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Germany
g Department of Clinical Sciences, Lund University, Sölvegatan 19, 22184 Lund, Sweden

A R T I C L E  I N F O

Keywords:
Suicidal behaviour
Suicidal cognition
Implicit associations
Cognitive assessment

A B S T R A C T

Objective: This study examined two Death-Implicit Association Test versions targeting associations between the self- 
concept (standard identity D-IAT; iD-IAT) and internal versus external control (adapted control D-IAT; cD-IAT) 
and death among suicide attempters. Additionally, correlations with explicit psychological variables and psy
chometrics were explored.
Method: 116 psychiatric inpatients (58.1 % female; age M = 33.6, SD = 12.4) were classified as single versus 
multiple and recent versus lifetime suicide attempters. Implicit associations were measured using the iD-IAT and 
cD-IAT. Self-report measures included constructs relevant to suicidal behaviour.
Results: Recent attempters showed weaker self-life (t(114) = 2.18, p = .016) and internal control-life (t(114) =
2.26, p = .013) associations than lifetime attempters. Multiple attempters exhibited weaker internal control-life 
associations than single attempters (t(114) = 2.25, p = .007). The iD-IAT correlated with suicidal ideation 
(rs(114) = 0.20, p = .032), depression (rs(114) = 0.20, p = .033) and external control (rs(114) = 0.21, p = .021), 
the cD-IAT with suicidal ideation (rs(114) = 0.25, p = .006) and depression (rs(114) = 0.26, p = .006). The cD- 
IAT predicted multiple attempts (χ2(1116) = 3.88, p = .049), showed higher internal consistency (rsb =. 31, p =
.001) and predictive validity in detecting multiple (AUC = 0.64; p = .013) and recent (AUC = 0.62; p = .028) 
attempters than the iD-IAT.
Conclusions: The cD-IAT shows preliminary potential to differentiate suicidal behaviour based on recency and 
frequency, offering a tentative step toward understanding cognitive vulnerabilities of at-risk subgroups, war
ranting further refinement, validation and prospective analyses.
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1. Introduction

Suicide is a pressing global health issue, with over 720,000 deaths 
annually [1] and an estimated 10 to 20 times more attempts worldwide 
[2]. Despite extensive research, predicting acute suicide risk remains a 
critical challenge in prevention efforts [3,4]. Traditional self-report 
measures, while valuable, rely greatly on explicit self-disclosure [5–9], 
which is often hindered by stigmatisation [10–12], fear of intervention 
or hospitalisation [13,14] or limited self-awareness [8,9,15]. These 
limitations necessitate complementary methods to assess automatic 
psychological and cognitive processes associated with suicidal behav
iour [6,16,17].

Research on cognitive markers specific to suicidal behaviour rather 
than ideation remains limited [18,19], particularly regarding behav
ioural markers that reflect psychological distress and cognitive distor
tions linked to suicide attempts [20–22]. Understanding suicidal 
behaviour on different levels, e.g., based on frequency and recency of 
attempts, both strong indicators of future risk [23–26] may help identify 
vulnerable individuals. Recent attempters, who are thought to be in a 
suicidal mode characterised by heightened cognitive and affective dys
regulation [27], are at acute risk due to the recency of their distress [28], 
cognitive dysfunction [29] and correlating symptom severity of clinical 
factors, e.g., severe depression [30]. Multiple attempters tend to exhibit 
greater psychological distress, impulsivity, and more entrenched mal
adaptive thought patterns, increasing their vulnerability to subsequent 
attempts [24,31]. Both recent and multiple attempters are a priority for 
intervention [32,33].

Implicit Association Tests (IATs), introduced by Greenwald et al. [34], 
measure automatic cognitive associations that individuals may not 
consciously recognise or willingly disclose. The Death-Implicit Associa
tion Test (D-IAT), developed by [35] and translated to German by Rath 
et al. [36], assesses associations between self-related (me versus not me) 
and death- and life-related constructs (death versus life). This approach 
has been shown to validly detect and predict suicidal ideation and 
behaviour across diverse populations [37–43]. Sohn et al. [42], in their 
comprehensive meta-analysis, highlighted the prospective predictive 
utility of the D-IAT over a 6-month period, demonstrating its effective
ness in identifying individuals at acute risk for suicide. Although some 
studies have reported mixed findings regarding its predictive validity 
over time [44] and stability in detecting differences among attempters 
[37,45] or ideators [46], Sohn et al.’s findings [42] provide crucial ev
idence of the D-IAT’s potential to capture latent risk factors that may be 
otherwise inaccessible through traditional methods. Despite the D-IAT’s 
utility in measuring implicit self-death associations, there remains a gap 
in addressing other critical cognitive constructs, such as control biases, 
potentially relevant to the susceptibility to suicidal behaviour [47,48].

LoC, introduced by Rotter [49], refers to the degree to which in
dividuals attribute outcomes to personal agency (internal locus of con
trol, iLoC) or external forces (external locus of control, eLoC; [50]). 
Previous literature has focused on eLoC as a factor linked to negative 
emotions, including an elevated risk of depression [51–53]. ILoC is often 
associated with adaptive outcomes such as coping [54–56], resilience 
[57], and well-being [58,59]. Under certain circumstances, however, it 
may contribute to feelings of guilt, self-blame, and hopelessness when 
individuals perceive themselves as responsible for failures or inability to 
change their circumstances [54,60,61]. Theoretical models of suicide 
propose that a perceived lack of iLoC over life fosters hopelessness, a key 
precursor to suicidal ideation and behaviour [62–64].

The literature on LoC in the context of suicidal behaviour presents 
mixed findings. Most studies suggest that an eLoC is associated with 
suicidal ideation and behaviour [52,65,66]. However, these studies 
often rely on measures that assess general feelings of LoC rather than 
specifically the controllability related to death. This distinction is crit
ical, as individuals who attempt suicide may experience a complex 
interplay of LoC beliefs; a lack of control over life, i.e., an eLoC of life, 
may lead to feelings of helplessness [67], while simultaneously 

perceiving death as a controllable escape from this helplessness, a sense 
of resignation to external forces and a perceived restoration of control 
through death [68,69], what might be termed an internalised sense of 
control over death. Studies have shown that individuals who attempt 
suicide often exhibit higher levels of cognitive rigidity and a narrowed 
focus on escape as a solution to their suffering [70,71]. These findings 
align with the idea that an iLoC related to death may manifest as a belief 
in one’s ability to control the timing and manner of their own death, 
reinforcing suicidal intent in high-risk individuals [72,73]. For example, 
individuals with higher-lethality suicide attempts were found to score 
more internally on LoC measures compared to those with lower-lethality 
attempts, suggesting a stronger belief in personal agency over the 
outcome of their actions [74]. Additionally, a high iLoC has been linked 
to decisions to hasten death in the context of irremediable health con
ditions, highlighting how death-specific control beliefs can shape atti
tudes toward death as a solution [75]. This belief system does not align 
with general LoC constructs but instead reflects a specific perceived 
controllability of death. While this perception may share psychological 
overlap with iLoC beliefs, it is conceptually distinct and should not be 
conflated with general LoC.

Existing measures of LoC, such as Rotter’s [76] Internal-External 
Control Scale and its derivatives, e.g. the Internal-External Locus of Control 
Short Scale-4 (IE-4; [77]), rely on self-reports and are susceptible to 
response biases, such as social desirability [78,79], stigmatisation [80] 
or the nonlinear and transient nature of emotions and thoughts, espe
cially in the context of suicidal ideation [81,82]. Implicit measures could 
provide a supplementary understanding of how specific control-related 
biases, particularly concerning death, operate below conscious aware
ness [83–85], which is particularly relevant for high-risk populations, 
who may struggle to articulate or even recognise their cognitive biases 
[14,41,86].

To date, no implicit instrument has been developed to measure the 
controllability of death and life in the context of suicidal behaviour. To 
address this gap, the standard identity D-IAT (iD-IAT), which captures 
implicit associations between me or not me, i.e. the construct of self, and 
life or death, along with an adapted control D-IAT framework (cD-IAT) 
were applied. The cD-IAT was designed to assess domain-specific control 
biases, measuring the relative strength of automatic associations be
tween internal or external control and life or death. While conceptually 
inspired by the broader LoC framework [49], the cD-IAT is not intended 
to measure general LoC but rather to target implicit control biases spe
cifically in the context of life and death. Importantly, cD-IAT scores are 
interpreted such that stronger internal control-life and weaker internal 
control-death associations reflect an automatic alignment of life with 
control. Conversely, weaker internal control-life and stronger internal 
control-death associations indicate a shift away from life-directed con
trol, which may reflect a loss of control over life and an implicit attri
bution of control to death. This conceptualisation aligns with theoretical 
accounts of suicidal behaviour that frame suicide as an act of perceived 
control, where individuals seek to regain control by escaping from 
overwhelming psychological pain and entrapment [72,87]. Further 
support comes from Tang et al. [88], who observed stronger implicit 
death-related associations under stress in individuals with internal 
control beliefs, suggesting that under high distress, death may become 
the locus of perceived control.

Thus, this study aimed to examine whether implicit identity and 
control biases related to life and death differ by frequency and recency of 
suicidal behaviour, specifically comparing high-risk patients (multiple 
[MSA] or recent [RSA] attempters) to lower-risk groups (single [SSA] or 
lifetime [LSA] attempters) and how these implicit biases relate to key 
psychological constructs relevant to suicidal behaviour. First, it was 
hypothesised that MSA and RSA would exhibit stronger self-death and 
internal control-death associations than SSA and LSA, respectively. 
Second, it was predicted that self-death and internal control-death as
sociations would correlate positively with higher levels of depression, 
greater intensity of suicidal ideation, risk for suicidal behaviour, 
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elevated psychological pain, and general eLoC while showing negative 
associations with positive mental health and general iLoC. Finally, the 
performance of the iD-IAT and cD-IAT was explored with respect to their 
psychometric properties and potential to distinguish between the at-risk 
subgroups. While no strong a priori assumptions were made regarding 
the superiority of the cD-IAT over the iD-IAT, given the exploratory 
nature of this comparison, its inclusion was informed by conceptual and 
preliminary empirical work suggesting that perceived control over death 
may play a role in suicidal cognition under certain conditions, particu
larly among high-risk individuals [68–75,87,88].

2. Methods

2.1. Participants

This cross-sectional analysis included N = 116 psychiatric inpatients 
(58.1 % female; age M = 33.6 years, SD = 12.4) with a history of suicidal 
behaviour. Patients were consecutively recruited from the University 
Hospital of Psychiatry and Psychotherapy Bern, Switzerland, between May 
2020 and November 2024 as part of a project on the expansion and re- 
evaluation of the iD-IAT. The study (ClinicalTrials.gov ID: 
NCT04585802) was approved by the local Ethics Committee (BASEC ID: 
2019–01410). All patients provided written informed consent, with 
assurance of voluntary participation and the right to withdraw without 
penalty.

Inclusion criteria required patients to be aged between 18 and 65 
years, capable of providing informed consent, and have a history of at 
least one suicide attempt. Exclusion criteria included severe cognitive 
impairments, acute psychosis, insufficient German-language skills, or 
any condition compromising comprehension of the study procedures 
and consent process.

Given the significant role of past and multiple suicide attempts in 
predicting future risk, patients were categorised twice into two behav
ioural subgroups. In the first analysis, they were classified based on the 
frequency of their suicide attempts recorded through the Beck Scale for 
Suicidal Ideation (BSS; [89,90]) into single (SSA; n = 49) and multiple 
attempters (MSA; n = 67). Patients were classified as SSA if item 20, 
concerning prior suicidal behaviour, indicated one prior attempt, and 
MSA if item 20 indicated two or more prior attempts. Second, the sample 
was classified according to the temporal proximity of their most recent 
attempt based on the Mini-International Neuropsychiatric Interview (M.I.N. 
I.; [91,92]) into recent (RSA; n = 51) and lifetime attempters (LSA; n =
65). Patients were screened using Module C: Suicidality. Those who 
affirmed item C5 (“Have you attempted suicide in the past month?”) 
were categorised as RSA, while those who affirmed item C6 (“Have you 
attempted suicide at any time in your life?”) but negated C5 were 
classified as LSA. Classifications were cross-validated with information 
provided by the patients in a sociodemographic questionnaire [93]. A 
total of n = 41 records were excluded from the originally recruited 
sample (n = 157) due to incompletion of the study session (n = 38) 
because of concentration or cognitive difficulties and psychotic symp
toms based on the M.I.N.I. (n = 3).

2.2. Procedure

Study participation lasted approximately 1.5 h in a single session and 
began with the administration of 4 versions of the D-IAT to measure 
implicit biases across various domains. The validation of these addi
tional D-IAT versions is currently being reviewed; the present analysis 
focuses on data from two versions (iD-IAT and cD-IAT, see 2.3.). The D- 
IATs were conducted on computers with screens ranging from 15.6 to 
17.3 in. using Presentation software (Version 20.3, Neurobehavioral Sys
tems); completion of all D-IATs took approximately 30 min. The order of 
D-IAT versions was randomised with Presentation’s built-in stimulus 
array shuffling to mitigate sequence and order effects. Prior to the start 
of each D-IAT version, participants were provided with both oral and 

written instructions explaining the meaning of each construct involved 
in the respective version. The written instructions were displayed on the 
screen using accessible language. Participants were asked whether they 
understood the constructs and were encouraged to ask questions. This 
step was implemented to ensure that all participants had a clear con
ceptual grasp of the attribute categories, which is essential for valid IAT 
performance [94,95].

Following the D-IAT tasks, participants completed demographic and 
clinical self-report questionnaires and underwent a clinical assessment 
using the M.I.N.I. [91,92] to screen Axis-I disorders. To mitigate fatigue 
and maintain engagement, participants were offered short breaks be
tween tasks and were closely monitored by the study team throughout 
the session. Participants were continuously encouraged and supported 
and were reminded that they could pause or discontinue participation at 
any time.

2.3. Measures

Implicit biases were assessed using two versions of the D-IAT: the iD- 
IAT [35,36] and the cD-IAT. Both D-IATs were presented in German, 
following ISPOR Task Force translation guidelines [96]. Each version 
consisted of 7 blocks. The practice blocks (1, 2, and 5) included 20 trials. 
Critical experimental blocks (3 and 6) included 20 and 40 trials, 
respectively (4 and 7), yielding 60 trials per combined experimental 
block pair (i.e., 3 + 4 and 6 + 7). Each version had the same length. 
Participants classified words into two bipolar target and attribute cate
gories by pressing designated keys (“E” and “I”) on a keyboard. Both 
versions used the target categories “Tod” (“death”) and “Leben” (“life”) 
with identical stimuli, along with attribute categories “Ich” (“me”) and 
“Nicht-Ich” (“not me”) in the identity version, and “Internale Kontrolle” 
(“internal control”) and “Externale Kontrolle” (“external control”) in the 
control version. In a randomised allocation, for one-half of the partici
pants, the “life”/“me” and “life”/“internal control” blocks were pre
sented first; for the other half, the “death”/“me” and “death”/“internal 
control” blocks were presented first. Stimuli selection in the “death”/ 
“life” and “me”/“not me” categories followed the original version 
[35,36]. Selection for the “internal control”/“external control” cate
gories was guided by best practices for constructing effective IATs, 
which recommend using clearly dichotomous and easily distinguishable 
categories to enhance the strength and clarity of automatic associations 
([94]; see Tables 1 & 2 for a description of blocks and stimuli). The 
stimuli development was based on theoretically grounded material, 
including German-language patient statements from video-recorded 
therapy sessions of the Attempted Suicide Short Intervention Program 

Table 1 
Structure of the iD-IAT.

Order Block 1 2 3 & 4 5 6 & 7

Practice Experimental Practice Experimental

A left Tod
Nicht- 
Ich

Tod/Nicht- 
Ich Leben

Leben/Nicht- 
Ich

right Leben Ich Leben/Ich Tod Tod/Ich

B
left Leben Nicht- 

Ich
Leben/Nicht- 
Ich

Tod Tod/Nicht- 
Ich

right Tod Ich Tod/Ich Leben Leben/Ich

Note. “left” and “right” indicate the position of category labels on the screen 
during the task and correspond to the respective response keys (i.e., “E” for left 
and “I” for right key press on a standard keyboard). The “Tod” (“death”) cate
gory included the words “Suizid” (“suicide”), “sterben” (“die”), “Beerdigung” 
(“funeral”), “leblos” (“lifeless”), and “verstorben” (“deceased”), while the 
“Leben” (“life”) category comprised “lebendig” (“alive”), “leben” (“living”), 
“gedeihen” (“thriving”), “überleben” (“surviving”), and “atmend” (“breathing”). 
The “Ich” (“me”) category included the stimuli “Ich selbst” (“myself”), “mein” 
(“my”), “meins” (“mine”), “mich” (“I”), and “selbst” (“self”), while the “Nicht- 
Ich” (“not me”) category comprised “ihnen” (“them”), “sie” (“they”), “ihres” 
(“theirs”), “ihr” (“their”), and “andere” (“other”).
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(ASSIP; [93]), which were conducted as part of clinical interventions at 
the University Hospital of Psychiatry and Psychotherapy Bern and not 
collected for research purposes. These statements were thematically 
categorised according to LoC constructs. Additional terminology was 
drawn from German-language psychological literature and validated 
scales [77,97–103]. These candidate stimuli were then carefully 
reviewed by two independent experts in clinical psychology to ensure 
their semantic fit and construct relevance. Within the blocks, trials were 
presented in pseudorandomised order, i.e., not the same stimulus 
directly twice in succession. Error trials required a correct response 
before progressing. Reaction times (RTs) from the onset of the stimulus 
until key press were recorded in milliseconds for correct responses only. 
D-scores were computed using Greenwald et al.’s improved scoring al
gorithm [94], with data quality filters applied as described below. For 
the iD-IAT, positive D-scores indicate stronger automatic associations 
between “me” and “death” relative to “me” and “life”, indicating im
plicit identification with death. For the cD-IAT, positive D-scores reflect 
stronger automatic associations between “internal control” and “death” 
relative to “internal control” and “life”, which is interpreted as a shift 
away from control over life. Conversely, negative D-scores on the cD-IAT 
reflect stronger internal control-life associations and represent an 
automatic alignment of life with control. Blocks were randomised to 
control for sequence effects. Patients with more than 10 % of RTs under 
300 ms or error rates exceeding 30 % across the critical blocks (or 40 % 
in any block) were excluded. RTs above 10,000 ms were treated as 
missing [34].

The Beck Scale for Suicide Ideation (BSS; [89, German version: 90]) 
measures the intensity of current suicidal ideation, with scores ranging 
from 0 to 38 through the first 19 items. Items 20 and 21 inquire about 
previous suicide attempts and, if a previous suicide attempt was 
affirmed, how strong the desire to die was during the last attempt. The 
German version has demonstrated excellent internal consistency (α =
0.94; [90]) and good consistency in our sample (α = 0.85).

The Beck Depression Inventory–II (BDI-II; [[104], German version: 
[105]]) assesses the severity of depressive symptoms through 21 items, 
with a score of up to 63. The German adaptation has exhibited good 
internal consistency (α = 0.84), retest reliability (r = 0.75), and validity 
[106]. Internal consistency in our sample was excellent (α = 0.92).

The Suicide Behaviors Questionnaire-Revised (SBQ-R; [[107], German 
version: [108]]) is a brief instrument designed to assess dimensions of 
suicidal behaviour, including past ideation and attempts, frequency of 
recent suicidal ideation, communication of suicidal intent, and 
perceived likelihood of future attempts. Responses yield a total score 
between 3 and 18. While higher scores suggest greater suicide risk, with 
cutoffs of ≥11 for high risk and 7 to 10 for moderate risk, it is important 
to interpret these risk scores within the broader context of individual 
clinical assessments [109]. The German version has shown acceptable 
internal consistency (α = 0.72; [108]), similar to its value in our sample 
(α = 0.69).

The Mee-Bunney Psychological Pain Assessment Scale (MBPPAS; [110] 
German version: unpublished results) is a 10-item instrument that 

measures psychological pain, yielding scores between 10 and 50. The 
German version was translated using a forward-backwards translation 
procedure, ensuring linguistic and conceptual equivalence. The 
MBPPAS has demonstrated excellent internal consistency (α = 0.83 to 
0.94; [110]). Internal consistency in our sample was good (α = 0.89).

The Internal-External Locus of Control Short Scale-4 (IE-4; [77]) is a 4- 
item self-report measure assessing perceived control over life events, 
with two subscales for iLoC and eLoC of which means are calculated. The 
IE-4 has demonstrated sufficient internal consistency across the whole 
scale (α = 0.74; [77]). Internal consistency in our sample was acceptable 
for the iLoC (α = 0.69) and unsatisfactory for the eLoC scale (α = 0.44).

The Positive Mental Health Scale (PMH; [111]) evaluates psycholog
ical well-being using 9 items and summing responses. The PMH has 
demonstrated excellent internal consistency (α = 0.93; [104]), similar to 
its value in our sample (α = 0.90).

The Mini-International Neuropsychiatric Interview (M.I.N.I.; [91, 
German version: 92]) was employed to confirm psychiatric diagnoses 
and assess suicide risk according to DSM-IV Axis-I criteria. The in
terviews were conducted primarily by doctoral students in psychology 
and neuroscience, as well as master’s students under the supervision of 
doctoral students.

Demographic and clinical variables, including age, gender, marital 
status, self-harming behaviours, and suicidal ideation or behaviours, 
were collected through a standardised questionnaire [93].

2.4. Statistical analysis

Statistical analyses were conducted using SPSS version 29.0 [112] 
and RStudio version 4.4.1 [113]. Records with missing D-scores were 
not included in the analyses (see 2.1.). Prior to analysis, outliers in both 
D-IAT versions were identified using z-scores based on D-scores, as 
normality was confirmed using the Kolmogorov-Smirnov test (ps =
0.200; [114]). Consistent with previous research [35,36,40], one-tailed 
independent samples t-tests were employed to analyse group differ
ences, with and without the capping of outliers. Results were compared 
across uncapped and capped data using z-score thresholds of ±3.0 and 
± 2.0 [115]. Using the ±3.0 threshold, no outliers were identified for 
either D-IAT version. Using the more conservative ±2.0 threshold, n = 6 
outliers were identified for the iD-IAT and n = 5 for the cD-IAT. No 
changes in sample distribution, direction or significance of findings were 
observed. Thus, uncapped data were used in the final analyses. False 
Discovery Rate (FDR) correction [116] was applied to control for family- 
wise error, maintaining statistical power while controlling for false 
positives [117].

Spearman rank correlations were conducted between D-scores of 
both D-IAT versions and explicit psychological scales (BSS, BDI-II, SBQ- 
R, MBPPAS, IE-4, PMH) across the total sample. Missing data in the 
explicit scales were imputed using linear interpolation for trends and 
mean/median imputation for non-linear patterns, depending on skew
ness [118]. Using linear interpolation (linear trends ps ≤ 0.003), N = 9 
missing values were replaced for the BSS, N = 5 for the MBPPAS, N = 2 

Table 2 
Structure of the cD-IAT.

Order Block 1 2 3 & 4 5 6 & 7

Practice Experimental Practice Experimental

A
left Tod Externale Kontrolle Tod/Externale Kontrolle Leben Leben/Externale Kontrolle
right Leben Internale Kontrolle Leben/Internale Kontrolle Tod Tod/Internale Kontrolle

B left Leben Externale Kontrolle Leben/Externale Kontrolle Tod Tod/Externale Kontrolle
right Tod Internale Kontrolle Tod/Internale Kontrolle Leben Leben/Internale Kontrolle

Note. “left” and “right” indicate the position of category labels on the screen during the task and correspond to the respective response keys (i.e., “E” for left and “I” for 
right key press on a standard keyboard). The target categories “Tod” (“death”) and “Leben” (“life”) contain the same stimuli as the identity version. The “Internale 
Kontrolle” (“internal control”) stimuli were “lenkbar” (“manageable”), “kontrollierbar” (“controllable”), “beeinflussbar” (“influencable”), “bestimmen” (“determine”), 
and “Fähigkeit” (“ability”). The “Externale Kontrolle” (“external control”) stimuli included “machtlos” (“powerless”), “abhängig” (“dependent”), “Schicksal” (“fate”), 
“Zufall” (“chance”), and “Pech” (“bad luck”).
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for the SBQ-R, and N = 1 for the IE-4 eLoC scale. No linear trends were 
identified in the BDI-II (p = .211), PMH (p = .613), and IE-4 iLoC scale 
(p = .574). For the BDI-II and IE-4 iLoC scale, where skewness values 
were close to zero (− 0.07 and − 0.38, respectively), mean of nearby 
points imputation was used. For the PMH, which exhibited positive 
skewness (skewness = 1.02), median of nearby points imputation was 
applied to account for the asymmetry in distribution. In the BDI-II, N =
12 missing values were replaced, N = 1 in the IE-4 iLoC scale, and N = 9 
in the PMH.

Based on Nock and Banaji [119], hierarchical logistic regressions 
were performed to assess the incremental discriminant validity of the D- 
scores in detecting group membership based on frequency and recency 
of suicidal behaviour. Age, gender, diagnoses of mood and anxiety dis
orders, given their known correlation with suicidal behaviour 
[35,120–122] and their prevalence within the sample (n = 104 for mood 
disorders; n = 77 for anxiety disorders; see Tables 3 and 4), and explicit 
suicidal ideation based on the BSS were controlled for. In the first block, 
age and gender were entered as covariates, followed by diagnoses for 
mood and anxiety disorders in the second block, BSS scores in the third 
block, and the D-score in the fourth and final block. Each model was run 
twice per grouping (i.e., MSA vs. SSA and RSA vs. LSA), once including 
the iD-IAT’s D-score and once the cD-IAT’s D-score in the final block. As 
an additional step, the analyses were run again, once for each grouping, 
including both D-scores together in the final block to assess the unique 
contribution of each D-IAT. To ensure the robustness of the regression 
models, multicollinearity was evaluated using Variance Inflation Factor 
(VIF) values, with all predictors falling within acceptable ranges (VIF <
5), indicating no significant multicollinearity issues. Full regression ta
bles can be found in Supplementary Material 1.

Receiver operating characteristic (ROC) curve analyses were con
ducted to evaluate the discriminant accuracy of D-scores in dis
tinguishing MSA vs. SSA and RSA vs. LSA. Split-half reliability was 
assessed using a permutation-based approach implemented in Kahveci 
et al.’s rapidsplihalf R package [123], which provides a more accurate 
and unbiased estimate of reliability for reaction-time tasks than 

traditional methods by computing and aggregating many random split- 
half correlations corrected with a modified Spearman-Brown formula.

As an exploratory step, we additionally computed a combined D- 
score by averaging the D-scores from the iD-IAT and cD-IAT for each 
participant, and re-ran all primary analyses using this combined mea
sure; full results are reported in Supplementary Material 2.

3. Results

3.1. Sample characteristics

MSA were more likely to fulfil the diagnostic criteria for anxiety 
(χ2(3) = 13.98, p = .003) and trauma-related (χ2(3) = 5.78, p = .016) 
disorders than SSA. Additionally, MSA scored higher than SSA on the 
BSS (U = 1160.50, p = .007), BDI-II (U = 1082.50, p = .002), and SBQ-R 
(U = 941.50, p < .001), reflecting greater severity in suicidal ideation, 
suicide risk and depressive symptoms. Compared to LSA, RSA reported 
higher levels of suicidal ideation in the BSS (U = 1112.50, p = .002) and 
depressive symptoms in the BDI-II (U = 1229.00, p = .017). No differ
ences in diagnoses were observed between RSA and LSA. Overall, N = 92 
(78.6 %) patients met the criteria for multiple diagnoses, highlighting 
the complexity of clinical presentations among patients with prior sui
cidal behaviour. Key demographic characteristics, diagnoses and clinical 
variables are shown in Tables 3 and 4.

3.2. Descriptive statistics of the D-IAT

For the iD-IAT, the mean D-score in the total sample was M = − 0.30 
(SD = 0.32), ranging from − 1.03 to 0.59. For the cD-IAT, the mean was 
M = − 0.27 (SD = 0.33), with a range from − 1.16 to 0.58. Since the mean 
D-scores in both versions remained negative, the direction of associa
tions tended toward life rather than death. The negative mean D-scores 
indicate faster reaction times on “life”/“me” and “life”/“internal con
trol” paired trials than on “death”/“me” or “death”/“internal control” 
paired trials, respectively. Descriptive and comparative statistics can be 
found in Table 5.

Table 3 
Demographic and clinical baseline characteristics of MSA and SSA.

MSA 
n = 67

SSA 
n = 49

Test 
Statistic

p-value

Gender, female/male and 
others (n, %)

44 (66)/23 
(34)

24 (49)/25 
(51)

5.57a 0.062

Age in years, M (SD) 33.5 (12.0) 33.9 (13.1) 1640.00b 0.996
Diagnosis (DSM-IV) (n, %)

Mood Disorders 60 (90) 43 (88) 0.60a 0.740
Anxiety Disorders 47 (70) 30 (61) 13.98a 0.003
Substance-Related 
Disorders

26 (39) 18 (37) 4.65a 0.098

Eating Disorders 7 (10) 4 (8) 0.17a 0.678
Obsessive-Compulsive 
Spectrum

13 (19) 5 (10) 1.83a 0.177

Trauma-Related 
Disorders

21 (31) 6 (12) 5.78a 0.016

BSS, M (SD) 15.4 (10.3) 10.5 (8.3) 1160.50b 0.007
BDI-II, M (SD) 34.2 (12.7) 27.0 (10.6) 1082.50b 0.002
SBQ-R, M (SD) 14.1 (3.1) 11.9 (3.2) 941.50b < 

0.001
MBPPAS, M (SD) 33.5 (8.0) 31.9 (6.7) 1377.50b 0.140
IE-4 (iLoC), M (SD) 3.4 (1.0) 3.6 (1.1) 1492.00b 0.398
IE-4 (eLoC), M (SD) 3.2 (0.9) 2.9 (0.8) 1344.00b 0.098
PMH, M (SD) 16.4 (6.5) 17.6 (5.8) 1402.00b 0.180

Note. Diagnoses recorded with the M.I.N.I. = Mini-International Neuropsychi
atric Interview; MSA = Multiple suicide attempters; SSA = Single suicide 
attempters; BSS = Beck Scale for Suicide Ideation; BDI-II = Beck Depression 
Inventory–II; SBQ-R = Suicide Behaviours Questionnaire-Revised; MBPPAS =
Mee-Bunney Psychological Pain Assessment Scale; IE-4 = Internal-External 
Locus of Control Short Scale-4; PMH = Positive Mental Health Scale; iLoC =
internal locus of control; eLoC = external locus of control. a Chi-square test. b 

Mann-Whitney-U test.

Table 4 
Demographic and clinical baseline characteristics of RSA and LSA.

RSA 
n = 51

LSA 
n = 65

Test 
Statistic

p- 
value

Gender, female/male and 
others (n, %)

29 (57)/22 
(43)

39 (60)/26 
(40)

0.13a 0.937

Age in years, M (SD) 31.4 (12.4) 35.5 (12.2) 1316.00b 0.057
Diagnosis (DSM-IV) (n, %)

Mood Disorders 48 (94) 55 (85) 2.59a 0.273
Anxiety Disorders 34 (67) 43 (66) 2.98a 0.395
Substance-Related 
Disorders

19 (37) 25 (38) 1.64a 0.440

Eating Disorders 4 (8) 7 (11) 0.29a 0.593
Obsessive-Compulsive 
Spectrum

9 (18) 9 (14) 0.32a 0.575

Trauma-Related 
Disorders

14 (27) 13 (20) 0.89a 0.346

BSS, M (SD) 16.5 (9.2) 10.8 (9.5) 1112.50b 0.002
BDI-II, M (SD) 34.2 (12.9) 28.9 (11.5) 1229.00b 0.017
SBQ-R, M (SD) 13.5 (3.2) 12.8 (3.4) 1415.50b 0.176
MBPPAS, M (SD) 34.0 (7.4) 31.9 (7.4) 1410.50b 0.169
IE-4 (iLoC), M (SD) 3.3 (1.0) 3.6 (1.0) 1407.00b 0.159
IE-4 (eLoC), M (SD) 3.1 (0.8) 3.1 (1.0) 1653.50b 0.982
PMH, M (SD) 16.6 (6.0) 17.2 (6.4) 1576.50b 0.652

Note. Diagnoses recorded with the M.I.N.I. = Mini-International Neuropsychi
atric Interview; RSA = Recent suicide attempters; LSA = Lifetime suicide 
attempters; BSS = Beck Scale for Suicide Ideation; BDI-II = Beck Depression 
Inventory–II; SBQ-R = Suicide Behaviours Questionnaire-Revised; MBPPAS =
Mee-Bunney Psychological Pain Assessment Scale; IE-4 = Internal-External 
Locus of Control Short Scale-4; PMH = Positive Mental Health Scale; iLoC =
internal locus of control; eLoC = external locus of control. a Chi-square test. b 

Mann-Whitney-U test.
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3.3. Group differences in implicit associations with death

The iD-IAT showed no difference between MSA and SSA (t(114) =
1.18, p = .121, d = 0.32), indicating comparable implicit self-life asso
ciations. The cD-IAT showed a small difference, suggesting weaker im
plicit internal control-life associations in MSA compared to SSA (t(114) 
= 2.48, p = .007, d = 0.33). Small differences were found between RSA 
and LSA in both versions, suggesting weaker implicit self-life (t(114) =
2.18, p = .016, d = 0.32) and internal control-life associations (t(114) =
2.26, p = .013, d = 0.33) in RSA compared to LSA. See Fig. 1 for the 
distributions per group and D-IAT version. After accounting for multiple 
comparisons in MSA vs. SSA, the difference in the cD-IAT retained sig
nificance (pcorr = 0.014). For the comparison between RSA and LSA, 
differences in both versions remained significant after adjustment (pcorr 
= 0.016).

3.4. Relations between implicit associations with death and explicit 
psychological constructs

For the iD-IAT, small but statistically significant positive correlations 
were observed with the IE-4 eLoC scale (rs(114) = 0.21, p = .021), BSS 
(rs(114) = 0.20, p = .032), and BDI-II (rs(114) = 0.20, p = .033). For the 
cD-IAT, significant positive correlations were found with the BSS 
(rs(114) = 0.25, p = .006) and BDI-II (rs(114) = 0.26, p = .006), indi
cating small associations. Detailed descriptions of correlations are 
shown in Fig. 2 (iD-IAT) and Fig. 3 (cD-IAT).

3.5. Incremental validity of D-scores for suicidal behaviour

For the iD-IAT differentiating MSA from SSA in the logistic regression 
analysis, the overall classification accuracy for the model improved from 
58.0 % in the initial block to 63.4 % in the final block. In the final model, 
the BSS score was a significant predictor (χ2(1, 116) = 4.27, p = .039). 
Model fit indices showed modest improvement, with − 2 log-likelihood 

Table 5 
Descriptive statistics and comparisons for both D-IAT versions.

MSA 
(n = 67)

SSA 
(n = 49)

One-tailed t-test p-value FDR adjusted pcorr Effect Size

M (SD) 95 % CI M (SD) 95 % CI

iD-IAT D-scores − 0.27 (0.33) [− 0.35, − 0.19] − 0.34 (0.31) [− 0.43, − 0.25] 1.18 0.121 0.121 0.32
cD-IAT D-scores − 0.21 (0.33) [− 0.29, − 0.13] − 0.36 (0.33) [− 0.45, − 0.27] 2.48 0.007 0.014 0.33

RSA 
(n = 51)

LSA 
(n = 65) One-tailed t-test p-value FDR adjusted pcorr Effect Size

M (SD) 95 % CI M (SD) 95 % CI
iD-IAT D-scores − 0.23 (0.31) [− 0.32, − 0.14] − 0.36 (0.32) [− 0.44, − 0.28] 2.18 0.016 0.016 0.32
cD-IAT D-scores − 0.19 (0.31) [− 0.28, − 0.11] − 0.33 (0.35) [− 0.42, − 0.25] 2.26 0.013 0.016 0.33

Note. iD-IAT = identity Death-Implicit Association Test; cD-IAT = control Death-Implicit Association Test; MSA = multiple suicide attempters; SSA = single suicide 
attempters; RSA = recent suicide attempters; LSA = lifetime suicide attempters; M = mean; SD = standard deviation; CI = confidence interval; FDR = false discovery 
rate.

Fig. 1. Distribution of D-scores per group (MSA, SSA, RSA, LSA) and D-IAT version. 
Note. RSA = Recent suicide attempters (n = 51); MSA = Multiple suicide attempters (n = 67); LSA = Lifetime suicide attempters (n = 65); SSA = Single suicide 
attempters (n = 49). Mean D-scores are arranged by group/version combination with the weakest association with life listed on the left, then in descending order. * p 
≤ .05, ** p ≤ .01.
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(LL) decreasing from 149.235 to 142.063, Nagelkerke R2 increasing 
from 0.037 to 0.118; Hosmer–Lemeshow test remained nonsignificant 
(χ2(8) = 5.66, p = .685). Omnibus Test of Model Coefficients (OT) was 
nonsignificant for the final model (χ2(6) = 10.297, p = .113). Thus, the 
new model is not an improvement over the base model.

For the cD-IAT, the overall classification accuracy increased from 
58.0 % to 62.5 %. The D-score added in the final model was the only 
significant statistical predictor of multiple suicidal attempts (χ2(1, 116) 
= 3.88, p = .049). A one-unit increase in the D-score was associated with 

3.72 times higher odds of multiple suicide attempts (OR = 3.72, 95 % CI 
[1.01, 13.76]. Model fit indices reflected more substantial improvement 
than when including the iD-IAT’s D-score in the final model, with − 2 LL 
decreasing from 149.235 to 138.147, Nagelkerke R2 increasing from 
0.037 to 0.160; Hosmer–Lemeshow test remained nonsignificant (χ2(8) 
= 1.562, p = .992). OT did indicate an improvement for the final model 
(χ2(6) = 14.213, p = .027).

For the iD-IAT differentiating RSA from LSA, the model improved 
from 55.4 % to 69.6 %. Model fit indices demonstrated better 

Fig. 2. iD-IAT spearman rank-order correlations with psychological rating scales. 
Note. PMH = Positive Mental Health Scale; IE-4 EC = Internal-External Locus of Control Short Scale-4 (External Control); IE-4 IC = Internal-External Locus of Control 
Short Scale-4 (Internal Control); MBPPAS = Mee-Bunney Psychological Pain Assessment Scale; SBQ-R = Suicide Behaviours Questionnaire-Revised; BDI-II = Beck 
Depression Inventory-II; BSS = Beck Scale for Suicide Ideation. Spearman rank-order correlation with two-tailed significance test. N = 116. * p ≤ .05, ** p ≤ .01, *** 
p ≤ .001, **** p ≤ .0001.

Fig. 3. cD-IAT spearman rank-order correlations with psychological rating scales. 
Note. PMH = Positive Mental Health Scale; IE-4 EC = Internal-External Locus of Control Short Scale-4 (External Control); IE-4 IC = Internal-External Locus of Control 
Short Scale-4 (Internal Control); MBPPAS = Mee-Bunney Psychological Pain Assessment Scale; SBQ-R = Suicide Behaviours Questionnaire-Revised; BDI-II = Beck 
Depression Inventory-II; BSS = Beck Scale for Suicide Ideation. Spearman rank-order correlation with two-tailed significance test. N = 116. * p ≤ .05, ** p ≤ .01, *** 
p ≤ .001, **** p ≤ .0001.
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performance, with − 2 LL decreasing from 150.788 to 137.400 and 
Nagelkerke R2 increasing from 0.038 to 0.184; Hosmer–Lemeshow test 
remained nonsignificant (χ2(8) = 3.564, p = .894). OT was significant 
for the final model (χ2(6) = 16.577, p = .011), suggesting an improve
ment over the baseline model. The BSS added in the final model was a 
statistically significant predictor (χ2(1, 116) = 6.63, p = .010).

For the cD-IAT, overall classification accuracy improved from 55.4 % 
to 64.3 %, with − 2 LL decreasing from 150.788 to 139.305 and 
Nagelkerke R2 increasing from 0.038 to 0.164; Hosmer–Lemeshow test 
indicated a good fit, although nonsignificant (χ2(8) = 3.778, p = .877). 
OT was significant (χ2(6) = 14.672, p = .023), indicating an improve
ment over the baseline model. The BSS added in the final model was a 
statistically significant predictor (χ2(1, 116) = 6.19, p = .013).

Results showed limited incremental value when both D-scores were 
included in the final block. For differentiating MSA from SSA, the cD- 
IAT’s D-score remained a marginally significant statistical predictor of 
group membership beyond demographic and diagnostic variables, 
explicit suicidal ideation, and the iD-IAT’s D-score (χ2(1, 116) = 3.74, p 
= .053). In contrast, for differentiating RSA from LSA, only the BSS score 
remained significant (χ2(1, 116) = 5.49, p = .019), with neither D-IAT 
contributing uniquely to group differentiation.

3.6. Detecting differences in suicidal behaviour based on D-scores

In the ROC analysis for identifying MSA, the iD-IAT showed an AUC 
of 0.57 (SE = 0.06, p = .179, 95 % CI [0.47, 0.68]). The cD-IAT 
demonstrated a higher AUC of 0.64 (SE = 0.05, p = .013, 95 % CI 
[0.53, 0.74]). For identifying RSA, the iD-IAT yielded an AUC of 0.60 
(SE = 0.05, p = .073, 95 % CI [0.49, 0.70]), and the cD-IAT an AUC of 
0.62 (SE = 0.05, p = .028, 95 % CI [0.52, 0.72]). Both versions of the D- 
IAT exhibited poor discriminant ability in distinguishing MSA and RSA 
based on Hosmer and Lemeshow [124].

3.7. Convergent validity

A moderate positive correlation was found between the two D-IAT 
versions (r(116) = 0.34, p < .001, 95 % CI [0.17, 0.50]), suggesting that 
both versions measure related constructs, supporting moderate 
convergent validity.

3.8. Reliability

For the iD-IAT, the permutation-based split-half reliability coeffi
cient was rsb(114) = 0.23, 95 % CI [− 0.12, 0.51] (p = .011), based on 
5000 permutations. The cD-IAT showed a slightly higher reliability co
efficient of rsb = 0.31, 95 % CI [− 0.07, 0.59] (p = .001). Both co
efficients reflect low reliability based on de Vet et al. [125]. Notably, 

when using all trials combined, the reliability increased to a moderate 
level of rsb(114) = 0.54, 95 % CI [0.22, 0.74] (p < .001) (see Figs. 4–6).

4. Discussion

This study integrated theoretical LoC theory with advanced implicit 
measures to differentiate suicidal behaviour based on frequency and 
recency of attempts, contributing to a multidimensional understanding 
of behavioural markers in suicide risk. Using the iD-IAT and the newly 
developed cD-IAT, this study aimed to advance the development of 
cognitive marker identification in suicide risk, particularly in capturing 
automatic biases related to the controllability of death.

4.1. The novel cD-IAT: a marker of death-related control cognitions

The development of the cD-IAT represents a novel approach to un
derstanding implicit cognitive associations between internal or external 
control and life or death, an area previously underexplored in suicide 
research. Findings revealed weaker internal control-life associations in 
MSA compared to SSA, suggesting that individuals with repeated at
tempts may implicitly feel less connected to life as a domain under 
personal control and perceive a greater sense of external forces gov
erning life. These findings extend prior research by demonstrating that 
such feelings of lack of control may not only be explicitly but also 
implicitly embedded in the cognitive architecture of recurrent attemp
ters. The cD-IAT also differentiated RSA from LSA at the group level, 
suggesting its potential sensitivity in identifying recent suicidal states. 
RSA’s weaker internal control-life associations again support a mal
adaptive bias in patient experiences, suggesting that acute suicidal states 
may be marked by a disconnection from control over life, potentially 
shifting control toward death [122]. In this context, it is critical to 
conceptualise the cD-IAT not as a general measure of LoC but as an 
implicit measure of the controllability over life and death, a related but 
distinct construct. This refined conceptualisation aligns with theoretical 
frameworks such as learned helplessness and hopelessness theories 
[63,126–128], which emphasise the role of perceived control in psy
chological distress. It is also important to acknowledge that IATs 
generally assess relative rather than absolute associations [131]. Thus, a 
weaker internal control-life association, as observed in MSA and RSA, 
may reflect a stronger association between external control and death, 
or a dual shift in both domains. While this relative and comparative 
structure increases sensitivity to cognitive contrasts, it also limits 
interpretability by collapsing distinct biases into a single summary score 
[132]. This makes it difficult to determine which component drives the 
observed effects, i.e., weaker internal control-life association, stronger 
external control-death association, or both.

The results of the present study reinforce the exploratory sensitivity 

Fig. 4. Split-half scatterplot for all iterations (n = 5000) across the trials of the 
iD-IAT. 
Note. Each point in the scatterplot represents one of n = 5000 random split-half 
permutations used to estimate the reliability of the iD-IAT in n = 13,920 in
dividual trials. In each iteration, trials were randomly divided into two equal 
halves per participant, and a split-half correlation was calculated.

Fig. 5. Split-half Scatterplot for all Iterations (n = 5000) across the Trials of the cD- 
IAT. 
Note. Each point in the scatterplot represents one of n = 5000 random split-half 
permutations used to estimate the reliability of the cD-IAT in n = 13,920 in
dividual trials. In each iteration, trials were randomly divided into two equal 
halves per participant, and a split-half correlation was calculated.
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of the cD-IAT to subgroup-specific cognitive vulnerabilities and high
light its potential relevance in risk stratification, though findings must 
be interpreted with caution given the small group effects and pre
liminary nature of the task. Still, the cD-IAT shows potential to assess 
automatic control-death associations, addressing the limitations of 
explicit control-related measures prone to biases [129,130] and 
providing new insights into the cognitive underpinnings of suicidal 
behaviour. These findings should be viewed as proof-of-concept and do 
not yet support direct clinical application without further replication 
and validation.

4.2. Self-death associations and suicidal mode

The iD-IAT shows weaker self-life associations in RSA compared to 
LSA, supporting models in which death becomes unconsciously inter
twined with one’s sense of self during acute crises [133,134]. The 
presence of weaker self-life and internal control-life associations in RSA 
may reflect a duality in suicidal cognition, whereby suicidal crises are 
potentially linked to both perceived external pressures and reduced 
control over life as well as a distorted self-concept. These interpretations 
align with theoretical models of cognitive entrapment, where internal
ised and externalised cognitive biases sustain acute suicidal ideation 
[135]. However, given ongoing debates regarding what the IAT captures 
[136–138], these findings should be interpreted with caution. The iD- 
IAT did not differentiate between MSA and SSA, suggesting that im
plicit self-life or self-death associations may be more reflective of acute 
cognitive states than of patterns tied to the frequency of suicidal 
behaviour. This aligns with the concept of the suicidal mode [27], which 
is likely currently or recently activated in RSA, intensifying the inte
gration of death with one’s self-concept. By contrast, MSA may experi
ence a vulnerability to suicidal behaviour driven more by enduring 
psychological distress and less by the immediate activation of a mode. 
Our findings, along with the partly heterogeneous literature on null 
findings in group differences with the iD-IAT [37,45,46], suggest that 
the iD-IAT’s sensitivity to suicidal subgroups may vary, highlighting the 
need for implicit measures with high specificity and different cognitive 
foci to distinguish between acute and persistent risk factors.

4.3. Relationships between implicit and explicit measures

The observed correlations between the iD-IAT and explicit measures 
of suicidal ideation intensity, depressive symptom severity, and general 
eLoC suggest a potential relationship between automatic self-death as
sociations and psychological vulnerabilities, such as emotional distress 
and perceived external constraints. Similarly, the associations between 
the cD-IAT and explicit measures of suicidal ideation intensity and 
depressive symptom severity may reflect a link between weaker internal 

control-life associations and depressive cognitions or suicidal ideation. 
These findings suggest that diminished internal control-life associations, 
reflecting a weaker implicit linkage between life and the control of it, 
may co-occur with explicit symptoms of distress. However, these find
ings are correlational and do not establish causation. The directionality 
and underlying mechanisms of these relationships remain unclear.

Interestingly, the lack of correlation between the cD-IAT and the IE- 
4, an explicit measure of general LoC, emphasises specific independence 
of implicit and explicit processes in control-related cognition. This 
divergence may stem from the distinct constructs each measure assesses; 
the cD-IAT captures automatic associations between control and life or 
death, whereas the IE-4 evaluates generalised and conscious perceptions 
about control across various life domains. This distinction aligns with 
literature suggesting that explicit and implicit measures tap into 
different aspects of cognitive-psychological constructs [83,139]. From 
this perspective, the cD-IAT may serve as a useful marker of context- 
sensitive, automatic cognitive responses to life and death stimuli, 
rather than reflecting stable, internalised beliefs about control.

The cD-IAT’s ability to identify weakened associations between life 
and iLoC suggests it taps into automatic cognitive schemas tied to a 
sense of powerlessness or external constraint, schemas that may remain 
inaccessible through introspection or self-report. The ambivalent re
lationships between implicit values and explicit measures observed in 
our study point to the complexity of automatically biased behaviour, as 
captured by tasks like the IAT. Rather than assuming a fixed dual- 
process interaction between implicit and explicit cognition, a growing 
body of literature suggests that implicit bias is best understood as 
behaviour that emerges automatically in response to contextual cues 
[139], rather than as a reflection of stable, internal constructs [e.g., 
[140,141]]. From this perspective, the IAT may serve as a noisy but 
experimentally useful marker of how contextual features can influence 
rapid behavioural responses.

4.4. Validity and reliability of the D-IAT

The cD-IAT’s D-score shows potential as a statistical predictor vari
able of multiple suicide attempts, as it contributed significantly to the 
regression models after controlling for demographic and clinical vari
ables, explicit suicidal ideation and the iD-IAT’s D-score performance. 
This finding tentatively supports the relevance of internal control biases 
in understanding multiple suicidal behaviours. However, the incre
mental discriminant utility of the cD-IAT remains limited, as overall 
model fits were modest and individual predictors, apart from the D- 
score, were not consistently significant. For recent suicidal behaviour, 
neither the iD-IAT nor the cD-IAT demonstrated incremental discrimi
nant validity, though both improved model fit slightly. These results 
suggest that implicit associations captured by the D-IATs may have 
limited sensitivity to acute, situational suicidal states compared to more 
entrenched behavioural patterns, such as multiple attempts. The cD-IAT 
demonstrated slightly better internal consistency than the iD-IAT, 
though both showed low levels of reliability. This reduced reliability 
may be due to the brevity of the tasks and the inherent noisiness of re
action time-based measures [136,142]. Notably, reliability increased 
when all trials across participants were pooled, suggesting greater sta
bility at the group level. Additionally, the limited discriminant ability of 
both D-IAT versions in identifying the subgroups suggests that, while 
these tools provide valuable insights into implicit cognition, they should 
complement rather than replace other clinical assessments. Taken 
together, the findings offer preliminary support for both D-IATs’ validity 
but do not yet justify its use in clinical settings, where higher and pro
spective reliability and stronger individual-level discrimination accu
racy are essential.

4.5. Diagnostic sample characteristics and explicit measures

Multiple attempters (MSA) demonstrated higher levels of suicidal 

Fig. 6. Split-half scatterplot for all iterations (n = 5000) across all trials of both 
D-IAT versions. 
Note. Each point in the scatterplot represents one of n = 5000 random split-half 
permutations used to estimate the reliability of the cD-IAT in n = 27,840 in
dividual trials. In each iteration, trials were randomly divided into two equal 
halves per participant, and a split-half correlation was calculated.
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ideation intensity, depressive symptoms, and suicide risk factors 
compared to single attempters (SSA), confirming expected patterns of 
psychological distress and emotional dysregulation across subgroups 
with suicidal behaviour [22,143–146]. This pattern aligns with prior 
research indicating that individuals with multiple suicide attempts 
experience more psychological distress, often rooted in prolonged 
exposure to stressors and cognitive entrapment, processes that exacer
bate feelings of hopelessness and perceived burden [24,31,132,135]. 
Additionally, MSA showed a higher prevalence of anxiety and trauma- 
related disorders than SSA, reflecting the role of comorbid psychopa
thology in suicidal behaviour. Such disorders can amplify suicide- 
related cognitive distortions and increase vulnerability to cognitive 
and emotional dysregulation, fostering a cycle of recurrent suicidal 
ideation and behaviour [147,148].

Recent attempters (RSA) exhibited higher levels of suicidal ideation 
(BSS) and depressive symptoms (BDI-II) compared to lifetime attempters 
(LSA), reflecting acute psychological distress often associated with 
proximity to a suicide attempt [149,150]. These findings are consistent 
with models of emotional dysregulation, where recent attempters 
experience heightened affective arousal and cognitive rigidity, poten
tially driving immediate suicidal behaviour [28,29]. Unlike MSA, dif
ferences in diagnoses were not observed between RSA and LSA, 
suggesting that acute crises may be more strongly driven by situational 
stressors or transient cognitive states rather than chronic psychopa
thology. Such transient states are often conceptualised within the 
framework of the suicidal mode, a cognitive-affective state characterised 
by heightened emotional arousal, cognitive rigidity, and an increased 
focus on death as a solution [27]. The suicidal mode is thought to be 
triggered by acute stressors, such as interpersonal conflicts or significant 
life events, which interact with pre-existing vulnerabilities to produce an 
immediate crisis [71]. This dynamic contrasts with MSA, where suicidal 
behaviour may be sustained by entrenched cognitive and emotional 
patterns, highlighting the importance of differentiating between acute 
and chronic drivers of suicidal behaviour.

4.6. Clinical implications

Identifying specific implicit associations that operate at an automatic 
level may provide insights into cognitive vulnerabilities that precede or 
accompany suicidal crises, emphasising the integration of implicit tools 
into suicide risk assessments, particularly for high-risk groups. The 
weaker internal control-life associations in MSA and RSA suggest the 
potential benefit of interventions targeting LoC, such as cognitive- 
behavioural therapies focused on enhancing perceived agency or self- 
efficacy [151,152]. By addressing control-related associations at the 
automatic level, interventions could disrupt automatic cognitive pat
terns that may reinforce suicidal behaviour. However, given that this 
study served as a proof-of-concept for the cD-IAT, and that its reliability 
and discriminant validity were limited, such intervention implications 
remain speculative.

Although the effectiveness of implicit bias interventions varies 
[153,154], conditioning-based research suggests biased cognitive pat
terns can be modified [155]. Studies targeting biases related to race 
[156] and substance use [157] demonstrate the potential to influence 
implicit associations and processes related to control. For RSA, crisis- 
focused interventions, such as dialectical behaviour therapy [158] or 
mindfulness-based cognitive therapy [159], could address the acutely 
weakened self-life associations. Notably, recent research shows that 
combining intermittent theta-burst stimulation with D-cycloserine leads 
to reductions in both suicidal ideation and implicit suicide risk, as 
measured by the D-IAT, in individuals with treatment-resistant depres
sion. This suggests that neurobiologically informed interventions may 
effectively target implicit cognitive vulnerabilities tied to suicide risk 
[160]. Nevertheless, such clinical translation requires a stronger 
empirical foundation, and future studies should aim to replicate and 
extend the present results in larger, longitudinal, and intervention- 

focused clinical designs.

4.7. Limitations and future directions

Several limitations warrant consideration. The cross-sectional design 
precludes causal inferences about the observed relationships. Although 
the retrospective models of this study offer preliminary insight, pro
spective research is needed to determine whether the implicit associa
tions identified act as precursors or consequences of suicidal behaviour. 
Notably, a recent meta-analysis by Sohn et al. [42] demonstrated the 
prospective utility of the IAT in predicting suicidal ideation and 
behaviour, supporting its potential as a valuable tool in longitudinal risk 
assessment. Nonetheless, caution is warranted when interpreting the 
present study’s findings due to the lack of temporal data. The challenges 
in developing suicide risk markers reflect the multifactorial nature of 
suicidal behaviour, shaped by complex interactions between psycho
logical, biological, and social factors [6].

A key methodological limitation of the IAT lies in its relative nature; 
it may be able to assess the strength of the association between internal 
control and life vs. external control and death, but cannot disentangle 
which specific component drives the observed effect. Future research 
could benefit from process-dissociation procedures and multinomial 
modelling approaches that enable the extraction of more independent or 
absolute implicit associations [161]. Another related limitation con
cerns the emotional valence of the stimuli used in the cD-IAT. Internal 
control items were predominantly positive in tone, whereas external 
control items carried more negative connotations. Although this design 
choice follows established best practices for creating dichotomous IAT 
categories [94], it raises the possibility that participants may have 
recoded the task as a positive-negative attitude IAT rather than one 
targeting implicit control constructs. This interpretation is particularly 
relevant given that the cD-IAT did not significantly correlate with 
explicit measures of LoC. Additionally, while the stimuli were theoret
ically derived and reviewed for content validity, they were not empiri
cally validated through pre-testing. Future research should consider 
including valence-matched bipolar explicit items that directly reflect the 
implicit constructs assessed, as these are more likely to yield stronger 
implicit-explicit correspondence [162,163].

The sample was drawn exclusively from a German-speaking psy
chiatric inpatient population with prior suicidal behaviour and did not 
include a control group without a history of suicidal ideation or 
behaviour, limiting the cultural and clinical generalisability of findings. 
The RSA conceptualisation based on behaviour during the month prior 
to testing was especially broad. The study also relied solely on the D-IAT 
as the cognitive task, without control measures like the d2 Test of 
Attention (D2; [164]) or Trail Making Test (TMT; [165]), making it un
clear whether the observed effects are specific to suicide-related stimuli 
or reflect a broader cognitive impairment in suicidal patients.

Future research should validate the cD-IAT in diverse populations 
and different psychiatric profiles, particularly using more refined defi
nitions of suicidal ideation and behaviour and including non-suicidal 
control groups. Neurocognitive studies should explore its integration 
with neurobiological markers, such as brain imaging or stress hormones, 
to develop multidimensional risk profiles. Experimental studies are also 
needed to test the efficacy of interventions targeting implicit cognitive 
biases.

5. Conclusion

This study suggests that the newly developed cD-IAT may provide 
added value in assessing domain-specific control biases, i.e., the relative 
strength of automatic associations between life or death and internal or 
external control, offering a complementary perspective on the cognitive 
processes involved in suicidal behaviour. The ability of the cD-IAT to 
differentiate suicidal behaviour by frequency and recency of attempts 
suggests its relevance in identifying specific suicide risk profiles. 
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However, findings should be interpreted with caution, as they are pre
liminary and based on a single cross-sectional sample. Integrating im
plicit measures with traditional explicit assessments may enhance 
accuracy in identifying individuals at elevated risk and inform the 
development of targeted intervention strategies. Further research should 
focus on replicating these findings, and on evaluating the stability and 
predictive validity in practical applications of the cD-IAT over time in 
clinical and research settings.
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and risk factors after hospitalization for depression in Finland, 1996-2017. JAMA 
Psychiatry 2024;81(5):506–15. https://doi.org/10.1001/ 
jamapsychiatry.2023.5512.

[31] Christiansen E, Jensen BF. Risk of repetition of suicide attempt, suicide or all 
deaths after an episode of attempted suicide: a register-based survival analysis. 
Aust N Z J Psychiatry 2007;41(3):257–65. https://doi.org/10.1080/ 
00048670601172749.

[32] Berardelli I, Forte A, Innamorati M, Imbastaro B, Montalbani B, Sarubbi S, et al. 
Clinical differences between single and multiple suicide attempters, suicide 
ideators, and non-suicidal inpatients. Front Psychol 2020;11:605140. https://doi. 
org/10.3389/fpsyt.2020.605140.

[33] Carrigan CG, Lynch DJ. Managing suicide attempts: guidelines for the primary 
care physician. Prim Care Companion J Clin Psychiatry 2003;5(4):169–74. 
https://doi.org/10.4088/pcc.v05n0405.

[34] Greenwald AG, McGhee DE, Schwartz JL. Measuring individual differences in 
implicit cognition: the implicit association test. J Pers Soc Psychol 1998;74(6): 
1464–80. https://doi.org/10.1037/0022-3514.74.6.1464.

[35] Nock MK, Park JM, Finn CT, Deliberto TL, Dour HJ, Banaji MR. Measuring the 
suicidal mind: implicit cognition predicts suicidal behavior. Psychol Sci 2010;21 
(4):511–7. https://doi.org/10.1177/0956797610364762.

[36] Rath D, Hallensleben N, Glaesmer H, Spangenberg L, Strauss M, Kersting A, et al. 
Implizite Assoziationen mit dem Tod: Erste Validierung einer deutschen Version 
des Impliziten Assoziationstests für Suizidalität (Suizid-IAT). Psychother 
Psychosom Med Psychol 2018;68(3–4):109–17. https://doi.org/10.1055/s-0043- 
105070.

[37] Barnes SM, Bahraini NH, Forster JE, Stearns-Yoder KA, Hostetter TA, Smith G, 
et al. Moving beyond self-report: implicit associations about death/life 
prospectively predict suicidal behavior among veterans. Suicide Life Threat 
Behav 2017;47(1):67–77. https://doi.org/10.1111/sltb.12265.

[38] Brüdern J, Spangenberg L, Stein M, Forkmann T, Schreiber D, Stengler K, et al. 
Implicit measures of suicide vulnerability: investigating suicide-related 
information-processing biases and a deficit in behavioral impulse control in a 
high-risk sample and healthy controls. Behav Res Ther 2024;180:104601. https:// 
doi.org/10.1016/j.brat.2024.104601.

[39] Glenn CR, Millner AJ, Esposito EC, Porter AC, Nock MK. Implicit identification 
with death predicts suicidal thoughts and behaviors in adolescents. J Clin Child 
Adolesc Psychol 2019;48(2):263–72. https://doi.org/10.1080/ 
15374416.2018.1528548.

[40] Millner AJ, Coppersmith DDL, Teachman BA, Nock MK. The brief death implicit 
association test: scoring recommendations, reliability, validity, and comparisons 
with the death implicit association test. Psychol Assess 2018;30(10):1356–66. 
https://doi.org/10.1037/pas0000580.

[41] Nock MK, Banaji MR. Prediction of suicide ideation and attempts among 
adolescents using a brief performance-based test. J Consult Clin Psychol 2007;75 
(5):707–15. https://doi.org/10.1037/0022-006X.75.5.707.

[42] Sohn MN, McMorris CA, Bray S, McGirr A. The death-implicit association test and 
suicide attempts: a systematic review and meta-analysis of discriminative and 
prospective utility. Psychol Med 2021;51(11):1789–98. https://doi.org/10.1017/ 
S0033291721002117.

[43] Tello N, Harika-Germaneau G, Serra W, Jaafari N, Chatard A. Forecasting a fatal 
decision: direct replication of the predictive validity of the suicide-implicit 
association test. Psychol Sci 2020;31(1):65–74. https://doi.org/10.1177/ 
0956797619893062.

[44] Scheunemann J, Jelinek L, Peth J, Runde A, Artl S, Gallinat J, et al. Do implicit 
measures improve suicide risk prediction? An 18-month prospective study using 
different tasks. Suicide Life Threat Behav 2021;51(5):993–1004. https://doi.org/ 
10.1111/sltb.12785.

[45] Glenn CR, Kleiman EM, Coppersmith DDL, Santee AC, Esposito EC, Cha CB, et al. 
Implicit identification with death predicts change in suicide ideation during 
psychiatric treatment in adolescents. J Child Psychol Psychiatry 2017;58: 
1319–29. https://doi.org/10.1111/jcpp.12769.

[46] Chiurliza B, Hagan CR, Rogers ML, Podlogar MC, Hom MA, Stanley IH, et al. 
Implicit measures of suicide risk in a military sample. Assessment 2018;25: 
667–76. https://doi.org/10.1177/1073191116676363.

[47] Evans WP, Owens P, Marsh SC. Environmental factors, locus of control, and 
adolescent suicide risk. Child Adolesc Soc Work J 2005;22:301–19. https://doi. 
org/10.1007/s10560-005-0013-x.

[48] Lauer S, de Man AF, Marquez S, Ades J. External locus of control, problem- 
focused coping and attempted suicide. N Am J Psychol 2008;10:625–32.

[49] Rotter JB. Generalized expectancies for internal versus external control of 
reinforcement. Psychol Monogr 1966;80:1–28. https://doi.org/10.1037/ 
h0092976.

[50] Rotter JB. Some problems and misconceptions related to the construct of internal 
versus external control of reinforcement. J Consult Clin Psychol 1975;43:56–67. 
https://doi.org/10.1037/h0076301.

[51] Fu J, Zhao Y, Feng X, Wang Y, Yu Z, Hua L, et al. How is fatalistic determinism 
linked to depression? The mediating role of self-control and resilience. Personal 
Individ Differ 2021;180:110992. https://doi.org/10.1016/j.paid.2021.110992.

[52] Lin YC, O’Connell KL, Law KC. Moderating roles of grit and locus of control on 
rumination and suicidality. J Affect Disord 2023;330:250–8. https://doi.org/ 
10.1016/j.jad.2023.02.148.

[53] Roberts RE, Roberts CR, Chen IG. Fatalism and risk of adolescent depression. 
Psychiatry 2000;63:239–52. https://doi.org/10.1080/ 
00332747.2000.11024917.

[54] Buddelmeyer H, Powdthavee N. Can having internal locus of control insure 
against negative shocks? Psychological evidence from panel data. J Econ Behav 
Organ 2016;122:88–109. https://doi.org/10.1016/j.jebo.2015.11.014.

[55] Lefcourt HM. Locus of control and the response to aversive events. Can Psychol 
Rev 1976;17:202–9. https://doi.org/10.1037/h0081839.

[56] Parkes KR. Locus of control, cognitive appraisal, and coping in stressful episodes. 
J Pers Soc Psychol 1984;46:655–68. https://doi.org/10.1037//0022- 
3514.46.3.655.

[57] Felicia F, Satiadarma MP, Subroto U. The relationship between locus of control 
and resilience in adolescents whose parents are divorced. Adv Soc Sci Educ 
Humanit Res 2022:655. https://doi.org/10.2991/assehr.k.220404.228.

[58] Kesavayuth D, Binh Tran D, Zikos V. Locus of control and subjective well-being: 
panel evidence from Australia. PLoS One 2022;17:e0272714. https://doi.org/ 
10.1371/journal.pone.0272714.

[59] Popova S. Locus of control: predictor of health and subjective well-being. Eur Med 
Health Pharm J 2012:4. https://doi.org/10.12955/emhpj.v4i0.367.

[60] Alloy LB, Abramson LY, Metalsky GI, Hartlage S. The hopelessness theory of 
depression: attributional aspects. Br J Clin Psychol 1988;27:5–21. https://doi. 
org/10.1111/j.2044-8260.1988.tb00749.x.

[61] Singhal K, Chukkali S. The role of guilt-shame proneness and locus of control in 
predicting moral injury among healthcare professionals. Cogent Psychol 2023;10: 
2264669. https://doi.org/10.1080/23311908.2023.2264669.

[62] Abramson LY, Metalsky GI, Alloy LB. Hopelessness depression: a theory-based 
subtype of depression. Psychol Rev 1989;96:358–72. https://doi.org/10.1037/ 
0033-295X.96.2.358.

[63] Beck AT, Brown G, Steer RA. Prediction of eventual suicide in psychiatric 
inpatients by clinical ratings of hopelessness. J Consult Clin Psychol 1989;57: 
309–10. https://doi.org/10.1037/0022-006X.57.2.309.

[64] Beck AT, Kovacs M, Weissman A. Hopelessness and suicidal behavior. An 
overview. JAMA 1975;234:1146–9. https://doi.org/10.1001/ 
jama.1975.03260240050026.

[65] Pearce CM, Martin G. Locus of control as an indicator of risk for suicidal 
behaviour among adolescents. Acta Psychiatr Scand 1993;88:409–14. https://doi. 
org/10.1111/j.1600-0447.1993.tb03482.x.

[66] Shahid F, Beshai S, Del Rosario N. Fatalism and depressive symptoms: active and 
passive forms of fatalism differentially predict depression. J Relig Health 2020; 
59:3211–26. https://doi.org/10.1007/s10943-020-01024-5.

[67] Heinström J. From fear to flow: Personality and information interaction. Oxford: 
Chandos Publ; 2010.
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