Journal of Autism and Developmental Disorders
https://doi.org/10.1007/510803-023-06038-y

ORIGINAL PAPER q

Check for
updates

Feedback Related Negativity Amplitude is Greatest Following
Deceptive Feedback in Autistic Adolescents

NathanT. Riek'® - Busra T. Susam'® . Caitlin M. Hudac?3*® . Caitlin M. Conner*® . Murat Akcakaya'® - Jane Yun® -
Susan W. White2® - Carla A. Mazefsky*® - Philip A. Gable®

Accepted: 1 June 2023
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2023

Abstract

The purpose of this study is to investigate if feedback related negativity (FRN) can capture instantaneous elevated emotional
reactivity in autistic adolescents. A measurement of elevated reactivity could allow clinicians to better support autistic indi-
viduals without the need for self-reporting or verbal conveyance. The study investigated reactivity in 46 autistic adolescents
(ages 12-21 years) completing the Affective Posner Task which utilizes deceptive feedback to elicit distress presented as
frustration. The FRN event-related potential (ERP) served as an instantaneous quantitative neural measurement of emo-
tional reactivity. We compared deceptive and distressing feedback to both truthful but distressing feedback and truthful
and non-distressing feedback using the FRN, response times in the successive trial, and Emotion Dysregulation Inventory
(EDI) reactivity scores. Results revealed that FRN values were most negative to deceptive feedback as compared to truthful
non-distressing feedback. Furthermore, distressing feedback led to faster response times in the successive trial on average.
Lastly, participants with higher EDI reactivity scores had more negative FRN values for non-distressing truthful feedback
compared to participants with lower reactivity scores. The FRN amplitude showed changes based on both frustration and
reactivity. The findings of this investigation support using the FRN to better understand emotion regulation processes for
autistic adolescents in future work. Furthermore, the change in FRN based on reactivity suggests the possible need to sub-
group autistic adolescents based on reactivity and adjust interventions accordingly.
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Introduction

Background

59 Nathan T. Riek Autism Spectrum Disorder (ASD) is a developmental dis-

ntrl4@pitt.edu order marked by persistent deficits in social communication
and social interaction as well as restricted, repetitive pat-
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impairment compared to their typically developing peers
(Conner et al., 2021). It is important to note that autistic
individuals may show either heightened or attenuated emo-
tional responses, but both are linked to ER deficits. In other
words, an autistic individual may overact to some stimuli,
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but may underreact to others or be emotionally flat or dys-
thymic. ER involves the combination of volitional, or inten-
tional, efforts and habitual, involuntary responses to moni-
tor, evaluate, and adjust emotional arousal and behavioral
responses in order to achieve one’s goals (Thompson, 1994).
It is believed that emotion dysregulation may be a main fac-
tor in problems with aggression, depression, self-injurious
behavior, and anxiety in autistic individuals (Conner et al.,
2019; Lecavalier, 2006; Samson et al., 2015). Additionally,
poor ER is linked to high rates of co-occurring psychiatric
disorders (Mazefsky et al., 2013). Furthermore, ER impair-
ment results in lower socialization skills (Guy et al., 2014;
Larson et al., 2011) which can lead to missed opportuni-
ties (Eldeeb et al., 2021). For all these reasons, the need to
address ER in autistic individuals is critical.

Questionnaires have been reliably used to assess ER in
autistic individuals (Berthoz & Hill, 2005). From question-
naire information, the Emotion Dysregulation Inventory
(EDI) has been developed and used to quantify emotion
dysregulation in autistic individuals with subdomains for
reactivity and dysphoria. Here, we focus on reactivity, as
it has been identified as a primary dimension of emotion
dysregulation in autism. Reactivity captures a tendency for
intense, rapidly escalating, and poorly regulated negative
emotional reactions (Mazefsky et al., 2018). The EDI ena-
bles clinicians to identify individuals with clinically elevated
reactivity due to the availability of general norms and a clini-
cal cutoff, which may lead to more effective understanding
of emotion dysregulation and treatments (Mazefsky et al.,
2013, 2021a, 2021b).

In order to provide a better link between instantaneous
experiences of emotional distress and biology, electroen-
cephalography (EEG) has been used in several studies to
find event-related potentials (ERPs) linked with symptoms
of ASD (Bosl et al., 2018; Eldeeb et al., 2021; Larson et al.,
2011; Stavropoulos & Carver, 2014). ERPs capture brain-
based electrical changes in response to an event (Handy,
2005), reflective of discrete stages of cognitive processing
(Hudac et al., 2021). The temporal resolution is a key advan-
tage of ERPs measuring brain changes on the scale of mil-
liseconds. The feedback-related negativity (FRN) is an ERP
that shows negative deflection in frontal and central channels
and peaks around 250 ms following the onset of feedback
(Hajcak et al., 2006). The FRN has been shown in previous
research to be larger (i.e., more negative amplitude) to nega-
tive feedback than positive feedback (Bellebaum et al., 2014;
Cohen et al., 2007; Hajcak et al., 2006; Larson et al., 2011;
McPartland et al., 2012). Some researchers have found that
the FRN can only provide a binary separation between posi-
tive and negative feedback (Hajcak et al., 2006). However,
other researchers have found that the FRN amplitude can
vary based on the magnitude of the positive or negative feed-
back when considering deviation from reward expectations
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(Bellebaum et al., 2010). Some researchers have referred to
this deviation from reward expectations as surprise (Hauser
et al., 2014; Moser & Simons, 2009).

Considering reliability, the FRN has been linked to reac-
tivity to feedback in neurotypical individuals and is sensitive
to feelings such as anger, making it a better measurement to
capture emotional reactivity in autistic individuals (Riepl
et al., 2016; Threadgill & Gable, 2020). Feedback is likely to
alter behavior. Specifically, when participants receive feed-
back that their performance is unsuccessful, they will likely
seek to improve performance. On a reaction time task, this
improvement in performance would likely result in faster
responses.

Current Study

The current study was conducted to examine whether feed-
back monitoring would vary based on reactivity. The Affec-
tive Posner Task was used to create conditions of distress to
elicit emotional reactions (Posner, 1980). In the Affective
Posner Task, participants responded as quickly as possible to
guess the location of a star hidden behind one of two cards.
After responding, participants received three types of feed-
back: “Correct,” “Wrong,” and “Too Slow” that is decep-
tively presented on 60% of correct trials even with accurate,
rapid responses. Importantly, other work has found that this
task does indeed elicit frustration (Deveney, 2019). Within
this task, the FRN was evoked at the onset of feedback and
the amplitude varied based on the perception of the feed-
back. We predicted that reactivity would be graded based
upon the condition, such that participants would be most
distressed from frustration (and thus exhibit a robust FRN)
when deceived (“Too Slow”), moderately distressed when
(“Wrong”), and not distressed when correct, as demonstrated
in previous work (Deveney, 2019; Eldeeb et al., 2021). In
other words, the “Too Slow” feedback should be the most
frustrating because it suggests that the participant could
have responded faster to avoid this feedback. Both distress
(Eldeeb et al., 2021) and frustration (Deveney, 2019) have
been used to describe the emotional effects of the Affective
Posner Task. We use both of these terms to describe the
emotional state participants experienced in the task.
Another objective of this project was to understand how
the FRN in the context of deception related to individual
differences. Reactivity is highly variable across autistic
individuals and the relationship between the FRN, reactiv-
ity score, and response times in the successive trial may
help us better understand the factors that contribute to this
variability. First, because we believe the FRN to be linked to
the underlying biology supporting reactivity, we predicted
that participants with higher emotional reactivity via classic
parent-report would have greater amplitude FRN values to
deceptive feedback, specifically. Second, there is evidence
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that the negative feedback, “Wrong” and “Too Slow”, will
lead to faster response times in successive trials (Deveney,
2019); thus, we predicted our results would mirror this prior
work, such that participants would respond faster on the sub-
sequent trial (relative to the current trial) following negative
feedback.

Methods
Participants

Data were collected for 52 autistic participants across two
data collection sites at the University of Pittsburgh and
the University of Alabama. The project was approved by
both local ethical review boards (IRB #STUDY 17070496).
Guardians of each participant provided written informed
consent and participants provided written informed assent.
Participant ages ranged from 12 to 21 years, inclusive. The
average age was 14.4 years. The distribution of sex was 44
male participants and 8 female participants. This research is
part of a larger ongoing randomized clinical trial comparing
an ER-focused psychotherapy to supportive therapy. Adoles-
cents and emerging adults were targeted for this intervention
due to increased prevalence of poor ER during these ages
(Mazefsky & White, 2014; Picci & Scherf, 2015). All data
for the current research was collected pre-treatment. Inclu-
sion criteria were as follows (1) ages 12-21 years, inclusive;
(2) either a prior community diagnosis of ASD, or diagno-
sis of ASD confirmed by research reliable administration of
the Autism Diagnostic Observation, Second Edition (Lord,
2012) or a score of 12 or higher on the Lifetime version
of the Social Communication Questionnaire (Rutter et al.,
2003); (3) presence of elevated emotion dysregulation at an
initial phone screen (Reactivity raw score > 7).

The Affective Posner Task

The participants played a game based on the Affective
Posner Task (Posner, 1980). In the game, participants

Start Screen
(200 msec)

Cue Presentation
(200 msec)

Card Presentation
(200 msec)

Fig.1 Game Screen Order. The Affective Posner Task-based game
screen order. The computer screen was blank for 200 ms followed
by a 200-ms card presentation with a star hidden behind one of the
cards. A blue cue was then added over one of the cards to give a hint
as to the star location (this hint is correct 75% of the time). The par-
ticipant then had up to 3 s during a blank decision screen to select the

-mm-oror

Decision Screen
(max 3000 msec)

were shown two side-by-side white squares for 200 ms
on a computer screen with a star hidden behind one of the
squares (See Fig. 1). A blue square appeared over one of
the white squares for 200 ms and 75% of the time hinted
at the correct location of the star. The screen then tran-
sitioned to black and gave the participant up to 3000 ms
to decide, using the arrow keys, the location of the star.
Following the decision screen, a 3000 ms feedback screen
appeared with either “Correct”, “Wrong”, or “Too Slow”
feedback. The “Correct” feedback was given when the
location of the star was correctly guessed. The “Wrong”
feedback was given when the location of the star was
incorrectly guessed. In the practice round, the “Too Slow”
condition was given when the star location was correctly
guessed, but the response time was longer than 500 ms.
In the actual game, the “Too Slow” condition was given
deceptively so that 60% of correct guesses were labeled
as “Too Slow” regardless of response time. Thus, “Cor-
rect” corresponded to a non-distressed state and “Wrong”
and “Too Slow” both corresponded to a distressed state
as demonstrated in previous work (Eldeeb et al., 2021).

Before the game was played with EEG data being col-
lected, two practice rounds were played for the participant
to become familiar with the game. The first practice round
consisted of only the “Correct” and “Wrong” feedback con-
ditions (50 trials). In the second practice round, the “Too
Slow” feedback condition was introduced (50 trials). In the
actual game, EEG data were collected, and deception was
introduced so that 60% of correct guesses resulted in the
“Too Slow” feedback condition regardless of the response
times (100 trials). To elicit greater emotional reaction and
to encourage better focus, a point system was introduced in
the second practice round and kept in the actual game. Par-
ticipants started with 150 points in each of the rounds and
were awarded 10 points for every “Correct” feedback and
lost 10 points for every “Too Slow” and “Wrong” feedback.
Participants were told that if they ended with more than zero
points after all rounds were played, they would win a $50
prize (plus $25 for participation). The game was set so that
all participants would win the $50 prize.

Feedback Screen
(3000 msec)

star location using the right and left arrow keys. Finally, a feedback
screen was given for 3 s with “Correct” feedback for guessing the star
location correctly, “Wrong” feedback for guessing the star location
incorrectly, and a deceptive “Too Slow” feedback. “Too Slow” feed-
back was presented on 60% of trials with a correct guess
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Reported Reactivity Measures

The EDI (Carla A. Mazefsky et al., 2018) was developed to
assess emotion dysregulation in ASD using methods developed
by the Patient-Reported Outcomes Measurement Information
System (PROMIS®). Items are free of differential item func-
tioning (DIF) based on age, gender, intellectual ability, or ver-
bal ability (Carla A Mazefsky et al., 2018). The EDI’s validity
was supported by expected group differences (higher scores in a
psychiatric inpatient sample versus an autism spectrum disorder
community sample) and expected convergent and concurrent
validity with related and other ER measures (Mazefsky et al.,
2018). Reliability in the current sample was good (x=0.88).
Items are rated on a 5-point scale based on severity of behavior
during the previous seven days (severity; 0=Not at all, 1 =Mild,
2=Moderate, 3= Severe, and 4= Very Severe). The EDI yields
two subscales; a reactivity score that captures quickly escalat-
ing, sustained, and poorly regulated negative emotional reactions
(e.g., my child is “hard to calm him/her down when he/she is
upset,” “emotions go from O to 100 instantly”), and a dysphoria
score that measures poorly upregulated positive affect, general
unease, and low motivation (e.g., ““very little makes him/her
happy,” “not responsive to praise or good things happening”).
The reactivity score is higher for individuals with poor emo-
tional reactions. In this study, the pre-treatment caregiver-report
reactivity short form score (7 items; correlated at r=0.98 with
full reactivity scale) for each participant is used.

Clinical Assessments

All participants completed a series of clinical assessments
as part of the larger randomized clinical trial. All clinical
assessments considered in this study are parent-reported.
Consistent with our hypotheses, our focus was on the EDI
reactivity scores, because they reflect emotion-related reac-
tivity. As part of the larger clinical trial, but not directly
related to this study, additional clinical assessments
included the EDI dysphoria, Social Responsiveness Scale
(SRS), Patient-Reported Outcomes Measurement Informa-
tion System (PROMIS), Child Behavior Checklist (CBCL
for < 18 years old), and Adult Behavior Checklist (ABCL
for > 18 years old). T-score conversions were used on all
clinical assessment scores to provide greater sensitivity.
Table 1 provides the mean and standard deviation for each
of the assessment t-scores for the 52 participants.

EEG Equipment

At the University of Pittsburgh, the games were played using
a Lenovo ThinkPad P50 (16.5” screen width) running the
Psychophysics toolbox in MATLAB. EEG data were col-
lected using the Wearable Sensing DSI-24 wireless dry
electrode headset at a sampling rate of 300 Hz. The headset
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Table 1 Parent-report clinical assessment T-scores

Assessment Mean (= std dev)
EDI reactivity 49.66 (+6.97)
EDI dysphoria 51.55 (+8.62)

SRS total score

PROMIS anxiety score
PROMIS depression score
CBCL/ABCL aggression score

74.75 (£9.44)
55.5 (+9.54)
54.36 (+11.24)
63.85 (+8.06)

includes 21 Ag/AgCl electrodes at locations corresponding
to the 10-20 International System. Ground was placed at the
earlobes and all EEG data was referenced to channel Pz. At
the University of Alabama, the games were played using a
Dell monitor. EEG data were collected using a BrainVision
actiCAP snap system at a sampling rate of 500 Hz. This sys-
tem includes 32 Ag/AgCl electrodes at locations correspond-
ing to the 10-20 International System. Ground was placed
at channel FPz, and all EEG data were referenced to the left
earlobe (channel A1l). The data from the two different sites
were unified by resampling all University of Alabama data to
300 Hz. Wilcoxon rank sum tests were used to confirm that
the FRN amplitudes, reactivity scores, and response times
across sites came from the same distribution (p > 0.099).

Preprocessing

MATLAB R2019b was used with the EEGLAB v2021.0 tool-
box to preprocess the raw EEG data (Delorme & Makeig, 2004).
The raw EEG data were filtered using a Kaiser-windowed band-
pass filter with cutoff frequencies of 1 and 30 Hz.

Next, artifact removal was performed. Artifacts can be
created by blinking, muscle movement, or poor electrode
connection. Using EEGLAB, EEG channels that contained
bad data were removed. The criteria for a bad channel
included no signal for at least 5 s or if the channel line noise
relative to the signal was greater than 4 standard deviations
from the channel signal mean.

After removing bad channels, portions of the remaining data
were removed. Bad burst rejection was implemented via Artifact
Subspace Reconstruction (ASR) (Chang et al., 2020). Bad burst
rejection compares clean portions of the EEG data to the rest of
the EEG data and removes windows of the rest of the data that
highly differ from the clean portions.

Data portions that exceeded the mean power by more than
20 standard deviations within at least a quarter of the chan-
nels simultaneously were removed.

An additional artifact removal process, independent com-
ponent analysis (ICA), was also performed. ICA was per-
formed using the logistic infomax ICA algorithm (Bell &
Sejnowski, 1995) and natural gradient (Amari et al., 1995).
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Once the data were separated into individual components,
each component was labeled as brain, line noise, channel
noise, eye, muscle, or other using the ICLabel classifier
(Pion-Tonachini et al., 2019). All components with at least
70% probability of being brain activity were kept, and all
other components were removed from the signal.

The EEG data were re-referenced to the mean of channels A1
and A2 so that the data from both collection sites had a common
reference. The original reference channel was added back into
the dataset through spherical spline interpolation.

The data of interest is the EEG signal immediately after
the onset of a visual feedback. Therefore, for each epoch, data
was kept from 200 ms before the onset of the feedback up
until 800 ms after the onset of the feedback. Each epoch was
baseline corrected by subtracting the mean of the 200 ms of
data before the onset of the feedback from the rest of the data.

Following preprocessing, the average number of trials
kept for all conditions, for the “Correct” condition, for the
“Wrong” condition, and for the “Too Slow” condition were
72.67(x21.33), 24.87 (£7.20), 27.65 (£ 10.38), and 20.15
(+7.52) respectively.

Feature Calculation

The average EEG signal at channel Cz was calculated and
plotted across all trials and participants in order to deter-
mine the appropriate time window to calculate the FRN.
Based on previous work (Deveney, 2019) and verified upon
visual inspection of the full sample grand-average waveform
at Cz, the FRN was calculated by taking the mean value
of the EEG signal, measured at the Cz electrode, between
230 to 300 ms post-feedback onset. More specifically, the
FRN for each condition was calculated for each participant
separately (e.g., averaged across all trials with “Correct”
feedback, “Wrong” feedback, and “Too Slow” feedback).

In addition, response times were computed as the time
taken by a participant to click the right or left arrow key in
the next trial following the visual “Correct,” “Wrong,” or
“Too Slow” feedback. The response times were averaged
per individual per feedback condition.

After collecting average FRN, average response times in
the successive trial, and reactivity scores, outlier removal
was performed. To remove outliers, the z-score of the aver-
age FRN, average response times in the successive trial,
and reactivity scores were taken. Any participant with any
z-scored data greater than 3 or less than -3 was removed
from the analysis. This left the final analysis with 46 par-
ticipants. Three participants were excluded due to channel
Cz being removed during EEGLAB preprocessing. Two par-
ticipants were removed for response time outliers and one
participant was removed for FRN outliers.

Analyses

The first step of the analysis was to determine if there were
differences in the average FRN between the “Correct” (e.g.,
non-distress), “Wrong” (e.g., distress), and “Too Slow” (e.g.,
distress with deception) conditions. Difference in average
FRN was tested using a repeated measures ANOVA test to
compare means across repeated observations (i.e., across
three different feedback conditions, a=0.05). In addition, an
a priori Fisher’s least significant difference (LSD) tested for
pairwise differences in the average FRN for any two of the
three feedback conditions using a pooled standard deviation
from all three conditions (a¢=0.05). A Shapiro—Wilk test
was performed and confirmed the normality of the average
FRN data. To test overall group patterns, a similar repeated
measures ANOVA test was performed with participants’
average response times in the successive trial as the outcome
between the three feedback conditions.

Next, a series of simple linear regression models were used
to examine relationships between key outcomes. All regression
models were fit separately for each of the three feedback condi-
tions with a t-test to determine significance of f; (x=0.05).
Three sets of models were generated to test relationships
between: (1) average FRN and average response times in the
successive trial; (2) average FRN and reactivity scores; and
(3) for the sake of completeness, average response times in the
successive trial and reactivity scores (See Appendix Table 2).

Additionally, to better understand the relationship between
FRN and reactivity, a subgroup analysis was performed. The
participants were split into two groups: elevated reactivity
(=46.9) and non-elevated reactivity (<46.9). The threshold
for splitting the two groups was determined based on a score
greater than one standard deviation above norms from a gen-
eral population sample of 1000 youth (Mazefsky et al., 2021a,
2021b). The same repeated measures ANOVA and Fisher’s
LSD test, as described in the first step of the analysis, were
completed for each subgroup separately.

Lastly, relationships between clinical manifestations
and the Affective Posner Task in autistic adolescents, cor-
relations were run between all clinical variables, FRN, and
response times to better understand the subjects included in
the study (See Appendix Table 3).

Results

FRN Amplitudes and Response Times
in the Successive Trial by Condition

Looking at the average EEG signals at channel Cz in Fig. 2,
the average FRN had the most negative deflection for the
“Too Slow” feedback followed by the “Wrong” feedback
and then the “Correct” feedback.
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In addition to graphically, the repeated measures ANOVA
test confirmed that the FRN was significantly different across
the three feedback conditions F(2, 90)=6.229, p=0.003. Fig-
ure 3 provides the mean values for the average FRN for each of
the feedback conditions along with the 95% confidence inter-
vals. Again, the mean value for the average FRN was the most
negative for the “Too Slow” feedback condition followed by
the “Wrong” feedback and then the “Correct” feedback. Con-
ducting a Fisher’s LSD test, there was a significant difference
between the average FRN corresponding to the “Correct” and
“Too Slow” feedback conditions, p <0.001. Average “Wrong”
FRN values were not statistically different from either “Correct,”
p=0.060, or “Too Slow,” p=0.109, feedback conditions.

There were no significant differences between the
response times in the successive trial for each of the feed-
back conditions, F(2,90)=0.152, p=0.860.

FRN Amplitudes Relating to Response Time
in the Successive Trial

The linear regression models were fit between average response
time in the successive trial and average FRN for each of the
feedback conditions separately. Figure 4 gives the three regres-
sion lines and the original data points. A more negative FRN
deflection corresponded to faster response times on the next
trial on average for both the “Wrong” (=0.007, p=0.029) and
“Too Slow” (B=0.004, p=0.006) conditions. For the “Correct”
condition, regression models indicated a lack of response time
change when the FRN was varied, #=0.001, p=0.702.

FRN Amplitudes Relating to Reactivity Scores

Figure 5 shows how FRN was related to reactivity scores for
each of the feedback conditions with the original datapoints
and best-fit regression lines. For the “Correct” condition, a

FRN (Cz)

' -e-Correct
-&-Wrong
Too Slow

8 . . i
-200 -100 0 100 200 300 400 500

Fig.2 Average EEG Signals at Cz Within Feedback Conditions.
The figure presents the preprocessed EEG data at channel Cz aver-
aged across participants for each feedback condition separately. This
figure was used to select the appropriate window to calculate the
FRN. The window selected is from 230 to 300 ms and is denoted by
the dashed lines in the figure
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Fig.3 Mean FRN Values for Each Feedback Condition. The mean
FRN values for each feedback condition with their 95% confidence
intervals are shown in the figure. *p <.001

higher reactivity score corresponded to a more negatively
deflected FRN, f=-0.220, p =0.043. For the “Wrong”
(#=-0.093, p=0.221) and “Too Slow” ($=0.046, p=0.723)
conditions, regression models indicated a lack of FRN sen-
sitivity to different reactivity scores.

Lastly, the reactivity scores were compared with the aver-
age response times in the successive trial and no significant
relationship was found within any of the three feedback con-
ditions, p>0.221 (See Appendix Table 2).

Subgroup Analysis
The repeated measures ANOVA test for the non-elevated

EDI subgroup showed that the FRN was significantly differ-
ent across the three feedback conditions, F(2, 26)=6.985,

—e— Correct o
—=— Wrong &
Too Slow

| |
°

Response Time (sec)
1
g

025 030 0.35 040 045 050 0.55
Il

1
s
%o
a

CP] °
.
-

—.,-ODDOOD DD@DD o

]

e

FRN (uV)

Fig.4 Response Time in the Successive Trial Regressed on FRN
Simple Linear Regression. The figure shows simple linear regression
between response time in the successive trial and FRN for each feed-
back condition separately. The original data points are provided as a
scatter plot in addition to the regression lines
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Fig.5 FRN Regressed on Reactivity Scores Simple Linear Regres-
sion. The figure demonstrates simple linear regression between
FRN and reactivity scores (from EDI) for each feedback condition
separately. The figure includes the original data points as well as the
regression lines

p=0.004 (See Appendix Fig. 7). Conducting a Fisher’s LSD
test, average “Correct” FRN values were significantly dif-
ferent from “Wrong,” p=0.042, and “Too Slow,” p <0.001.
There was no significant difference in average FRN values
between “Wrong” and “Too Slow,” p=0.125. For the ele-
vated EDI subgroup, the FRN was not significantly different
across any of the three feedback conditions, F(2, 62)=1.359,
p=0.265 (See Appendix Fig. 6).

Correlations with Clinical Assessments

Running correlations between clinical variables, FRN, and
response times revealed several statistically significant
relationships (See Appendix Table 3). Some key clinical
findings were EDI reactivity positively correlated with
EDI dysphoria (r=0.483, p=0.001). PROMIS anxiety and
depression scores also had a positive correlation (r=0.608,
p<0.001). CBCL/ABCL aggression scores positively cor-
related with both EDI reactivity (r=0.645, p <0.001) and
dysphoria (r=0.328, p=0.034).

Discussion

The purpose of this study was to identify if the FRN could
be used as an instantaneous biological measurement of
emotional reactivity in autistic adolescents. Results
revealed a significant difference between the average FRN
to “Correct,” “Wrong,” and “Too Slow” feedback. The
average FRN given “Too Slow” feedback was more nega-
tive than the average FRN given “Correct” feedback as
expected. In previous literature, the FRN has been shown
to be more negative for negative feedback than for positive

feedback when frustrated (Deveney, 2019). Although we
did not find statistically significant separation between
the average FRN to “Wrong” feedback and either of the
other two feedback conditions, the mean value of the
average FRN values are highest for “Correct” followed by
“Wrong” and then “Too Slow.” Because the mean of the
average FRN values decreases almost linearly across the
three feedback conditions, this suggests that the FRN may
be able to be used to separate between different levels of
distress as previously suggested (Bellebaum et al., 2010).
The fact that the “Too Slow” feedback results in a more
negative mean FRN than the “Wrong” feedback for autistic
youth and adolescents suggests these individuals may be
sensitive to deceptive feedback.

Deveney et al. found that response times were faster
overall when the deceptive “Too Slow” feedback was
introduced to a similar game with a non-clinical sample of
adult females (Deveney, 2019). In this research, we broke
down the response time analysis further for each feedback
condition separately. Average response times following
“Correct” feedback had no significant correlation to the
average FRN following “Correct” feedback. This suggests
that when participants won a trial, there was no need to
change behavior. However, for the “Wrong” and “Too
Slow” feedback conditions, average response times in the
successive trial got faster with more negative average FRN
values. It is likely that participants with the more nega-
tive FRN values were more frustrated than the participants
with higher FRN values. This means that the participants
who were more averse to the negative feedback conditions
may have adapted more to the feedback resulting in faster
response times in the following trials.

Frustration is associated with anger, which is an
approach-motivated emotion (Carver & Harmon-Jones,
2009). In the current task, more frustrating feedback cor-
responded to faster response times following “Too Slow”
feedback than after “Correct” feedback. It is possible that
this is a sign of increased approach motivation. It would
make sense that motivation increased following frustrat-
ing feedback if individuals still felt that they had the pos-
sibility to earn positive feedback. Previous work with the
FRN component measured in response to positive feed-
back, called the Reward Positivity, has demonstrated that
approach motivation enhances Reward Positivity ampli-
tudes to positive feedback (Threadgill & Gable, 2020).
In the current results, it appears that increased approach
motivation resulted in larger FRN amplitudes to frustrat-
ing loss feedback than positive feedback. In conjunction
with past work, approach motivation may have an influ-
ence on the FRN, such that FRN amplitudes are enhanced
by approach-motivated frustration during losses (current
results) as well as wins (Threadgill & Gable, 2020) for
individuals with non-elevated reactivity.
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The reactivity scores were only significantly correlated to
the average FRN following “Correct” feedback. Participants
with higher reactivity scores had, on average, more nega-
tive FRN values. This could be a result of participants with
higher reactivity scores not being able to regulate emotions
as well as participants with lower reactivity scores. This is
supported by the subgroup analysis since participants with
elevated reactivity did not show statistically significant dif-
ferences in FRN across the different feedback conditions. In
other words, the participants with elevated reactivity scores
appear to discriminate less well between feedback condi-
tions compared to the non-elevated group.

Correlations with clinical assessments enhanced under-
standing of the participant population. EDI reactivity and
dysphoria positively correlated, consistent with prior
research indicating these are related though separate con-
structs (Mazefsky et al., 2021a, 2021b). Conceptually, this
relationship makes sense because EDI reactivity measures
more short-term sustained emotional reactions and dysphoria
measures general unease, low motivation, and low positive
affect, which often go hand-in-hand (Conner et al., 2021;
Mazefsky et al., 2018). EDI reactivity and dysphoria also
positively correlated with CBCL/ABCL aggression scores
with reactivity correlating more strongly. Again, these rela-
tionships make sense because EDI reactivity captures emo-
tional reactions which may manifest through aggression. EDI
dysphoria is more associated with lethargy and poor affect,
which may be tangentially related to aggression (Mazefsky
et al., 2018). PROMIS depression and anxiety scores were
positively correlated with each other. It is common for these
assessments to be highly correlated in previous work on
autistic youth (Conner et al., 2019; Mayes et al., 2011).

The main limitation of this research is the lack of a typi-
cally developing control group. All 52 participants were
diagnosed with ASD. However, within this sample, we can
compare FRN amplitudes, reactivity scores, and response
times in the successive trial for three different feedback
conditions. Considering the fairly large sample size and
numerous comparisons within the analysis, this research
remains relevant. A future direction should include a typi-
cally developing comparison group.

Conclusions and Future Work

The goal of the FRN analysis was to find separation
between non-distress and distress by comparing the
average FRN at the vertex for different feedback condi-
tions. We found that autistic participants were more dis-
tressed when receiving the “Too Slow” feedback than
the “Wrong” feedback on average suggesting that the
FRN may be able to be used to quantify different levels
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of distress. This confirms the findings in previous work
that the FRN amplitude codes the negative deviation from
reward expectations (Bellebaum et al., 2010, 2014). There
was not statistical significance in the separation in FRN
between the “Wrong” feedback condition and either the
“Correct” or “Too Slow” feedback condition, but this
should be explored further possibly including more frontal
and central channels in analysis.

We also demonstrated that negative feedback leads to
faster response times in the next trial on average. Future
work should be done to figure out whether the faster
response times are a result of increased focus after receiv-
ing negative feedback or random key pressing due to
extreme frustration.

Lastly, we found that participants with higher reactivity
scores had more negative FRN on average in the non-distress
condition. Through subgroup analysis we confirmed that par-
ticipants with higher reactivity scores have similar FRN values
regardless of the feedback condition. This means that the FRN
may only be useful in separating stress and non-distress for autis-
tic individuals with non-elevated reactivity scores. Future work
should consider the reactivity score from the EDI when studying
the FRN as reactivity scores can affect the separation of FRN
amplitude across feedback conditions. Furthermore, the current
study only considered the FRN between 230 and 300 ms post
feedback. In future research it could be insightful to also explore
other ERPs, such as late feedback positivity after 500 ms post
feedback. It could be interesting to see if reactivity scores have
similar effects on other ERPs across feedback conditions.

From this study, the FRN amplitude has shown to change
based on frustration for autistic individuals with non-ele-
vated reactivity scores. These findings support using the
FRN to better understand emotion regulation processes for
autistic adolescents with non-elevated reactivity scores in
future work. However, this also suggests the need for alter-
native strategies for interpreting emotion regulation pro-
cesses for autistic individuals with elevated reactivity.

Appendix

See Tables 2, 3 and Figs. 6, 7

Table 2 Overall F(1, 44) results from simple linear regression

Feedback Response time FRN regressed on
regressed on FRN EDI

Response time
regressed on

EDI
Correct  0.148 (p=0.702)  4.345 (p=0.043%) 1.657 (p=0.205)
Wrong  5.109 (p=0.029%) 1.541 (p=0.221)  0.115 (p=0.736)

Too slow 8.321 (p=0.006%) 0.127 (p=0.723)  1.567 (p=0.217)

*p<0.05
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FRN (uV)

Correct Wrong Too Slow

Fig.6 Mean FRN Values (Elevated EDI-Reactivity). The mean FRN
values for each feedback condition with their 95% confidence inter-
vals are shown in the figure. The elevated EDI-Reactivity subgroup
has a negative FRN for all feedback conditions

(AN) N
A

Correct Wrong Too Slow

Conditions

Fig.7 Mean FRN Values (Non-Elevated EDI-Reactivity). The mean
FRN values for each feedback condition with their 95% confidence
intervals are shown in the figure. The non-elevated EDI-Reactivity
subgroup has a positive FRN to “Correct” feedback and the most neg-
ative FRN to “Too Slow” feedback
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