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Dispositional anxiety is a well-established risk factor for the development of anxiety and other emotional
disorders. These disorders are common, debilitating, and challenging to treat, pointing to the need to
understand the more elementary neurocognitive mechanisms that confer elevated risk. Importantly, many
of the maladaptive behaviors characteristic of anxiety, such as worry, occur when threat is absent. This
raises the possibility that worry reflects difficulties gating threat-related information from working
memory—a limited capacity workspace that supports the maintenance, recall, and manipulation of
information—and facilitates goal-directed thoughts and actions. Here, we tested, for the first time,
whether trait-like individual differences in worry, a key facet of the anxious phenotype, reflect difficulties
gating threat and neutral-related distracters from working memory. Results indicated that both disposi-
tional worry and anxiety individually predicted the combined filtering cost of threat and neutral
distracters. Importantly, worry was associated with inefficient filtering of threat-related, but not neutral,
distracters from working memory. In contrast, dispositional anxiety was related to a similar level of threat
and neutral filtering cost. Furthermore, dispositional anxiety’s relationship to filtering of threat was
predominantly driven by differences in worry. These results suggest that the propensity to worry is
characterized by a failure to gate task-irrelevant threat from working memory. These results provide a
framework for understanding the mechanisms underlying chronic worry and, more broadly, the cognitive
architecture of dispositional anxiety.
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Anxiety disorders are highly prevalent, debilitating, and associ-
ated with substantial morbidity and mortality, making them a
growing concern for clinicians, health economists, and public
policymakers (Collins et al., 2011; Kessler, Petukhova, Sampson,

Zaslavsky, & Wittchen, 2012). High levels of dispositional anxiety
is a well-established risk factor for the development of anxiety
disorders as well as comorbid depression and substance abuse
(Barlow, Sauer-Zavala, Carl, Bullis, & Ellard, 2014; Kotov, Ga-
mez, Schmidt, & Watson, 2010), underscoring the need to dissect
and understand the more elementary neurocognitive mechanisms
underlying the anxious phenotype (Eysenck & Derakshan, 2011).

The hallmark of extreme anxiety is exaggerated distress and
arousal in the absence of genuine danger (Grupe & Nitschke,
2013). Chronically elevated anxiety partially reflects anxious
individuals’ overreliance on maladaptive cognitive coping strat-
egies, such as worry (Barlow, 2004). Like other strategies
aimed at avoiding or escaping distress, worry paradoxically
serves to elevate negative affect, arousal, and neuroendocrine
activity (Newman, Llera, Erickson, Przeworski, & Castonguay,
2013). Importantly, worry appears to contribute to functional
impairment across a range of psychiatric disorders; it prolongs
distress, disrupts concentration, evokes interpersonal conflict,
and disturbs sleep (Kertz, Bigda-Peyton, Rosmarin, &
Björgvinsson, 2012; Newman et al., 2013). Despite the clinical
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importance of worry, the basic cognitive mechanisms underly-
ing this transdiagnostic marker are unclear. Existing therapeutic
strategies for anxiety and other emotional disorders are incon-
sistently effective or associated with significant adverse effects
(Bystritsky, 2006), highlighting the importance of understand-
ing worry’s neurocognitive underpinnings.

Like anxiety more generally, worry occurs in the absence of
clear and imminent threat; it represents the myriad anxious
“What if . . .” mental representations of [past and] possible
future events that are common in daily life (Borkovec, 1985).
From a cognitive neuroscience perspective, these features sug-
gest that worry may reflect difficulties gating threat-related
information from working memory. Working memory is the
“blackboard of the mind” (Goldman-Rakic, 1996, p. 13473), a
limited-capacity workspace that supports the maintenance, re-
call, and manipulation of information (Baddeley, 2012). These
internal representations of task sets and other kinds of goals
play a central role in maintaining goal-directed cognition when
sources of potential distraction are encountered (Miller & Co-
hen, 2001). Once threat-related information enters working
memory, it can continue to bias attention, information process-
ing (e.g., memory retrieval), and action after it is no longer
present in the external environment, promoting worry and its
adverse downstream consequences.

Here, we tested, for the first time, whether trait-like individ-
ual differences in worry reflect difficulties gating threat-related
distracters from working memory. Building on prior work fo-
cused on trait anxiety (Stout, Shackman, & Larson, 2013), we
used an emotional variant of the well-established change detec-
tion working memory task (Vogel, McCollough, & Machizawa,
2005). Subjects were instructed to selectively retain one or
more emotional faces while ignoring others. Faces were either
threat-related (i.e., fearful; Whalen, 1998) or emotionally neu-
tral. This procedure allowed us to quantify the cost of distracter
filtering, defined here as the impact of distracter processing on
the storage of task-relevant targets. Critically, it also enabled us
to test whether individuals characterized by higher levels of
worry, measured using the Penn State Worry Questionnaire
(PSWQ; Meyer, Miller, Metzger, & Borkovec, 1990), are less
efficient at gating threat-related distracters from working mem-
ory. To assess whether these relations are specific to worry, we
performed additional analyses using the State–Trait Anxiety
Inventory (STAI; Spielberger, Gorsuch, Lushene, Vagg, & Ja-
cobs, 1983), a broadband measure of dispositional anxiety. In
particular, we used factor analytic techniques to decompose the
STAI into worry and nonworry components, and then examined
whether gating deficits predominantly reflect the worry com-
ponent of the anxious phenotype.

Method

Participants

Fifty-eight participants (44 women) from the University of
Wisconsin-Milwaukee completed this study (mean age � 20.2
years, SD � 2.45). Participants provided informed consent and
were compensated with course extra credit or $10 per hour.
Data from seven participants were removed from further anal-

ysis because of missing data (n � 4) or chance performance
(n � 3).

Anxiety and Mood Measures

In addition to the PSWQ and STAI, individual differences in
depression (Beck Depression Inventory; BDI; Beck, Steer, Ball, &
Ranieri, 1996) were assessed to enable us to test the specificity of
worry-related effects. Mean (SD) scores were PSWQ � 43.3
(16.0), STAI � 37.6 (9.7), and BDI � 8.1 (7.6). As expected, these
measures were strongly correlated, rs � .63, p � .001.

Task and Procedures

A lateralized change detection working memory task, adapted
from prior event-related potential (ERP) research by our group
(Stout et al., 2013) and others (Sessa, Luria, Gotler, Jolicœur, &
Dell’Acqua, 2011), enabled us to estimate the number of threat-
related and emotionally neutral faces stored in working memory
(see Figure 1). Face stimuli were selected from the MacBrain
Face Stimulus Set (http://www.macbrain.org/faces) and Ekman
and Friesen’s (1976) set. This design enabled direct comparison
with prior ERP research (e.g., Stout et al., 2013).

To assess the influence of distracter face expression and individual
differences in worry on the efficiency of gating task-irrelevant faces
from working memory, the task included conditions in which threat-
related distracters (1 Neutral Target and 1 Fear Distracter [NT1FD1]),
neutral distracters (1 Neutral Target and 1 Neutral Distracter
[NT1ND1]), or a single neutral target (1 Neutral Target [NT1]) were
present. These conditions allowed us to calculate “filtering cost”
scores for each expression. To confirm that our behavioral measures
were sensitive to the number of faces held in working memory, the
task also included conditions in which set size was varied and only
task-relevant targets were presented (see the online supplemental
material for these results). Subjects completed 20 practice trials and
40 experimental trials per condition (five blocks).

Hypothesis Testing (Filtering Cost)

Prior to hypothesis testing, a focused ANOVA incorporating
the NT1FD1, NT1ND1, and NT1 conditions was used to assess
whether threat-related and emotionally neutral distracters sim-
ilarly degrade working memory capacity. Working memory
capacity (K) was estimated as S � ([H – FA]/[1 – FA]), where
S is set size (i.e., the number of target faces), H is hit rate, and
FA is the false alarm rate (Pashler, 1988).

To test whether individuals with higher levels of worry fail to
govern threat’s access to working memory, an index of “filter-
ing cost” was computed separately for the threat and neutral
distracter conditions. We also computed a general filtering cost
score by averaging the threat and neutral filtering cost scores.
Prior work indicates that such behavioral indices of filtering
cost are related to ERP measures (i.e., contralateral delay ac-
tivity) that are sensitive to the unnecessary storage of distracters
in working memory (Fukuda & Vogel, 2009). Filtering cost for
threat-related distracters was calculated as the difference in
working memory capacity (K) between trials in which a neutral
target was paired with a fear distracter (NT1FD1) and trials in
which a single neutral target was presented (NT1). A larger
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filtering cost indicates greater degradation of working memory
capacity (i.e., for the task-relevant neutral face) in the face of
competition from a task-irrelevant threat-related distracter (for
similar applications, see Lee et al., 2010). Filtering cost for
emotionally neutral distracters was computed using trials in
which a neutral target was paired with a neutral distracter
(NT1ND1). Data were rank-transformed to correct non-
Gaussian distribution of the residuals (cf. Weng et al., 2013).
Examinations of the z scores revealed that all of the rank-
transformed cases were �2 standard deviations from the mean.
Scatterplots were visually inspected for outliers using Scatterize
(http://webtasks.keck.waisman.wisc.edu/scatterize).

A secondary aim of this study was to assess whether filtering of
threat-related distracters predominantly reflects the worry compo-
nent of the more complex, multidimensional anxious phenotype.
To examine this, we identified subfactors from a factor analysis on
the STAI (see online supplemental material). This allowed us to
separate and test the unique influence of the worry versus non-
worry subcomponents of dispositional anxiety by running separate
regressions predicting threat filtering cost for worry and nonworry
anxiety.

Results

Distracters Degrade Working Memory Capacity

As shown in Figure 2A, an omnibus analysis indicated that
working memory capacity was altered in the face of distraction,
F(2, 50) � 28.1, p � .001, çp

2 � .36. Planned contrasts confirmed
that both threat-related, t(50) � 6.65, p � .001, and emotionally
neutral distracters, t(50) � 5.95, p � .001, degraded working
memory capacity for the task-relevant target, without significantly
differing from one another, t(50) � 1.76, p � .09.

Worry Predicts Increased Filtering Cost in the
Face of Threat-Related Distracters

Individuals characterized by heightened worry showed a larger
general filtering cost in the presence of distracters, rs(51) � .34,
p � .02. After dissecting general filtering cost into separate
expression-specific filtering cost scores, we found that relations
between worry and the filtering cost were specific to threat,
rs(51) � .37, p � .008. This association remained significant after

Figure 1. Working memory task. Rows depict conditions from the change detection task (top row, NT1; middle
row, NT1ND1; bottom row, NT1FD1). The trial sequence began with a fixation cross (500 ms). Next, attention
was directed to the to-be-remembered hemifield with arrow cues (200 ms). After a brief interstimulus interval
(200 to 400 ms), a bilateral display of two or four faces was briefly presented (250 ms). Participants were
instructed to attend to one or two target faces in the cued hemifield, which were outlined with red (or yellow)
borders and ignore distracter faces outlined in yellow (or red). Colors selected for targets and distracters were
counterbalanced. After a delay interval (900 ms) representing the maintenance period of working memory, a
whole-display probe was presented (until response) in which participants were asked to identify whether the
target face changed identity (equiprobable). On change trials, the identity of the target face changed while the
expression (i.e., fearful or neutral) did not. Portions of this figure were reprinted by permission from Macmillan
Publishers, Ltd., Nature Reviews Neuroscience (Houdé & Tzourio-Mazoyer, 2003; Peelen & Downing, 2007),
and adapted from a figure originally published in Stout et al. (2013). See the online article for the color version
of this figure.
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controlling for filtering cost in the presence of emotionally neutral
distracters, prs(49) � .31, p � .03; nuisance variation in overall
working memory capacity, mean-centered age, and sex (ps � .01);
as well as self-reported depression, prs(49) � .29, p � .04; and
was not significant for emotionally neutral distracters, rs(51) �
.21, p � .14. We next examined the contribution of depression on
the relationship between worry and general filtering cost because
of the overlapping nature of depression and anxiety (Nitschke,
Heller, Imig, McDonald, & Miller, 2001). Worry remained signif-
icant, prs � .33, t � 2.08, p � .04, but the BDI did not signifi-
cantly contribute to the model, prs � .10, t � 0.68, p � .50.1

Relations Between Trait Anxiety and Threat Filtering
Predominantly Reflect Worry

Anxious individuals tend to allocate excessive working memory
storage to task-irrelevant information (Qi, Ding, & Li, 2014; Stout
et al., 2013). Consistent with this, higher levels of trait anxiety
were associated with increased general filtering costs, rs(51) �
.34, p � .02. Filtering cost was quantitatively stronger in the face
of threat-related distracters, rs(51) � .32, p � .02 (neutral distract-

ers, rs[51] � .26, p � .07). However, after controlling for neutral-
filtering cost, the relationship between trait anxiety and threat
filtering cost was no longer significant (prs � .24, p � .09).

Next, we assessed whether the association between trait anxiety
and threat filtering predominantly reflects the influence of worry.
This would be consistent with evidence that the STAI is a com-
plex, multidimensional measure that reflects dissociable individual
differences in negative emotionality, depression/fatigue, and worry
(Bieling, Antony, & Swinson, 1998; Kelly, 2004; Nitschke et al.,
2001). As a first test, we computed the partial correlation between
the STAI and filtering cost while controlling for variation in worry,
indexed by the PSWQ. In this case, trait anxiety no longer pre-
dicted the cost of general filtering, prs(48) � .17, p � .24, or
threat-filtering, prs(48) � .13, p � .39.

As a second test, we decomposed the STAI into worry-related
and non-worry-related components, and separately assessed their
relations with distracter filtering costs. To define the two compo-
nents, a factor analysis was performed using data from an inde-
pendent sample of individuals who had completed the STAI (see
the online supplemental material). Consistent with prior work in a
smaller sample (Kelly, 2004), this identified a subset of items that
clearly mapped onto the worry component of trait anxiety (e.g., “I
worry too much over something that really doesn’t matter”), al-
lowing us to define separate STAI-Worry and STAI-Nonworry
scales in the primary sample. As expected, the STAI-Worry scale
was correlated with the PSWQ, rs� .67, p � .001. Like the PSWQ,
STAI-Worry predicted general filtering cost, rs(51) � .32, p � .02,
and the cost of filtering threat-related distracters, rs(51) � .36, p �
.01, but not the cost of filtering emotionally neutral distracters,
rs(51) � .20, p � .17.

The STAI-Nonworry scale was significantly related to general
filtering cost, rs(51) � .32, p � .02. In contrast to STAI-Worry,
STAI-Nonworry did not significantly predict the cost of filtering
threat, rs(51) � .25, p � .08, but did predict the cost of filtering
neutral distracters, rs(51) � .28, p � .05.

Discussion

These results provide compelling evidence that the propensity to
worry is associated with difficulty gating threat distracters from
working memory. This was not evident for neutral distracters and
could not be explained by individual differences in age, sex,
depressive symptoms, or maximum working memory capacity.
Furthermore, although high levels of trait anxiety also predicted
threat-gating deficits, this appears to predominantly reflect the
worry component of trait anxiety. In contrast, the nonworry com-
ponent was associated with deficits filtering neutral distracters.
These findings provide convergent evidence that the worry com-
ponent of the anxious phenotype reflects aberrant control over the
contents of working memory for threat-related information,
whereas the nonworry facets appear to be more closely related to

1 Recent research suggest that elevated depressive symptoms are asso-
ciated with poor working memory filtering (Owens, Koster, & Derakshan,
2012, 2013; Stout & Rokke, 2010). In our sample, the BDI did not
contribute to the relationship between dispositional anxiety (Trait Anxiety,
STAI-Worry, and STAI-Nonworry) and either general or expression-
specific filtering cost scores (prs � .23, ps � .10).

Figure 2. (A) Mean filtering cost scores (Pashler’s K estimates) for the
one neutral target (NT1), neutral target plus neutral distracter (NT1ND1),
and neutral target and threat distracter (NT1FD1) conditions. Asterisks
represent significant pairwise mean differences (p � .05). Error bars reflect
the probability that the null hypothesis was rejected by chance (p � .05;
nonoverlapping error bars; see Shackman, McMenamin, Maxwell, Greis-
char, & Davidson, 2010, for discussion of this method for calculating error
bars). (B) Spearman’s (rho) correlation (two-tailed) between rank trans-
formed threat filtering cost (NT1 – NT1FD1) and dispositional worry using
the PSWQ (rank transformed).
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previously documented anxiety-related inhibitory deficits for neu-
tral stimuli (Berggren & Derakshan, 2013; Bishop, 2007).

Worry is a central feature in neurocognitive theories of anxiety
(Eysenck & Derakshan, 2011). On the basis of the current results
and prior work by our group (Stout et al., 2013), we propose that
the propensity to worry is associated with difficulties governing
threat’s access to working memory. If irrelevant threat-related
information unnecessarily enters working memory, the distressing
thoughts and memories characteristic of worry and pathological
anxiety are likely to be mentally rehearsed and compete with
goal-related thoughts and actions. Coupled with research suggest-
ing that dispositional and clinically anxious individuals identify
worry as a coping strategy (Barlow, 2004; Newman et al., 2013),
threat-related information is likely to be given priority in working
memory—enabling a state of worry that is sustained long after the
threat is no longer present in the immediate environment. Accord-
ing to the attentional control theory of anxiety (Eysenck & Derak-
shan, 2011; Eysenck, Derakshan, Santos, & Calvo, 2007), this
state of worry, in turn, causes the working memory and attentional
deficits characteristic of the anxious phenotype.

Dispositional worry and anxiety are important risk factors for
the development of anxiety disorders as well as comorbid depres-
sion and substance abuse (Barlow et al., 2014; Kotov et al., 2010).
The present study provides compelling evidence that trait-like
individual differences in worry are associated with difficulty gat-
ing threat-related distracters from working memory, the capacity-
limited workspace underlying goal-directed thoughts and behavior.
Once in working memory, threat-related information is well posi-
tioned to bias the stream of information processing when it is no
longer present in the external environment, promoting worry and
other maladaptive cognitions that contribute to functional impair-
ment (Thiruchselvam, Hajcak, & Gross, 2012). From a transla-
tional perspective, these findings provide a framework for under-
standing the cognitive mechanisms underlying elevated worry and
set the stage for research aimed at delineating the underlying
neural circuitry. A key challenge will be to more fully dissect the
influence of worry from other features of the anxious phenotype,
such as negative emotionality and behavioral inhibition, that can
influence working memory (Robinson, Vytal, Cornwell, & Gril-
lon, 2013; Shackman et al., 2006). From the perspective of basic
psychological science, our results also provide new insights into
the cognitive architecture of stable individual differences in anx-
iety, a core facet of personality and temperament (Caspi, Roberts,
& Shiner, 2005).
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Results for Storage of Threat Targets 

 To confirm that our behavioral measures were sensitive to the number of faces held in 

working memory, the task also included conditions in which only task-relevant targets were 

presented, and set-size and face expression were varied (i.e., 1 Neutral Target [NT1], 2 Neutral 

Targets [NT2], 1 Fear Target [FT1], 2 Fear Targets [FT2], and 1 Neutral Target paired with 1 

Threat Target [NT1FT1]).   

A 2 (set-size: one vs. two) × 2 (expression: neutral vs. threat-related) repeated measures 

ANOVA on Pashler’s K estimates was conducted to examine whether threat-related targets are 

stored to a greater extent in working memory. There was a main effect of expression, F (1, 50) = 

10.61, p = .002, 𝜂𝜂𝑝𝑝2 = .18; with an advantage for threat targets (M = .68, SD = .04) over neutral 

targets in working memory (M = .80, SD = .03). This was qualified by a significant set-size × 

expression interaction, F (1, 50) = 7.55, p = .008,  𝜂𝜂𝑝𝑝2 = .13 (See Figure S1). Planned 

comparisons indicated that when two targets were presented, Pashler’s K estimates were greater 

for threat-related than neutral target faces (NT2: M = .62, SD = .43; FT2: M = .84, SD = .37), t 

(50) = 3.11, p = .003. There was no difference in Pashler’s K estimates between threat and 

neutral faces when set size was one (NT1: M = .75, SD = .17; FT1: M = .76, SD = .16), t (50) = 

0.72, p = .48. There was no main effect of set-size, F (1, 50) = 0.335, p = .57, 𝜂𝜂𝑝𝑝2 = .01. 

Individual differences in worry and trait anxiety were unrelated to variation in neutral and 

threat target capacity (rank-transformed average K scores for neutral and threat targets 

respectively), ps > .05. In contrast, dispositional worry and anxiety were significantly related to 

difficulty filtering faces when task-irrelevant (i.e., distracters), particularly if threat-related (see 

Figure S2). 
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Factor Analysis 

Before we could examine the worry component of trait anxiety in our study, we first had 

to establish that a worry factor could be extracted from the STAI. To do this, we used an existing 

data set from a second sample of 539 (mean age = 19.16, SD = 1.98; 453 women) participants 

recruited from undergraduate psychology courses at Michigan State University. Participants 

completed measures of the STAI-Trait Version (M = 41.21, SD = 9.84) and the PSWQ (M = 

52.77, SD = 14.02). Students provided written informed consent and received course credit for 

participation. The collection of these data was approved by Michigan State University’s 

Institutional Review Board. 

 Using these data and mirroring the analytic strategy described by Kelly (2004), we 

conducted a principal component factor analysis with varimax rotation. A criterion for factor 

loading was set at .50. Consistent with prior work (Kelly, 2004), this revealed four factors with 

eigenvalues greater than 1: Negative Emotionality (α = .91), Worry (α = .84), Fatigue (α = .59), 

and Avoidance (1-item). See Table S1 for the factor loadings. 

To examine the unique contribution of the STAI factor scales to dispositional worry (i.e., 

PSWQ), a stepwise multiple regression analysis was completed using PSWQ total scores as the 

dependent variable and the four STAI subscales as predictors (Kelly, 2004). Worry was entered 

at step one and accounted for 47.1% of the variance in PSWQ scores (t = 6.6, p < .001). On the 

second step, we entered the remaining three scales simultaneously. This revealed that inclusion 

of these scales added a non-significant 2.3% of the variance explained in PSWQ responses, 

F(1,46) = 0.71, p = .55. None of the individual STAI-nonworry subscales significantly 

contributed to the model, ps > .11. 
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In the experimental dataset, we applied these factors to the sample by creating a STAI-

Worry scale using the six items identified from the factor analysis. We created a STAI-

Nonworry scale by summing the remaining three factors (Negative Emotionality + Fatigue + 

Avoidance). 
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Figure S1. Enhanced storage of task-relevant threat targets in working memory. Capacity 

estimates are greater for two threat targets than two neutral targets. Error bars indicate the 

nominal probability of the null-hypothesis being rejected by chance: p < .05 (non-overlapping 

bars) or p > .05 (overlapping bars). 
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Figure S2. Scatterplots depicting Spearman’s (rho) correlations (two-tailed) for worry and 

dispositional anxiety predicting general and expression-specific filtering cost. (A-C) Spearman’s 

correlation between dispositional worry (PSWQ) and filtering cost scores. (D-F) Spearman’s 

correlation between dispositional anxiety (STAI-Trait) and filtering cost scores.  
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Table S1. Factor Loadings from the Principal Components Factor Analysis of the STAI-Trait 
ITEM 

# 
Factor 1 

(Negative Emotionality) 
Factor 2 
(Worry) 

Factor 3 
(Fatigue) 

Factor 4 
(Avoidance) 

10 0.809 0.151 0.274 0.013 
16 0.8 0.207 0.153 -0.041 
1 0.788 0.188 0.129 -0.059 
13 0.787 0.133 0.123 0.076 
19 0.696 0.137 0.162 0.02 
7 0.634 0.305 0.172 -0.021 
12 0.561 0.251 0.12 0.265 
15 0.553 0.412 0.318 0.105 
4 0.549 0.366 0.403 0.169 
18 0.242 0.749 0.07 0.079 
9 0.171 0.739 0.137 0.086 
11 0.179 0.707 0.105 0.032 
17 0.075 0.707 0.123 -0.077 
20 0.362 0.615 0.091 0.257 
8 0.305 0.547 0.368 0.118 
3 0.154 0.17 0.823 0.023 
5 0.417 0.046 0.629 -0.102 
2 0.205 0.257 0.503 0.235 
14 -0.014 0.096 0.059 0.922 
6 0.446 0.369 0.303 0.004 

Note. Percentage of variance in STAI responses: Negative Emotionality = 25.7%; Worry = 
18.1%; Fatigue = 10.4%; and Avoidance = 5.69%. 
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