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Background: Trait anxiety reflects a stable predisposition to experience heightened anxiety across contexts. While its role in 
amplifying emotional responses during threat anticipation is well established, its influence after the resolution of uncertainty remains 
underexplored.
Purpose: This study examined whether individuals with high trait anxiety exhibit impaired neural disengagement following 
uncertainty resolution, compared with individuals with low trait anxiety. Emotional disengagement was operationalized using the 
Extrication from Mental Load (EML) component as a neurophysiological index.
Methods: Using a between-subjects extreme-group design, twenty-two university students were selected from the upper and lower tails of the 
State–Trait Anxiety Inventory–Trait (STAI-T) distribution and assigned to high and low trait anxiety groups (n = 11 per group). Participants 
completed a probabilistic two-level contingent negative variation (CNV) paradigm designed to manipulate uncertainty resolution. Neural 
disengagement was indexed by the peak-to-peak amplitude and latency of the EML component following uncertainty resolution.
Results: Compared with the low trait anxiety group, the high trait anxiety group exhibited significantly reduced EML peak-to-peak 
amplitudes, particularly over right frontal and midline parietal regions. No significant group difference was observed in EML peak latency.
Conclusion: These findings indicate that trait anxiety primarily modulates the magnitude, rather than the temporal onset, of neural 
disengagement processes following uncertainty resolution, suggesting reduced efficiency of post-threat neural disengagement in 
individuals with high trait anxiety.
Keywords: trait anxiety, emotional disengagement, uncertainty resolution, ERP, EML wave

Introduction
From a neurobiological and psychological perspective, anxiety is a future-oriented emotional state characterized by 
anticipatory responses to uncertain potential threats. The Uncertainty and Anticipation Model of Anxiety (UAMA)1 

comprehensively outlines how such anticipatory processes, while adaptive, can become maladaptive in clinical anxiety. 
Central to the UAMA are five key processes, including inflated threat appraisals, attentional bias, cognitive avoidance, 
heightened reactivity to uncertainty, and notably, deficient safety learning. While the UAMA framework excels at 
detailing the mechanisms of threat anticipation, comparatively less theoretical and empirical attention has been directed 
toward the neural processes that support termination of anticipatory states once uncertainty is resolved. This imbalance 
creates a temporal asymmetry in anxiety research, wherein the initiation and maintenance of threat responding are well 
characterized, yet the mechanisms underlying post-threat disengagement remain insufficiently understood. Clarifying this 
termination phase is essential for explaining why anxiety may persist even after objective threat has subsided. This 
process of disengagement is conceptually analogous to fear extinction from learning theory,2–4 a process in which learned 
defensive responses are inhibited when a cue is found to be safe. Indeed, impaired fear extinction is considered a core 
mechanistic deficit in anxiety disorders. The term emotional disengagement is therefore proposed to describe the 
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psychological and neural process of terminating an anticipatory state following uncertainty resolution. In this context, 
emotional disengagement refers specifically to the termination of anticipatory emotional processing once uncertainty is 
resolved as safe. This process is conceptually distinct from emotional withdrawal and related forms of disengagement, 
which involve reduced emotional engagement or behavioral responding rather than the cessation of anticipatory threat- 
related neural activity. Investigating the neural mechanisms underlying this phase is particularly promising, as it 
constitutes a “weak situation” where the absence of clear threat allows individual dispositions, such as trait anxiety, to 
more strongly influence neural function than during unambiguous threat anticipation.5 This leads to a critical question: do 
individuals with high trait anxiety demonstrate measurable neural deficits in emotional disengagement, thus perpetuating 
anxiety-related neural processing even after an objective stressor has been removed?

Behavioral Evidence for Impaired Emotional Disengagement
Empirical work exploring the temporal trajectory of anxiety across stressor phases provides crucial behavioral foundation 
for understanding emotional disengagement deficits. Conlon et al assessed math anxiety at pre-, mid-, and post-test 
intervals, finding significant state anxiety reduction immediately after task completion in most individuals.6 However, 
converging evidence indicates that this recovery may be compromised in high trait anxiety populations. Waechter & 
Stolz employed a multi-phase design measuring state anxiety across five experimental time points, revealing that high 
trait anxiety individuals maintained significantly elevated state anxiety at all post-induction phases, even after stressor 
removal. This persistence occurred regardless of mood induction condition, suggesting that trait anxiety sustains anxious 
responding beyond objective threat boundaries through difficulties in emotional disengagement or persistent activation of 
internal threat representations.7

Physiological findings corroborate this phenomenon of impaired disengagement. Cho et al examined autonomic 
recovery following an anxiety-inducing speech preparation task, demonstrating that while low trait anxiety individuals 
showed parasympathetic recovery after stressor removal, high trait anxiety participants exhibited no physiological 
recovery regardless of emotion regulation strategy employed, suggesting impaired deactivation of anxiety response 
systems.8 Similarly, Carr et al tracked anxiety trajectories in women undergoing gynecological surgery, finding that 
individuals with high trait anxiety exhibited sustained elevation throughout the perioperative period, even after surgical 
completion, with persistence associated with unresolved psychological factors independent of immediate threat.9

Moreover, this persistent anxious responding, even when objective threat is absent, parallels the well-documented 
impairments in fear extinction seen in anxiety disorders.10,11 Fear extinction involves the gradual reduction of condi
tioned fear responses following repeated presentations of threat cues in the absence of danger. A meta-analysis confirms 
that individuals with anxiety disorders exhibit delayed or reduced fear extinction compared to non-anxious controls, 
demonstrating persistent fear even in the face of manifest safety.12

These behavioral and physiological findings consistently demonstrate that trait anxiety extends its influence beyond 
threat anticipation, critically involving a compromised capacity for emotional disengagement. However, it remains 
unknown whether this behavioral persistence corresponds to a specific, measurable neural event at the moment of 
uncertainty resolution. This highlights the need to identify an objective neurophysiological marker, such as an ERP 
component, that can capture this failure to neurally disengage.

Neurophysiological Approaches to Emotional Processing in Anxiety
Event-related potential (ERP) methodology offers millisecond-level temporal resolution enabling objective investigation 
of neural processes underlying emotional disengagement.13 Existing ERP research has demonstrated that anxiety 
significantly alters neural processing across multiple cognitive and affective domains. Studies have examined compo
nents such as CNV (linked to cognitive load),14 N2 (associated with cognitive inhibition and conflict monitoring),15 and 
P3 (reflecting cognitive resource allocation).16,17 Components directly involved in emotion processing have also been 
explored, including P2 and LPP, both of which are sensitive to emotion regulation demands.18,19

Several studies have begun elucidating ERP correlates of uncertainty processing specifically. Tanovic et al demonstrated 
that both early P2 and slow stimulus-preceding negativity (SPN) components were modulated by threat uncertainty 
probability, with sustained negativity under moderate uncertainty.20 Johnen & Harrison showed that emotional uncertainty 
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affects both anticipatory (SPN) and evaluative (LPP) processing phases.21 Most relevantly, Gole et al revealed that anxiety- 
prone individuals exhibited distinctive “dampening effects” in late LPP responses (750–1000 ms) when aversive stimuli 
followed uncertainty cues, suggesting that prolonged anticipatory worry alters subsequent emotional processing in trait- 
anxious individuals, potentially impairing their capacity for effective neural disengagement from anxiety-related processing.22

These findings establish the utility of ERP methodology for investigating anxiety-related neural processing, particularly 
during uncertainty resolution phases. However, specific neural markers of emotional disengagement following uncertainty 
resolution remain underexplored, highlighting the need for targeted investigation of post-stressor neural dynamics.

The Extrication from Mental Load Wave as a Neural Marker
A potentially crucial ERP component for investigating neural mechanisms of emotional disengagement is the Extrication 
from Mental Load (EML) wave, originally identified by Wei et al in modified CNV paradigms.23–25 Although originally 
identified within specific CNV paradigms, the EML can be conceptually situated within the broader international literature 
on Contingent Negative Variation (CNV) and anticipatory slow-wave dynamics. Since its original description by Walter 
et al,26 the CNV has been widely interpreted as reflecting sustained preparatory and expectancy-related neural activity 
under conditions of uncertainty.27–29 International studies have shown that enhanced slow-wave negativity indexes 
prolonged cognitive and affective engagement during anticipation,30 whereas post-stimulus shifts toward relative positivity 
have been associated with task completion or release from preparatory load.31 Within this framework, the EML may 
represent a specific instantiation of this general neural release mechanism, marking the termination of sustained anticipatory 
processing following uncertainty resolution. The EML manifests as a sharp polarity reversal from negative to positive 
approximately 150 ms following the command signal presentation, occurring specifically when anticipated imperative 
stimuli appear. This component’s absence when expected stimuli do not materialize suggests its functional role in releasing 
cognitive-affective tension accumulated during anticipatory periods. In simple terms, the EML can be understood as 
a neural “release signal” that marks the termination of anticipatory load once the expected stimulus appears.

The EML’s relevance to anxiety processing is supported by findings from Duan et al,32 who demonstrated that 
individuals experiencing chronic academic stress exhibited significantly more negative CNV amplitudes compared to 
controls, with state anxiety positively correlating with CNV amplitude in non-stressed individuals. This association was 
absent under high-stress conditions, presumably due to ceiling effects, suggesting that chronic emotional load may alter 
typical anxiety-neural processing relationships.

Theoretically, the EML represents a neural mechanism underlying the transition from sustained anticipatory load to 
cognitive-affective release following uncertainty resolution. Anxiety has consistently been associated with prolonged 
anticipatory engagement and heightened sustained neural activation under uncertain conditions. Unlike ERP components 
such as the SPN and LPP, which have been associated with anticipatory emotional engagement and sustained affective 
processing under uncertainty, the EML emerges only after the anticipated stimulus appears and may reflect the 
termination of sustained expectancy-related processing. Therefore, individual differences in EML amplitude may provide 
a direct neural index of variability in the efficiency of emotional disengagement, offering a temporally specific window 
into how trait anxiety influences post-uncertainty neural disengagement.

The Literature Gap and Present Study Rationale
Contemporary models such as the Uncertainty and Anticipation Model of Anxiety provide detailed accounts of threat 
anticipation mechanisms, yet considerably less attention has been devoted to the neural processes involved in terminating 
anticipatory states once uncertainty is resolved. Behavioral and physiological findings further suggest that anxiety may 
persist even after threat removal; however, the specific neurophysiological mechanisms underlying this failure to 
disengage remain unknown. This creates a critical gap in the current literature, as identifying objective neural markers 
of emotional disengagement is essential for understanding the persistence of anxiety beyond objective threat.

The present investigation addresses whether trait anxiety influences neural mechanisms of emotional disengagement 
following stressor removal, employing the EML as a neurophysiological marker of this process. According to recent 
theoretical perspectives, standard fear acquisition paradigms often constitute “strong” situations that, due to their lack of 
ambiguity, exert strong normative influence on behavior and may mask individual differences. In contrast, processes like fear 
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extinction represent “weak” situations, where ambiguity increases the variance in responding that originates from individual 
characteristics.5 The disengagement phase of our paradigm, where threat is removed and safety must be inferred, constitutes 
such a “weak situation”, providing an ideal context for detecting trait-dependent variations in neural processing.

Individuals with high trait anxiety are expected to demonstrate impaired neural disengagement from anxiety-related 
processing after stressor removal, manifested as reduced EML amplitudes relative to individuals with low trait anxiety. 
This expectation is informed by findings from the fear conditioning literature indicating that individuals with anxiety 
disorders consistently display impaired fear extinction,12 such that defensive responses persist even when cues signal 
safety. Given that the EML is thought to reflect the cognitive-affective release from anticipatory load,23,24 reduced 
amplitude would serve as a precise neural correlate of this documented extinction deficit, indicating incomplete 
disengagement from the anxiety-related processing that characterized the preceding period of uncertainty.

By examining the EML as a neural marker of emotional disengagement, this study aims to provide neurophysiological 
evidence for the documented behavioral phenomenon of persistent anxious responding in high trait anxiety individuals, 
potentially elucidating the neural mechanisms underlying anxiety’s persistence beyond objective threat boundaries.

Accordingly, the present study addresses the following research question: Do individuals with high trait anxiety exhibit 
impaired neural disengagement following uncertainty resolution compared with individuals with low trait anxiety?

Based on prior findings from fear extinction and anxiety persistence literature, the following hypotheses were 
proposed:

Hypothesis 1: Individuals with high trait anxiety will show reduced EML peak-to-peak amplitude compared with 
individuals with low trait anxiety.

Hypothesis 2: With regard to EML peak latency, no strong a priori directional prediction was made. If trait anxiety 
primarily influences the efficiency or magnitude of emotional disengagement rather than early processing speed, group 
differences would be expected to manifest predominantly in amplitude rather than latency.

Methods
Questionnaire
The State-Trait Anxiety Inventory (STAI) is a widely used self-report instrument designed to differentiate between two 
forms of anxiety: state anxiety, which reflects a temporary emotional condition in response to specific situations, and trait 
anxiety, which represents a stable tendency to experience anxiety across time and contexts.33 The inventory consists of 
two 20-item subscales: one for state anxiety (STAI-S) and one for trait anxiety (STAI-T). Because the present study 
aimed to examine neural disengagement as a stable individual characteristic, trait anxiety was selected as the grouping 
variable. State anxiety, which reflects transient situational fluctuations rather than enduring individual differences, was 
therefore not assessed. In the present study, the trait anxiety subscale (STAI-T), as revised into Mandarin Chinese by Ye 
& Hugdvet,34 was used to screen participants. Each item is rated on a 4-point Likert scale (1 = “not at all” to 4 = “very 
much so”), with total scores ranging from 20 to 80. A representative item from the STAI-T is: “I feel nervous.” In the 
present sample, the STAI-T demonstrated excellent internal consistency (Cronbach’s α = 0.913).

Participants
Participants were recruited from Tianjin Normal University through large-scale questionnaire screening conducted in 
classroom settings. A total of 512 college students completed the questionnaire, resulting in 486 valid responses (94% 
valid rate). In the screening sample (N = 486), the mean trait anxiety score was 44.9 (SD = 7.93). Based on this 
distribution, individuals whose scores fell beyond ±2 standard deviations from the sample mean were selected and invited 
to participate in the laboratory-based ERP experiment conducted in the EEG laboratory of the Faculty of Psychology at 
Tianjin Normal University. This procedure ensured that the high and low trait anxiety groups represented individuals at 
the extreme ends of the trait anxiety distribution. This extreme-group approach is widely used in individual differences 
research,35,36 as it enhances between-group variance and statistical sensitivity while preserving construct validity.37

https://doi.org/10.2147/PRBM.S584294                                                                                                                                                                                                                                                                                                                                                                                                                          Psychology Research and Behavior Management 2026:19 4

Hu et al                                                                                                                                                                              

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Inclusion criteria required participants to be right-handed, have normal or corrected-to-normal vision and hearing, and report 
no history of neurological or psychiatric disorders. Participants currently taking psychoactive medication were excluded.

Based on these criteria, 12 individuals from each extreme formed the high and low trait anxiety groups. One 
participant from each group was excluded due to severe EEG artifacts, leaving 22 participants: 11 in the high trait 
anxiety group (3 males, 8 females; mean age = 20.4 ± 1.2 years, mean trait anxiety score = 69.0 ± 1.1) and 11 in the low 
trait anxiety group (5 males, 6 females; mean age = 20.6 ± 1.3 years, mean trait anxiety score = 28.1 ± 1.4). The trait 
anxiety scores differed significantly between the two groups (t(20) = 73.0, p < 0.01; See Table 1). The final sample size is 
comparable to prior ERP studies employing extreme-group designs.19,38 ERP signal reliability is enhanced through 
averaging across multiple trials, allowing stable estimation of ERP components even with moderate sample sizes.39 

Recent methodological evaluations further indicate that ERP studies commonly employ modest sample sizes.40

All participants provided informed consent and received compensation after the experiment. The procedures were 
approved by the Research Ethics Board of the Faculty of Psychology, Tianjin Normal University (Approval No. 2019050101).

Experimental Design and Rationale
The study employed a mixed factorial design, with trait anxiety group (high vs. low) as a between-subject factor and 
electrode position as within-subject factors, including anterior–posterior (frontal, central, parietal) and left–right (left, 
midline, right) dimensions. In this individual-differences design, the low trait anxiety group served as the comparison 
group for evaluating trait anxiety–related differences in neural disengagement.

Participants were categorized into high and low trait anxiety groups to examine whether neural disengagement 
following uncertainty resolution differs as a function of elevated trait anxiety. Although trait anxiety is generally 
associated with heightened emotional reactivity, it remains unclear whether post-resolution neural disengagement 
represents a distinct neurophysiological characteristic observable at higher trait levels. The present design therefore 
enabled a direct comparison of neural disengagement dynamics between individuals with high and low trait anxiety.

To examine whether post-resolution neural disengagement differs between groups, the experimental paradigm 
incorporated two key considerations: (1) Uncertainty Manipulation: Given that anxiety fundamentally reflects responses 
to uncertainty,1,41 the paradigm employed probabilistic stimulus presentation to create conditions of anticipatory 
uncertainty followed by resolution. This approach directly tests whether high trait anxiety individuals demonstrate 
impaired neural disengagement from anxiety-related processing after uncertainty resolution. (2) Evaluative Threat 
Context: Consistent with research showing that trait anxiety effects are most pronounced under evaluative 
conditions,42,43 the experimental context incorporated performance evaluation to enhance the relevance of individual 
differences in trait anxiety.

Within this framework, emotional disengagement was operationalized as a neurophysiological construct and indexed 
by the Extrication from Mental Load (EML) component, which captures neural disengagement following the resolution 
of task-related uncertainty.

Stimulus Materials
The auditory stimuli used in this study were adapted from the sound materials developed by Wei & Zheng,24 consisting 
of three signals: the first warning signal (S1), the second warning signal (S2), and the command signal (S3). S1 was an 
800 Hz pure tone at 55 dB with a duration of 24 ms. S2 was a 1000 Hz pure tone at 55 dB, lasting 200 ms. S3 was a click 

Table 1 Sample Characteristics of the High and Low Trait Anxiety Group (Mean ± SD)

Group High Trait Anxiety (n = 11) Low Trait Anxiety (n = 11)

Gender 8 females, 3 males 6 females, 5 males

Age 20.4 ± 1.2 years 20.6 ± 1.3 years
Trait anxiety score 69.0 ± 1.1 28.1 ± 1.4
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sound (square wave) at 18 dB, lasting 100 μs. All stimuli were presented using Neuroscan’s Stim2 software and delivered 
through earphones via air conduction.

Functionally, S1 served as an initial warning cue signaling the onset of a trial and initiating anticipatory neural 
processing. This stimulus marks the beginning of the preparatory interval and triggers the early development of the 
contingent negative variation (CNV), reflecting the onset of expectancy-related neural activity.26 S2 functioned as 
a secondary warning signal that maintained and intensified this anticipatory state, contributing to the sustained buildup 
of the CNV, which reflects continued expectancy and preparatory processing. S3 served as the command stimulus that 
resolved anticipatory uncertainty and triggered the release of mental load, eliciting the Extrication from Mental Load 
(EML) component, which reflects neural disengagement following anticipatory cognitive-affective load.24

Tasks
Participants completed a two-level CNV task adapted from Wei & Zheng.24 This paradigm involved a sequential 
presentation of two warning signals (S1 and S2), followed by a command signal (S3) in a subset of trials. This sequence 
established an anticipatory interval between warning and command signals, with the probabilistic occurrence of S3 
introducing uncertainty and its subsequent presentation enabling examination of post-resolution neural responses indexed 
by the EML component. In each trial, S1 was presented first, followed by S2 after a 1500 ms interval. After another 1700 
ms interval, S3 was randomly presented in 50% of the trials (see Figure 1). The remaining 50% of trials did not include 
S3. The task consisted of 40 trials, with randomized inter-trial intervals ranging from 4 to 8 seconds. Participants were 
instructed to mentally count the number of times S3 appeared and report at the end of the task.

Procedure
Participants were seated in a comfortable chair inside a shield room, approximately 1 meter from a computer screen. This 
viewing distance was maintained to ensure stable fixation, reduce ocular movement artifacts, and maintain a consistent visual 
angle, consistent with standard ERP recording practices.39 A black background with a green fixation cross (0.7 cm × 0.7 cm) 
was presented at screen’s center. Participants were instructed to focus on the green cross, pay attention to the auditory stimuli, 
and minimize blinking during the experiment. Participants were also informed that their performance would be compared to 
that of others, which was intended to increase evaluative pressure through social comparison. This evaluative instruction was 
included because socially evaluative contexts reliably amplify anxiety-related cognitive and neural responses, thereby 
enhancing sensitivity for detecting individual differences in trait anxiety.44,45

EEG Online Recording and Offline Analysis
EEG signals were continuously recorded online using the NeuroScan EEG/ERP system, which allowed real-time 
acquisition of neural activity during task performance. A 64-channel Quick-cap based on the international 10–20 system 

Figure 1 Experimental paradigm and temporal structure of a single trial. Each trial consisted of three sequential auditory stimuli. The first warning signal (S1, 24 ms) was 
followed by the second warning signal (S2, 200 ms) after a 1500 ms interval. After an additional 1700 ms interval, the command stimulus (S3, 100 μs) was presented in 50% of 
trials, whereas no stimulus was presented in the remaining trials. Participants were instructed to mentally count the number of S3 occurrences. Arrows on the timeline 
indicate the temporal intervals between successive events within a trial.

https://doi.org/10.2147/PRBM.S584294                                                                                                                                                                                                                                                                                                                                                                                                                          Psychology Research and Behavior Management 2026:19 6

Hu et al                                                                                                                                                                              

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



was used to ensure standardized electrode placement across participants. The left mastoid served as the reference during 
recording and was re-referenced offline to the average of both mastoids. Vertical electrooculogram (VEOG) electrodes 
were placed above and below the left eye, and horizontal electrooculogram (HEOG) electrodes were placed at the outer 
canthus of both eyes to monitor ocular activity. Impedance was maintained below 5 kΩ to ensure signal quality. Signals 
were recorded with a bandpass filter of DC–70 Hz and a sampling rate of 500 Hz.

Offline analysis was conducted to preprocess the raw EEG data and extract ERP components of interest. Raw EEG data 
were corrected for DC drift (DC offset correction), and ocular artifacts were corrected using regression-based procedures. The 
data were segmented into epochs ranging from 500 ms before S1 (used as baseline) to 4624 ms after S1. Epochs containing 
voltage fluctuations exceeding ±100 μV were excluded from further analysis to minimize contamination from artifacts.

ERP waveforms were then averaged separately for the high and low trait anxiety groups. Only trials in which S3 was 
presented were included in the analysis, as the EML component is elicited specifically following the presentation of the 
command stimulus. The grand average ERP waveforms showed a distinct positive deflection approximately 150 ms after 
S3, identified as the EML, consistent with previous findings.24

Given the wide distribution of the EML across the scalp, nine electrodes were selected for analysis: F5, Fz, F6, C5, Cz, 
C6, P5, Pz, and P6, categorized into two factors: (1) Anterior-Posterior Electrode Position: Frontal: F5, Fz, F6; Central: C5, 
Cz, C6; Parietal: P5, Pz, P6 (See the red arcs in Figure 2); (2) Left-Right Electrode Position: Left: F5, C5, P5; Midline: Fz, 
Cz, Pz; Right: F6, C6, P6 (See the blue arcs in Figure 2). Two metrics were analyzed for the EML: (1) Peak Latency (① in 
Figure 3): The time from S3 onset to the peak of the EML; (2) Peak-to-Peak Amplitude (② in Figure 3): The voltage 
difference between the start of the EML’s positive deflection and its peak.24 In the present study, these EML metrics served as 
objective neurophysiological indices of emotional disengagement efficiency following uncertainty resolution.

Statistical analyses of the ERP data were conducted using SPSS 24. Separate repeated-measures ANCOVAs were 
performed on the EML peak latency and peak-to-peak amplitude. Trait anxiety group (high vs. low) was included as 
a between-subject factor, and electrode location was treated as a within-subject factor, with anterior–posterior and left– 
right dimensions. Gender was entered as a dummy-coded covariate to control for potential confounding effects. This 
approach was chosen to control for the potential influence of gender while simultaneously examining group differences 

Figure 2 Electrode selection and regional grouping for statistical analysis. A 64-channel EEG system (international 10–20 system) was used. Nine electrodes (F5, Fz, F6, C5, 
Cz, C6, P5, Pz, P6) are indicated by grey squares. Electrodes were organized into two repeated-measures factors: Anterior–Posterior position—Frontal (F5, Fz, F6), Central 
(C5, Cz, C6), Parietal (P5, Pz, P6; red arcs); and Left–Right position—Left (F5, C5, P5), Midline (Fz, Cz, Pz), Right (F6, C6, P6; blue arcs).
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and spatial distribution effects of the EML component across electrode locations. Greenhouse–Geisser corrections were 
applied when the assumption of sphericity was violated. Bonferroni adjustments were used for post hoc comparisons. 
The normality of the dependent variables was assessed using the Shapiro–Wilk test (ps > 0.05), and homogeneity of 
variance was confirmed using Levene’s test (ps > 0.05).

Results
Descriptive statistics for EML peak-to-peak amplitude and peak latency for each trait anxiety group across electrode 
positions are presented in Table 2. The grand-average ERP waveforms illustrating the EML component at representative 
electrode sites are shown in Figure 4.

EML Peak-to-Peak Amplitude
A repeated measures ANCOVA was conducted on EML peak-to-peak amplitude, with trait anxiety group (high vs. low) 
as the between-subject factor and anterior–posterior and left–right electrode positions as within-subject factors, and 
gender included as a covariate. See Table 3.

Figure 3 Operationalization of EML metrics under the secondary CNV paradigm. The figure presents a representative ERP waveform in the S3 condition, with stimulus 
onsets (S1, S2, S3) marked along the time axis. Two EML metrics were analyzed: (1) Peak Latency (①), defined as the interval from S3 onset to the EML peak; and (2) Peak-to 
-Peak Amplitude (②), defined as the voltage difference between the onset of the EML positive deflection following S3 and its peak. These metrics served as objective 
neurophysiological indices of neural disengagement following uncertainty resolution.

Table 2 Means (± SEM) of EML Peak-to-Peak Amplitude (µv) and Peak Latency (Ms) for High and Low Trait Anxiety Groups 
Across Electrode Positions

Trait Anxiety Electrode Position Left Midline Right

EML Peak-to-Peak Amplitude High Frontal 13.152 ± 1.146 17.823 ± 1.647 14.001 ± 1.753
Central 15.262 ± 1.460 21.151 ± 2.001 15.145 ± 1.848

Parietal 16.626 ± 1.438 18.426 ± 2.087 16.035 ± 1.564

Low Frontal 15.366 ± 1.146 21.450 ± 1.647 20.099 ± 1.753
Central 18.847 ± 1.460 27.158 ± 2.001 20.055 ± 1.848

Parietal 19.601 ± 1.438 24.919 ± 2.087 19.246 ± 1.564

EML Peak Latency High Frontal 303.155 ± 15.863 291.808 ± 17.493 288.145 ± 18.213
Central 315.189 ± 18.218 300.943 ± 17.752 314.828 ± 22.452

Parietal 347.003 ± 21.716 322.061 ± 23.339 342.037 ± 23.843

Low Frontal 276.845 ± 15.863 260.556 ± 17.493 276.946 ± 18.213
Central 299.357 ± 18.218 275.603 ± 17.752 299.172 ± 22.452

Parietal 298.269 ± 21.716 283.758 ± 23.339 299.781 ± 23.843

Note: Values represent mean ± SEM. Electrode positions are organized by anterior–posterior (frontal, central, parietal) and left–right (left, midline, right) 
dimensions. 
Abbreviation: EML, extrication from mental load.
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A significant main effect of trait anxiety group was observed, F(1, 19) = 4.739, p = 0.042, partial η2 = 0.200. The low 
trait anxiety group exhibited significantly greater EML amplitudes (20.749 ± 1.399 µV) than the high trait anxiety group 
(16.402 ± 1.399 µV), indicating stronger neural disengagement following uncertainty resolution.

A significant three-way interaction among trait anxiety group, anterior–posterior position, and left–right position was 
also observed, F(4, 76) = 2.540, p = 0.046, partial η2 = 0.113, suggesting that group differences varied across scalp 

Figure 4 Grand-average ERP waveforms and topographic distribution of the EML. Grand-average ERP waveforms are presented for all nine electrodes in the S3 condition. 
The Orange solid line represents the high trait anxiety group, and the black dashed line represents the low trait anxiety group. The shaded region at Cz marks the EML 
component. Topographic maps on the right illustrate the scalp distribution at the EML peak latency at Cz for each group.

Table 3 Summary of Repeated Measures ANCOVA Results for EML Peak-to-Peak 
Amplitude and Peak Latency

Measure Effect df F p ηp2

Peak-to-Peak Amplitude Between-Subjects
(Testing Hypothesis 1) Group (Trait Anxiety) 1, 19 4.739 0.042 0.200

Covariate (Gender) 1, 19 0.559 > 0.05 0.029

Within-Subjects
Anterior-Posterior (AP) 2, 38 34.955 < 0.001 0.648

Left-Right (LR) 2, 38 4.539 0.017 0.193

Group × AP 2, 38 1.342 > 0.05 0.066

Group × LR 2, 38 2.105 > 0.05 0.1
Group × AP × LR 4, 76 2.54 0.046 0.113

Peak Latency Between-Subjects
(Testing Hypothesis 2) Group (Trait Anxiety) 1, 19 1.261 > 0.05 0.062

Covariate (Gender) 1, 19 0.169 > 0.05 0.009

Within-Subjects
Anterior-Posterior (AP) 2, 38 5.887 0.006 0.237

Left-Right (LR) 2, 38 1.541 > 0.05 0.075

Group × AP 2, 38 0.85 > 0.05 0.043

Group × LR 2, 38 0.42 > 0.05 0.022
Group × AP × LR 4, 76 1.12 > 0.05 0.053

Note: Gender was included as a dummy-coded covariate. Significant effects (p < 0.05) are indicated in bold.
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regions. Simple effects analyses revealed significant group differences at F6 (p = 0.026) and Pz (p = 0.049) electrodes, 
with marginal significance at Cz (p = 0.052) and C6 (p = 0.078). Across these sites, the low trait anxiety group 
consistently showed larger amplitudes than the high trait anxiety group.

Significant main effects of anterior–posterior and left–right electrode positions were observed, reflecting topographic 
distribution of the EML component. Specifically, The main effect of anterior-posterior electrode position was significant, 
F(2, 38) = 34.955, p < 0.001, partial η2 = 0.648. Post hoc analysis revealed that the peak-to-peak amplitude at the frontal 
electrodes was significantly lower than at the central electrodes (16.982 ± 0.962 µV vs. 19.603 ± 1.163 µV, p =0.007), 
while other pairwise comparisons were non-significant (ps > 0.05). The main effect of left-right electrode position was 
also significant, F(2, 38) = 4.539, p = 0.017, partial η2 = 0.193. Post hoc tests indicated that amplitudes at left and right 
electrodes were significantly lower than at midline electrodes (left: 16.476 ± 0.824 µV; right: 17.430 ± 1.010 µV; 
midline: 21.821 ± 1.220 µV; ps < 0.001), with no significant difference between left and right electrodes (p > 0.05).

Gender, included as a covariate, did not show a significant main effect, F(1, 19) = 0.559, p > 0.05, partial η2 = 0.029, 
and no significant interaction effects involving gender were observed (ps > 0.05).

These findings are consistent with Hypothesis 1, demonstrating reduced EML peak-to-peak amplitude in individuals 
with high trait anxiety.

EML Peak Latency
A repeated measures ANCOVA was conducted on EML peak latency using the same factorial structure. See Table 3.

The main effect of trait anxiety group was not significant, F(1, 19) = 1.261, p > 0.05, partial η2 = 0.062, indicating no 
group difference in the timing of neural disengagement.

The main effect of anterior–posterior electrode position was significant, F(2, 38) = 5.887, p = 0.006, partial η2 = 0.237, 
reflecting spatial variation in latency across scalp regions. Post hoc analysis indicated that peak latency at frontal electrodes 
(282.909 ± 11.029 ms) was shorter than at central (300.848 ± 13.067 ms, p = 0.007) and parietal electrodes (315.485 ± 15.387 
ms, p = 0.025), no significant difference between the central and parietal electrodes was found (p > 0.05). The main effect of 
left-right electrode position was not significant, F(2, 38) = 1.541, p > 0.05, partial η2 = 0.075.

Gender did not show a significant main effect, F(1, 19) = 0.169, p > 0.05, partial η2 = 0.009, and no significant 
interaction effects involving gender were observed (ps > 0.05).

These findings are consistent with Hypothesis 2, suggesting that trait anxiety does not affect the temporal onset of 
neural disengagement.

Topographic Map Observations
Topographic maps of the EML peak (Figure 4) illustrated the spatial distribution patterns for each group. The low trait 
anxiety group exhibited stronger and more widely distributed positive deflections, particularly over central and parietal 
regions, with pronounced activity along the midline electrodes. In contrast, the high trait anxiety group showed 
comparatively attenuated positivity, with reduced amplitude across frontal, central, and parietal areas.

The spatial pattern observed in the topographic maps was consistent with the ANCOVA findings, which indicated 
significant group differences in peak-to-peak amplitude and regional modulation across anterior–posterior and left–right 
electrode positions.

Discussion
This study investigated the neural underpinnings of emotional disengagement by examining how trait anxiety modulates 
the Extrication from Mental Load (EML) wave following the resolution of uncertainty. Emotional disengagement was 
operationalized using the EML peak-to-peak amplitude as a neurophysiological index reflecting the neural release from 
anticipatory load once safety was confirmed. Consistent with Hypothesis 1, individuals with high trait anxiety exhibited 
significantly reduced EML amplitudes compared to individuals with low trait anxiety, indicating diminished neural 
disengagement following uncertainty resolution. In line with Hypothesis 2, no significant group difference was observed 
in EML peak latency, suggesting that trait anxiety influences the magnitude rather than the temporal onset of the 
disengagement process. Together, these findings provide a direct neurophysiological answer to our research question: 

https://doi.org/10.2147/PRBM.S584294                                                                                                                                                                                                                                                                                                                                                                                                                          Psychology Research and Behavior Management 2026:19 10

Hu et al                                                                                                                                                                              

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



individuals with high trait anxiety show impaired neural disengagement after threat resolution compared with their low 
trait anxiety counterparts.

These findings contribute to the understanding of anxiety’s persistence in several key ways. First, by employing the 
EML as a temporally precise neural marker, this study shifts the empirical focus from anxiety anticipation to the often- 
overlooked process of emotional disengagement. Second, this study offers a plausible neural mechanism that helps 
explain the well-documented behavioral phenomenon of sustained anxious responding in high-anxiety individuals. 
Finally, the present results refine the Uncertainty and Anticipation Model of Anxiety (UAMA).1 Specifically, they 
demonstrate that impaired emotional disengagement is not a secondary effect, but a core feature of trait anxiety.

Impaired Neural Disengagement as a Correlate of Deficient Safety Learning
The study’s main finding—a markedly diminished EML peak-to-peak amplitude in the high trait anxiety group—provides 
a direct neural signature of impaired emotional disengagement. The EML is understood to reflect the release of cognitive- 
affective tension accumulated during periods of uncertainty.23,24 Therefore, a reduced EML suggests that high trait anxiety 
individuals fail to fully terminate anxiety-related neural processing once a situation is confirmed to be safe.

This finding offers a neurophysiological parallel to previous behavioral studies that have documented sustained 
subjective anxiety and delayed physiological recovery in high-anxiety individuals following stress exposure.6–9 In other 
words, while prior research has primarily demonstrated prolonged emotional responses at behavioral and physiological 
levels, the present study extends these findings by identifying a temporally specific neural marker associated with this 
impaired disengagement. More formally, this neural pattern can be interpreted as a marker of impaired fear extinction. 
A core deficit in anxiety disorders is impaired safety learning, which manifests as reduced or delayed fear extinction in 
the face of manifest safety.12,46 Our results align perfectly with this framework, suggesting that the reduced EML in high- 
trait-anxious individuals reflects a fundamental difficulty in engaging the neural circuits responsible for registering safety 
and disengaging from a defensive, anticipatory state.

The electrode-specific effects observed at F6 and Pz sites provide additional insight into the neural mechanisms underlying 
this deficit. The right frontal (F6) region has been consistently implicated in emotion regulation and cognitive control 
processes,47 while the parietal (Pz) region is associated with attentional disengagement and cognitive resource allocation.48 

The selective reduction of EML amplitude at these sites in high trait anxiety individuals suggests that the impaired 
disengagement may specifically involve disruptions in right-lateralized prefrontal control mechanisms and parietal attention 
networks, which are crucial for successfully transitioning from threat-related to safety-related processing modes.

The topographic distribution patterns further support the functional significance of our findings. The low trait anxiety 
group exhibited widespread brain activation across the scalp, consistent with successful neural disengagement and 
cognitive-affective release. In contrast, the high trait anxiety group showed reduced overall activation with some regions 
remaining inhibited, suggesting incomplete neural disengagement. This pattern aligns with neuroimaging studies show
ing that anxiety is associated with persistent activation in threat-related neural networks even during safety periods,49 

providing converging evidence for the construct validity of the EML as a marker of emotional disengagement.
Importantly, converging evidence from international neuroimaging studies provides further support for this inter

pretation. Research in Western populations has consistently demonstrated that individuals with elevated trait anxiety 
exhibit sustained activation in threat-related neural regions, including the amygdala, as well as reduced engagement of 
regulatory prefrontal areas during post-threat and safety processing.50–53 These neural patterns have been interpreted as 
reflecting a diminished capacity to terminate defensive responding once threat has resolved. Such findings provide cross- 
methodological support for the present ERP results and reinforce the view that trait anxiety is characterized by impaired 
neural disengagement rather than solely heightened anticipatory responding.

Strengths of the Experimental Paradigm
The two-level CNV paradigm was intentionally designed to operationalize the core UAMA constructs of anticipatory 
uncertainty and its subsequent resolution. The probabilistic (50%) presentation of the S3 command signal effectively 
induced a state of anticipation, which was resolved upon S3’s appearance. The critical observation that the EML was 
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present only in S3-present trials—and absent in S3-omitted trials—powerfully reinforces its functional role as a specific 
neural index of disengagement from resolved uncertainty.

Furthermore, framing the task within an evaluative threat context (ie, social comparison of performance) was crucial 
for maximizing the expression of individual differences. It is well-established that the effects of trait anxiety are most 
pronounced under ego-threatening or evaluative conditions.42,43,54 This feature enhances the ecological validity of our 
findings, suggesting that the observed neural deficits are most relevant in socially stressful situations. By capturing the 
neural response in the immediate post-S3 window, this study was able to isolate the precise moment of emotional 
disengagement, providing a temporally sensitive neural index of this critical process.

Extending the Temporal Framework of Trait Anxiety
The present findings compel an extension of existing theoretical models of anxiety. While frameworks like the UAMA 
masterfully delineate the maladaptive processes occurring during threat anticipation, they do not explicitly detail the post- 
resolution phase.1 The present results fill this temporal gap, demonstrating that the influence of trait anxiety is not confined 
to the anticipatory period but involves a compromised ability to terminate the anxiety response once the threat has passed.

This aligns with recent calls to move beyond threat acquisition and investigate processes like extinction and safety 
learning to fully understand clinical anxiety.5 This study answers this call by isolating a key neural correlate of this 
emotional disengagement process. The present findings provide evidence that individual differences in trait anxiety become 
particularly evident in ambiguous or “weak” situations—such as the moment uncertainty is resolved and safety must be 
inferred. In such contexts, behavior and neural processing are guided more by internal dispositions (like trait anxiety) than 
by strong external cues, explaining why high-anxiety individuals have difficulty down-regulating their anxiety response.

Limitations and Future Directions
Several considerations merit discussion. Our sample size (n = 22), while enabling clear group differentiation based on 
extreme trait anxiety scores (±2 SD), was modest and may limit generalizability to individuals with moderate trait 
anxiety. This extreme-groups approach was, however, consistent with prior research aiming to maximize the detection of 
trait-dependent effects.35,36

Additionally, although gender was statistically controlled for as a covariate and showed no significant effects, the 
gender imbalance in our sample (more females in the high trait anxiety group) warrants acknowledgment. This 
distribution is consistent with known population-level differences in trait anxiety.55 Future research should aim to 
replicate these findings in larger, gender-balanced samples to confirm the robustness of these neural patterns.

Finally, the laboratory-based paradigm, while theoretically grounded, involved relatively mild stressors. Investigating 
whether these EML-related deficits generalize to naturalistic high-stakes situations and clinical anxiety populations 
would be a valuable next step.

Clinical and Intervention Implications
Our findings suggest that therapeutic interventions for anxiety could be enhanced by explicitly targeting the process of 
emotional disengagement. While many therapies focus on modifying anticipatory worry and threat appraisals, our data 
indicate that fostering more effective post-stressor disengagement is an equally critical target.

The clinical analogue of this process is exposure-based therapy, which relies on new safety learning to extinguish fear 
responses. The EML wave holds potential as an objective, temporally precise biomarker to support such interventions. 
For instance, it could be used to assess an individual’s baseline capacity for neural disengagement, potentially predicting 
their response to exposure therapy. Furthermore, it could serve as a tool to track neuroplastic changes over the course of 
treatment, providing an objective measure of whether an intervention has successfully enhanced a patient’s neural 
capacity for emotional disengagement following exposure to a feared stimulus.

Conclusion
This study demonstrates that trait anxiety significantly modulates neural disengagement following uncertainty resolution. 
Specifically, individuals with high trait anxiety exhibited reduced EML peak-to-peak amplitude compared with 
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individuals with low trait anxiety, indicating diminished neural disengagement after threat offset. In contrast, the low trait 
anxiety group showed stronger EML responses, consistent with more effective termination of anxiety-related neural 
activity. Importantly, these group differences were observed in amplitude but not in peak latency, suggesting that trait 
anxiety influences the efficiency rather than the timing of post-threat neural disengagement.

Together, these findings provide neurophysiological evidence that while individuals with low trait anxiety efficiently 
disengage from anticipatory emotional processing once uncertainty is resolved, those with high trait anxiety exhibit 
impaired neural disengagement. This finding extends current models of anxiety beyond anticipatory processes to include 
impairments in post-threat emotional disengagement.
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