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Abstract

Performance on an emotional stop-signal task designed to assess emotional response inhibition has been associated with Negative Urgency and
psychopathology, particularly self-injurious behaviors. Indeed, difficulty inhibiting prepotent negative responses to aversive stimuli on the emotional
stop-signal task (i.e. poor negative emotional response inhibition) partially explains the association between Negative Urgency and non-suicidal self-
injury. Here, we combine existing data sets from clinical (hospitalised psychiatric inpatients) and non-clinical (community/student participants) samples
aged 18-65years (N=450) to examine the psychometric properties of this behavioural task and evaluate hypotheses that emotional stop-signal task
metrics relate to distinct impulsive traits among participants who also completed the UPPS-P (n=223). We specifically predicted associations between
worse negative emotional response inhibition (i.e. commission errors during stop-signal trials representing negative reactions to unpleasant images)
and Negative Urgency, whereas commission errors to positive stimuli - reflecting worse positive emotional response inhibition - would relate to Positive
Urgency. Results support the emotional stop-signal task’s convergent and discriminant validity: as hypothesised, poor negative emotional response
inhibition was specifically associated with Negative Urgency and no other impulsive traits on the UPPS-P. However, we did not find the hypothesised
association between positive emotional response inhibition and Positive Urgency. Correlations between emotional stop-signal task performance and
self-report measures were the modest, similar to other behavioural tasks. Participants who completed the emotional stop-signal task twice (n=61)
additionally provide preliminary evidence for test-retest reliability. Together, findings suggest adequate reliability and validity of the emotional stop-
signal task to derive candidate behavioural markers of neurocognitive functioning associated with Negative Urgency and psychopathology.
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et al., 2014; Muhtadie et al., 2013). Cyders et al. (2007) devel-
oped a Positive Urgency scale to capture corresponding reactiv-
ity to positive emotional states, which is similarly linked to
transdiagnostic dysfunction (Berg et al., 2015; Cyders and Smith,
2008; Zapolski et al., 2009). Accordingly, Carver et al. (2017)
articulated the idea that valence-general Urgency might be one
trait manifestation of the p factor.

Urgency is typically measured using self-rated question-
naires, although parallel findings have been observed using eco-
logical (Schatten et al., 2019) and informant-based (Zapolski and
Smith, 2013) ratings. Complementary research seeking to iden-
tify objective markers of Urgency using neuropsychological
tasks indicates fairly robust associations with response inhibition
deficits, albeit with relatively small effect sizes (Carver and
Johnson, 2018; Cyders and Coskunpinar, 2011, 2012; Johnson
et al., 2016). Given this construct’s intrinsically affective nature,
this report focuses on emotional response inhibition (ERI), a pro-
posed behavioural indicator of self-reported Urgency.

Response inhibition can be delineated into sequential stages:
(1) early action suppression, involving ‘withholding” of prepo-
tent impulses before initiating accompanying motor responses,
frequently measured using go/no-go or continuous performance
tasks and (2) /ate action termination, requiring ‘cancellation’ of
ongoing behavioural impulses affer response initiation, often
assessed via stop-signal tasks with greater inhibitory demand
(Bari and Robbins, 2013; Littman and Takacs, 2017; Sebastian
etal., 2013). Prior work has established the transdiagnostic influ-
ence of ERI impairment on psychopathology and Negative
Urgency (Gay et al., 2008). Studies have primarily investigated
early-stage emotional reaction suppression, establishing early
negative ERI deficits across externalising (Brugman et al., 2016;
Denny and Siemer, 2012; Iria et al., 2012) and internalising spec-
tra (Hjordt et al., 2017; Pacheco-Unguetti et al., 2012).

A few studies have specifically examined /ate-stage ERI.
Growing evidence suggests that negative ERI deficits in both early
and late stages may underpin emotion dysregulation, Urgency, and
related characteristics — particularly in the context of childhood
adversity. For example, early negative ERI impairment may be one
mechanism through which childhood poverty exerts an indirect influ-
ence on internalising symptoms (Capistrano et al., 2016). Superior
late negative ERI may conversely buffer the impact of early-life mal-
treatment on later suicidal behaviors (Allen et al., 2021). Late nega-
tive ERI dysfunction also partially explains Negative Urgency’s
relationship with non-suicidal self-injury (NSSIL; Allen and Hooley,
2019) and prospectively predicts NSST urges (Burke et al., 2021).

This study aims to (1) evaluate the psychometric properties of
an emotional stop-signal task (ESST) designed to measure late ERI
and (2) examine relationships between ERI parameters and
Urgency, by analyzing aggregated data sets including this task. We
hypothesise (A) adequate test-retest reliability of ESST parameters
and (B) valence-specific associations of negative and positive ERI
metrics with Negative and Positive Urgency scales, providing ini-
tial evidence for this task’s convergent and discriminant validity.

Method
Participants

We examined a large, diverse group of participants (e.g. with and
without psychiatric history) who completed the ESST in varied

contexts to provide expected ranges of task performance param-
eter values. However, our primary analyses focused on subsam-
ples of participants who either completed the ESST twice
(Hypothesis A) or who completed the UPPS-P (Hypothesis B).
We accordingly aggregated data from multiple completed (see
Allen et al., 2021; Allen and Hooley, 2015, 2019; Burke et al.,
2021) and ongoing (RO1 MH108610, MPI: H.T.S., Miller, and
Mower-Provost; RO1 MH112674, PI: M.F.A.) research studies,
comprising community, student, and psychiatric samples of
adults aged 18—65 years old (total N=450 before outlier removal
described below; see Supplementary Figure S1 for additional
information). Psychiatric participants were recruited from hospi-
tal inpatient units (with the permission of their treatment teams)
based on histories of suicidal ideation or behaviors; individuals
whose psychotic or mood symptoms were sufficiently severe to
impede participation in all study procedures (e.g. ecological
momentary assessment) were excluded. Hospitalised participants
included psychiatric inpatients (n=150) with a history of (and/or
current): alcohol and/or other substance use disorders (n=95;
63.3%), anxiety disorders (n=25; 16.7%), bipolar spectrum dis-
orders (n=23; 15.3%), depressive disorders (n=97; 64.7%),
feeding and eating disorders (n=4; 2.7%), neurodevelopmental
disorders (n=3; 2.0%), obsessive-compulsive and related disor-
ders (n=2; 1.3%), personality disorders (n=06; 4.0%), post-trau-
matic stress disorder (n=15; 10.0%), and psychotic disorders
(n=9; 6.0%).

We evaluated test—retest reliability of ESST variables in a
subgroup of hospitalised adult psychiatric inpatient participants
(n=61) who completed a baseline assessment during their stay
and returned for follow-up evaluation between 2 and 6 months
after hospital discharge (mean (M)=111.42 days; standard devi-
ation (SD)=51.77; median=85days; range=59-221days).
Cross-sectional analyses included additional psychiatric inpa-
tient participants (n=98) who only completed the ESST once,
that is, at baseline during hospitalisation. Two other data sets
consisted of community and student participants recruited from
the greater Boston area, based on self-reported NSSI engage-
ment (n=79) or lack of psychiatric history (#=90). A fourth data
set comprised students enrolled in a public research university
on the east coast of the United States, including those with
(n=62) and without at least two acts of NSSI (2=58), plus two
additional participants with complete ESST data whose NSSI
history is unknown. Since the UPPS-P was not administered to
inpatient participants, validity analyses were necessarily
restricted to community and student participants across samples
who completed both the ESST and UPPS-P (n=223 before out-
lier removal; see Table 1) to assess hypothesised links between
ERI deficits and Urgency scales (Each research group also
assessed psychopathology via clinical interviews and/or symp-
tom checklists; data pertaining to psychiatric history and current
symptoms are excluded from this report but available upon
request.).

Measures

ESST. The ESST (see Figure 1) is a modified version of the orig-
inal stop-signal task developed by Logan and Cowan (1984)
(Allen and Hooley, 2015, 2019). This study evaluates two vari-
ants that differ only in the number of stimulus categories (four vs
three). The revised version (Allen and Hooley, 2019) includes
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Table 1. Sample demographic characteristics.

Hypothesis A: longitudinal
sample (n=55)

Hypothesis B: cross-sec-
tional sample (n=221)

Total baseline ESST sample
(n=432)2

M (SD)
Age (years) 38.31 (13.97)
Education (years) 13.48 (2.89)
n (valid %)

Gender Female 35 (63.64)

Male 20 (36.36)

Non-binary -

Did not disclose/missing -
Sexual ori- Heterosexual 39 (72.22)
entation LGBQ+ 15 (27.78)

Did not disclose/missing 1 (n/a)
Ethnicity/ Asian 1(1.82)
race Black/African American 1(1.82)

Multiracial/other 5 (9.09)

Native American® 2 (3.64)

White (Hispanic/Latinx) -

White (non-Hispanic) 46 (83.64)

Did not disclose/missing -
Marital Cohabitating/engaged/mar- 12 (22.22)
status ried

Dating/in a relationship -

Divorced/separated/widowed 14 (25.93)

Single/not married 28 (51.85)

Did not disclose/missing 1 (n/a)

22.03 (6.11)
14.43 (1.91)

187 (84.62)
34 (15.39)

82 (80.39)
20 (19.61)
119 (n/a)
41 (18.64)
20 (9.09)
23 (10.46)

26.96 (11.04)
14.09 (2.60)

311 (72.83)
115 (26.93)
1(0.23)

5 (n/a)
184 (77.64)
53 (22.36)

195 (n/a)
47 (12.95)
23 (6.34)
36 (9.95)

3 (0.83)
4 (1.10)

249 (68.60)
70 (n/a)
38 (16.03)

39 (16.46)

36 (15.19)
124 (52.32)
195 (n/a)

ESST: emotional stop-signal task; SD: standard deviation; n/a: not available.

aTotal sample includes individuals in the other two columns in combination with all other participants who completed the ESST at least once, after outlier removal (see

‘Analytic procedures’), which resulted in the exclusion of 18 individuals (4.0%).

bThis group included participants who identified as American Indian and/or native to Alaska or Hawaii (or Pacific Islander). Five participants did not disclose their age

and 135 participants did not report educational history.

© ®
=

|
Ly

STOP-SIGNAL DELAY (SSD) 1550ms~

SSD decrease by 50 ms
on next stop-signal trial

False alarm
(commission error)

/ Successful

{ emotional

\_response inhibition /

SSD increase by 50 ms
on next stop-signal trial

Figure 1. The emotional stop-signal task (ESST) instructs participants to rapidly indicate the valence of serially presented images by keypress,
except on trials with an auditory stop-signal, when participants are asked to inhibit their emotional reaction and accompanying behavioural
response. If participants are unable to inhibit an emotional response on a stop or ‘no-go’ trial, the staircase tracking algorithm decreases the stop-
signal delay (SSD) on the subsequent stop trial, thereby reducing time for stimulus evaluation, response selection, and motor preparation (and vice

versa).
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three categories of image stimuli (Neutral, Positive, and Nega-
tive) from the International Affective Picture System (IAPS;
Lang et al., 2008), whereas the original ESST, designed to study
NSSI, includes a fourth category of images depicting self-harm
(Allen and Hooley, 2015; Burke et al., 2021). Most participants
completed the revised ESST (n=264; 58.7%), and given the gen-
eral focus of this report, we omitted trials with self-harm stimuli
from current analyses.

In this task, participants are asked to ‘quickly and accurately’
categorise (via keypress) the valence of serially presented
Negative, Positive, and Neutral IAPS stimuli, randomised by
valence within-block and matched for image arousal/intensity
between Negative and Positive stimulus categories, as either
‘pleasant/positive’ or ‘unpleasant/negative’ on trials without a
stop-signal, that is, ‘go’ or no-signal trials (n=192). The revised
ESST comprises N=224 trials across four blocks (including 32
practice trials) that are roughly evenly distributed across stimulus
valence, with n=48 trials (~16 per IAPS category) that include
an auditory stop-signal, during which participants are instructed
to inhibit their affective reaction and accompanying behavioural
response. The temporal delay of the stop-signal is continually
adjusted in 50ms increments based on individual performance
via a staircase tracking algorithm. This adaptive component of
the original task is necessary to estimate stop-signal reaction
time (SSRT), which requires total commission errors (false
alarms) to remain around 50% (independent of stimulus cate-
gory). Maintaining an overall commission error rate around 50%
(across stimulus type) also enables us to directly compare the
effects of different types of IAPS stimuli on late ERI capacities,
providing information regarding the relative difficulty of termi-
nating emotional reactions to Positive, Negative, and emotionally
ambiguous (i.e. Neutral) images.

The ESST provides numerous parameters relevant to affec-
tive processing, some of which are omitted here for clarity and to
reduce the likelihood of statistical error in hypothesis-testing
analyses. Our main variables of interest here include several
measures of late ERI impairment (i.e. higher scores indicate
worse ERI): (1) SSRT, calculated per traditional guidelines
(Verbruggen and Logan, 2008) as the median stop-signal delay
subtracted from mean reaction time during trials without a stop-
signal; (2) Positive and (3a) Negative false alarm rate, that is, the
percentage of commission errors (failed inhibition of negative or
positive behavioural responses, matched to stimulus valence)
during stop-signal trials with Positive or Negative IAPS images,
respectively (see Allen and Hooley, 2015). We also derived an
alternative metric of negative ERI impairment, (3b) P(Negative
false alarm), the probability of making a behavioural response or
commission error reflecting a negative judgment (i.e. that an
image is aversive or ‘unpleasant’) on stop-signal trials independ-
ent of stimulus category. In other words, this variable represents
the proportion of negative false alarms relative to the total num-
ber of trials with a stop-signal, but only those that also reflect
negative reactions to IAPS stimuli that participants failed to
inhibit as instructed, regardless of whether the image was classi-
fied a priori (using normative ratings; Lang et al., 2008) as
Neutral, Positive, or Negative; we previously referred to this
variable as negative emotional action termination (see Allen and
Hooley, 2019). Although positive and negative ERI metrics allow
us to test valence-specific predictions regarding their relation-
ships to Positive and Negative Urgency (i.e. Hypothesis B),

SSRT may be an indicator of domain-general ERI deficits unre-
lated to valence; we therefore expect non-specific associations
between SSRT and overall Urgency, taken as the mean of Positive
and Negative Urgency scores.

We report the following ESST metrics primarily for compari-
son with similar tasks: (1) Accuracy, the percentage of no-signal
trials with correctly-identified Positive or Negative IAPS stimuli,
which is the only ESST variable where higher values reflect bet-
ter performance; (2) Negativity bias, a related measure of inter-
pretive bias and emotional identification abilities, defined as the
percentage of all no-signal trials with negative judgments (i.e.
behavioural responses indicating that participants identified the
presented image as aversive or ‘unpleasant’), independent of
actual IAPS stimulus valence; (3) No-signal reaction time, a
measure of affective processing speed in the ESST, operational-
ised as the mean reaction time during no-signal trials, reflecting
the latency of valence evaluation and emotional discrimination
processes; (4) Miss rate, the percentage of total omission errors,
that is, no responses on no-signal trials; (5) Total false alarm rate,
the percentage of total commission errors (i.e. any responses on
stop-signal trials), which should approximate 50% by design;
finally, (6) Neutral false alarm rate, the percentage of commis-
sion errors (regardless of valence) during stop-signal trials with
ambiguous or Neutral IAPS stimuli.

UPPS-P Impulsive Behaviour Scale. This psychometrically
sound (Cyders et al., 2007; Smith et al., 2007) questionnaire con-
sists of 59 items rated on a 4-point scale reflecting how much
participants ‘agree or disagree’ with each statement (Lynam
et al., 2006). The UPPS-P produces scores on five dimensions of
trait-like impulsivity: (1) Positive and (2) Negative Urgency, the
tendency to experience and act on strong impulses in emotional
contexts, for example, ‘It is hard for me to resist acting on my
feelings’; (3) (lack of) Premeditation, or the propensity to act
without forethought, for example, ‘I am [not] a cautious person’;
(4) (lack of) Perseverance, or the inability to remain focused on
difficult or boring tasks, for example, ‘I tend to give up easily’;
(5) Sensation-seeking, which refers to one’s preference for excit-
ing or novel experiences, for example, ‘I would enjoy parachute
jumping’. We calculated an additional ‘valence-general’ Urgency
scale by taking the mean of Positive and Negative Urgency
scores.

Analytic procedures

We first performed data cleaning and processing procedures in
SPSS version 27.0 and JASP version 0.11.1 (JASP Team, 2019),
which included requisite statistical assumption checks (e.g. con-
firming acceptable skewness and kurtosis values; see Byrne,
2010). In line with similar studies (e.g. Allen et al., 2019b;
Johnson and Tottenham, 2015), we excluded participants with
outlier ESST performance (i.e. more than three standard devia-
tions outside mean values) based on the following: low valence
identification Accuracy during no-signal trials with Positive or
Negative IAPS stimuli; a large number of omission errors or high
Miss rate; as well as negative SSRT values that indicate deliber-
ate slowing of no-signal responses, violating a key assumption of
stop-signal tasks’ estimation of inhibitory speed (e.g. Congdon
et al., 2012). Exclusion criteria resulted in the removal of n=18
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Table 2. ESST performance and UPPS-P scores.

Hypothesis A subsample (n=55)

Baseline (T1)

Follow-up (T2)

Hypothesis B sub-
sample (n=221)

Total sample (n=432)

ESST Accuracy (%)

ESST Negativity bias (%)

ESST Miss rate (%)

ESST No-signal reaction time (ms)
ESST Stop-signal reaction time (ms)
ESST Total false alarm rate (%)
ESST Neutral false alarm rate (%)
ESST Positive false alarm rate (%)
ESST Negative false alarm rate (%)
ESST P(Negative false alarm) (%)

90.85 (5.34)
35.77 (8.30)
10.49 (7.01)

836.52 (100.29)
355.55 (194.18)

50.07 (16.57)
42.56 (20.46)
48.85 (18.09)
52.80 (17.19)
21.07 (8.19)

91.51 (6.79)
35.46 (7.99)
7.61 (8.23)

811.28 (124.71)
341.11 (192.99)

52.14 (19.83)
47.87 (23.13)
53.29 (20.95)
50.53 (21.47)
20.29 (9.40)

93.94 (5.46)
45.96 (9.66)
5.96 (6.01)
782.00 (104.85)
301.06 (90.67)
46.96 (9.47)
36.61 (16.04)
50.67 (15.83)
46.35 (16.26)
23.68 (8.74)

92.94 (6.06)
44.25 (11.13)
6.31 (6.28)
789.23 (104.52)
331.12 (127.93)
49.22 (13.21)
39.68 (19.10)
50.39 (17.56)
49.58 (17.35)
24.03 (9.06)

UPPS-P Urgency -
UPPS-P Positive Urgency -
UPPS-P Negative Urgency -
UPPS-P lack of Perseverance -
UPPS-P lack of Premeditation -
UPPS-P Sensation-seeking -

- 25.53 (8.00) -
- 24.15 (9.22) -
- 26.90 (7.98) -
- 19.98 (5.68) -
- 20.35 (4.79) -
- 31.21 (7.45) -

ESST: emotional stop-signal task.

P(Negative false alarm): probability of negative commission error given a stop-signal, regardless of stimulus valence, an alternative metric of negative emotional response

inhibition (in addition to Negative false alarm rate).

participants (4.0% of available sample) from descriptive analyses
(Table 1), six participants (9.8% of available sample) from longi-
tudinal reliability analyses (Hypothesis A; see Tables 1-3), and
two participants (0.9% of available sample) from cross-sectional
validity analyses (Hypothesis B; see, Tables 1, 2 and 4), produc-
ing final sample sizes of n=432 (descriptive), n=55 (reliability),
and n=221 (validity), respectively.

We subsequently calculated descriptive statistics to evaluate
sample characteristics (Table 1) and baseline ESST performance
(Table 2) in participants who did and did not return for follow-up
assessments, as well as the subgroup who also completed the
UPPS-P. To examine test—retest reliability (Hypothesis A), we
then conducted correlational analyses evaluating associations
between baseline and follow-up ESST measures (see Figure 2
and Table 3). Finally, we evaluated task validity (Hypothesis B)
using correlations of ESST and UPPS-P variables (Figure 2 and
Table 4); results of post hoc analyses evaluating the potential
effects of data collection site (see Supplementary materials) indi-
cated comparable performance on major ERI metrics across sam-
ples included in tests of Hypothesis B.

Results
Test—retest reliability

For Hypothesis A, we examined the test-retest stability of ESST
ERI metrics outlined above via linear correlations. Observed
relationships between ESST performance metrics measured at
two time points (at least 1 month apart) were generally consistent
with predictions (see Table 3). Specifically, we found moderate
test—retest correlations between baseline and follow-up ERI indi-
cators: (1) SSRT, #(55)=0.37, p=0.006, 95% confidence interval
(CI)=[0.11, 0.58], (2) Positive false alarm rate, #(55)=0.46,

»<0.001, 95% CI=[0.22, 0.65], (3a) Negative false alarm rate,
7(55)=0.37,p=0.006, 95% CI=[0.12, 0.58], and (3b) P(Negative
false alarm), 7(55)=0.30, p=0.025, 95% CI=[0.04, 0.53], in
addition to associations among test—retest indicators unrelated to
ERI, that is, Accuracy, 7(55)=0.60, p<0.001, 95% CI=[0.40,
0.75], Negativity bias, #(55)=0.38, p=0.005, 95% CI=[0.12,
0.58], and No-signal reaction time, 7(55)=0.36, p=0.007, 95%
CI=[0.11, 0.57].

As predicted, nearly all ERI variables were moderately inter-
correlated between baseline and follow-up measurements (cor-
relational effect sizes: 0.28-0.46), with a few exceptions (see
Table 3 and Supplementary materials). Specifically, slower SSRT
during the first ESST was associated with worse ERI across
administrations and valence categories — relationships that were
generally of greater magnitude than the correlation between
baseline and follow-up SSRT, 7(55)=0.37, p=0.006, 95%
CI=[0.11, 0.58]. These results support the possibility that SSRT
in the ESST may reflect ‘global’ or domain-general ERI capaci-
ties. ERI parameters were also highly intercorrelated when meas-
ured concurrently at each assessment, with medium-to-large
effect sizes ranging from 0.30 to 0.88 (see Table 3). In general,
results collectively suggest substantial shared variance among
ESST ERI parameters — valence notwithstanding — perhaps
implicating a common latent ERI factor that shows considerable
stability over at least 2 months (and up to 7 months).

There were several unexpected but noteworthy associa-
tions between baseline and follow-up ESST performance
parameters, in addition to some surprising lack of associa-
tions. Please refer to Supplementary materials for an overview
of these findings, which should be considered preliminary
since they were not formally tested as a priori relationships of
interest. We consequently did not apply statistical correction
for multiple testing and focused supplementary analyses on
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Table 4. Pearson’s correlations assessing validity of baseline ERI metrics against the UPPS-P (n=221).
1. 2. 3. 4. 5. 6. 7. 8. 9.
1. ESST SSRT (ms) -
2. ESST Positive false alarm rate (%) 0.26*** -
3. ESST Negative false alarm rate (%) 0.27*** 0.02 -
4. ESST P(Negative false alarm) (%) 0.31***  -0.01 0.55*** -
5. UPPS-P Urgency 0.08 -0.06 0.11 0.31*** -
6. UPPS-P Positive Urgency 0.10 -0.06 0.05 0.30***  0.94*** -
7. UPPS-P Negative Urgency 0.05 -0.04 0.17* 0.27***  (0.92***  0.73*** -
8. UPPS-P lack of Perseverance 0.02 -0.05 0.03 0.09 0.42%**  0.32***  0.47*** -
9. UPPS-P lack of Premeditation 0.01 -0.01 -0.04 -0.07 0.46***  0.40***  0.46*** 0.36***
10. UPPS-P Sensation-seeking -0.04 0.04 0.03 0.08 0.18** 0.26***  0.07 -0.10 0.17*

ERI: emotional response inhibition; ESST: emotional stop-signal task; SSRT: stop-signal reaction time.
Correlations between valence-specific ERI variables and Negative/Positive Urgency (all measured concurrently) are highlighted in boldfaced font (Hypothesis B).

"p<0.05; **p<0.01; ***p <0.001.

observed links between ERI metrics and other indicators of
task performance.

Convergent and discriminant validity

We used Pearson’s correlations to evaluate Hypothesis B: that
negative and positive ERI metrics derived from the ESST would
each be specifically associated with Negative and Positive
Urgency scores from the UPPS-P (see Table 4). Consistent with
our hypothesis, Negative Urgency was associated with both neg-
ative ERI parameters: 7(221)=0.17, p=0.013, 95% CI=[0.04,
0.29] for Negative false alarm rate and #(221)=0.27, p <0.001,
95% CI=[0.14, 0.38] for P(Negative false alarm). P(Negative
false alarm) was comparably related to Positive Urgency,
r(221)=0.30, p<0.001, 95% CI=[0.17, 0.42] and overall
Urgency (i.e. the mean of Positive and Negative Urgency scores),
r(221)=0.31,p<0.001, 95% CI=[0.18, 0.42], whereas Negative
false alarm rate was unrelated to the other UPPS-P scales.
Contrary to prediction, Positive false alarm rate did not correlate
with Positive Urgency nor with any other UPPS-P scales. We
similarly found no significant associations between SSRT and
UPPS-P scores.

Discussion

This study aimed to evaluate the reliability and validity of the
ESST, a behavioural task designed to index neurocognitive pro-
cesses associated with Urgency, that is, ERI, a core aspect of
affective inhibitory control. Findings provide preliminary evi-
dence supporting this task’s psychometric characteristics.
Specifically, we observed moderate correlations between ESST
scores derived from baseline and follow-up assessments up to
several months later, indicating test-retest reliability concordant
with — and in some cases, superior to — other behavioural tasks
(Cyders and Coskunpinar, 2011, 2012; Enkavi et al., 2019;
Sharma et al., 2014). We also found a modest valence-specific
association of our primary negative ERI parameter, Negative
false alarm rate, with self-reported Negative (but not Positive)
Urgency, suggesting convergent and divergent validity. An alter-
native indicator of negative ERI, P(Negative false alarm rate),

had even larger magnitude associations with Urgency variables;
however, these relationships were valence-general. The ESST’s
divergent validity was nonetheless supported by the specificity of
associations between Urgency and ERI parameters, which were
unrelated to any other impulsive traits measured by the UPPS-P.
Moreover, we observed worse negative ERI in hospitalised inpa-
tient participants relative to community/student samples (see
Supplementary materials), providing additional support for the
construct validity of this proposed behavioural marker of neu-
ropsychiatric vulnerability. Finally, inpatients hospitalised for
suicidal behaviors showed greater stability of ERI parameters
over time, suggesting possible ERI improvement among psychi-
atric inpatients without suicidal behaviors (see Figure 2c¢) —
although our longitudinal sample was insufficiently powered to
formally test possible moderating effects of psychopathology (or
treatment) on test-retest reliability.

Participants were generally quite accurate in discriminating
between negative and positive stimuli on the ESST (see Table 2),
with Accuracy/error rates and reaction time metrics comparable
to similar late-stage ERI tasks (e.g. Camfield et al., 2018).
No-signal reaction time and SSRT were somewhat slower,
yet also similar to those derived from the traditional stop-signal
task (e.g. Soreni et al., 2009). Unsurprisingly, participants dem-
onstrated worse ERI when evaluating stimuli with more obvious
or intense valence, given higher false alarm rates to Negative and
Positive IAPS categories compared with Neutral images. This
finding is consistent with some prior studies (Camfield et al.,
2018; Kalanthroff et al., 2013; Verbruggen and De Houwer, 2007
but see also Littman and Takacs, 2017), suggesting an association
between emotional valence intensity and inhibitory demand.

The subgroup of participants who completed the ESST twice
showed relatively similar performance during both administra-
tions, despite the considerable length of time between assess-
ments (approximately 3 months) and the fact that most of these
individuals were hospitalised when they completed the first
ESST, but not the second. While the test-retest reliability of
widely used behavioural tasks is not well-documented, studies
with repeated response inhibition assessment generally involve
much shorter intervals between task administrations (e.g. weeks
as opposed to months) and typically focus either exclusively on
healthy participants (e.g. Wostmann et al., 2013) or specific
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psychiatric populations, oftentimes youth with attention deficit
hyperactivity disorder (ADHD) (e.g. Kuntsi et al., 2005; Soreni
et al., 2009). Notably, the present report is based on data aggre-
gated from multiple studies, none of which were explicitly
designed to evaluate the ESST; therefore, the modest strength of
observed test-—retest correlations — despite error introduced by
variation in administration setting, sample characteristics, study
protocols, and between-subjects factors known to modulate cog-
nitive abilities (e.g. caffeine intake, time of day, and hormone
levels), which are typically controlled in psychometric research
— collectively support the ecological validity of this task.

Several questions remain regarding the interpretation of ESST
metrics, particularly SSRT. Shared variance among this and other
ERI parameters (across valence) suggests that SSRT in this task
may tap domain-general late-stage ERI. Given this possibility,
we would expect an association between SSRT and valence-gen-
eral Urgency scores — which we did not find. Indeed, the lack of
observed correlations between SSRT and UPPS-P variables sug-
gests that it may capture a distinct process that does not substan-
tively contribute to dispositional impulsivity. Additional research
directly comparing the ESST with non-affective stop-signal tasks
is needed to address this inconsistency. Some reviewers have
additionally questioned the reliability and validity of the com-
mission error rates we used as primary ERI metrics relative to the
more widely used summary index of SSRT. We maintain that
valence-specific false alarm rates in the ESST are meaningful
markers of ERI, given several converging lines of evidence.
Indicators of negative ERI dysfunction, including Negative false
alarm rate, have demonstrated especially consistent associations
with Urgency and psychopathology (here and in prior research)
that do not generalise to adjacent constructs less strongly tied to
emotion dysregulation, for example, lack of Premeditation and
Sensation-seeking. Moreover, recent work has shown prospec-
tive influence of negative ERI deficits on NSSI (Burke et al.,
2021) and suicidal behaviors (Allen et al., 2021).

We failed to find support for the hypothesised link between
Positive false alarm rate and Positive Urgency. This finding is
perhaps unsurprising, since the ESST was designed to measure
neurocognitive processes relevant to Negative Urgency specifi-
cally in NSSI (Allen and Hooley, 2015, 2019). Potential explana-
tions chiefly involve characteristics of the Positive IAPS stimuli,
which may have been too mild, dated, or insufficiently relevant
to participants to elicit strong positive affective reactions.
Increased negative affect due to task demands and/or spillover
effects from IAPS stimuli perceived as ‘unpleasant’ may also
account for this result. Such questions motivate research focused
on positive ERI, potentially examining modified ESST variants
with more intense, contemporary, and/or personalised stimuli.
Direct comparison of the current ESST with versions that use a
valence-specific block design is also warranted to evaluate poten-
tial spillover effects between stimulus categories. Researchers
also could assess participants’ mood throughout the task to help
address these outstanding issues.

We acknowledge several limitations in this study. Most fun-
damentally, integrating multiple data sets from independent
research groups resulted in a substantial amount of incomplete or
missing data. For example, cross-sectional analyses evaluating
relationships between ESST performance and urgency were nec-
essarily restricted to participants drawn from community and stu-
dent samples, as psychiatric inpatients did not complete the

UPPS-P; notably, post hoc analyses confirmed that community/
student participants from different study sites performed simi-
larly on major ERI metrics (see Supplementary materials).
Relatedly, we analyzed different versions of the ESST together,
although we confirmed the equivalence of our primary variables
of interest between task variants, with the exception of Negative
false alarm rate (see Supplementary materials). However, sup-
plemental post hoc analyses suggested that his effect was fully
attributable to sample type, that is, participants who completed
the original version were exclusively drawn from non-clinical
populations, whereas hospitalised psychiatric inpatient partici-
pants comprised the majority of those who completed the revised
ESST. This explanation aligns with proposed links between neg-
ative ERI deficits and psychopathology, suggesting that elevated
psychiatric symptoms among participants who completed the
most recent ESST variant account for the higher rates of negative
commission errors in this task compared to the original. Analyses
separated by task variant indicate the superiority of the revised
ESST in capturing Urgency-related neurocognitive processes
(Table S1); additional research using varied (e.g. disorder-spe-
cific) stimuli in well-characterised groups of participants from
healthy and clinical populations is therefore needed.

While our overall sample was diverse in several respects (e.g.
psychiatric history and sexual orientation) and generally repre-
sentative of demographics in the geographical areas sampled, par-
ticipants were still mostly college-educated, female-identified,
relatively young, and White. However, post hoc analyses sug-
gested that demographic characteristics had a few effects on ESST
performance, with the exception of age (see Supplementary mate-
rials). Regardless, generalisability may be further limited by high
base rates of psychopathology and self-injurious behaviors in
these samples. Targeted recruitment of psychiatrically ‘healthy’
participants from underrepresented groups is therefore necessary
to generate more accurate estimates of normative task perfor-
mance. Our longitudinal analyses were limited by the modestly
sized subsample and relatedly low statistical power, and we can-
not rule out the possible influence of self-selection bias on partici-
pant retention. Additional post hoc analyses (see Supplementary
materials) suggest that follow-up attrition was unrelated to partici-
pants’ baseline characteristics, however (Table S2).

We hope to continually improve this task’s design based on
this and other research to identify the most stable and relevant
behavioural indices for Urgency and psychopathology. For
example, we are creating ESST versions that incorporate stimuli
with a larger range of valence intensity, that are compatible with
functional magnetic resonance imaging (MRI) and event-related
potentials. These ESST versions will provide valence-specific
SSRT estimates, requiring independent stop-signal delay track-
ing algorithms absent from the original task.

Together, results support the use of the ESST to index nega-
tive ERI, a relatively stable and valid marker of neurocognitive
mechanisms contributing to self-reported Negative Urgency and
related constructs, that is, potential manifestations of the statisti-
cal p factor. This interpretation is consistent with recent work
indicating that impaired executive functioning, which includes
response inhibition deficits, is both a transdiagnostic risk factor
and a consequence of psychopathology (Romer and Pizzagalli,
2021). Previous neuropsychological research has indeed linked
Negative Urgency most strongly to response inhibition, a core
aspect of cognitive control, which is considered a primary
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mechanism for all ‘cool’ executive functions (and higher-order
mental operations; see Nigg, 2017). Neuropsychiatric dysfunc-
tion particularly implicates ‘hot’ executive functions; we accord-
ingly describe a latent factor that is conceptually tied to hot
executive functioning more specifically: affective control, a par-
allel construct to cognitive control, referring to inhibitory pro-
cessing in emotionally and/or motivationally salient contexts (see
Allen, 2021; Allen et al., 2019a). We propose that ERI is a central
feature of affective control, representing an important neurocog-
nitive substrate for Urgency and p-related constructs. Affective
control may also include processes such as emotional interfer-
ence inhibition (e.g. Allen and Hooley, 2017; Masland et al.,
2015) and emotional working memory (e.g. Schweizer et al.,
2013). A few behavioural tasks purportedly measure these neuro-
cognitive operations, and the ESST evaluated here is one of only
several similar tasks designed specifically to tap late-stage ERI.
In sum, current findings support the possibility that impaired
inhibitory control over negative emotional reactions and accom-
panying motor impulses, once initiated (i.e. late-stage negative
ERI), may represent an objective behavioural marker of self-
reported Negative Urgency. Negative ERI deficits captured via
the ESST may thus reflect underlying neuropsychiatric vulnera-
bility, in addition to representing novel targets for prevention and
intervention.
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