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Theory and evidence suggest that people attempt suicide to escape acute distress. However, little is known about
why people select suicide instead of other ways to escape (e.g., alcohol/drug use). One possibility is that suicide-
related stimuli in one’s environment (e.g., suicide methods) bias this decision, particularly when such stimuli
elicit little aversion. We tested whether suicide-related stimuli bias decisions to escape acute distress. We
recruited 360 adults with past 3-month active suicidal thoughts and behaviors (STB; n = 120), elevated psychi-
atric symptoms without STB (n = 152), or no symptoms/STB (n = 88). Participants explicitly rated personal-
ized suicide pictures (e.g., pointing a gun up at oneself) and positive contrasts and completed a behavioral task,
where they made decisions to escape an acutely distressing noise in relation to these stimuli. We used a com-
putational model of task performance to capture latent biases hypothetically influencing decision making. We
assessed STB 3 months later. Results indicated that people with a past suicide attempt exhibited much lower
suicide aversion than others. In the behavioral task, the suicidal group made more impulsive escape decisions
in relation to suicide versus positive stimuli. The computational model helped explain this effect, capturing a
latent bias driven by the suicide stimuli. Within the suicidal group, weaker biases mediated the association
between lower suicide aversion and higher odds of past suicide attempt. These results provide evidence of
novel, specific, incrementally valid, and objectively assessed suicide-attempt correlate and suggest that decision
science is useful for understanding mechanisms increasing risk for suicide and other escape-related phenomena
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involving stimulus-driven processes (e.g., substance misuse, and anxiety).
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General Scientific Summary

during attempts to escape intense distress.

Research suggests that the primary reason people attempt suicide is to escape intense distress. Prior stud-
ies show that individuals with versus without a history of suicidal thoughts or behaviors tend to make
different decisions when trying to escape distress. This study builds on prior findings by suggesting that,
when trying to escape, suicide-related content influences decision making in those with past suicidal
behavior differently than those with only suicidal thoughts. These differences might make people
with past suicidal behavior less likely to actively limit their exposure to suicidal thoughts or methods

Keywords: suicide, behavioral task, computational model, reinforcement learning, decision making
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Prominent theories suggest that the primary reason people attempt
suicide is to escape from acutely distressing states, such as intolera-
ble emotional pain (e.g., Baumeister, 1990; Joiner, 2005;
Shneidman, 1987). Empirical evidence also supports this idea
(Bryan et al., 2013; Kidd, 2004; O’Brien et al., 2021; Nock et al.,
2025). Yet little is known about the factors and processes influencing
people to select suicide as a means of escape instead of alternative
options. Research indicates that decision-making abnormalities
may play a role (Dombrovski & Hallquist, 2022). For instance, peo-
ple with prior suicidal thoughts and behavior (STB) make “subopti-
mal” decisions when they are required to learn or estimate the value
of options to maximize reward over the long run (Dombrovski et al.,
2010, 2011, 2019; Jollant et al., 2005, 2010; Millner et al., 2019).
However, it is not known whether such value-learning deficits are
directly related to the decision to attempt suicide specifically or,
rather, decisions that increase the likelihood of attempting suicide
by increasing the intensity and/or frequency of experiencing acute
distress (i.e., via stress generation; Liu & Spirito, 2019), or both.
Thus, although aberrant decision making appears to be associated
with STB, the specificity of this relationship not yet well understood.
With tens of thousands of Americans and nearly one million people
worldwide dying by suicide each year (Naghavi, 2019), it is imper-
ative that we uncover psychological processes leading certain people
to engage in suicidal behavior. Understanding whether reduced aver-
sion to suicide plays a role in the decision to attempt suicide could
provide new targets to improve prediction and prevention of this
tragic behavior (Jaroszewski et al., 2022).

Decades of social science theory and evidence indicate that people
tend to select options that they perceive to be more positive and/or
less aversive than available alternatives (Hofmann et al., 2010).
Recent research has shown that people with prior STB perceive
suicide-related stimuli (e.g., a picture of a person holding a gun to
their head) to be less aversive than do people without prior STB,
and that lower suicide aversion is associated with more recent and
severe STB (Jaroszewski et al., 2020). Relatedly, reduced aversion
to nonsuicidal self-injury (NSSI) plays a critical role in the mainte-
nance of NSSI (Franklin et al., 2016; Nock & Banaji, 2007). Given
that NSSI is strongly associated with STB (Franklin et al., 2017), itis
possible that reduced suicide aversion could play a role in future
STB; however, no research has directly investigated this possibility.

Perceiving suicide as less aversive may increase the risk of decid-
ing to attempt suicide via a “stimulus-driven” process. Some
decision-making mechanisms, such as Pavlovian control,” rigidly
bias animals toward selecting certain actions based on the valence

of stimuli present in the environment (Guitart-Masip et al., 2014).
For instance, positive stimuli typically elicit a bias to approach,
whereas negative stimuli elicit a bias to avoid (Duckworth et al.,
2002; Solarz, 1960). Most people regard suicide as extremely nega-
tive (Jaroszewski et al., 2020; Nazem et al., 2017) and, therefore,
likely possess a strong bias to actively avoid suicide and related stim-
uli. However, for people with less suicide aversion (e.g., people with
recent and frequent STB), suicide stimuli may elicit less bias to avoid
suicide. This possibility is consistent with a recent theory of self-
injury proposing that reduced aversion to self-injury stimuli reduces
the motivation to avoid engaging in NSSI (Hooley & Franklin,
2018). Also, less bias to avoid suicide stimuli may make it more
likely to consider or even simulate suicide as an option to escape dis-
tress (Dombrovski & Hallquist, 2022). Another reason people with
lower suicide aversion might be at increased risk of attempting sui-
cide is due to possessing a greater bias to approach suicide. Given
that the primary reason people attempt suicide is to escape/gain
relief, suicide stimuli, such as potential suicide methods in one’s
environment, may also represent or become associated with relief
(Coppersmith et al., 2023; Kleiman et al., 2018), and therefore elicit
motivation to approach suicide methods or simulate/imagine suici-
dal behavior. Indeed, qualitative and clinical data indicate that
some people report feeling “drawn” or “pushed” toward attempting
suicide after imagining their own suicidal behavior and/or seeing
potential suicide methods in their environment (Crane et al., 2012;
Holmes et al., 2007; O’Brien et al., 2021). Thus, there are at least
two different, nonmutually exclusive stimulus-driven processes
through which lower suicide aversion could increase the risk of
attempting suicide: (a) Suicide-related stimuli might elicit less moti-
vation to avoid suicide and/or (b) more motivation to approach it.
Neither possibility has been tested.

In addition to Pavlovian control, “instrumental control” is an
action selection mechanism that influences behavior based on
prior actions that maximized beneficial outcomes (Guitart-Masip
et al., 2014). Pavlovian and instrumental control systems typically
favor the same behavioral choices (e.g., approach reward, avoid pun-
ishment), making it difficult to tease apart how each system ascribes
value to actions. However, behavioral experiments that manipulate
these two systems to be either congruent or incongruent with one
another can reveal how stimulus-driven, Pavlovian control can either
benefit or interfere with instrumental control (e.g., Guitart-Masip
et al., 2012; Lindstrom et al., 2015; Millner et al., 2018). For exam-
ple, prior studies have exposed participants to an acutely negative
stimulus (i.e., an aversive noise that sounds like nails on a
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chalkboard) and given them a choice between two response options,
an active (“go”) versus passive (“no-go”) means of escaping the
noise/gaining relief. Results indicated that the aversive noise consis-
tently biased participants to do something active to escape instead of
something passive (Millner et al., 2018)—that is, they consistently
favored active escape (go) even when the passive option (no-go)
was required to gain relief. Moreover, in a follow-up study, people
with STB were more biased than psychiatric controls to escape via
active versus passive means (Millner et al., 2019). Importantly,
because instrumental control would readily select the passive
response when doing so maximized escape/relief, the presence of
a consistent bias for active escape when the required instrumental
response was passive is an example of incongruence between
Pavlovian and instrumental control systems, with Pavlovian control
consistently ascribing value to the active response regardless of its
instrumental value, presumably due to the negative valence of the
noise stimulus eliciting an automatic, involuntary active responding.
Although the term “Pavlovian” typically denotes instances where a
previously neutral cue comes to elicit automatic, involuntary
responding through learned stimulus—outcome associations (classi-
cal conditioning), here we use the term “Pavlovian” to refer to the
theoretical system that mediates stimulus-driven, relatively auto-
matic behavioral effects regardless of whether such effects are due
to ontogenetic (e.g., associative learning) and/or phylogenetic
(innate/inherited) factors. For instance, a bias to actively avoid a sel-
domly experienced aversive noise (Millner et al., 2018, 2019) may
be more likely innate than learned, whereas a bias to actively
avoid a gun may be more likely learned than innate, but, regardless,
both such biases can be modeled as “Pavlovian” since they reflect
relatively automatic, involuntary responding elicited by stimuli per
se (Lindstrom et al., 2015).

Computational approaches can isolate the effect of a valenced stim-
ulus on instrumental learning by modeling behavioral task perfor-
mance (accuracy, response time [RT]) as the product of a
Pavlovian—instrumental interaction (Guitart-Masip et al., 2012;
Lindstrom et al., 2015; Millner et al., 2018, 2019). Experiments test-
ing Pavlovian—instrumental interactions have been used to study
escape-related biases among people with and without STB, but no
study has investigated whether suicide stimuli per se bias decisions
to escape aversive states. This may be especially relevant to better
understanding, predicting, and preventing STB because people decide
to attempt suicide while in the presence of suicide-related stimuli (e.g.,
available suicide methods), and some even report being “pushed” to
attempt suicide upon encountering such stimuli. Therefore, a bias
driven by suicide-related stimuli may influence those with low suicide
aversion to attempt suicide. If so, this would represent a novel clinical
target potentially mediated by a relatively well-understood, basic psy-
chological process (i.e., Pavlovian—instrumental interaction).

Here we test whether suicide-related stimuli bias how people with
recent STB decide to escape a distressing context. Building on prior
work (Millner et al., 2018, 2019), we assessed the impact of person-
alized suicide pictures (e.g., looking down the barrel of a handgun that
is being held in one’s hand and pointed up at oneself) versus positive
contrasts (e.g., looking down at a piece of cake being held in one’s
hand pointed up at oneself) on behavior (choice, RT) using a task
where an aversive noise was used to create an acutely distressing con-
text and correct choices terminated the noise, thereby providing
escape/relief. To terminate the noise, participants chose between
doing something active (i.e., pressing the spacebar on a keyboard,

“g0”) or doing something passive (not pressing, “no-go”).
Participants included people with recent (past 3 months) STB (suici-
dal group; n = 120), people with elevated recent-psychiatric symp-
toms but no STB (psychiatric group; n=152), and people with
neither STB nor elevated psychiatric symptoms (healthy group; n =
88). Including a psychiatric group helps determine which differences
are specific to people with STB and not merely related elevated psy-
chiatric symptoms. Like the prior escape-learning studies (Millner
etal., 2018, 2019), we used a computational model based on task per-
formance (choice, RT) to capture latent biases influencing behavior,
including a hypothetical bias elicited by the suicide stimuli themselves
(i.e., the stimulus-driven effect). Also, we assessed participants on the
incidence of STB 3 months after baseline, allowing us to examine pro-
spective associations between STB and picture ratings as well as com-
putational model parameters. We hypothesized that the suicide-related
(vs. positive) pictures would “push” or bias the suicidal group to
escape the distressing context via active (go) versus passive means
(no-go) relative to the control groups. Also, we expected that the com-
putational model would reveal that, compared to both control groups,
the suicidal group had a stronger latent bias elicited by the suicide pic-
tures, explaining their hypothesized behavioral bias for active escape
in the presence of suicide pictures.

Method
Procedure

Participants (N = 360) were adults (21-65 years old) recruited from
a sociodemographically diverse university study pool from the greater
Boston area, social media platforms (e.g., Facebook, Instagram),
participant-initiated web searches (e.g., google), online study/crowd-
sourcing platforms (Amazon Mechanical Turk [MTurk], Prolific), and
message boards (e.g., Reddit, Craigslist) from June 2019 through
October 2020. Enrollees responded to an advertisement for a study
on “thoughts, feelings, and decisions,” completed an informed con-
sent, which included multiple-choice questions to verify comprehen-
sion of study procedures. Participants completed the study online.
There were two time points: (a) a brief (M = 8.9 min, Mdn =17.75,
SD = 3.8) screener to determine study eligibility and, for eligible
enrollees, a baseline assessment (M = 63.1 min, Mdn = 60.5, SD =
14.9) consisting of self-report questions and two behavioral tasks
(see screener and baseline assessment sections below); and (b) a
3-month follow-up assessment consisting of self-report questions
(M ="7.4 min, Mdn = 6.8, SD = 2.1; see 3-month follow-up section
below). Only suicidal group participants completed the follow-up
because self-injurious thoughts/behaviors (SITB) were the primary
outcomes of interest, which are rare among adults with no prior
SITBs. All study methods were approved by the Committee for Use
of Human Subjects at Harvard University.

Suicide Risk Mitigation

Safety resources were included at the bottom of each survey page
(e.g., the suicide and crisis lifeline). At the end of each time point,
enrollees answered questions about their past 24-hr suicidal thoughts
and current suicide desire and intention to act on suicidal thoughts.
Participants who reported that they had thought about suicide in the
last 24 hr or rated their current suicide desire or intent as >0 auto-
matically created a personalized safety plan, which they reviewed
and received via email if desired. In total, 1,185 safety plans were
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completed and emailed if desired. Given that the study procedures
were fully automated and responses were not checked in real time,
no further risk-mitigation steps were taken. Participants were made
aware of these risk-mitigation procedures several times during the
informed consent process.

Screener Questions

Enrollees were blind to study in/exclusion criteria and answered
basic eligibility questions in an initial screener; 3,221 screeners
were completed; 696 enrollees were excluded from participation
because they (a) were younger than 21 or older than 65 years
(excluded a priori to limit the impact of possible neurodevelopmen-
tal or degenerative processes on behavioral task performance); (b)
had current cognitive impairment and/or auditory or visual halluci-
nations in the past week (excluded because these symptoms may
interfere with the ability to provide informed consent and/or fully
attend to all study procedures); (c) lacked access to headphones or
a computer (excluded because these were required to complete the
study procedures); (d) had hearing loss/difficulties (e.g., tinnitus;
excluded because this could interfere with completing the behavioral
task with the aversive noise stimulus); or (¢) were located outside of
the United States (excluded for legal reasons). Also, 1,918 enrollees
were excluded if they reported psychiatric symptoms and/or SITB
that were inconsistent with our predefined group eligibility criteria
(e.g., experiencing suicidal thoughts before but not in the past
3 months; see Participants section). Enrollees were compensated
$1.45 ($10/hr) for completing the screener via the recruitment plat-
form (e.g., Prolific) or digital Amazon gift card emailed to them.

Baseline Assessment

In total, 607 enrollees were eligible and invited to complete the
baseline assessment, 70 never initiated, and 59 were lost to attrition.
In sum, 478 baseline assessments were completed. Baseline data
from 44 enrollees were excluded due to fraudulent responding
(e.g., identical internet protocol addresses), 18 for technological
problems (e.g., behavioral tasks did not load/save data), 31 for fail-
ing >20% of behavioral task attention checks (see Suicide Escape
Learning Task section below), and 25 for invalid behavioral task
data (e.g., no RTs). Thus, data from 360 enrollees were analyzed.
There were no differences on baseline characteristics between enroll-
ees who never initiated or were lost to attrition and those who com-
pleted the baseline assessment (ps>.05). Participants were
compensated $15 for completing the Baseline assessment.

Three-Month Follow-Up Survey

103 (85.8%) of the 120 eligible suicidal group members reported
on their past-3-month SITB and symptoms, with n=3 (3%)
reported attempting suicide. Participants completed a risk assess-
ment, safety plan, and received clinical resources if they reported
any suicidal thoughts in the prior 24 hr. Participants were compen-
sated $5 for completing the 3-month follow-up survey.

Participants

Summary statistics and group differences on baseline characteris-
tics are reported in Table 1. Additional sociodemographic details are

reported in Supplemental Method in the online supplemental
materials.

Suicidal Group

We used the items from the Self-Injurious Thoughts and
Behaviors Interview-Revised (SITBI-R; Fox et al., 2020) to assess
death- and suicide-related thoughts, ranging from “passive” thoughts
(e.g., “I'wish I could disappear or not exist”) to more “active” suicide
thoughts (e.g., “I should kill myself’). Participants reporting
experiencing any of the following thoughts “for longer than a few
minutes” in the past 3 months were invited to participate in the base-
line assessment: I’ve “seriously thought about killing myself”;
“maybe I should kill myself’; and “I should kill myself.” We
chose these items to determine eligibility because they relate to
suicide specifically, not just death, dying, or nonexistence/escape.
The suicidal group consisted of 120 adults (79 identifying as female
at birth, 1 nonidentifying) with an average age of 30.7 years
(Mdn =28, SD=9.8). 67.5% identified as non-Hispanic White/
Caucasian; 25.8% as either lesbian, gay, bisexual, transgender,
queer, or another related identity (LGBTQ+); and 4.2% as “unsure.”

Psychiatric Group

Participants were included in the psychiatric group if they:
(a) met a validated threshold for experiencing a likely psychiatric
disorder (i.e., endorsed greater than two symptoms) within the
prior 3 months (via Global Appraisal of Individual Needs Short
Screener [GAIN-SS 3.0.1]; Dennis et al., 2006) and (b) reported
no SITB in their lifetime, including any and all suicidal and
death-related thoughts or behavior and NSSI. The psychiatric
group consisted of 152 adults (102 identifying as female at birth)
with an average age of 31.0 years (Mdn =28, SD = 10.3). 64.5%
identified as non-Hispanic White/Caucasian; 8.6% as LGBTQ+;
and 2.0% as “unsure.”

Healthy Control Group

Participants were included in the healthy control group if they:
(a) did not meet the GAIN-SS threshold for experiencing any likely
psychiatric disorder in the past year (i.e., endorsed less than two past-
year symptoms); (b) had low-to-moderate lifetime psychiatric symp-
tom levels (i.e., less than six symptoms 1+ years prior); and (c)
never experienced SITB, including no thoughts of death/dying,
“passive” or “active” thoughts of suicide, NSSI, or suicidal behav-
ior. The healthy control group consisted of 88 adults (53 identifying
as female at birth, one nonidentifying) with an average age of 35.3
years (Mdn =31.5, SD =12.5). 55.7% identified as non-Hispanic
White/Caucasian, 8.0% as LGBTQ+, 3.4% as “preferred not to
say,” and 1.1% as “unsure.”

Baseline Assessment
Behavioral Tasks

Participants completed two behavioral tasks, the order of which
was counterbalanced. To provide a buffer between tasks, partici-
pants rated affectively neutral pictures for approximately 2 min.

The Suicide Escape Learning Task (SELT; See Figure 1 for
Details). The SELT is a task designed to measure how suicide
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Table 1

Group Differences on Demographics and Psychological and Clinical Variables at Baseline (N = 360)

507

Group Effect size (95% CI) for pairwise group comparisons
Suicidal Psychiatric Healthy control
Variable (n=120) (n=152) (n=288) Test statistic S versus P S versus HC P versus HC

Age® 30.7 (9.8) 31 (10.3) 35.3(12.5) 5.61% 0.04 [-0.27,0.21] 0.42[0.14, 0.69] 0.38 [0.11, 0.65]
Sex (female)” 79 (65.8%) 102 (67.1%) 53 (60.2%) 4.06 1.02 [0.67, 1.57] 1.41 [0.86, 2.32] 1.47[0.92, 2.33]
BGLTQ+ (no)” 84 (70.0%) 135 (88.8%) 77 (87.5%) 21.31%* 2.46 [1.57, 3.84] 2.34[1.41, 3.89] 1.21 [0.76, 1.91]
Race (White)" 81 (67.5%) 98 (64.5%) 49 (55.7%) 14.69 1.46 [0.95, 2.25] 2.32[1.40, 3.85] 2.09 [1.31, 3.35]
Death-IAT D score® —0.27 (0.44) —0.49 (.38) —0.49 (0.37) 12.20* 0.53 [0.29, 0.77] 0.55[0.27, 0.83] 0.02 [0.24, 0.28]
Int. disorder (likely)® 99 (82.5%) 75 (49.3%) 0 (0.0%) 30.57* 3.36 [2.29, 5.74]

Ext. disorder (likely)® 86 (71.7%) 89 (58.6%) 0 (0.0%) 4.47* 1.60 [1.03, 2.47]

SUD (likely)® 22 (18.3%) 7 (4.6%) 0 (0.0%) 11.86* 2.17[1.39, 3.37]

Aversive noise rating”  25.0 (26.1) 24.9 (26.2) 22.2(25.5) 0.37 0.00 [—0.23,0.24] 0.11 [-0.16,0.38] —0.10 [—0.36, 0.15]

Note.

CI = confidence interval; S = suicidal group; P = psychiatric group; HC = healthy control group; BGLTQ = bisexual, gay, lesbian, transgender, queer,

and questioning; IAT = Implicit Association Test; Int. = internalizing; Ext. = externalizing; SUD = substance use disorder; ANOVA = analysis of variance.
# Reported as mean (standard deviation), groups compared with an ANOVA test, pairwise Cohen’s d effect size reported. ° Reported as percentage (number),

groups compared with a % test, odds ratio effect size reported.
*p <.05.

related-stimuli influence decisions to escape distress. While an aver-
sive sound (i.e., metal fork scrapping across a piece of slate) is play-
ing, participants must learn through trial and error which choice (go
or no-go) provides the best chance of terminating/escaping the
sound. Prior related work shows that the presence of just the aversive
sound alone elicits a bias to make an active “go” (vs. to an inhibitory
“no-go”) response to terminate the sound. This bias has been termed
an “active-escape bias” (Millner et al., 2018, 2019). For the current
task, we added pictures depicting a suicide attempt from the partic-
ipant’s own perspective (e.g., see Figure 1B and SELT Images sec-
tion below for details) to test whether suicide information would
magnify the active-escape bias. Thus, each trial begins with the aver-
sive noise and the presentation of one of four images, either a
suicide-related or positively valenced contrast image. Participants
must learn which choice, either go (pressing a spacebar) or no-go
(not pressing), will most often (i.e., 80% of the time) allow them
to escape the aversive noise given the image presented. The aversive
noise is presented over participants’ own headphones at approxi-
mately 75 dB. The task uses a 2 (picture type) x 2 (response type)
factorial design and consists of 30 trials of each condition (120 in
total). Each trial lasting 5s (~11 min in total). We also included
10 trials to check if the participant was still wearing their headphones
at the prescribed volume.

Validity of Administering the SELT Online. To deter partic-
ipants from removing their headphones or reducing the noise vol-
ume, we semirandomly interspersed 10 “headphone check” trials
throughout the task, where participants were directed to indicate
whether simple mathematical statements (e.g., “two plus two equals
four”), which were audible only at prespecified volume levels, were
true or false (see Figure 1 in the online supplemental materials). We
excluded data from participants failing >20% of headphone checks
(n=231;7.9%).

SELT Images. The suicide images used in the present study
depict what it could look like to the participant, from their own
eyes/perspective, to begin attempting suicide (e.g., looking down
the barrel of a gun; see Figure 2 in the online supplemental materi-
als). Positively valenced contrast images matched the suicide images
in terms of body position and action, but contained positive- (cake,
candy bar) instead of suicide-related content (gun, knife). For

realism and construct validity, we attempted to personalize the stim-
uli by matching the demographics of the model in the pictures to
each participant’s own demographics. We created eight different
sets of suicide and positive contrast images that varied by skin
tone (light, medium, dark, and darkest) and arm shape (more muscu-
lar/masculine, less muscular/feminine). Participants were presented
with the eight different arm options (Figure 3 in the online supple-
mental materials) and selected the arm that best resembled their
own. They then viewed the corresponding set of suicide and positive
contrast pictures while completing the SELT and providing explicit
affect ratings (see self-report measures).

Death Implicit Association Test (Death-IAT; Nock et al.,
2010). The Death-IAT is a computerized behavioral task designed
to indirectly assess the degree to which participants associate death-
and self-related constructs (see Supplemental Method in the online
supplemental materials for details). We followed the standard seven-
block IAT structure and scoring procedure (Greenwald et al., 2003),
calculating a D score for each participant, with positive scores repre-
senting a stronger association between death and self (e.g., faster
responding when death and me are paired relative to when life and
me are paired), and negative scores representing a stronger associ-
ation between life and self. Based on Nosek et al., (2014) we
excluded participants with more than 10% of trial RTs <300 or
>10,000 ms.

Self-Report Measures

Demographics. Participants completed a brief questionnaire
with sociodemographic items measuring: age, sex at birth, race/eth-
nicity, and bisexual, gay, lesbian, transgender, queer, and question-
ing (BGLTQ+) status.

Likely Psychiatric Disorder. The Global Appraisal of
Individual Needs-Short Screener (GAIN-SS 3.0.1.; Dennis et al.,
2006) assessed the likelihood of an internalizing (e.g., depression,
anxiety), externalizing (e.g., conduct problems), and substance
use disorder within the past 3 months. The GAIN-SS has strong
internal consistency and excellent sensitivity and specificity for
identifying people with and without a psychiatric disorder (Dennis
et al., 2006) and has been successfully used in online studies
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Figure 1
Behavioral Task Details

A. Behavioral task details

Choose Press‘?r NG Press

You Chose to:
NOT PRESS

R aamaman

@Noise on -0r- +
You Chose to
PRESS
Noise on ﬂNo noise No noise
1000 ms Response Feedback I
2000 ms 2000 ms

1000 ms —>

B. Image cues .
Positive

Suicide

C. Response types

spacebar sgacebar
o« @
- -
Go No-Go

D. Feedback contingencies

80% no noise
Correct | 20% aversive noise on
80% aversive noise on
Incorrect | 209 no noise

Note. (A) At the start of each trial, participants see a visual cue (e.g., suicide image) and hear a high-pitched, aversive noise of a metal fork scraping on a
piece of slate rock. Next, with the aversive noise still on, participants choose between pressing a spacebar (go) or withholding a press (no-go). Participants
then experience feedback: either continuation of the aversive noise (“noise on”) or silence (“no noise”). Participants see a fixation cross during the ITI
before the next trial starts. (B) Two types of visual cues were used: suicide and positively valenced contrast images. Participants’ goal was to learn
which response to make in relation to each image cue. (C) There are two response-types participants could choose: pressing a keyboard spacebar (go) and
withholding a press (no-go). (D) Rewarding feedback (no noise/silence) was offered probabilistically, with correct responses resulting in no noise 80% of
the time, and incorrect responses resulting in continuation of the noise 80% of the time. ITI = intertrial interval. See the online article for the color version

of this figure.

with suicidal populations (Mortier et al., 2017). In the present
study, participants indicated whether they experienced each symp-
tom item during the past month, 2-3 months ago, 4-12 months
ago, 1+ years ago, or never. We used the recommended cutoff
scores to maximize the accurate classification of experiencing a psy-
chiatric disorder.

Self-Injurious Thoughts and Behavior. Items from the
SITBI-R (Fox et al., 2020), a valid and reliable measure, were
used to assess frequency, recency, and severity of STB, NSSI, and
thoughts about death/dying (e.g., “I’d be better off dead”) and non-
existence (e.g., “I wish I could disappear or not exist”), which often
co-occur with STB but do not pertain to suicide specifically.
Participants were shown a table to help them accurately estimate
the frequency of SITB thoughts (e.g., “1 week =7 days”) to 20
years (‘20 years = 7,300 days”).

Perceived Stress. The Perceived Stress Scale (Cohen et al.,
1983) is a 10-ietm self-report measure designed to assess global per-
ceptions of stress. At follow-up, participants rated items relating to

stress since the baseline assessment (3 months prior), using a 0
(never) to 4 (very often). We computed a sum score of items.

Explicit Picture Ratings. Participants explicitly rated how
pleasant (valence), threatening, and arousing they found a variety
of digital images. We followed the same procedures described in
Jaroszewski et al. (2020), where all dimensions were rated on a
9-point scale—for example, pleasantness (—4 [extremely unpleas-
ant] to 0 [neutral] to 4 [extremely pleasant]). Here we report ratings
of three different picture types: (a) the two self-relevant suicide pic-
tures used in the SELT, which depicted (1) looking down the barrel
of a gun and (2) stabbing oneself in the abdomen; (b) six pictures
from the self-directed violence picture system (SDVPS; Nazem
et al., 2017), each depicting the suicidal behavior of another person
(e.g., a man hanging himself); and (c) 11 pictures from the open
affective standardized image set (Kurdi et al., 2017), depicting
highly negative valenced images (e.g., an emaciated man, cock-
roach), none of which contained suicidal/self-injurious content or
blood/tissue damage.
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Computational Model
Model Description

We fit a computational model to capture hypothetical latent biases
(parameters) that potentially generated observed task performance
(choice, RT). We used identical modeling tools described in prior
related work (Millner et al., 2018, 2019). To be consistent with
prior studies, the computational model integrated a reinforcement
learning (RL) model and drift-diffusion model (DDM; see
Figure 2). The RL model operationalized how, given each trial’s
state (suicide/positive image), the value of a response (go/no-go)
was updated based on reward feedback (successfully [silencing]
vs. not escaping the noise). These response values were then used
in the DDM to estimate choice and RT probabilities. DDMs incor-
porate a decision variable specifying the “starting point” of a deci-
sion process. The decision process is modeled as a spatial-
temporal trajectory that starts at a location on a vertical axis (akin
to an intercept) and progresses over time, vertically and horizontally,
until it reaches one of two decision boundaries (go vs. no-go).
Reaching a boundary represents a decision and, therefore, a response
(Millner et al., 2019). Vertically higher starting point values start the
decision process closer to the go boundary, making it more likely
that the decision process reaches the go versus no-go boundary,
thereby representing the go/“‘active-escape” bias. We specified a
DDM with two decision starting point parameters: one for suicide
images and the other for positive-contrast images, both free to
vary. Thus, for each participant we estimated the initial or starting
bias for the relative value of escape actions (go vs. no-go) given
the state (suicide/positive image). Importantly, starting point param-
eters are not dynamically updated based on reward feedback but,
instead, are modeled as fixed values. In so doing, the starting
point parameters model the preexisting latent “Pavlovian’/innate
biases participants possess which are elicited by the suicide and pos-
itive cues. We fit this computational model on two different data
structures: (a) all data and (b) data stratified by required response
(go, no-go), with the model fit separately on each stratified subset.
We used this approach because our goal was to isolate the most accu-
rate parameter values possible, thus maximizing model fit. Modeling
all data simultaneously regularizes parameter estimates (averaging
over go and no-go conditions), whereas modeling stratified data sep-
arately allows the model to flexibly isolate parameter values for each
required-response condition. Thus, these two models represent the
two ends of a spectrum of model flexibility. Modeling all data simul-
taneously is least flexible. Modeling stratified data separately is most
flexible. We provide additional details in the Supplemental Method
in the online supplemental materials. As planned, the “active-escape
suicide bias” included in main analyses is the decision starting point
parameter for suicide images derived from the computational model
fit on no-go trials. We decided a priori to estimate this bias from
no-go trials because, theoretically, on no-go trials the latent bias
for active escape (go) that is mediated by the Pavlovian control sys-
tem would be incongruent with the required instrumental response
(no-go) and, therefore, may be most readily captured.

Model Fitting

Similar to prior studies (Guitart-masip et al., 2012; Millner et al.,
2018, 2019; Mkrtchian et al., 2017), we used a hierarchical model
fitting procedure. We provide additional details and a formal

explanation of model fitting in the Supplemental Method in the
online supplemental materials.

Data Analyses
Baseline Characteristics

Group differences in baseline characteristics were assessed with anal-
ysis of variance and pairwise 7 tests for normally distributed continuous
variables (e.g., age), and y” tests for nominal variables (e.g., sex).

Behavioral Data Group Differences

All analyses were preregistered unless otherwise noted.
Behavioral data were analyzed using either Bayesian linear or gener-
alized linear mixed-effects regression (BLMER/BGLMER) with the
rstanarm package (Goodrich et al., 2020) in R using a Markov chain
Monte Carlo (MCMC) sampling algorithm with four chains and
5,000 iterations, with the first 1,000 iterations discarded as burn-ins.
We used preset, weakly informative priors. We used a Bayesian
instead of frequentist modeling approach because Bayesian models
estimate fixed-effect parameter values averaged over the uncertainty
in the random effects parameters, whereas frequentist models use
point estimation (e.g., maximum likelihood estimation) to estimate
fixed-effect parameters, which is prone to issues with singularities,
local minima, and boundary points when models are complex,
include many factors, or lack enough data (Gelman & Hill, 2007).
All mixed-effects models included a by-subject random intercept
to account for within-subject correlations in performance (accuracy,
RT), and random intercepts for the skin tone and arm shape image
set used in the task, counterbalancing order of images used in the
task, and counterbalancing order of behavioral tasks. For coefficients
of interest, we report the mean (M ) of the posterior distribution, 95%
Bayesian credible intervals (Cls), and the probability of direction
(pd), which is the proportion of the posterior distribution that shares
the median’s sign (+/—) and reflects the certainty that the effect is
meaningfully different from 0 (Makowski, Ben-Shachar, Chen,
et al., 2019). We consider coefficients from planned tests with a
pd > 95% to be “highly likely” and pd > 90% as “probable,” the lat-
ter providing greater confidence in the CI bounds’ stability (vs. pd
95%), given the relatively small sample size and potential for skewed
posterior distributions (McElreath, 2020). Given that there is no con-
sensus on how or whether to correct for multiple comparisons within
a Bayesian framework (Berry & Hochberg, 1999; Gelman et al.,
2012; Neath et al., 2018), we caution against interpreting CI and
pd values from unplanned tests with the same credence as planned
tests. We also report two sampling diagnostic statistics: Rhat, an
indicator of MCMC algorithm convergence; and effective sample
size (ESS), an indicator of the amount of independent information
in autocorrelated sampling chains (Kruschke, 2014). An Rhat <
1.01 indicates likely convergence (Vehtari et al., 2021), and for
most applications, ESS > 10,000 is sufficient for stable estimates
of the highest density interval (HDI) bounds (Kruschke, 2021) but
can be lower for estimating central tendencies within HDIs (Gong
& Flegal, 2016).

Accuracy and RT

To examine the effect of image type on overall accuracy we com-
puted a logistic BGLMER with trial accuracy (yes/no; i.e., whether a


https://doi.org/10.1037/abn0000989.supp
https://doi.org/10.1037/abn0000989.supp
https://doi.org/10.1037/abn0000989.supp
https://doi.org/10.1037/abn0000989.supp

J

>
<}
RS
=}
4
s
=
=

nd is not to be diss

This document is copyrighted by the American Psychological Association or one of its a

This article is intended solely for the personal use of the individual user

510 JAROSZEWSKI ET AL.

Figure 2
Schematic of RL-DDM Model
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Note. (A)Example of suicide-image trials where go is the correct response. Information about each trial (condition, image-type, response, latency, feedback)
is used to train the computational model. (B) When a response results in “no sound” feedback, the value associated with that response on that trial-type is
increased, whereas value decreases when responses result in the aversive sound feedback. (C) After a response value is updated on each trial, the difference
in value between go and no-go is parameterized as the drift rate in the model. On early trials, when participants are uncertain which response is better, the value
difference between go versus no-go is small, resulting in a lower drift rate and longer RT's (left panel). Later, when the value difference is greater, the drift rate is
higher and RTs are faster (right panel). Another model parameter depicted is the “starting point,” which was the only parameter allowed to vary by image-type
(suicide vs. positive). A higher starting point starts the decision process closer to the go decision boundary, thus facilitating reaching this boundary faster. This
is instantiated behaviorally by a go response/decision. RL-DDM = reinforcement-learning drift diffusion model; RT = response time. Adapted from “Suicidal
Thoughts and Behaviors Are Associated With an Increased Decision-Making Bias for Active Responses to Escape Aversive States,” by A. J. Millner, H. E. M.
den Ouden, S.J. Gershman, C. R. Glenn, J. C. Kearns, A. M. Bornstein, B. P. Marx, T. M. Keane, and M. K. Nock, 2019, Journal of Abnormal Psychology,
128(2), p. 111 (https:/doi.org/10.1037/abn0000395). Copyright 2019 by the American Psychological Association. See the online article for the color version
of this figure.

participant was correct on a given trial) as the dependent variable
(DV) and the three-way interaction between group (suicidal, psychi-
atric, healthy), required response (go, no-go) and image-type (sui-
cide, positive) as independent variables (IVs). We included the
random intercepts mentioned above. When three-way interactions
were highly likely (pd 95%) we conducted follow-up analyses
with separate Image Type x Group interactions for go and no-go

trials, respectively. Group difference contrasts (akin to ¢ tests) on
estimated marginal means (EMMs) for conditions (e.g., suicide-
image no-go trials) were examined using the emmeans package
(Lenth et al., 2019) in R. To examine whether effects showing a
stronger active-escape bias among suicidal versus psychiatric partic-
ipants (Millner et al., 2019) replicated, we computed a BGLMER
regressing trial accuracy onto a two-way Group x Required
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Response interaction. To examine the effect of image-type on RT we
stratified data by required response and computed a BGLMER
(gamma likelihood function) with RT (DV) regressed onto an
Image Type x Group interaction and random intercepts.

Because the effects of an experimental manipulation can vary
between people, significant “causal effect heterogeneity” can lead to
misestimating the size, direction, and/or confidence of fixed effects,
such as group differences (Bolger et al., 2019). To address this, for
each preregistered accuracy and RT analysis, we also ran an unplanned
BGLMER, which included the same Group x Picture Type interac-
tion fixed-effect and random intercepts, but also included a correlated
random intercept and random slope across picture type for each partic-
ipant. Given the significant computational time associated with run-
ning these more complex “random slope” models on large data via
MCMC-based sampling, we used a Bayesian modeling approach
that mathematically derives the joint posterior distribution via inte-
grated nested Laplace approximation (INLA; Rue et al., 2009; we
note that INLA and MCMC sampling produced nearly identical
results for all preregistered random intercept models). First, using
INLA, we ran the preregistered “random intercept” models. Next,
we ran the “random slope” models. Then we compared the corre-
sponding random intercept to the random-slope model on widely
applicable information criterion (WAIC) values, which assess good-
ness of model fit after adjusting for effective number of model param-
eters. If a random-slope model’s WAIC value was substantially less
and/or the fixed-effect coefficient values or pds meaningfully changed
relative to the random intercept models, then we interpreted this as evi-
dence of substantial between-person variability (i.e., causal effect het-
erogeneity) in the effect of picture type.

Computational Model
Group Differences on Parameter Estimates

To examine group differences on model parameter estimates, we
computed a series of BGLMs with each parameter value (DV)
regressed onto group (IV). Parameter values used were derived from
fitting the computational model on go and no-go data separately as
described above. Our a priori hypothesis was that, compared to both
control groups, the suicidal group would have greater decision starting
point parameters for suicide pictures derived from the computational
model fit to both go and to no-go data (note that the “active escape sui-
cide bias” is the decision starting point parameter for suicide images
derived from the computational model fit on no-go trials). Also, we
predicted that the groups would not differ on other parameters (e.g.,
learning rate). In unplanned follow-up analyses, we examined within
group differences between positive and suicide picture bias parameters
derived from no-go data by computing: (a) a separate BGLM for each
group (akin to dependent samples  tests), with parameter values (DV)
regressed onto bias type (positive/suicide; IV) and (b) computing a
BGLMER, regressing parameter values onto a Bias Type x Group
interaction (fixed effects) and a by-subject random intercept, and sub-
sequent contrasts computed on EMMs from this model.

Predicting STB Within the Suicidal Group With the Active
Escape Suicide Bias Parameter

Unless otherwise noted, the IV for all models was the “active
escape suicide bias,” which indexes the latent bias to escape actively
(go) elicited by a suicide image when the required instrumental

response was to do nothing (no-go). The DVs for the bivariate and
incremental concurrent validity analyses were STBs collected at base-
line (i.e., lifetime suicidal thought frequency, suicide attempt history)
among suicidal participants (n = 120). The DVs for the bivariate and
incremental prospective validity analyses were suicide thought inci-
dence (yes/no) and suicide thought frequency (i.e., number of days)
among respondent suicidal participants (n = 103; 85.8% response
rate). Covariates added to these models include the following docu-
mented STB risk factors collected at baseline: Death-IAT D score,
BGLTQ+ status, age, birth sex, race, likely (yes/no) internalizing,
externalizing, and substance use disorder (assessed via GAIN-SS).
Prospective models also included baseline suicide attempt as a covar-
iate. Our a priori hypotheses were that the active escape suicide bias
would be associated with all STBs at baseline and follow-up and
would demonstrate incremental validity by capturing unique variance
above and beyond other risk factor covariates. We used BGLMs for all
analyses. Due to low incidence of suicide attempt at follow-up (n = 3,
3%), statistical models prospectively predicting suicide attempt were
not reliable and thus excluded. We also conducted planned bivariate
models estimating the association between the suicide bias derived
from go trials and the STB DVs described above.

Lastly, we preregistered analyses relating to an additional poten-
tial behavioral marker of the active escape suicide bias. This addi-
tional marker was calculated from the behavioral task data itself
(i.e., not the computational model). For clarity and concision, we
have elected to present these results in a separate article. Please
see the Supplemental Method in the online supplemental materials
for additional details on this additional behavioral marker and the
rational for reporting separately.

Association Between Active Escape Suicide Bias and
Explicit Picture Ratings

A series of unplanned BGLMs were used to test the within-group
association between the bias parameter (DV) and average perceived
valence, arousal, and threat (IVs) of the two suicide pictures used in
the SELT. A whole-sample BGLM with a Group x Valence Rating
interaction tested whether groups differed on the association
between the bias parameter (DV) and valence ratings of the SELT
suicide pictures. Also, within-group BGLMs tested whether the
bias parameter (DV) was associated with two other types of pictures
(IVs): (a) highly negative but nonsuicidal (e.g., an emaciated man) or
(b) the suicidal behavior of a different person (i.e., a person asphyx-
iating themselves).

Active Escape Suicide Bias Mediating the Relationship
Between Suicide Picture Valence and Suicide Attempt

As an unplanned analyses, we used Bayesian mediation analysis
(bayestestR package; Makowski, Ben-Shachar, & Liidecke, 2019)
to test whether the bias parameter mediated the direct relationships
between perceived valence of the suicide pictures used in the
SELT and past suicide attempt reported at baseline. This model con-
trolled for perceived arousal and threat ratings of the suicide pictures.

Transparency and Openness

Hypotheses and primary analyses were preregistered through the
Center for Open Science (Jaroszewski, 2023). Data are not available
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because participants did not consent to data sharing. Computational
and analytic code are available upon request. No part of this article
was generated by artificial intelligence.

Results
Baseline Characteristics

Group comparisons on all baseline characteristics are reported in
Table 1. Also, the suicidal group, M (SD)=—2.61 (1.82),
Mdn = —3.5, explicitly rated suicide pictures as more neutral (i.e.,
less aversive) than both healthy, M (SD)=—-3.58 (0.79),
Mdn = —4.0, and psychiatric controls, M (SD)= —3.58 (0.69),
Mdn = —4.0, ORs = 0.59, CI =[0.51, 0.69], pds = 100%, Rhats =
1.00, ESSs > 14,000. Follow-up analyses among participants in the
suicidal group revealed that this group effect was largely driven by
those with a past suicide attempt, M (SD)=—1.58 (2.27),
Mdn = —1.5, versus those with recent suicidal thoughts but no
attempt, M (SD) = —3.05 (1.38), Mdn = —3.5. Within the suicidal
group, lower suicide aversion was associated with higher odds of
past suicide attempt (n =36, 30%; OR=1.56 [1.23, 2.01], pd =
99.9%, Rhat = 1.00, ESS = 10,305; see Figure 4 in the online supple-
mental materials). Explicit arousal (ORs = 0.99-1.06, pds = 51.9%—
56.9%) and threat ratings of the suicide pictures were not related to
baseline suicide attempt (OR=0.89, pds=>51.83%-85.21%,
Rhats = 1.00, ESSs > 10,000). These results indicate that people
with recent suicidal thoughts and a prior suicide attempt have much
lower suicide aversion than others, including people with recent suici-
dal thoughts alone.

Behavioral Data Group Differences
Accuracy

Overall Accuracy. A BGLMER revealed two probable three-
way interactions (Group [Suicidal/Psychiatric/Healthy] x Required
Response [Go/No-Go] x Picture Type [Suicide/Positive]), where
the suicidal group’s accuracy differed from both psychiatric
(Mposterior = 0.65, OR=1.91, CI=[0.47, 0.83], pd = 100%; see
Figure 3A) and healthy groups (Mposierior=0.35, OR=1.42,
CI=[0.14, 0.56], pd = 99.9%, Rhats =1, ESSs > 22,600). For
greater interpretability, we stratified the data by required response
and computed follow-up BGLMERs.

Notably, prior findings (Millner et al., 2019) showing a stronger
active-escape bias among suicidal versus psychiatric controls was
replicated here, as a BGLMER with a Group x Required
Response interaction revealed that, when averaging across picture
type, the difference in the suicidal group’s accuracy on go versus
no-go trials (13.8%) likely differed from both psychiatric (12.1%,
Mposterior = 0.10, OR=1.11, CI=10.01, 0.19], pd = 98.7%) and
healthy groups (9.6%, Mpogerior =0.22, OR=1.25, CI=[0.11,
0.32], pd = 99.99%, Rhats = 1.00, ESSs > 20,000).

Accuracy on Go Trials. A BGLMER (see Figure 3A) revealed
the suicidal group displayed a greater difference in accuracy on trials
requiring a go response in relation to suicide (M = 79.1%) versus
positive-picture targets (M = 74.6%) relative to the psychiatric
group (M =74.9% vs. M =77.6%, Myoseerior = —0.43, OR = 0.65,
CI=[-0.57, —0.29], pd = 100%); however, suicidal and healthy
groups responded similarly (M =773% vs. M=73.7%,

Mposierior = —0.06, OR=0.94, CI=[-0.23, 0.10], pd=76.1%,

Rhats = 1.00, ESSs > 18,500). Contrasts computed on EMMs indi-
cate that, on go trials, all three groups displayed similar accuracy to
both suicide (ORs = 0.78-1.21, CI =[0.38, 1.75]) and positive pic-
tures (ORs =0.74-0.78, CI=10.35, 1.31]). An exploratory test
helping estimate the between-person variability on the effect of pic-
ture type (“causal effect heterogeneity”) revealed nearly identical
coefficient sizes, Cls, pds and WAIC values (26,136.73 vs.
26,136.34), indicating that between-person variability was likely
not substantial. Together, these results indicate that on trials requir-
ing participants to make an active (go) response to escape/gain relief,
the suicide pictures influenced both the suicide and healthy control
groups (but not the psychiatric group) to respond actively more
often than the positive pictures.

Accuracy on No-Go Trials. A BGLMER revealed the suicidal
group displayed a greater difference in accuracy in relation to suicide
(M =61.1%) versus positive pictures (M = 64.9%) compared to
both the psychiatric (M = 64.1% vs. M = 63.1%, Mposterior = 0.27,
OR=1.31, CI=[0.14, 0.40], pd =100%; see Figure 3A) and
healthy groups (M =66.7% vs. M =65.1%, Mpoerior=0.31,
OR =1.36, CI=10.16, 0.45], pd = 99.9%, Rhats = 1.00, ESS >
16,000). EMM contrasts indicate that, on no-go trials, the suicidal
group was less accurate to suicide pictures than both the healthy
(OR =0.40, CI =10.20, 0.67]) and psychiatric groups (OR =0.72,
CI=[0.48, 1.01]). Also, the suicidal group was less accurate than
the healthy group to positive pictures (OR =0.54, CI=10.26,
0.90]), but similar to the psychiatric group (OR=0.94,
CI=[0.62, 1.33]). An exploratory causal effect heterogeneity anal-
ysis revealed nearly identical coefficient sizes, Cls, pds, and WAIC
values (31,253.97 vs. 31,254.07), indicating that between-person
variability was likely not substantial. Together, these results indicate
that on trials requiring participants to make a passive (no-go)
response to escape/gain relief, the suicide pictures influenced the sui-
cidal group (but not psychiatric or health controls) to respond impul-
sively, evinced by making more frequent active (go) responses in
relation to suicide pictures compared to positive pictures, even
though a passive response (no-go) was required.

RT

RT on Go Trials. A BGLMER revealed the suicidal group,
which responded faster to suicide- versus positive pictures (M =
815 ms vs. M =835 ms), possibly differed from the psychiatric
group, which responded with similar speed to both suicide and positive
pictures, M = 824 ms vs. M = 833 ms, Mp,ogerior = 0.02, CI=[0.00,
0.03], exp(Mposierior) = 1.02, pd = 94.6% (see Figure 3B). The healthy
group also responded slightly faster to suicide pictures (M = 838 ms
vs. M = 845 ms), but with less variability than the psychiatric group
(SD =301 ms vs. SD=312), such that the healthy and suicidal
groups did not differ on this interaction, Mpogerior = 0.00,
CI=[-0.03, -0.02], exp(Mposicrior) = 1.00, pd = 58.5%, Rhats =
1.00, ESSs > 26,000. EMM contrasts indicate that all three groups
responded with similar RT to suicide pictures, exp(Mpogerior)s =
1.01-1.02, CI=[0.93, 1.09], and positive pictures, eXp(Mposcrior)
s =0.98-1.01, CI=[0.92, 1.09]. An exploratory causal effect hetero-
geneity analysis modeling the between-person variability in the effect
of picture type on RT revealed Group x Picture Type interaction coef-
ficient sizes that were similar to the preregistered random intercept
model, but larger Cls and thus smaller pds (e.g., 94.6% vs. 83.7%);
however, the random-slope model (WAIC = 13,126.45) did not
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(A) The observed accuracy data (upper left plot) indicate that all three groups displayed a (general) active-escape bias, where accuracy was highest

when an active (go) relative to a passive (no-go) response was required to escape the aversive noise. However, the suicidal group in particular displayed a
suicide-specific active escape bias, where suicide pictures induced more active responding (relative to positive picture) when no-go was required, thus resulting
in lower accuracy. (B) The observed RT data (lower left) indicate participants responded slightly faster on trials requiring an active (go) response with a suicide
picture cue, but this difference was larger for the suicidal participants compared to the psychiatric, but not healthy, group. On no-go trials, where participants
should not respond at all, all three groups responded slightly faster to the suicide- versus positive pictures, but this difference was slightly larger among the
suicidal group relative to both the psychiatric and healthy groups. Qualitatively, RL-DDM model captures both the within- and between-group patterns of
accuracy and RT data. Error bars represent standard error of the mean. RL-DDM = reinforcement-learning drift diffusion model; RT = response time. See

the online article for the color version of this figure.

provide better fit relative to the random intercept model (WAIC =
10,990.46), suggesting between-person variability may not be substan-
tial. Together, these results indicate that on go trials, the suicide pic-
tures may have influenced both the suicidal and healthy (but not
psychiatric) groups to respond faster than the positive pictures.
No-Go Trials. All RTs on no-go trials indicate erroneous
responding. An unplanned BGLMER revealed one likely interac-
tions. All three groups responded slightly faster to the suicide- versus
positive pictures, with the suicidal group (M =868 ms vs. M =
921 ms) responding slightly faster, but not meaningfully so, relative
to both the psychiatric, M = 850 ms vs. M = 873 ms, Mpqsicrior =
0.02, CI=[-0.01, 0.06], exp(Mposierior) = 1.03, pd = 90.1% (see

Figure 3A) and healthy groups, M =856 ms vs. M =864 ms,
Myosterior = 0.02, CI=[-0.01, 0.06], exp(Mposterior) = 1.02, pd =
81.3%, Rhats =1.00, ESSs > 14,000. EMMs indicate that all
three groups responded with similar speed on both suicide-picture
target, exp(Mposierior)s = 1.02-1.04, CI = [0.94, 1.15], and positive-
picture targets, exp(Mposeerior)s = 0.97-0.99, CI=1[0.89, 1.10]. An
exploratory causal effect heterogeneity analysis revealed nearly
identical coefficient sizes, CIs, pds, and larger/worse WAIC values
(8,764.88 vs. 8,562.28), indicating that between-person variability
was likely not substantial.

In sum, behavioral task accuracy and RT results indicate that the
presence of suicide-related stimuli biased the way that people with
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recent suicidal thoughts made decisions, leading them to consis-
tently favor an active versus passive means of escaping an acutely
distressing experimental context, whereas suicide-related stimuli
did not consistently bias either of the control groups.

Computational Model
Group Differences on Parameter Estimates

The computational model fit on stratified data qualitatively captured
the observed behavioral data (see Figure 3). We hypothesized that the
computational model would reveal that the suicidal group had a stron-
ger latent active (go) bias elicited by the suicide pictures, thus explain-
ing their more frequent and faster active responses to the suicide
stimuli. BGLMs revealed that on no-go trials the suicidal group had
a higher active escape suicide bias, M (SD)=0.17 (0.21) (see
Figure 5 in the online supplemental materials) than healthy group,
M (SD) = 0.13 (0.17), Mposierior = —0.30, OR=0.74, CI =[-0.59,
—0.02], pd =98.0%, but not psychiatric group, M (SD)=0.16
(0.18), Mpyoscrior = —0.05, OR=10.95, CI=[-0.30, 0.19], pd =
65.6%, Rhats = 1.00, ESSs > 35,000; however, on go trials the sui-
cidal group’s suicide bias, M (SD) = 0.26 (0.19) did not differ from
either healthy, M (SD)=0.26 (0.22), Mpogerior=—0.12, OR=
0.88, CI=[-0.41, 0.16], pd=79.4%, or psychiatric groups, M
(SD)=10.25 (0.20), Mpyosierior = —0.15, OR=0.86, CI=[-0.40,
0.09], pd = 89.4%, Rhats = 1.00, ESSs > 15,000.

Unplanned tests analyzed the relative difference between positive-
and suicide-picture biases derived from no-go trials. First, bivariate
BGLMs run on each group separately revealed that the suicidal group’s
active escape suicide bias was higher than their positive bias (M = 0.17
vs. 0.14, OR=1.19, CI=[0.94, 1.53], pd = 93.2%, Rhat=1.00,
ESS = 23,028), whereas suicide and positive picture biases did not dif-
fer in psychiatric (M = 0.16 vs. 0.16, OR=0.97, CI=[0.77, 1.21],
pd = 60.27%, Rhat = 1.00, ESS = 26,350) or healthy groups (M =
0.12 vs. 0.11, OR=0.98, CI=[0.73, 1.32], pd = 54.6%, Rhat =
1.00, ESS =27,152). Second, a whole-sample BGLMER revealed a
likely Group x Bias-Type interaction, such that the suicidal group dis-
played a greater difference in suicide versus positive biases compared
to the psychiatric group (OR = 1.39, CI = [0.89, 2.18], pd = 92.4%)
but not the healthy group (OR=1.35, CI=[0.80, 2.24], pd=
87.0%, Rhats = 1.00, ESSs > 30,000). EMM contrasts indicated
that suicidal group’s active escape suicide bias was higher than their
positive bias (OR = 1.23, CI = [0.92, 1.58]), but biases did not differ
in psychiatric and healthy groups (ORs=0.98-1.00, CI=[0.69,
1.96]). Together, these results indicate that only the suicidal group
had a stronger bias elicited by suicide relative to positive stimuli, lead-
ing to increased active (go) escape-responding even when passive
responding (no-go) was required to escape the noise. We note here
that groups did not differ on no-go or go computational model learning
rate parameters (ORs = 0.99-1.00, CI=[0.97, 1.02], pds = 51.5%—
73.8%; see Tables 1 and 2 in the online supplemental materials
for model parameter descriptives and group comparisons and Tables
4-6 in the online supplemental materials for spearman correlations
of computational model parameters).

Predicting STB Within the Suicidal Group With the Active
Escape Suicide Bias

Theoretically, on no-go trials, a latent “Pavlovian” or innate bias
to escape actively (go) from a suicide stimulus would be incongruent

with the passive instrumental response required. Thus, we mainly
focus analyses on the “active escape suicide bias,” which was
derived from no-go trials.

Bivariate concurrent and prospective validity. Contrary to
our hypotheses, bivariate BGLMs revealed that stronger active
escape suicide biases were associated with lower odds of past suicide
attempt (n = 36, 30.0% of suicidal group, OR = 0.04, CI = [0.00,
0.41], pd = 99.8%, Rhat = 1.00, ESS = 7,353). Again, we do not
report models of follow-up suicide attempt due to low incidence
(n =3, 3%) and thus low reliability. The active escape suicide bias
was not associated with thinking about suicide in terms of lifetime
suicidal thought frequency assessed at baseline (Mdn =30, M =
788.1, SD=1,652.2, OR=1.99, CI=[0.53, 7.38], pd = 86.0%,
Rhat =1.00, ESS =13,700), or follow-up suicide thought fre-
quency (Mdn=2, M=9.8, SD=17.3, OR=0.78, CI=]0.18,
3.78], pd =62.3%, Rhat=1.00, ESS = 13,418), or dichotomous
(yes/no) follow-up suicide thought incidence (n =69, 66.9%,
OR=0.78, CI=1[0.36, 1.34], pd =78.8%, Rhat=1.00, ESS =
13,418). Effect sizes and pd values of the active escape suicide
bias remained consistent with the above reported results when, in
an unplanned analysis, we included as an additional covariate the
positive-picture go bias derived from no-go trials to serve as a within
subject control for a general go bias. Also, planned bivariate models
estimating the association of these outcomes with the suicide bias
derived from go trials, where theoretically the Pavlovian and instru-
mental systems should be congruent with one another, were gener-
ally consistent, albeit weaker in coefficient magnitude, with the
above results: The go/active-escape suicide bias derived from go tri-
als was associated with past suicide attempt (OR = 0.23, CI=[0.02,
11.90], pd = 91.1%, but not past (OR =1.36, CI =[0.43, 14.29],
pd =83.3%) or future suicide thought frequency (OR=1.97,
CI=[0.31, 139], pd=76.8%) or incidence (OR=1.23,
CI=[0.62, 2.40], pd=73.2%, Rhats=1.00, ESSs> 10,000).
Overall, these results indicate that the bias to escape actively from
suicide stimuli is associated with prior suicidal behavior, with stron-
ger active-escape biases relating to lower odds of past suicide
attempt.

Incremental Concurrent and Prospective Validity. A BGLM
revealed that the active escape suicide bias is associated with suicide
attempt at baseline (OR =0.03, CI=1[0.00, 0.79], pd = 98.6%,
Rhats = 1.00, ESSs > 10,000) above and beyond other robust
STB risk-factor covariates (e.g., Death-IAT D score, BGLTQ + sta-
tus, birth sex, likely internalizing, externalizing, and substance use
disorders; see Table 2). However, similar to the bivariate analyses
above, when including additional STB risk factors covariates,
the active escape suicide bias was not associated with (a) baseline
lifetime frequency of suicide thoughts (OR=1.48, CI=10.27,
8.32], pd=67.0%), (b) follow-up incidence (yes/no; OR =
0.88, CI=[0.05, 16.04], pd=54.1%) or (c) frequency of
suicide thoughts (OR=1.61, CI=[0.49, 5.60], pd="78.3%).
Interestingly, however, prior suicide attempt reported at baseline
(ORs =2.77-5.07, CI=[1.07, 27.99], pds=98%-100%) and
IAT D score (ORs =2.18-4.55, CI=[0.83, 27.18], pds = 92%—
99%) did display incremental validity in predicting all three suicide
thought outcomes (see Table 7 in the online supplemental materials).
When, in an unplanned test, including the positive-picture go bias as
a covariate in the above models, effect sizes and pd values of the
active escape suicide bias did not meaningfully change. Together,
these results indicate that the active escape suicide bias is associated
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Table 2

Bayesian Logistic Regression Modeling Prior Suicide Attempt as a
Function of the Active Escape Suicide Bias and Covariates Within
the Suicidal Group at Baseline (n = 120)

Past suicide attempt reported at baseline
(n=36)

OR[95% CI]  pd

Variable R? (SD)

Male sex 0.52 [0.11, 2.28] .80 0.46 (0.06)
Age 0.95 [0.88, 1.02] 92
Likely internalizing disorder: yes ~ 5.02 [0.61, 59.86] .93
Likely externalizing disorder: yes  3.04 [0.66, 16.07] .92
Likely substance use disorder: yes  2.26 [0.46, 11.54] .84
Race: Black/African American  14.63 [1.1, 235.23] .98
Race: Hispanic/Latino/a/x 0.00 [0.00, 3.12] 95
Race: “mixed” 6.53[0.52,89.03] .93
Race: White/Caucasian 3.41 [0.54, 23.5] .90
BGLTQ status: “other” 26.64 [1.18, 746.83] .98
BGLTQ status: yes 2.63 [0.73, 9.7] 93
Death-IAT D score 3.86 [0.71,21.69] .94
Active escape suicide bias® 0.03 [0.00, 0.74] .98

Note. Bold indicates pd > .95. CI = credible interval; pd = probability of
direction; BGLTQ = bisexual, gay, lesbian, transgender, queer, and
questioning; IAT = Implicit Association Test.

#The active escape suicide bias is derived from the computational model that
was fit to no-go trials. It indexes the tendency to favor active (go) escape
when the required instrumental response is to do nothing (no-go).

with prior suicide attempt above and beyond several robust STB risk
factors, including death IAT D score, which itself displays incremen-
tal validity in predicting both past and future STB (Nock et al., 2010;
Sohn et al., 2021).

Association Between Active Escape Suicide Bias and
Explicit Picture Ratings

We hypothesized that explicit ratings of the suicide pictures used
in the behavioral task would be related to the active escape suicide
bias. A BGLM among suicidal participants revealed that a stronger
bias was associated with perceiving suicide as less pleasant/more
aversive (valence; OR = 0.90, CI =[0.78, 1.05], pd = 91.7%) and
less arousing (OR = 0.89, C1=[0.77, 1.01], pd = 96.0%), but not
related to perceived threat (OR=1.01, CI=[0.87, 1.17], pd=
56.1%, Rhats = 1.00, ESSs > 9,000). Among psychiatric controls,
stronger biases were related to perceiving suicide as more aversive
(OR=0.79, CI=[0.57, 1.12], pd=91.0%), more arousing
(OR=1.09, CI=1[0.98, 1.20], pd=95.2%) and less threating
(OR=0.88, CI=[0.72, 1.06], pd=90.0%, Rhats=1.00,
ESSs > 10,000), whereas among healthy controls, stronger biases
were related to finding suicide more arousing (OR=1.08,
CI=[0.97, 1.21], pd = 92.0%), but not related to suicide aversion
(valence; OR=1.09, CI=[0.82, 1.57], pd=68.2%) or threat
(OR=0.88, CI=[0.68, 1.08], pd = 86.6%, Rhats = 1.00, ESSs
> 14,000). Table 8 in the online supplemental materials displays
robust correlations between the active escape suicide bias and each
rating dimension for each group; we note here that the bias was
related to valence ratings in the suicidal group only (r=—.17
[—.34 to .01], p=.05). An unplanned whole-sample BGLM
revealed a Group x Valence interaction indicating that the suicidal
group likely had a stronger association between explicit valence rat-
ings and the active-escape suicide bias relative to the healthy (OR =

1.25, CI1=10.92, 1.77], pd = 92.0%) but not the psychiatric group
(OR=0.91, CI=[0.65, 1.29], pd = 71.2%). Together, these results
indicate that suicidal participants who perceive the suicide pictures
as highly aversive have stronger active escape suicide biases, sug-
gesting that the bias may index a relatively reflexive motivation to
avoid suicide.

Notably, unplanned BGLMs revealed that explicit valence of two
other types of pictures, which depicted (a) highly negative (but non-
suicidal) content (e.g., an emaciated man), or (b) the suicidal behav-
ior of a different person (i.e., non-self-relevant suicide, e.g., a man
hanging himself), are not associated with the bias (ORs =0.95—
1.05, CI=[0.79, 1.46], pds =70.7%-73.7%). This indicates the
active escape suicide bias is associated with self-relevant suicide
information specifically (i.e., pictures depicting one’s own suicidal
behavior), not just highly negative or other-oriented suicide
information.

Active Escape Suicide Bias Mediating the Relationship
Between Suicide Picture Valence and Suicide Attempt

We hypothesized that explicit aversion to suicide stimuli (i.e.,
valence ratings) would be associated with STB and that the active
escape suicide bias would mediate this relationship. Bayesian medi-
ation analysis revealed that the bias likely mediates the direct rela-
tionship between suicide aversion and past suicide attempt
(indirect effect: OR = 1.33, CI =[0.94, 3.27], pd = 95.2%, 33.5%
mediated; direct effect: OR = 1.75, CI =[1.30, 2.41], pd = 100%,
Rhats = 1.00, ESSs = 24,481-27,042), indicating that people per-
ceiving self-relevant pictures of suicidal behavior with low aversion
tend to have a weaker decision-making bias elicited by this
suicide-related information, which, in turn, is associated with higher
odds of having attempted suicide in the past.

Discussion

The purpose of this study was to test whether suicide-related stim-
uli can bias the decisions that people with and without recent STB
make when they are trying to escape acute distress. There are four
main findings. First, people with a past suicide attempt and recent
suicidal thoughts show much less explicit aversion to suicide than
others, including people with recent suicidal thoughts alone.
Second, suicide-related stimuli consistently biased the suicidal
group’s decisions (but not healthy or psychiatric controls), leading
them to favor an active versus passive means of escaping an acutely
distressing experimental context. Third, a computational model of
behavioral task performance revealed that, relative to both control
groups, the suicidal group had a stronger latent decision-making
bias to escape actively (go) elicited by the suicide stimuli, which
was most evident when the required instrumental response was pas-
sive (no-go). This “active escape suicide bias” accounted for vari-
ance in choice behavior, helping explain why the suicidal group
favored the active escape option in the presence of suicide stimuli.
Fourth, within the suicidal group, lifetime history of suicide attempt
was associated with lower suicide aversion and weaker active escape
suicide biases above and beyond other robust predictors; separately,
the active escape suicide bias mediated the association between past
suicide attempt and low suicide aversion. Together, these findings
suggest that people with low suicide aversion are less biased to
actively escape from suicide-related stimuli and, consequently,
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may be less likely to actively limit their exposure to suicide thoughts
or methods when trying to escape acute distress. Each finding war-
rants additional comment.

The suicidal group explicitly rated pictures of suicidal behavior as
much less aversive/more pleasant than both control groups. This dif-
ference was largely driven by people in the suicidal group with a past
suicide attempt. These results replicate and extend prior research
(Jaroszewski et al., 2020) showing that, not only do people with
past suicidal thoughts have lower suicide aversion than those without
prior STB, but that people with past suicidal behavior have even
lower suicide aversion. We cannot determine from these cross-
sectional data alone whether reduced suicide aversion is a risk factor
of suicidal behavior, a consequence of it, or both; however, prior
work indicates that people engaging in NSSI also display reduced
aversion to self-injury stimuli (Fox et al., 2018; Franklin et al.,
2016; Franklin, Lee, et al., 2014; Franklin, Puzia, et al., 2014),
and that lower suicide aversion predicts future suicidal attempt
(Ribeiro et al., 2020).

Prior research by Millner et al. (2018, 2019) demonstrated that
people possess a “Pavlovian™ or innate bias to escape an aversive
stimulus by doing something active (go) versus doing nothing
(no-go). Further, this “active-escape bias” is even stronger among
people with STB compared to psychiatric controls. The present
study replicates and builds on this prior work by adding suicide pic-
ture stimuli to a similar escape-learning task. We hypothesized that
the suicide stimuli would magnify the active escape bias among peo-
ple with recent suicidal thoughts, “pushing” them to make more
active responses in relation to a suicide versus positive picture.
Our findings supported this hypothesis. The suicidal group display-
ing higher accuracy and faster RTs on suicide- versus positive-
picture trials that required an active (go) response, yet lower accuracy
(and faster erroneous RTs) on suicide-picture trials requiring a pas-
sive (no-go) response.

The computational model of task behavior revealed that this
seemingly discrepant pattern of results is explained by the same
mechanism: a relatively stronger latent bias elicited by suicide stim-
uli that favors active (go) escape regardless of the required instru-
mental response. When the required response was to do something
active, this active-escape bias facilitated the suicidal group’s learn-
ing/accuracy; however, when the required response was to do noth-
ing, the bias hindered accuracy. These results align with prior work
on Pavlovian—instrumental interactions, which indicates that when
Pavlovian and instrumental systems are congruent with one another
(i.e., ascribe greater relative value to the same action) learning/per-
formance may benefit but, when incongruent, learning can suffer
(e.g., Guitart-Masip et al., 2012; Millner et al., 2018). Importantly,
a key instrumental-value-learning parameter (i.e., learning rate)
did not differ across groups. Together, these results suggest that sui-
cide stimuli per se consistently biased the suicidal group’s decision
making through a relatively reflexive, stimulus-driven process.
These results extend findings demonstrating that not only can aver-
sive stimuli elicit rigid biases that influence instrumental behavior
(Lindstrém et al., 2015; Millner et al., 2018, 2019), but also that
the presence of some such biases depend on individual differences,
such as recent suicidal thoughts.

Contrary to our hypotheses, within the suicidal group, participants
with stronger active escape suicide biases were much less likely to
have attempted suicide prior to starting the study. Importantly, this
association held even after statistically controlling for a variety of

other robust STB risk factors, including LGBTQ+- status, likely psy-
chiatric disorder(s), and D-IAT score (Nock et al., 2010; Tello et al.,
2020). We do not yet know whether the active escape suicide bias is
associated with future suicidal behavior, since we were not able to
reliably estimate this effect due to low suicide attempt incidence
(n =3, 3%) at 3-month follow-up. Notably, the active escape suicide
bias parameter was not associated with concurrent or prospective
suicidal thought frequency/incidence, suggesting the bias relates to
suicidal behavior specifically. Likewise, the bias was not associated
with explicit valence ratings of other aversive pictures, which
depicted highly negative but nonsuicidal content or the suicidal
behavior of a different person (e.g., a man hanging himself), sug-
gesting the active escape suicide bias relates to self-relevant
suicide-information specifically. Together, these results indicate
that the active escape suicide bias parameter, which indexes the
behavioral tendency for self-relevant suicide information to elicit
active (vs. passive) attempts to escape distress when the required
instrumental response is to wait and do nothing, is a novel, specific,
incrementally valid, and objectively assessed suicide-attempt
correlate.

Lastly, the active escape suicide bias parameter mediated the rela-
tionship between higher suicide aversion and lower odds of past sui-
cide attempt. The direction of this mediation cannot be determined
because these data are cross-sectional; however, to date, more evi-
dence supports the possibility that lower suicide aversion is a risk
factor (not a mere consequence [cf. Joiner, 2005; Van Orden
et al., 2010]) of suicide attempt (Franklin et al., 2016; Ribeiro
et al., 2020). This mediational association could play out in real-life
contexts in several ways. For example, when someone with recent
suicidal thoughts and high suicide aversion is in distress and encoun-
ters a suicide-related stimulus (e.g., potential suicide method), they
might experience a strong reflexive bias or “push” to actively escape
from this stimulus, which could be protective. For instance, when the
suicide stimulus is endogenous, like a suicidal thought/mental
image, a stronger bias may push someone to actively suppress the
thought and/or think about different ways to gain relief/escape,
thereby decreasing the chances that suicide enters into one’s “con-
sideration set” of potential ways to gain relief (Dombrovski &
Hallquist, 2022). Also, when the suicide-related stimulus is exoge-
nous, like an actual gun in one’s home, a stronger bias may push
someone to avert their gaze or physically turn their body away
from it, thereby possibly decreasing the chances of either simulat-
ing/imagining or actually engaging in suicidal behavior. By the
same token, those with low suicide aversion may experience less of
a reflexive push to actively escape from a suicide-related stimulus,
thus increasing the chances of actually attempting suicide. This possi-
bility is consistent with recent theories that people possess a natural
aversive barrier to self-injurious-related stimuli that ordinarily inhibits
self-harm (Hooley & Franklin, 2018; Joiner, 2005) and that risk for
suicidal behavior increases when one is only able to generate and con-
sider relatively few and unelaborated ways to gain relief due to cogni-
tive impairments, mood congruent Pavlovian biases, and impaired
value-learning and outcome simulation (Dombrovski & Hallquist,
2022). Interestingly, the mediation finding also raises the possibility
that increasing aversion to suicide might reduce risk for suicidal
behavior (e.g., via counter-conditioning procedures) just as increasing
NSSI aversion reduces NSSI (Franklin et al., 2016). Notably, the
healthy and psychiatric controls groups displayed high suicide aver-
sion, but within these groups suicide aversion was less strongly
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associated with the active escape suicide bias. This pattern of results
suggests that the relationship between suicide aversion and the bias
is somewhat specific to participants with recent STB. Prior work
has shown that stimuli vary on their capacity to elicit direct, automatic
action tendencies (e.g., approach, avoid), likely because some stimuli
are perceived as more/less ambiguous and, thus, require more context
and interpretation (Hans Phaf et al., 2014). It is possible that, com-
pared to people with STB, people who have never thought about sui-
cide before (i.e., controls) likely perceive pictures depicting their own
hypothetical suicidal behavior as less relevant and/or more ambiguous
and, therefore, are less consistently influenced by such stimuli
(Jaroszewski et al., 2022).

The findings from this study must be interpreted in the context of
several limitations. First, this study used an unpleasant noise stimu-
lus to induce acute distress. This stimulus was effective and afforded
high experimental control, but has limited ecological validity
because people likely rarely if ever attempt suicide to escape an aver-
sive noise. Future studies could address this by using other, more
commonly experienced distressing stimuli (e.g., emotional distress,
monetary loss). Second, participants were recruited online.
Although prior research shows that online samples are representative
of the broader population, it is possible that certain aspects of this
sample (e.g., high technological literacy, openness to/familiarity
with research) may not generalize to some individuals with STB.
Future studies could address this by recruiting from in-person set-
tings (e.g., emergency department, inpatient unit). Third, group in/
exclusion was determined via self-report. Although participant’s
report is necessary when assessing constructs like STB
(Jaroszewski et al., 2020), this approach has many well-known lim-
itations. We took a number of steps to mitigate these concerns,
including not disclosing eligibility criteria; using valid and reliable
self-report assessments; embedding in/exclusion items in larger sur-
veys to prevent selective misreporting, self-presentation bias, and/or
demand characteristics; and assessing some constructs (e.g., suicidal
thoughts) multiple times to detect inconsistent responding. Fourth,
although the suicidal group was relatively large (n=120) and
>85% responded at follow-up, few participants reported attempting
suicide at follow-up (n = 3, 3%), restricting variance in this key DV.
Future studies could address this by recruiting samples enriched for
suicide attempt incidence (e.g., people receiving inpatient psychiat-
ric care). Fifth, although nonsuicidal negatively valenced pictures
were not correlated to the active escape suicide bias, it is possible
negative nonsuicidal information exerts a similar influence on
escape-related decision making that suicidal information does.
Future studies should directly test different kinds of valenced stimuli
in an escape learning task to better isolate the effect of
suicide-related information specifically. Sixth, we did not attempt
to match or misalign participants’ observable demographics (e.g.,
skin tone) with the non-self-relevant aversive pictures they rated.
This may have differentially impacted some pictures’ perceived self-
relevance, thereby influencing the strength of association with the
active escape suicide bias. Future research could test this possibility.
Seventh, consistent with prior work (Millner et al., 2019), we fit var-
iations of only one type of computational model to the data
(RL-DDM with separate starting points) and, therefore, do not
show that this approach fits the data better than reasonable alterna-
tives, which future work could investigate.

Despite these limitations, our findings contribute to a growing lit-
erature that uses decision science to investigate factors and processes

related to STB. We showed that lower aversion to suicide is associ-
ated with greater odds of past suicidal behavior. Using an experi-
mental task and computational model, we discovered that suicide
information elicits a decision-making bias that “pushes” some peo-
ple with recent suicidal thoughts to actively escape from
suicide-related stimuli. Those regarding suicide as less aversive pos-
sess a weaker bias and, consequently, may be less likely to actively
limit their exposure to suicide stimuli (e.g., suicide methods), thus
increasing risk of attempting suicide. This active escape suicide
bias represents an objectively assessed, cognitive factor linking indi-
vidual differences in perception and affect toward suicide-specific
stimuli to prior suicidal behavior. This line of research may provide
additional insight into processes that influence people to select sui-
cide to escape as well as help identify novel clinical targets and pre-
cision methods to help prevent this tragic decision. It is also possible
that this approach could be useful in studying other clinical phenom-
ena (e.g., substance misuse, anxiety) that involve escape and are
influenced by stimulus-driven processes (Carter & Tiffany, 1999).
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