costs. (D) The similarity condition concluded with a description of the association between facial expression intensity and the angry vs. not angry

categories.

are expressed as estimated population marginal means (i.e., least-
square means, LSM) with standard errors (SE), which were adjusted for
covariates and other effects in the model. Within-group effect sizes of
pre-instruction task to post-instruction task changes were calculated
based on raw means and standard deviations and adjusted for pre-to
post-instruction correlations (i.e., Hedges g.; Lakens, 2013). Between
group effect sizes are Cohen's d. All analyses were performed using SAS
(Version 9.4 of the SAS System for Windows). Significance was eval-
uated at o = 0.05 (two-tailed) unless otherwise noted.

3. Results
3.1. Sample characteristics

The 285 participants included more women (62.5%) and European
Americans (69.4%), with a mean age of 31.5 * 12.9 years. Diagnostic
groups did not differ significantly in age, F(2, 282) = 1.25, p > 0.28.
The SAD group trended towards a higher proportion of women (72.2%
compared to 59.2% for controls and 56.7% for participants with GAD;
X?(df = 2) = 5.48, p = 0.06), and included more white participants
(84.4% compared to 61.9% for controls and 62.9% for participants with
GAD; X2(df = 2) = 14.12, p = 0.0009).
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Table 1

Type-3 tests of fixed effects of the three instruction types on response bias and
perceptual sensitivity in participants with social anxiety (n = 97), generalized
anxiety (n = 90), and in non-psychiatric controls (n = 98).

Effect df F p

Bias (¢)
Diagnosis 2, 272 1.33 0.2651
Time (pre- vs. post-instruction) 1, 275 19.34 < 0.0001
Diagnosis x Time 2, 275 2.48 0.0853
Instruction type 2,272 2.40 0.0924
Diagnosis x Instruction type 4, 272 0.65 0.6253
Time x Instruction type 2, 275 8.40 0.0003
Diagnosis x Time x Instruction type 4, 275 0.78 0.5391
Gender 1, 272 0.00 0.9672
Race (white vs. non-white) 1, 272 1.92 0.1670
Age 1, 272 3.77 0.0531

Sensitivity (d)
Diagnosis 2, 266 0.40 0.6704
Time 1, 275 23.12 < 0.0001
Diagnosis x Time 2, 275 0.46 0.6295
Instruction type 2, 266 0.45 0.6389
Diagnosis x Instruction type 4, 266 0.46 0.7670
Time x Instruction type 2, 275 0.04 0.9590
Diagnosis x Time x Instruction type 4, 275 0.41 0.8001
Gender 1,271 3.39 0.0669
Race (white vs. non-white) 1, 268 0.36 0.5506
Age 1, 269 15.78 < 0.0001

3.2. Response bias and parameter specific instructions

Response bias became more negative overall (i.e., more liberal-
going, a tendency to judge faces as angry) from pre-to post-instruction
(across all instruction types and diagnoses LSM *+ SE: —0.60 = 0.03
vs. —0.72 = 0.03, p < 0.0001; Table 1). This effect was largely
driven by a moderate effect of instruction on response bias in the group
that received the base rate instruction (pre-vs. post-base rate instruc-
tion, across diagnoses, LSM + SE: —0.60 = 0.06 vs. —0.86 = 0.05,
adj. p < 0.0001, g,, = —0.48), as predicted. Contrary to prediction of
causing a more conservative response bias, the payoff instruction did
not result in significant change in response bias (across diagnoses,
LSM + SE: —-0.59 = 0.06 vs. —0.60 = 0.05, adj. p = 0.93,
gav = —0.00). The similarity instructions were not expected to affect
response bias, and, as anticipated, did not result in any overall change
in response bias (across diagnoses, LSM + SE: —0.62 = 0.06 vs.
—0.70 = 0.05, adj. p = 0.07, g,y = —0.20).

3.3. Response bias and diagnosis

Of note, we did not find any difference in response bias between the
3 diagnostic groups prior to instruction (M * SD SAD vs. control:
—0.65 = 0.53 vs. —0.53 = 0.56, d = —0.23; GAD vs. control:
—0.59 = 0.50 vs. —0.53 * 0.56, d = —0.11; main effect of diag-
nosis, Table 1). We also found no evidence of diagnosis-specific re-
sponses to instructions overall, or to specific instructions, after ad-
justing for multiple tests (diagnosis interactions, Table 1). The pre-to
post-instruction effect (i.e., within-group effect) of the base rate in-
struction was small to medium for non-psychiatric controls
(gav = —0.41) and medium for both groups of patients with anxiety
diagnoses (SAD: g,, = —0.49, comparison to control: adj. p = 0.76;
GAD: g,, = —0.60, comparison to control: adj. p = 0.93; Fig. 3). The
effect of the payoff instruction was very small for all diagnostic groups
(control: g,, = —0.17; SAD: g,, = 0.01, comparison to control: adj.
p = 0.54; GAD: g,, = 0.21, comparison to control: adj. p = 0.20). While
the effect of similarity instruction was medium to large for non-psy-
chiatric controls (g,y = —0.68; within-group adj. p = 0.0346) com-
pared to small to negligible for participants with anxiety diagnoses
(SAD: g,, = —0.19; GAD: g,, = 0.08), we were unable to detect a dif-
ference in this change between diagnostic groups (SAD comparison to
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control: adj. p = 0.54; GAD comparison to control: adj. p = 0.20). None
of the covariates included significantly predicted bias (Table 1).

3.4. Perceptual sensitivity

Prior to receiving the instructions, we were not able to detect a
difference between either the SAD group or the GAD group and non-
psychiatric controls in perceptual sensitivity (M + SD SAD vs. control:
0.69 = 0.47 wvs. 0.76 = 0.38, d= —0.17; GAD vs. control:
0.73 + 0.37 vs. 0.76 + 0.38, d = —0.08). Perceptual sensitivity im-
proved slightly from pre-to post-instruction (pre-vs. post for all in-
struction conditions, all diagnoses, LSM + SE: 0.71 = 0.03 vs.
0.82 + 0.03, p < 0.0001, Table 1). Contrary to predictions that the
similarity instruction would result in greater perceptual sensitivity and
that this effect might vary by diagnosis, we were not able to detect a
difference in the pre-to post-instruction effect between instruction types
or diagnoses (Table 1). The pre-to post-instruction (i.e., within group)
effect sizes ranged from 0.15 to 0.40 for all instruction types for each
diagnosis (base-rate instruction type: control g,, = 0.18, SAD
&av = 0.27, GAD g,, = 0.36; payoff instruction type: control g,, = 0.40,
SAD g,, = 0.31, GAD g,, = 0.15; similarity instruction type: control
gav = 0.19, SAD g,, = 0.41, GAD g,, = 0.36). Age had a significant
effect on sensitivity, indicating that sensitivity increased with age
(b =0.0061 = 0.0015, p < 0.0001).

4. Discussion

We examined the effects of receiving three types of brief, simple
instructions on two independent aspects of anger perception in an ex-
perimental task administered to a large sample of well-characterized
adults with a clinical diagnosis of SAD or GAD, and healthy controls.
Instructions separately emphasized the relative base rate of en-
countering depictions of angry vs. not angry facial expressions in the
task, the payoffs (costs and benefits) of correctly vs. incorrectly cate-
gorizing when a face depicted anger or not, or the similarity between
what angry and not angry facial depictions looked like.

Base rate instruction was effective in modulating response bias; as
predicted, participants who were instructed that 80% of the faces pre-
sented were likely to be angry consistently showed a more liberal re-
sponse bias (i.e., identified more faces as angry) following the in-
struction. In this experiment, a practice effect on response bias could be
expected to manifest as more liberal response bias in the post-instruc-
tion task than in the pre-instruction task because, in biased signal de-
tection tasks, perceivers tend not to achieve enough bias to actually
maximize their net benefit (Green & Swets, 1966; Maddox & Bohil,
2005); including in our prior work using designs similar to the present
task, e.g., (Lynn et al., 2012, 2014). A lack of effect on response bias
following either similarity or payoff instructions, indicated that this
change was not merely due to a practice effect; of note, similarity in-
struction was not anticipated to impact response bias but rather de-
signed to influence perceptual sensitivity.

Contrary to hypotheses, response bias did not change following
payoff instruction, which had been designed to result in a more con-
servative response bias. It is possible that this failure to result in the
anticipated effect may be explained by some aspects of the experi-
mental design. Notably, the point values themselves were structured,
with the cost of missed detections less than the cost of false alarms, such
that the payoff parameter should impact response bias in the opposite
direction of the base rate parameter. However, response bias during the
task was dominated by the high base rate; optimal (points-maximizing)
response bias on the task was relatively liberal overall (illustrated in
Fig. 1). Thus, the strong base rate (i.e., 80% targets) may have inter-
fered with an ability to observe an effect of drawing people's attention
to benefits and costs in the payoff instruction condition. Future studies
should consider utilizing tasks with a lower base rate, which may also
better recapitulate emotion perception decision making in situations of
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Fig. 3. Estimated population marginal means (least-
square mean, LSM = SE, adjusted for covariates and
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The similarity instructions in this experiment were also ineffective
at increasing perceptual sensitivity. There were numerical, though not
statistically significant, increases in sensitivity across all participant
groups in all instruction conditions. Therefore, similarity instruction
did not produce strong evidence of an effect on perceptual sensitivity
over and above any practice effect (i.e., improved performance due
merely to increased learning afforded by a second exposure to the task).
The failure of our similarity instruction to produce a notable im-
provement in perceptual sensitivity suggests that the instructions and
approach can be improved. Difficulty impacting perceptual sensitivity
via simple verbal instruction is consistent with the idea that simply
pointing out facial features of emotion or directing attention to facial
detail may be insufficient to change perception of emotion, and more
complex instructions or behavioral tasks (e.g., guided practice) may be
needed.

Limitations of this study include: (1) the potential confounding ef-
fect of testing fatigue as the instructions tasks were administered at the
end of a fairly long signal detection session (i.e., 1-2 h); (2) the use of
point values to represent payoff that might not be completely ecologi-
cally valid, such that correct identification of a facial expression may
not have the same relevance to people as the negative personal con-
sequences they might fear; (3) the limited power to detect interactions
as the sample sizes (n ~ 30) were fairly small at the instruction by di-
agnosis level of the experiment; (4) the effect of instruction being ex-
amined under only one of many possible decision environments (com-
binations of parameter values). We created an experimental
environment that was liberally biased by a high base rate of threat, and
implemented unequal decision costs. While biased environments can

laboratory than do the neutral-bias environments implemented in
nearly all research in perceptual decision making, our results (both
positive and null) may be somewhat dependent on the specific para-
meter values under which they were obtained (a caveat that also ap-
plies to results obtained from the neutral-bias environments). For ex-
ample, a different decision environment, such as one demonstrated a
priori to have a clear difference in performance between those with
social anxiety or other diagnosis groups and healthy controls, might
serve as a better vehicle for examining the effect of targeted parameter-
specific instruction for individuals with one diagnosis versus another, or
more generally with impairments in a specific parameter. It is also
likely that our simple set of instructions delivered only once was an
insufficient “dose” for a patient sample meeting diagnostic criteria for
SAD. Future studies could either increase the frequency of the targeted
instructions or examine a less severe population. Alternately, the
parameters of the task and instructions could be matched to individual
participant's baseline biases, and adapted over repetitions of the task.
Finally, in our task, we gave brief feedback about points earned, but did
not provide information about the specific types of errors made, which
could potentially result in greater success learning to change response
bias or correct perceptual sensitivity errors. Despite these limitations,
our results nonetheless suggest that brief verbal instructions clarifying
the base rate of encountering threat improves emotion perception
performance (i.e., response bias closer to the real base rate of threat in
the environment). This study supports the speculation that different
signal detection parameters influencing emotion perception in in-
dividuals can be separated, measured, and at least in the case of re-
sponse bias, be influenced by simple instructions (about base rate in this
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case). While other aspects of our experimental design likely would
benefit from additional optimization, this initial result supports that
additional research is indicated to optimize measurement of the impact
of specific parameters on perceptual biases, and how best to influence
change in these parameters with instruction. Elsewhere, we have
speculated that individual impairments in social perception may be
characterized by cognitive “misestimates” of one or more of the three
signal detection environmental parameters investigated here (Lynn and
Barrett, 2014; Lynn et al., 2018). If a patient's misinterpretation of
environmental cues can be traced to an impaired estimate of a parti-
cular parameter (e.g., an over-estimate of the base rate of encountering
threats, consistent with cognitive behavioral theories about over-
estimation of and hypervigilance to perceived social threat in SAD),
then the present results suggest that interventions specifically addres-
sing at least the base rate parameter may be helpful to enhance cor-
rection of this problematic parameter (i.e., base rate assumption er-
rors). While this initial experiment utilized single, very brief
instructions substantially less intense or complex than a course of
psychotherapy, this experimental approach if optimized could poten-
tially develop a model that has implications for future more persona-
lized psychosocial treatment targets.

CBT, for example, also successfully targets misestimation of the base
rate of threat in the environment through verbal cognitive interventions
as well as behavioral learning. While our experimental instructions
were designed as a pilot study to examine the potential effects of brief
uniform sets of parameter-specific instructions delivered by a non-
clinician, and in this experiment, were designed to increase the correct
categorization of anger from face stimuli depicting variably scowling
expressions, CBT approaches for fear-based anxiety disorders would
usually aim to decrease an over-estimation of threat in the environ-
ment. Thus, while our results confirm that verbal instructions regarding
the frequency of the occurrence of threat in the environment may im-
prove threat perception, future studies may wish to alter the experi-
mental conditions to use base rate instruction to reduce threat per-
ception. This experimental finding, however, may have implications for
behaviors (and psychiatric conditions that may include high-risk be-
haviors) in which threat is under-estimated. Although social threat
perception abnormalities are particularly clinically relevant for in-
dividuals with SAD, we did not have specific hypotheses about the
expected magnitude of change by diagnosis and were not able to detect
any differences between people with SAD or GAD and/or non-psy-
chiatric control participants in response to the instruction sets.

5. Conclusions

We used a signal detection framework to break down an anger
perception task into component decision parameters. In a scenario with
a high base rate of threat signal, we found that base rate instructions
affected response bias change over and above practice effects across
individuals with SAD and GAD as well as a non-anxious control group,
while similarity and payoff instructions had no discernible effects on
either response bias or perceptual sensitivity. Although our study is not
without limitations and would benefit from replication targeting spe-
cific parameters demonstrated to differ across diagnoses or individuals,
the ability to target specific learning parameters that underlie percep-
tual judgment biases suggests the downstream potential to further de-
velop this approach with an aim to ultimately target psychosocial ap-
proaches to a participant's individual parameter “estimation” deficit to
achieve more efficient personalized interventions. However, this con-
clusion remains highly speculative. Future research should examine
different approaches to specific parameter instruction, particularly for
the payoff and similarity parameters, and under a variety of base rates,
payoffs, and similarity values.
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