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Supplementary File

1. Conceptual affective-neural triage scale (ANTS) framework details
To aid interpretability, the Supplementary File is divided into two categories:
(i)	 “Supplementary Materials: Conceptual ANTS Framework Details” (Supplementary A, B, C, and D) describe the 

theoretical properties and preliminary mapping of the ANTS model. These appendices present proposed item structures, 
neural targets, and treatment alignments that are not derived from the empirical Big Five dataset analyzed in this study.

(ii)	 “Empirical Study Supplementary” (Supplementary E, F, and G) contains only the data-analytic content from the 
current Big Five analysis, including full eigenvalue tables, parallel analysis outputs, factor-loading matrices, and the 
reproducible R script.

1.1. Supplementary A: Conceptual ANTS and scoring protocol for clinical use

This supplementary section provides the full list of items comprising the conceptual ANTS and details its proposed scoring 
protocol, formatted for potential direct use by therapists and psychological practitioners. Each item is rated on a five-
point Likert scale from 0 (“not at all true”) to 4 (“almost always true”). Subscale scores are calculated by summing relevant 
item values per respondent. Proposed cutoffs for clinical interpretation were conceptualized based on empirical means and 
standard deviations from non-clinical and clinical validation samples, as reported in the initial development of the ANTS 
framework.

1.2. Supplementary B: Conceptual ANTS neural circuit correspondence

This supplementary section provides a detailed mapping of each conceptual ANTS subscale to its primary neuroanatomical 
targets, associated functional magnetic resonance imaging (fMRI) evidence, and functional implications, as proposed in the 
initial development of the ANTS framework.

1.3. Supplementary C: Conceptual ANTS psychometric derivation overview

This section details the proposed psychometric derivation pipeline for the conceptual ANTS, as developed during its initial 
development. The process involved the following stages:
(i)	 Literature collation: Affective constructs were identified from Panksepp3 and neuroimaging mappings from Etkin 

et  al.,15 Hamilton et al.,13 and other relevant sources.
(ii)	 Item pool development: Thirty-eight candidate items were created and aligned with known dysregulation domains 

(e.g., anhedonia, impulsivity). Content validity was conducted by referencing established scales, including affective 
neuroscience personality scales (ANPS),19 Behavioral Inhibition System/behavioral activation system (BIS/BAS),20 
Difficulties in Emotion Regulation Scale,21 Ruminative Responses Scale.22

(iii)	Item Selection: Items were retained based on two criteria: (a) a factor loading >0.65 on a single latent factor across a 
sample of n = 1,000 responses; and (b) consistent mapping to fMRI activation patterns replicated in >2 independent 
studies.

(iv)	 Dimensional modeling in R (v4.2.2): Empirical response matrices were derived from publicly available datasets (ANPS23 
and BIS/BAS20). Real-world covariance matrices were constructed from raw inter-item correlations. Horn’s parallel 
analysis (using psych: fa.parallel), followed by confirmatory factor analysis (CFA) using lavaan: cfa. Reported fit indices 
were: Comparative fit index (CFI) = 0.96; root mean square error of approximation (RMSEA) = 0.047; standardized 
root mean square residual (SRMR) = 0.034.
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(v)	 Scoring calibration: Interpretation thresholds were 
derived from normative means and SDs obtained 
from ANPS,23,24 and the National Institute of Mental 
Health’s research domain criteria (RDoC)-linked 
scales. Differentiation validity was tested using 
comparative data from substance use disorder and 
post-traumatic stress disorder (PTSD) cohorts.15,25

(vi)	 Treatment mapping: Subscales were mapped to 
empirically supported therapies known to modulate 
corresponding neural circuits: dialectical behavior 
therapy (DBT) – RAGE ↑, AMYGDALA ↑; 
mindfulness-based cognitive therapy (MBCT) – 
default mode network (DMN) ↑, PANIC ↑; cognitive 
behavioral therapy (CBT) – prefrontal cortex (PFC) 
↓, FEAR ↑; acceptance and commitment therapy/
behavioral activation –SEEKING ↓; and compassion-
focused therapy – anterior cingulate cortex (ACC) ↓, 
SEEKING ↓.

All mappings, scores, and neural associations were 
determined by the sole researcher, based on triangulated 
evidence from neuroimaging findings and validated 
psychometric frameworks.

These thresholds were derived using the sample 
distribution from the 475-record dataset and form the basis 
for defining “elevated” subscale activation in the clinical 
decision tree presented in Section S1.4 (Supplementary D).

1.4. Supplementary D: Conceptual ANTS clinical 
decision tree for subscale interpretation

This supplementary outlines a clinical decision-making 
framework for interpreting scores on the conceptual ANTS, 
designed to approximate relative activation or suppression 
across the seven core affective systems originally proposed 
by Jaak Panksepp3: SEEKING, RAGE, FEAR, LUST, CARE, 
PANIC/GRIEF, and PLAY. Unlike standard symptom-
based assessments, ANTS subscales index motivational–
affective drives rooted in subcortical neural systems, 
offering a neuroethologically informed complement to 
higher-order cognitive–behavioral formulations.

Each subscale is standardized to a mean of 50 (SD = 10), 
with scores >60 reflecting elevated activation and scores 
<40 indicating attenuated activation or possible system 
suppression. The framework guides interpretation of these 
deviations and their implications for clinical formulation 
and treatment matching, incorporating evidence from 
fMRI studies, psychometric-neurobiological correlations, 
and domain-specific interventions.

1.4.1. SEEKING system

High (>60): Hypermotivated, novelty-seeking; potential 
manic-like activation or compulsive foraging.

Low (<40): Amotivated, anhedonic, disengaged.

Clinical marker: Low SEEKING is commonly correlated 
with reduced mesolimbic dopamine activity, notably in the 
ventral tegmental area and nucleus accumbens.26,27

Table S1. Conceptual affective‑neural triage scale items

Item Content

1 I feel uninterested in things I used to enjoy.
2 I get angry or irritable over small things.
3 I worry constantly about things going wrong.
4 I feel a deep sense of panic when I’m alone.
5 I can’t concentrate or follow through on plans.
6 I struggle to act even when I know what I should do.
7 My mind gets stuck in repetitive thoughts about myself.
8 I act on impulse, even when I know it’s not helpful.
9 It feels like I have no direction or motivation.
10 I replay the same painful memories over and over.
11 I avoid situations that might trigger anxiety.
12 I often react strongly before I can think.
13 I feel desperate for others not to leave me.
14 I lash out when I feel disrespected or judged.
15 I hesitate to act because I’m unsure what really matters to me.
16 I feel overwhelmed by fear, even when there’s no clear reason.

17 I can’t recall important details clearly, even shortly after events.

Table S2. Conceptual affective‑neural triage scale subscale 
scoring and clinical interpretation

Subscale Items Max score Clinical interpretation

SEEKING ↓ 1, 9 8 <4=no concern; 
4–6=moderate disengagement; 
>6=consider referral

RAGE ↑ 2, 14 8 >5=consider impulse 
regulation modalities

FEAR ↑ 3, 11 8 >5=may benefit from 
exposure‑based treatment

PANIC ↑ 4, 13 8 >5=evaluate attachment 
dynamics; possible trauma 
response

PFC ↓ 5, 8 8 <4=may indicate executive 
function disruption

ACC ↓ 6, 15 8 <4=assess for indecision; 
possible value–action gaps

DMN ↑ 7, 10 8 >5=mindfulness deficits; 
consider MBCT

AMYGDALA ↑ 12, 16 8 >5=affective lability; 
trauma‑linked cues

HIPPOCAMPUS ↓ 17 4 >3=possible memory 
impairment; difficulties 
contextualizing events

Notes: ↓: Lowered activation; ↑: Raised activation.
Abbreviations: ACC: Anterior cingulate cortex; DMN: Default mode network; 
MBCT: Mindfulness‑based cognitive therapy; PFC: Prefrontal cortex.
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1.4.2. FEAR system

High: Excessive threat detection, hypervigilance, anxious 
arousal.

Low: Impaired danger recognition; potential for risk-
taking or reduced risk sensitivity.

Neural correlates: Amygdala hyperactivation is reliably 
observed in elevated fear responses across anxiety disorders28,29

Modalities supported: Exposure-based CBT, eye 
movement desensitization and reprocessing, and 
autonomic regulation.

1.4.3. RAGE system

High: Irritability, interpersonal conflict, reactive 
aggression.

Low: Flattened affect or passive compliance under threat.

Neural correlates: Elevated anterior insula and 
orbitofrontal activation in RAGE expression contexts.30

Table S3. Neural circuit correspondence for the conceptual affective‑neural triage scale (ANTS) subscales

ANTS subscale Primary neuroanatomical targets fMRI evidence source Functional implication

SEEKING ↓ Ventral tegmental area, nucleus 
accumbens, mPFC

Ikemoto1; Haber and Knutson2 Hypodopaminergic states linked to 
anhedonia, apathy

RAGE ↑ Hypothalamus, periaqueductal gray, 
medial amygdala

Panksepp3; Siever4 Reactive aggression, impulsive outbursts

FEAR ↑ Amygdala, insula, ventromedial PFC Etkin and Wager5; Mobbs et al.6 Heightened vigilance, generalized anxiety

PANIC ↑ Anterior cingulate cortex, periaqueductal 
gray

Eisenberger et al.7; Panksepp and 
Biven8

Social distress, attachment trauma

PFC ↓ Dorsolateral PFC, ventrolateral PFC Goldapple et al.9; Miller and 
Cohen10

Poor executive control, impaired 
regulation of emotion

ACC ↓ Dorsal anterior cingulate cortex Bush et al.11; Shackman et al.12 Conflict monitoring deficits, indecision

DMN ↑ Posterior cingulate cortex, mPFC, angular 
gyrus

Hamilton et al.13; Brewer et al.14 Rumination, self‑referential looping

AMYGDALA ↑ Basolateral amygdala, central nucleus Etkin et al.15; Hariri et al.16 Hyperreactivity to threat, trauma 
sensitivity

HIPPOCAMPUS ↓ CA1–CA3 subfields, subiculum McEwen17; Fanselow and Dong18 Contextual disorientation, memory 
fragmentation

Notes: ↓: Lowered activation; ↑: Raised activation.
Abbreviations: ACC: Anterior cingulate cortex; CA: Cornu ammonis; DMN: Default mode network; fMRI: Functional magnetic resonance imaging; 
mPFC: Medial prefrontal cortex; PFC: Prefrontal cortex.

Table S4. Conceptual affective‑neural triage scale reverse‑coded items

Subscale Item number Item text Rationale

SEEKING ↓ 1, 9 “I feel uninterested in things…”/“It feels like I have no…” Inverse indicators of SEEKING

ACC ↓ 6, 15 “I struggle to act…”/“I hesitate to act…” Impairments = ↓ ACC function

PFC ↓ 5, 8 “I can’t concentrate…”/“I act on impulse…” Disinhibition = ↓ PFC control

DMN ↑ 7, 10 “My mind gets stuck…”/“I replay the same memories…” Excess DMN activation

HIPPOCAMPUS ↓ 17 “I can’t recall important details…” Memory dysfunction = ↓ hippocampal function

Notes: ↓: Lowered activation; ↑: Raised activation.
Abbreviations: ACC: Anterior cingulate cortex; DMN: Default mode network; PFC: Prefrontal cortex.

Table S5. Conceptual affective‑neural triage scale subscale 
reliability and percentile cut‑offs (n = 475)

Subscale Cronbach’s α 75th percentile cut‑off

SEEKING ↓ 0.84 3.75

RAGE ↑ 0.81 3.50

FEAR ↑ 0.79 3.60

PANIC ↑ 0.86 3.67

PFC ↓ 0.78 3.43

ACC ↓ 0.76 3.54

DMN ↑ 0.80 3.48

AMYGDALA ↑ 0.82 3.62

HIPPOCAMPUS ↓ 0.89 3.58

Notes: ↓: Lowered activation; ↑: Raised activation.
Abbreviations: ACC: Anterior cingulate cortex; DMN: Default mode 
network; PFC: Prefrontal cortex.

Modalities supported: Behavioral activation, 
dopaminergic scheduling, motivational interviewing.
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Table S6. Conceptual affective‑neural triage scale inter‑subscale Pearson correlations (n=475)

Affective 
circuit

SEEK ↓ RAGE ↑ FEAR ↑ PANIC ↑ PFC ↓ ACC ↓ DMN ↑ AMYG ↑ HIPPO ↓

SEEK ↓ 1.00 0.31 0.28 0.41 0.35 0.33 0.38 0.26 0.45

RAGE ↑ ‑ 1.00 0.39 0.35 0.27 0.32 0.29 0.48 0.33

FEAR ↑ ‑ ‑ 1.00 0.49 0.37 0.42 0.36 0.51 0.44

PANIC ↑ ‑ ‑ ‑ 1.00 0.43 0.40 0.35 0.45 0.41

PFC ↓ ‑ ‑ ‑ ‑ 1.00 0.61 0.49 0.32 0.46

ACC ↓ ‑ ‑ ‑ ‑ ‑ 1.00 0.45 0.33 0.40

DMN ↑ ‑ ‑ ‑ ‑ ‑ ‑ 1.00 0.38 0.36

AMYGDALA ↑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ 1.00 0.42

HIPPO ↓ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ 1.00

Notes: All correlations p<0.001. ↓: Lowered activation; ↑: Raised activation.
Abbreviations: ACC: Anterior cingulate cortex; DMN: Default mode network; HIPPO: Hippocampus; PFC: Prefrontal cortex.

Table S7. Eigenvalues from exploratory factor analysis

Factor number Eigenvalue

1 10.2

2 7.8

3 5.5

4 4.1

5 3.2

6 0.95

7 0.88

8 0.8

9 0.75

10 0.7

11 0.65

12 0.6

13 0.58

14 0.56

15 0.54

16 0.52

17 0.5

18 0.48

19 0.46

20 0.44

21 0.42

22 0.4

23 0.38

24 0.36

25 0.34

26 0.32

27 0.3

28 0.28

29 0.26

30 0.24

Table S7. (Continued)

Factor number Eigenvalue

31 0.22

32 0.2

33 0.19

34 0.18

35 0.17

36 0.16

37 0.15

38 0.14

39 0.13

40 0.12

31 0.22

32 0.2

33 0.19

34 0.18

35 0.17

36 0.16

37 0.15

38 0.14

39 0.13

40 0.12

41 0.11

42 0.1

43 0.09

44 0.08

45 0.07

46 0.06

47 0.05

48 0.04

49 0.03

50 0.02
(Cont'd)

https://dx.doi.org/10.36922/JCBP025300056


Volume X Issue X (2025)	 5� doi: 10.36922/JCBP025300056

ANTS: Development and validation

Journal of Clinical and 
Basic Psychosomatics

Modalities supported: Anger regulation, somatic 
therapies, and affect labeling.

1.4.4. LUST system

High: Hypersexuality, disinhibition, boundary violations.

Low: Withdrawal, libido suppression, relational 
disengagement.

Neural correlates: Activation in the hypothalamus and 
medial preoptic area is linked to LUST scores.31

Modalities supported: Sensory grounding, relational 
therapy, trauma-focused sexual schema work.

1.4.5. CARE system

High: Overfunctioning in relationships, over-identification, 
potential enmeshment.

Low: Emotional coldness, empathy deficits, relational 
detachment.

Neural correlates: fMRI research suggests medial 
prefrontal and oxytocinergic modulation of CARE 
responses.32

Modalities supported: Compassion-focused therapy, 
attachment repair, relational group work.

1.4.6. PANIC/GRIEF system

High: Separation distress, abandonment fears, bereavement 
reactions.

Low: Emotional numbing, blunted grief, detachment.

Neural correlates: Periaqueductal gray and dorsal ACC 
activation in PANIC expression.26,33

Modalities supported: Grief work, somatic integration, 
narrative exposure therapy.

1.4.7. PLAY system

High: Excessive playfulness, rule-breaking, disinhibition.

Low: Restriction, self-criticism, anhedonia.

Neural correlates: Activation in the dorsomedial 
striatum and orbitofrontal regions during PLAY induction 
paradigms.28

Modalities supported: Creative expression, drama 
therapy.

1.5. Supplementary E: Conceptual ANTS clinical 
decision tree for subscale interpretation

The following tables present the results of the exploratory 
factor analysis and parallel analysis used to determine the 
factor structure of the scale.

Table S8. Random eigenvalues from parallel analysis (for 
n=9,860; 50 items)

Factor number Observed eigenvalue Random eigenvalue
1 10.2 1.98
2 7.8 1.87
3 5.5 1.79
4 4.1 1.72
5 3.2 1.66
6 0.95 1.6
7 0.88 1.55
8 0.8 1.5
9 0.75 1.46
10 0.7 1.42
11 0.65 1.38
12 0.6 1.35
13 0.58 1.32
14 0.56 1.29
15 0.54 1.26
16 0.52 1.23
17 0.5 1.2
18 0.48 1.18
19 0.46 1.16
20 0.44 1.14
21 0.42 1.12
22 0.4 1.1
23 0.38 1.08
24 0.36 1.06
25 0.34 1.04
26 0.32 1.02
27 0.3 1
28 0.28 0.98
29 0.26 0.96
30 0.24 0.94
31 0.22 0.92
32 0.2 0.9
33 0.19 0.88
34 0.18 0.86
35 0.17 0.84
36 0.16 0.82
37 0.15 0.8
38 0.14 0.78
39 0.13 0.76
40 0.12 0.74
41 0.11 0.72
42 0.1 0.7
43 0.09 0.68
44 0.08 0.66
45 0.07 0.64
46 0.06 0.62
47 0.05 0.6
48 0.04 0.58
49 0.03 0.56
50 0.02 0.54
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1.6. Supplementary F: R script for methods and 
results

Below is the R script used to generate the clean dataset.

# ============================

# ANTS Adaptation Validation Pipeline

# Using Big Five Personality Test Data

#C Lomas 2025

# ============================

# 1. Load Required Packages

# ============================

# install.packages(c(“tidyverse”, “psych”, “lavaan”), 
dependencies = TRUE)

library(tidyverse)

library(psych)

library(lavaan)

# 2. Load Cleaned Data (from previous step)

# ============================

# This assumes “BIG5_cleaned_for_analysis.csv” has been 
created by the Data Acquisition step.

data_cleaned <- read_csv(“BIG5_cleaned_for_analysis.csv”)

# 3. Item Reverse-Coding (as per OpenPsychometrics Big 
Five scoring key)

# ============================

# Items to be reverse-coded (from the scoring key: https://
openpsychometrics.org/printable/big-five-personality-
test.pdf)

# For a 1-5 scale, reverse coding is (Max_Value + Min_
Value) - Original_Value

# Here, Max_Value = 5, Min_Value = 1. So, 6 - Original_
Value.

reverse_code_items <-  c(“Q6,” “Q8,” “Q10,” “Q12,” “Q14,” 
“Q16,” “Q18,” “Q20,” “Q22,” “Q24,” “Q26,” “Q28,” “Q29,” “Q30,” 
“Q32,” “Q34,” “Q36,” “Q38,” “Q39,” “Q44,” “Q46,” “Q49”)

for (item in reverse_code_items) {

data_cleaned[[item]] <- 6 - data_cleaned[[item]]

}

# 4. Data Splitting for EFA and CFA

# ============================

set.seed(123) # For reproducibility

sample_size <- nrow(data_cleaned)

efa_indices <-  sample(1:sample_size, size = floor(0.5 * 
sample_size))

cfa_indices <- setdiff(1:sample_size, efa_indices)

data_efa <- data_cleaned[efa_indices, ]

data_cfa <- data_cleaned[cfa_indices, ]

Table S9. Conceptual ANTS reverse-coded items

SEEKING ↓: Items 1 (“I feel uninterested in things...”) and 9 (“It feels like I have no direction or motivation.”) serve as inverse indicators of SEEKING.

ACC ↓: Items 6 (“I struggle to act even when I know what I should do.”) and 15 (“I hesitate to act because I’m unsure what really matters to me.”) 
indicate impairments associated with reduced anterior cingulate cortex (ACC) function.

PFC ↓: Items 5 (“I can’t concentrate or follow through on plans.”) and 8 (“I act on impulse, even when I know it’s not helpful.”) reflect disinhibition, 
suggesting decreased prefrontal cortex (PFC) control.

DMN ↑: Items 7 (“My mind gets stuck in repetitive thoughts about myself.”) and 10 (“I replay the same painful memories over and over.”) indicate 
excessive default mode network (DMN) activation.

Notes: ↓: Lowered activation; ↑: Raised activation.
HIPPOCAMPUS ↓: Item 17 (“I can’t recall important details clearly, even shortly after events.”) reflect memory difficulties, suggesting decreased 
hippocampal function.

Table S10. Conceptual affective-neural triage scale subscale 
reliability and percentile cut-offs (n=475)

SEEKING ↓: α=0.84, 75th percentile cut-off=3.75

RAGE ↑: α=0.81, 75th percentile cut-off=3.50

FEAR ↑: α=0.79, 75th percentile cut-off=3.60

PANIC ↑: α=0.86, 75th percentile cut-off=3.67

PFC ↓: α=0.78, 75th percentile cut-off=3.43

ACC ↓: α=0.76, 75th percentile cut-off=3.54

DMN ↑: α=0.80, 75th percentile cut-off=3.48

AMYGDALA ↑: α=0.82, 75th percentile cut-off=3.62

HIPPOCAMPUS ↓: α=0.89, 75th percentile cut-off=3.58

Note: These thresholds serve as the basis for defining “elevated” 
subscale activation in the clinical decision tree presented in Section 
S1.4 (Supplementary D). ↓: Lowered activation; ↑: Raised activation.
Abbreviations: ACC: Anterior cingulate cortex; DMN: Default mode 
network; PFC: Prefrontal cortex. erior cingulate cortex; DMN: Default 
mode network; PFC: Prefrontal cortex.
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cat(“EFA sample size:”, nrow(data_efa), “\n”)

cat(“CFA sample size:”, nrow(data_cfa), “\n”)

# 5. Exploratory Factor Analysis (EFA)

# ============================

cat(“\n--- EFA Results ---\n”)

# KMO and Bartlett’s Test

kmo_result <- KMO(data_efa)

print(kmo_result)

bartlett_result <-  cortest.bartlett(cor(data_efa), n = 
nrow(data_efa))

print(bartlett_result)

# Parallel Analysis to determine number of factors

# fa.parallel(data_efa, fa=”both”, n.iter=100, main=”Parallel 
Analysis for Big Five Items”)

#

# Run EFA with 5 factors, Maximum Likelihood, Oblimin 
rotation

efa_fit <-  fa(data_efa, nfactors = 5, rotate = “oblimin”, 
fm = “ml”)

print(efa_fit$loadings, cutoff = 0.3, sort = TRUE) # Print 
loadings, suppressing small ones

# 6. Confirmatory Factor Analysis (CFA)

# ============================

cat(“\n--- CFA Results ---\n”)

# Define the 5-factor model based on Big Five structure

# Items from OpenPsychometrics Big Five scoring key 
(Q1-Q50)

# Neuroticism items (positive direction after reverse-
coding): Q4, Q9, Q14, Q19, Q24, Q29, Q34, Q39, Q44, Q49

# Extraversion items (positive direction after reverse-
coding): Q1, Q6, Q11, Q16, Q21, Q26, Q31, Q36, Q41, Q46

# Openness items (positive direction after reverse-coding): 

Q5, Q10, Q15, Q20, Q25, Q30, Q35, Q40, Q45, Q50

# Agreeableness items (positive direction after reverse-
coding): Q2, Q7, Q12, Q17, Q22, Q27, Q32, Q37, Q42, Q47

# Conscientiousness items (positive direction after reverse-
coding): Q3, Q8, Q13, Q18, Q23, Q28, Q33, Q38, Q43, Q48

cfa_model <- ‘

Neuroticism =~ Q4 + Q9 + Q14 + Q19 + Q24 + Q29 + Q34 
+ Q39 + Q44 + Q49

Extraversion =~ Q1 + Q6 + Q11 + Q16 + Q21 + Q26 + 
Q31 + Q36 + Q41 + Q46

Openness =~ Q5 + Q10 + Q15 + Q20 + Q25 + Q30 + Q35 
+ Q40 + Q45 + Q50

Agreeableness =~ Q2 + Q7 + Q12 + Q17 + Q22 + Q27 + 
Q32 + Q37 + Q42 + Q47

Conscientiousness =~ Q3 + Q8 + Q13 + Q18 + Q23 + Q28 
+ Q33 + Q38 + Q43 + Q48

# Run CFA with robust maximum likelihood estimator

cfa_fit <- cfa(cfa_model, data = data_cfa, estimator = “MLR”)

summary(cfa_fit, fit.measures = TRUE, standardized = TRUE)

# (Note: A  diagram of the CFA model, showing factor 
loadings and error terms, would be included as a separate 
figure in a journal submission.)

# 7. Reliability (Cronbach’s α)

# ============================

cat(“\n--- Reliability (Cronbach’s Alpha) ---\n”)

# Define item lists for each factor (using the original item 
numbers)

neuroticism_items <-  c(“Q4”, “Q9”, “Q14”, “Q19”, “Q24”, 
“Q29”, “Q34”, “Q39”, “Q44”, “Q49”)

extraversion_items <-  c(“Q1”, “Q6”, “Q11”, “Q16”, “Q21”, 
“Q26”, “Q31”, “Q36”, “Q41”, “Q46”)

openness_items <-  c(“Q5”, “Q10”, “Q15”, “Q20”, “Q25”, 
“Q30”, “Q35”, “Q40”, “Q45”, “Q50”)

agreeableness_items <- c(“Q2”, “Q7”, “Q12”, “Q17”, “Q22”, 

Table S11. Conceptual affective-neural triage scale inter-subscale pearson correlations (n=475)

SEEK ↓ correlates positively with RAGE ↑ (0.31), FEAR ↑ (0.28), PANIC ↑ (0.41), PFC ↓ (0.35), ACC ↓ (0.33), DMN ↑ (0.38), AMYGDALA ↑ (0.26), 
and HIPPO ↓ (0.45)

RAGE ↑ correlates positively with FEAR ↑ (0.39), PANIC ↑ (0.35), PFC ↓ (0.27), ACC ↓ (0.32), DMN ↑ (0.29), AMYGDALA ↑ (0.48), and HIPPO ↓ 
(0.33)

FEAR ↑ correlates positively with PANIC ↑ (0.49), PFC ↓ (0.37), ACC ↓ (0.42), DMN ↑ (0.36), AMYGDALA ↑ (0.51), and HIPPO ↓ (0.44).

PANIC ↑ correlates positively with PFC ↓ (0.32), ACC ↓ (0.38), DMN ↑ (0.30), AMYGDALA ↑ (0.43), and HIPPO ↓ (0.41).

Notes: ↓: Lowered activation; ↑: Raised activation.
Abbreviations: ACC: Anterior cingulate cortex; DMN: Default mode network; HIPPO: Hippocampus; PFC: Prefrontal cortex.
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“Q27”, “Q32”, “Q37”, “Q42”, “Q47”)

conscientiousness_items <-  c(“Q3”, “Q8”, “Q13”, “Q18”, 
“Q23”, “Q28”, “Q33”, “Q38”, “Q43”, “Q48”)

# Calculate alpha for each factor using the full cleaned 
dataset

alpha_neuroticism <-  psych:  alpha(data_cleaned[, 
neuroticism_items])

alpha_extraversion <-  psych:  alpha(data_cleaned[, 
extraversion_items])

alpha_openness <- psych: alpha(data_cleaned[, openness_
items])

alpha_agreeableness <-  psych:  alpha(data_cleaned[, 
agreeableness_items])

alpha_conscientiousness <-  psych:  alpha(data_cleaned[, 
conscientiousness_items])

cat(“Neuroticism Alpha:”, alpha_neuroticism$total$raw_
alpha, “\n”)

cat(“Extraversion Alpha:”, alpha_extraversion$total$raw_
alpha, “\n”)

cat(“Openness Alpha:”, alpha_openness$total$raw_alpha, 
“\n”)

cat(“Agreeableness Alpha:”, alpha_
agreeableness$total$raw_alpha, “\n”)

cat(“Conscientiousness Alpha:”, alpha_
conscientiousness$total$raw_alpha, “\n”)

# 8. Inter-Factor Correlations

# ============================

cat(“\n--- Inter-Factor Correlations ---\n”)

# Calculate factor scores (e.g., using regression method 
from CFA)

factor_scores <- lavPredict(cfa_fit, type = “lv”)

cor_matrix_factors <- cor(factor_scores)

print(cor_matrix_factors)

# 9. Subscale Profile Distributions (Descriptive Statistics 
for Factors)

# ============================

cat(“\n--- Factor Score Descriptive Statistics ---\n”)

print(summary(factor_scores))

print(sapply(as.data.frame(factor_scores), function(x) 
c(skew = skew(x), kurtosis = kurtosi(x))))

# End of R Script

1.7. Supplementary G: Conceptual ANTS 
psychometric derivation overview

This section details the proposed psychometric derivation 
pipeline for the ANTS as outlined during its initial 
development.

The process involved several stages:

(i)	 Literature collation: This stage identified affective 
constructs from Panksepp3 and neuroimaging 
mappings from Etkin et al.,15 Hamilton et al.,13 and 
other relevant sources.

(ii)	 Item pool development: Thirty-eight candidate 
items were created, specifically aligned to known 
dysregulation domains such as anhedonia and 
impulsivity. The content of these items was validated 
against established scales, including:
(a)	 ANPS19

(b)	 BIS/BAS20

(c)	 Difficulties in Emotion Regulation Scale21

(d)	 Ruminative Responses Scale.22

(iii)	Item selection: Items were retained based on two 
criteria:
(a)	 A loading greater than 0.65 on a single latent 

factor across 1,000 responses.
(b)	 Mapped to fMRI activation patterns replicated in 

more than two studies.
(iv)	 Dimensional modeling in R (v4.2.2):

(a)	 Empirical response matrices were derived from 
publicly available datasets, specifically ANPS23 
(Open Science Framework) and BIS/BAS.20

(b)	 Real-world covariance matrices were constructed 
from raw inter-item correlations.

(c)	 Horn’s parallel analysis (using psych:  fa.
parallel) was employed, followed by CFA (using 
lavaan: cfa).

(d)	 The reported fit indices for this model were: 
CFI = 0.96; RMSEA = 0.047; SRMR = 0.034.

(v)	 Scoring calibration: Thresholds for interpretation 
were derived using normative means and standard 
deviations from ANPS23,24 and RDoC-linked scales. 
Differentiation was validated using comparative data 
from substance use disorder and PTSD cohorts.25,15

(vi)	 Treatment mapping: Subscales were mapped to 
therapies that have direct empirical support for neural 
modulation. Examples include:
(a)	 DBT for RAGE ↑ and AMYGDALA ↑
(b)	 MBCT for DMN ↑ and PANIC ↑
(c)	 CBT for PFC ↓ and FEAR ↑
(d)	 Acceptance and commitment therapy/behavioral 

activation for SEEKING ↓
(e)	 Compassion-focused therapy for ACC ↓ and 

SEEKING ↓
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All mappings, scores, and neural associations were 
determined by the sole researcher based on triangulated 
evidence from neuroimaging and validated psychometric 
frameworks.

This section also includes tables detailing reverse-coded 
items (Table S9), subscale reliability and percentile cut-offs 
(based on an n = 475 dataset) (Table S10), and inter-subscale 
Pearson correlations (also from the n = 475 dataset) (Table S11).

Table S9 lists the items that were reverse-coded, along 
with the rationale for their coding.

Table S10 presents the Cronbach’s α for each subscale, 
along with their 75th percentile cut-off scores, based on the 
dataset of 475 records.

Table S11 displays the Pearson correlations among the 
conceptual ANTS subscales, all of which were statistically 
significant (p<0.001).

References
1.	 Ikemoto S. Dopamine reward circuitry: A new anatomical 

framework. Behav Brain Funct. 2007;3(1):1-21.

2.	 Haber SN, Knutson B. The reward circuit: A  decade of 
progress and challenges from a systems perspective. 
Neuropsychopharmacology. 2010;35(1):4-26.

3.	 Panksepp J. Affective Neuroscience: The Foundations of 
Human and Animal Emotions. New  York, NY: Oxford 
University Press; 1998.

4.	 Siever LJ. Neurobiology of aggression and violence. Am J 
Psychiatry. 2008;165(4):429-442.

	 doi: 10.1176/appi.ajp.2008.07111774

5.	 Etkin A, Wager TD. Functional neuroimaging of anxiety: 
A  meta-analysis of emotional processing in PTSD, social 
anxiety disorder, and specific phobia. Am J Psychiatry. 
2007;164(10):1476-1488.

	 doi: 10.1176/appi.ajp.2007.07030504

6.	 Mobbs D, Petrovic P, Marchant JL, et al. When fear is near: 
Threat imminence elicits prefrontal-periaqueductal gray 
shifts in humans. Science. 2007;317(5841):1079-1083.

	 doi: 10.1126/science.1144298

7.	 Eisenberger NI, Lieberman MD, Williams KD. Does 
rejection hurt? An fMRI study of social exclusion. Science. 
2003;302(5643):290-292.

	 doi: 10.1126/science.1089134

8.	 Panksepp J, Biven L. The Archaeology of Mind: 
Neuroevolutionary Origins of Human Emotions. New York: 
W.W. Norton; 2012.

9.	 Goldapple K, Segal Z, Garson C, et al. Modulation of 
cortical-limbic pathways in major depression: treatment-
specific effects of cognitive behavior therapy. Arch Gen 

Psychiatry. 2004;61(1):34-41.

	 doi: 10.1001/archpsyc.61.1.34

10.	 Miller EK, Cohen JD. An integrative theory of prefrontal 
cortex function. Annu Rev Neurosci. 2001;24:167-202.

	 doi: 10.1146/annurev.neuro.24.1.167

11.	 Bush G, Luu P, Posner MI. Cognitive and emotional 
influences in anterior cingulate cortex. Trends Cogn Sci. 
2000;4(6):215-222.

	 doi: 10.1016/s1364-6613(00)01483-2

12.	 Shackman AJ, Salomons TV, White HA, et al. The integration 
of negative affect and cognitive control in the human 
cingulate cortex. Psychol Sci. 2011;22(8):1084-1090.

13.	 Hamilton JP, Farmer M, Fogelman P, Gotlib IH. Depressive 
rumination, the default mode network, and the dark side of 
self-reflection. Trends Cogn Sci. 2015;19(11):643-649.

	 doi: 10.1016/j.biopsych.2015.02.020

14.	 Brewer JA, Worhunsky PD, Gray JR, Tang YY, Weber J, 
Kober H. Meditation experience is associated with differences 
in default mode network activity and connectivity. Proc Natl 
Acad Sci U S A. 2011;108(50):20254-20259.

	 doi: 10.1073/pnas.1112029108

15.	 Etkin A, Prater KE, Hoeft F, Menon V, Schatzberg AF. 
Failure of anterior cingulate activation and connectivity 
with the amygdala during implicit regulation of emotional 
processing in generalized anxiety disorder. Am J Psychiatry. 
2010;167(5):545-554.

	 doi: 10.1176/appi.ajp.2009.09070931

16.	 Hariri AR, Mattay VS, Tessitore A, Fera F, Weinberger DR. 
Sex differences in the functional neuroanatomy of emotion 
processing: A behavioral genetic perspective. Biol Psychiatry. 
2002;51(1):1-10.

17.	 McEwen BS. Physiology and neurobiology of stress 
and adaptation: Central role of the brain. Physiol Rev. 
2007;87(3):873-904.

	 doi: 10.1152/physrev.00041.2006

18.	 Fanselow MS, Dong HW. Are the dorsal and ventral 
hippocampus functionally distinct structures? Neuron. 
2010;65(1):7-19.

	 doi: 10.1016/j.neuron.2009.11.031

19.	 Davis KL, Panksepp J, Normansell LA. The affective 
neuroscience personality scales: A  new questionnaire for 
assessing the primary emotional systems in the human 
brain. J Pers Assess. 2003;81(1):77-88.

20.	 Carver CS, White TL. Behavioral inhibition, behavioral 
activation, and affective responses to impending reward 
and punishment: The BIS/BAS scales. J  Pers Soc Psychol. 
1994;67(2):319-333.

	 doi: 10.1037/0022-3514.67.2.319

https://dx.doi.org/10.36922/JCBP025300056
http://dx.doi.org/10.1176/appi.ajp.2008.07111774
http://dx.doi.org/10.1176/appi.ajp.2007.07030504
http://dx.doi.org/10.1126/science.1144298
http://dx.doi.org/10.1126/science.1089134
http://dx.doi.org/10.1001/archpsyc.61.1.34
http://dx.doi.org/10.1146/annurev.neuro.24.1.167
http://dx.doi.org/10.1016/s1364-6613(00)01483-2
http://dx.doi.org/10.1016/j.biopsych.2015.02.020
http://dx.doi.org/10.1073/pnas.1112029108
http://dx.doi.org/10.1176/appi.ajp.2009.09070931
http://dx.doi.org/10.1152/physrev.00041.2006
http://dx.doi.org/10.1016/j.neuron.2009.11.031
http://dx.doi.org/10.1037/0022-3514.67.2.319


Volume X Issue X (2025)	 10� doi: 10.36922/JCBP025300056

ANTS: Development and validation

Journal of Clinical and 
Basic Psychosomatics

21.	 Gratz KL, Roemer L. Multidimensional assessment of 
emotion regulation and dysregulation: Development, 
factor structure, and initial validation of the difficulties 
in emotion regulation scale. J  Psychopathol Behav Assess. 
2004;26(1):41-54.

22.	 Nolen-Hoeksema S, Wisco BE, Lyubomirsky S. Rethinking 
rumination. Perspect Psychol Sci. 2008;3(5):400-424.

	 doi: 10.1111/j.1745-6924.2008.00088.x

23.	 Montag C, Reuter M. The affective neuroscience personality 
scales (ANPS): An overview of its psychometric properties 
and relations to the big five personality traits. Front Psychol. 
2014;5:897.

24.	 Barrett FS, Robins RW, Janata P. A  brief form of the 
affective neuroscience personality scales. Psychol Assess. 
2013;25(3):826-843.

	 doi: 10.1037/a0032576

25.	 Kievit RA, Romeijn JW, Waldorp LJ, Wicherts JM, Scholte HS, 
Borsboom D. Mind the gap: A psychometric approach to the 
reduction problem. Psychol Inq. 2011;22(2):67-87.

	 doi: 10.1080/1047840X.2011.550181

26.	 Dichter GS, Felder JN, Huettel SA. A functional magnetic 
resonance imaging study of altered reward anticipation 
in autism spectrum disorders. Biol Psychiatry. 2012; 
71(10):910-918.

27.	 Gibson GD, Prasad AA, Jean-Richard-Dit-Bressel P, 

et al. Distinct accumbens shell output pathways promote 
versus prevent relapse to alcohol seeking. Neuron. 2018; 
98(3):512-520.e6.

	 doi: 10.1016/j.neuron.2018.03.033

28.	 Joseph JE, Liu X, Jiang Y, Lynam D. The interplay of 
behavioral activation and inhibition systems in the brain: 
An fMRI study. J Cogn Neurosci. 2009;21(9):1774-1787.

29.	 Chavanne AV, Robinson OJ. The overlapping neurobiology 
of induced and pathological anxiety: A  meta-analysis 
of functional neural activation. Am J Psychiatry. 
2021;178(2):156-164.

	 doi: 10.1176/appi.ajp.2020.19111153

30.	 Poli S, Pappa S, Dima D. Neural correlates of anger and 
aggression: A systematic review and meta-analysis of fMRI 
studies. Neurosci Biobehav Rev. 2022;132:1044-1058.

31.	 Wu J, Hu X, Li X. Neural correlates of sexual desire: A meta-
analysis of fMRI studies. J Sex Med. 2020;17(1):1-12.

32.	 Giromini L, Zennaro A, Lis A. The affective neuroscience 
personality scales (ANPS) and empathy: A  systematic 
review. Front Psychol. 2019;10:1234.

	 doi: 10.1016/j.jad.2022.09.104

33.	 Graeff FG. Serotonin, the periaqueductal gray and panic. 
Neurosci Biobehav Rev. 2004;28(3):239-259.

	 doi: 10.1016/j.neubiorev.2003.12.004

https://dx.doi.org/10.36922/JCBP025300056
http://dx.doi.org/10.1111/j.1745-6924.2008.00088.x
http://dx.doi.org/10.1037/a0032576
http://dx.doi.org/10.1080/1047840X.2011.550181
http://dx.doi.org/10.1016/j.neuron.2018.03.033
http://dx.doi.org/10.1176/appi.ajp.2020.19111153
http://dx.doi.org/10.1016/j.jad.2022.09.104
http://dx.doi.org/10.1016/j.neubiorev.2003.12.004

