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Explicit personality tests assess introspectively accessible self-descriptions. By
contrast, implicit personality tests assess introspectively inaccessible processes that
operate outside of awareness. Despite their inaccessibility, implicit processes are
presumed to influence a variety of current responses. This study tested the hypoth-
esis that an implicit anxiety test should predict cardiovascular reactivity during a
speech stressor task. In all, 97 participants completed a measure of attention allo-
cation toward threat (implicit test) and an anxiety questionnaire (explicit test) 1
week before giving an evaluated speech. Whereas the explicit test showed modest
relations within only 1 measure of cardiovascular reactivity, the implicit test pre-
dicted heart rate and blood pressure reactivity during preparation and delivery of
the speech. These findings encourage the broader use of implicit measures to assess
cardiovascular responses to threat.

Nonconscious processes shape a wide range of psy-
chological responses (Kihlstrom, 1987). Increased ap-
preciation of this fact has led to a boom in research on
the implicit measurement of attitudes and personality
variables. Implicit tests refer to introspectively un-
identified traces of past experiences that influence
current responses (Greenwald et al., 2002). Explicit
tests, by contrast, assess introspectively accessible
self-descriptions and self-evaluations with question-
naires. Thus, the accessibility to conscious awareness

is the primary distinction between implicit and ex-
plicit measures.

Typically, implicit and explicit measures are unre-
lated or only weakly associated: Low or no correla-
tions have been reported in the field of stereotypes
(Banaji & Hardin, 1996), motives (McClelland,
Koestner, & Weinberger, 1989), attitudes (Greenwald
et al., 2002), and self-esteem (Spalding & Hardin,
1999). Although dissociations of explicit and implicit
measures per se are of great theoretical importance,
they do not provide sufficient evidence for the validity
of implicit tests. What is needed are studies that link
implicit measures to outcome variables of interest and
demonstrate that implicit measures predict relevant
criteria independently from explicit ones.

It has been shown, for example, that implicit racial
attitudes predict participants’ nonverbal behavior to-
ward Black and White experimenters better than ex-
plicit measures (McConnell & Leibold, 2001). Also,
in contrast to explicit self-esteem, implicit self-esteem
has been associated with apparent anxiety during a
self-relevant interview (Spalding & Hardin, 1999).
Moreover, implicit prejudice exhibited by White par-
ticipants correlated with functional magnetic reso-
nance imaging (fMRI) assessed amygdala activation
and eye-blink startle responses when participants
were shown Black compared with White faces
(Phelps et al., 2000). Taken together, implicit mea-
sures seem especially promising for the prediction of
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behaviors that are not normally subject to conscious
control such as nonverbal behavior and physiological
responses.

The Present Study

The present study examined the utility of implicit
and explicit anxiety measures in the prediction of car-
diovascular responses to a threatening event. Cardio-
vascular responses are among the most prominent fea-
tures of anxiety (Wilhelm & Roth, 1998). They have
attracted particular attention because over the long
term, sustained and exaggerated cardiovascular re-
sponses may increase risk for coronary artery dis-
ease and hypertension (Blascovich & Katkin, 1993;
Lovallo & Wilson, 1992). Consequently, considerable
research has focused on identifying antecedents and
concomitants of cardiovascular reactivity to threat
(Houston, 1989; Kubzansky & Kawachi, 2000). Un-
fortunately, the use of self-report measures of anxiety
as predictors of cardiovascular reactivity has pro-
duced mixed and inconclusive findings (Baggett,
Saab, & Carver, 1996; Schwebel & Suls, 1999;
Witvliet & Vrana, 1995). In light of increasing evi-
dence for both conscious and nonconscious routes to
emotion activation (LeDoux, 1995), we reasoned that
the study of psychophysiology of anxiety might be
particularly well suited for implicit measures to
complement explicit ones.

We assessed explicit anxiety by using a standard
anxiety measure (the trait form of the State–Trait
Anxiety Inventory [STAI; Spielberger, Gorsuch, &
Luchene, 1970]). We assessed implicit anxiety by
means of the attentional dot probe task, which mea-
sures automatic attention allocation toward threaten-
ing stimuli (MacLeod, Mathews, & Tata, 1986). This
task was adapted from cognitive psychology para-
digms that indicated that spatial attention can be as-
sessed from the speed of manual responses to visual
probes (Posner, Snyder, & Davidson, 1980). It en-
ables direct measurement of the distribution of visual
attention toward threat (see Method section).

To elicit anxiety in the laboratory, we used an
evaluated speaking task. This task is closely related to
the anxiety-inducing stressors that occur in everyday
life and is known to produce substantial increases in
state anxiety, heart rate, and blood pressure (al’Absi et
al., 1997). To permit us to test the generalizability of
our findings, we also examined the prespeech prepa-
ration period (which is also known to elicit high levels
of anxiety), as well as a neutral resting baseline pe-
riod.

We hypothesized that the implicit anxiety measure
would predict cardiovascular reactivity during prepa-
ration and delivery of the speech, but not during the
resting baseline period. In light of inconsistent prior
findings, we made no predictions concerning the as-
sociation between the explicit anxiety measure and
cardiovascular responding during baseline, prepara-
tion, and speech periods.

Method

Participants

As part of a larger project on anxiety and physi-
ological responding, 97 female undergraduates from
Stanford University participated in individual experi-
mental sessions. They were told that the experiment
was a research project on emotion and that we were
interested “to learn more about the physiological and
subjective qualities of emotion.” Their mean age was
19.1 years (SD � 1.1 years). They received either
course credit or money in exchange for participation.

Procedure

Session 1. Upon arrival at the laboratory, partici-
pants completed an explicit anxiety measure (de-
scribed below). Afterward, attention allocation toward
threat-related stimuli was assessed. This constituted
our implicit anxiety measure.

Session 2. Approximately 1 week later (M � 6.5
days), participants returned to the laboratory for the
speaking task. Physiological sensors were attached,
and participants viewed a 3-min nature film. After
viewing this baseline film, participants rated how anx-
ious they had felt during the film. Participants then
were informed that they had to give an impromptu
speech on the topic “Is it wrong for the government
to execute people?” They received the following in-
structions:

You will have 3 minutes to prepare with pen and paper,
and then you’ll have 3 minutes to deliver your speech.
Your speech will be videotaped and later scored by a
panel of judges who will rate and compare your speech
to others given under the same circumstances. The
judges will rate your speech on its overall persuasive-
ness, so it is very important that you try to be as thorough
and persuasive as possible, talking for the full 3 minutes.

A videocamera was positioned directly in front of the
participant and care was taken to maximize the evalu-
ative nature of this task. During all phases of physi-
ological measurements (baseline film, speech pre-
paration, and delivery), the experimenter was not
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present in the room. Communication during these ex-
perimental phases was possible through an intercom.
Participants remained seated throughout the complete
task. After delivering their speech, participants re-
sponded to the state measures described below.

Measures

Explicit anxiety measure. The trait form of the
STAI contains 20 items that assess enduring symp-
toms of anxiety on a 4-point Likert scale ranging from
1 (almost never) to 4 (almost always). The trait anxi-
ety score (computed as item average) in our sample
was 2.10 (SD � 0.55, Cronbach’s � � .93).

Implicit anxiety measure. We reasoned that atten-
tion allocation toward threat is a defining, but pre-
conscious, feature of the anxiety construct (Mogg &
Bradley, 1998). To assess automatic attention alloca-
tion to threatening stimuli, we used a modified ver-
sion of the attentional dot probe task (MacLeod et al.,
1986). It enables direct measurement of the distribu-
tion of visual attention toward threat. A threatening
and a neutral word were simultaneously presented on
different areas of a computer screen. Attention was
measured by a secondary task that involved the de-
tection of a dot, which appeared in the spatial location
of either word, immediately after the display of that
word was terminated. By examining the impact of the
threat versus the neutral word on the relative dot de-
tection tendencies, an index of attention allocation
toward or away from threat—independently from
general vigilance—was derived.

Research with this task showed that clinically anx-
ious patients often display a tendency to focus on
threatening stimuli in their environment, thus showing
an attentional bias toward threat (Mineka & Sutton,
1992). However, studies using nonclinical popula-
tions have produced inconsistent findings (Mansell,
Clark, Ehlers, & Chen, 1999; Mogg & Bradley,
1998). Thus, in the normal range of anxiety, attention
allocation toward threat and self-reported trait anxiety
show only weak or no associations. These findings
mirror the dissociations of explicit and implicit mea-
sures that were observed in the domains of stereo-
types, attitudes, and self-esteem (Greenwald et al.,
2002).

The 20 socially threatening words (e.g., nervous,
blush, worried) used in this study were drawn from
previous research of the current authors. Each threat
word was paired with a neutral word matched for
length and frequency to constitute 20 word pairs. The
word pairs were presented using a microcomputer.
The program (MEL; Schneider, 1988) first presented

a fixation cross for 500 ms and then each word pair
for a duration of 1,000 ms, with the words separated
on the vertical axis of the computer monitor by a
distance of 3 cm (visual angle less than 2°). Then a
small dot was presented in the location of one of the
word stimuli and remained on the screen until the
participants responded. Half the participants used the
computer key “M” to indicate when the dot replaced
the word in the “up” position and the key “C” for the
“down” position, while the other half used the oppo-
site key configuration. After a pause of 1,000 ms, the
program continued with the next trial. The trials were
presented randomly for each participant. The program
started with five practice trials that consisted of neu-
tral word pairs.

The threat word appeared in the up and down po-
sitions with equal probability, and the dot followed in
the same location, or in the location of the neutral
word, with equal probability. Thus, by varying the
position of the threat word and the dot independently,
four configurations could arise (average reaction
times in parentheses): threat word and dot in the up
position (M � 479 ms, SD � 91 ms), threat word and
dot in the down position (M � 467 ms, SD � 89 ms),
threat word up and dot down (M � 461 ms, SD � 95
ms), and threat word down and dot up (M � 467 ms,
SD � 93 ms). False responses and outliers were ex-
cluded. Then we computed an index indicating atten-
tion allocation toward threatening stimuli by comput-
ing the following equation:

[(threat word up and dot down + threat word down
and dot up) − (threat word up and dot up + threat
word down and dot down)]/2.

Thus, by subtracting the two configurations where
threat word and dot position were identical (faster
reactions in case of attention allocation toward threat)
from those two configurations where they were not
identical (slower reactions in case of attention alloca-
tion toward threat), we created an implicit anxiety
score where higher values indicate attention allocation
toward threatening stimuli. For our sample, there was
a slight tendency to withdraw attention from threat (M
� −9 ms, SD � 38 ms).

State measures. To evaluate the impact of the ex-
perimental manipulation and to permit the examina-
tion of possible alternative interpretations, partici-
pants indicated their state anxiety, their state anger,
and their task engagement during the speaking task.
Participants used an 11-point Likert scale ranging
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from 0 (none at all ) to 10 (extremely) to indicate how
much state anxiety they had felt during the baseline
film and the speech. This scale consisted of six items
(Anxious, Self-Conscious, Relaxed [reverse scored],
Afraid, Worried, and Tense) and showed good inter-
nal consistencies: � � .90 (speech) and .76 (base-
line). State anger during baseline and speech was as-
sessed by one item (Angry) using the Likert scale
described above. Task engagement was measured by
asking participants “How hard did you try during the
task?” using an 11-point Likert scale ranging from 0
(didn’t try at all) to 10 (tried my hardest).

Cardiovascular variables. We concentrated on
three key cardiovascular measures: heart rate, systolic
blood pressure, and diastolic blood pressure (Vander,
Sherman, & Luciano, 1998). These three measures are
known to be among the most prominent features of
the anxiety response and are of high relevance be-
cause of their association with cardiovascular disease.
Heart rate was calculated by means of RR intervals
that were measured from an electrocardiogram. Sys-
tolic and diastolic blood pressure were measured
continuously from the index finger of the nondomi-
nant hand by means of the Finapress 2300 system
(Ohmeda, Madison, WI). Period averages of heart rate
and blood pressure were computed for the baseline
film, speech preparation, and speech delivery. Change
scores were then computed for each cardiovascular
variable during speech preparation and speech deliv-
ery by subtracting the respective values from baseline.
The data were screened for multivariate outliers.

Results

Manipulation Check

State anxiety changes from baseline film watching
(M � 1.03, SD � 0.96) to speech delivery (M �
4.45, SD � 2.31; all reported values are item aver-
ages) showed that participants were subjectively af-

fected by the experimental manipulation, t(96) �
16.2, p < .001. To examine whether the speaking task
produced the anticipated responses of the cardiovas-
cular system, we conducted three multivariate analy-
ses of variance with experimental phase as repeated
factor and heart rate, systolic blood pressure, and di-
astolic blood pressure as dependent variables, respec-
tively. These analyses yielded highly significant re-
sults, Wilks’s � < .39, Fs(2, 95) > 70, ps < .001. As
can be seen in Table 1, preparation and especially the
delivery of the speech resulted in substantial increases
in blood pressure and heart rate. The implicit and the
explicit anxiety measures were unrelated (r � .08, ns).

Prediction of Cardiovascular Variables by
Implicit and Explicit Anxiety Measures

We first computed zero-order correlations between
cardiovascular variables and the anxiety measures
separately for each experimental phase (see Table 2).
To analyze our main research question, we then com-
puted regression analyses where both anxiety mea-
sures were entered simultaneously as predictors.
These analyses were conducted separately for each
experimental phase (neutral film, speech preparation,
and speech delivery) and with each cardiovascular
variable (systolic blood pressure, diastolic blood pres-
sure, and heart rate) as separate criterion. Thus, we
computed altogether nine regression analyses where
the implicit anxiety measure and the explicit anxiety
measure competed with each other for explaining
variance in the cardiovascular variables.1

1 To control for the issue of multiple comparisons, re-
viewers suggested to combine across our cardiovascular
measures. For this reason, we computed z scores of each
physiological variable and aggregated the three cardiovas-
cular variables within each experimental phase to derive a
composite of cardiovascular responding. We then computed

Table 1
Means and Standard Deviations of the Cardiovascular Variables During Different Experimental Phases

Cardiovascular variable

Experimental phase

Neutral film Speech preparation Speech delivery

M SD M SD M SD

Systolic blood pressure (mmHg) 126.64a 21.30 151.46b 30.26 167.46c 31.52
Diastolic blood pressure (mmHg) 74.30a 15.96 91.71b 22.19 104.15c 23.72
Heart rate (bpm) 73.98a 9.57 81.63b 11.58 87.27c 12.97

Note. N � 97. mmHg � millimeters of mercury; bpm � beats per minute. Physiology scores with different subscripts in each row are
different at p < .01 (results of paired t tests [two-tailed] with Bonferroni correction for the number of comparisons).
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The first set of regressions involved the prediction
of the cardiovascular variables during the baseline
film. As could be expected from the zero-order cor-
relations, each of the three regressions showed that
cardiovascular variables at baseline were not pre-
dicted by the anxiety measures, R2s < .014, Fs(2, 94)
< 1, �s < .14, ns. In contrast, the second and the third
set of regressions showed that change scores in car-
diovascular variables during speech preparation and
speech delivery could be predicted by the anxiety
measures in the expected way (see Table 3). The re-
sults of these analyses can be summarized as follows:
(a) As hypothesized, during speech preparation and
delivery, the implicit anxiety measure consistently
predicted reactivity in systolic and diastolic blood
pressure as well as in heart rate. (b) The explicit anxi-
ety measure showed inconsistent associations with
cardiovascular reactivity. It was unrelated to diastolic
blood pressure and heart rate during both phases of
the speech. In contrast, it was significantly related to

systolic blood pressure reactivity during speech
preparation and delivery.

Secondary Analyses

In this section, we examined several possible alter-
native explanations for our central findings. After all,
cardiovascular responses are not only a prominent
feature of anxiety, but are also well-known concomi-
tants of anger (Drummond & Quah, 2001) and task
engagement (Cohen et al., 2000). Might state changes
in anger and task engagement explain our findings? In
addition, our primary analyses did not take into ac-
count state changes in anxiety. Might state changes in
anxiety also play a critical role in our primary analy-
ses?

Correlational analyses showed that these state mea-
sures were only slightly—and nonsignificantly—
related to changes in systolic blood pressure, diastolic
blood pressure, and heart rate (rs were .07, .12, and
.15, respectively, for task engagement; .08, .08, and
.03 for state anger; and −.01, −.02, and .06 for state
anxiety). We then conducted three stepwise regres-
sions with change scores in systolic blood pressure,
diastolic blood pressure, and heart rate as criterion,
respectively. In these regression equations, change
scores in state anger (M � 1.26, SD � 2.44 [baseline:
M � 0.10, SD � 0.37; speech delivery: M � 1.36,
SD � 2.41]), change in state anxiety (M � 3.41,
SD � 2.07), and task engagement (M � 6.81, SD �
1.97) were entered as predictors in Step 1; trait anxi-
ety was entered in Step 2; and the implicit anxiety
measure was entered in Step 3 (see Table 4). Thus, we
were able to estimate the portion of variance that the
implicit anxiety measure shared with the cardiovas-
cular variables when all other measures were con-
trolled for.

In summary, these secondary analyses revealed that

three regressions (one for each phase) with the cardiovas-
cular composite variable as criterion and both anxiety mea-
sures as simultaneous predictors. These analyses yielded
results similar to those reported in the text: During speech
delivery (R2 � .139, F[2, 94] � 7.57, p � .001), the
implicit anxiety measure predicted cardiovascular reactivity
(� � .33, p � .001), and the explicit anxiety measure was
only slightly related with the criterion (� � .15, p � .12).
The same pattern of results was found during speech prepa-
ration (R2 � .169, F[2, 94] � 9.56, p < .001), implicit
anxiety measure (� � .36, p < .001), and explicit anxiety
measure (� � .17, p � .07). In contrast, at baseline the
composite cardiovascular variable was unrelated to both
anxiety measures (R2 � .002, F[2, 94] < 1, ns), implicit
anxiety measure (� � .04, ns), and explicit anxiety measure
(� � −.02, ns).

Table 2
Correlations Between Cardiovascular Variables and Anxiety Measures During Different
Experimental Phases

Cardiovascular variable

Experimental phase

Neutral film Speech preparation Speech delivery

IA EA IA EA IA EA

Systolic blood pressure .13 .03 .32** .22* .34** .22*
Diastolic blood pressure .01 −.06 .32** .18† .29** .15
Heart rate −.07 −.01 .23* .05 .19† .05

Note. N � 97. IA � implicit anxiety measure; EA � explicit anxiety measure. Cardiovascular
variables for the speech preparation and the speech delivery phase are change scores from baseline.
†p < .1. *p < .05. **p < .01.

IMPLICIT AND EXPLICIT ANXIETY 7



(a) anxiety was the dominant emotion during the
speaking task in terms of absolute levels and change
scores, (b) state measures were only weakly related to
cardiovascular variables, and (c) the implicit anxiety
measure remained the most important predictor of
cardiovascular reactivity to the speaking task even
when explicit anxiety measures (state and trait) and
self-reports of task engagement and anger were con-
trolled for.

Discussion
The cardiovascular system is exquisitely tuned to

adjust blood flow when we are confronted with physi-
cal threats or psychological stressors. Usually, these
cardiovascular adjustments are adaptive. However,
sustained activation may increase “wear and tear” on
the cardiovascular system. Indeed, there is growing
evidence that chronically elevated physiological re-
sponses to psychological stress may increase risk of
cardiovascular disease (Blascovich & Katkin, 1993;
Lovallo & Wilson, 1992). These findings have
prompted efforts to better understand who is at risk
for increased cardiovascular responses to threat.

Prior efforts to predict cardiovascular responses to
threatening circumstances have met with modest suc-
cess. In this study, we complemented the explicit
anxiety measures that traditionally have been used
with an implicit measure of automatic attention allo-
cation toward threat. As hypothesized, the implicit
anxiety measure predicted heart rate and blood pres-
sure changes both during speech preparation and de-
livery. It is important that our implicit anxiety mea-
sure did not predict cardiovascular responding during
the neutral baseline period, suggesting that it taps im-
plicit processes relevant to responding to acutely
stressful events rather than a broader affective or cog-
nitive set.

Another important feature of our study was that the
anxiety measures were taken 1 week apart from the
assessment of cardiovascular reactivity to the speech
stressor. This provides an indication of the temporal
stability of the observed relationship between cardio-
vascular reactivity and the implicit anxiety measure.
Thus, the implicit anxiety measure seems to predict
over some length of time, validating the trait character
of what is being tested.

Table 3
Results of the Main Analyses: Regressions of Cardiovascular Variables on Anxiety
Measures During Speech Preparation and Speech Delivery

Variable/predictor �

Speech preparation

�Systolic blood pressure: R2 � .14, F(2, 94) � 7.84**
Implicit anxiety measure .31**
Explicit anxiety measure .20*

�Diastolic blood pressure: R2 � .13, F(2, 94) � 6.23**
Implicit anxiety measure .31**
Explicit anxiety measure .15

�Heart rate: R2 � .05, F(2, 94) � 2.68
Implicit anxiety measure .23*
Explicit anxiety measure .03

Speech delivery

�Systolic blood pressure: R2 � .15, F(2, 94) � 8.35**
Implicit anxiety measure .32**
Explicit anxiety measure .19*

�Diastolic blood pressure: R2 � .10, F(2, 94) � 5.11**
Implicit anxiety measure .28**
Explicit anxiety measure .13

�Heart rate: R2 � .04, F(2, 94) � 1.88
Implicit anxiety measure .19†
Explicit anxiety measure .04

Note. N � 97. In each of the six regression analyses, the implicit anxiety measure and the explicit
anxiety measure were entered simultaneously. Cardiovascular variables for the speech preparation phase
and the speech delivery phase are change scores from baseline.
†p < .1. *p < .05. **p < .01.
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We interpret our findings as suggesting that the
implicit anxiety measure taps other sources of com-
mon variance with cardiovascular reactivity to threat
than self-report measures. How might we explain
their relative independent predictive power? First,
participants might not be able to perceive (and then
report) the activity of the autonomic nervous system
because these processes occur without awareness. By
contrast, attentional and physiological reactions to
threat may be triggered by common circuits (LeDoux,
1995), leading to an association between both types of
measures. Second, some participants might be able
but not willing to accurately report the anxiety-related
thoughts and sensations they experience because of
self-presentational concerns or cultural norms. Im-
plicit measures—which may also be called objective
tests of personality (Cattell, 1950)—are free of re-
sponse biases and faking tendencies and, thus, might
be a good addition to explicit ones.

Several limitations to the present study should be
noted. First, because our sample consisted of women
it will be important to replicate this finding in a male
or mixed sample. Second, although we regard the

speaking task as a well-suited paradigm for investi-
gating coping with threat, replications using other
stressors are clearly warranted. Third, we need to
learn more about the exact mechanisms by which af-
fective and cognitive responses are associated (Bernt-
son, Sarter, & Cacioppo, 1998; Compton, Heller,
Banich, Palmieri, & Miller, 2000). Fourth, before es-
tablishing cognitive measures as implicit or objec-
tive tests of personality or clinical syndromes, we
need to analyze their psychometric properties in terms
of stability and convergent validity (Cunningham,
Preacher, & Banaji, 2001; Wilhelm & Roth, 2001).
Fifth, future studies might benefit from the cardiovas-
cular differentiation of threat versus challenge ap-
praisals (Tomaka, Blascovich, Kelsey, & Leitten,
1993) and explore their relations to implicit measures.

To the best of our knowledge, this study represents
the first study of the association between an implicit
measure of anxiety and cardiovascular reactivity to a
threatening task. Our findings suggest that an index of
cognitive processing of threat was able to predict
blood pressure and heart rate responses to an evalu-
ated speaking task. We regard this study as an initial

Table 4
Results of the Secondary Analyses: Hierarchical Regressions of Cardiovascular Variables
on State Measures, Explicit Anxiety, and Implicit Anxiety During Speech Delivery

Step/predictor � �R2 R2

�Systolic blood pressure
Step 1: State measures .014 .014

State anxiety change −.06
State anger change .10
Task engagement .08

Step 2: Explicit anxiety measure .28* .063* .077
Step 3: Implicit anxiety measure .31** .095** .172**

�Diastolic blood pressure
Step 1: State measures .025 .025

State anxiety change −.08
State anger change .11
Task engagement .12

Step 2: Explicit anxiety measure .22† .037† .062
Step 3: Implicit anxiety measure .26** .068** .129*

�Heart rate
Step 1: State measures .023 .023

State anxiety change .04
State anger change .01
Task engagement .14

Step 2: Explicit anxiety measure .07 .004 .027
Step 3: Implicit anxiety measure .19† .034† .061

Note. N � 97. Cardiovascular variables are change scores from baseline. Betas are standardized
regression weights at the entry into the equation.
†p < .1. *p < .05. **p < .01.
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foray into an exciting new research domain at the
intersection of emotion, cognitive, personality, and
biological psychology.
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