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Using a modified Posner’s cue-target paradigm, we investigated whether negative cues attract
more attention than neutral cues in anxious people. Previous studies used commonly an
unbalanced proportion of valid and invalid trials (75% vs. 25% respectively). But in the present
study, an equivalent proportion of valid and invalids trials was used for measuring derection
speed of cues without participant’s expectancy caused by the unbalanced proportion. Emotional
words (Experiment 1) and facial expressions (Experiment 2) were used as cues for target
locations. The result of Experiment 1 and 2 showed that threatening cues facilitated rtarger
detection in valid trials and interfered with it in invalid trials in anxious participants and a
reverse response patterns were found in non-anxious participants. This indicates that threatening
cues attract more attention to the cued location in anxious people and in contrast, non-anxious
people avoid threatening stimuli. In Experiment 3, we investigated the difference of validity
effect across anxiety levels. The results showed that anxious participants gave less attention to
cued location when the cues were non-informative whereas non-anxious participants gave more
attention to cued locations in the same condition. We discussed two kinds of cognitive bias

caused by anxiety levels: attentional bias and proportion related bias.
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vigilant processing.
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A considerable number of studies have been reported to analyze the characteristics
of anxiety on the basis of attentional mechanism. One of the most important findings
in this domain is incontestably the fact that clinical or sub-clinical anxiety is associated
with an attentional bias for threat-related stimuli (Wells & Matchews, 1994 Williams,
Watts, MacLeod, & Mathews, 1997). Anxious individuals often favor the processing of
the anxiety-related information (generally negative or threatening stimuli) rather than
that of neutral information, and this occurs in relatively early, automatic or
pre-attentive aspects of processing (Mogg & Bradley, 1998; Ohman, 1996).

Usually, emotional Stroop task, dot-probe detection tasks, and their modified
versions were most frequently used in this domain. The general results of the
emotional Stroop task showed that the color-naming in the presence of a threat-related
stimulus was slowed down. This indicates that the processing priority is given to the
detection of threatening content rather than the color patch of target (e.g., Mathews
& Macleod, 2002). The results of dot-prove detection task showed faster RTs when
targets appeared in the location of threatening cues than when they appeared in the -
location of neutral cues. This suggests that the initial orienting of attention tends to
threat-related stimuli rather than neutral ones only in anxious individuals (e.g., Mogg,
Mathews, & Eysenck, 1992). Although there were many important findings using these
two expetimental paradigms, they have some limits for showing where the attentional
bias was caused in spatial processing of attention (shifting, engagement, disengagement,
and finally, inhibition of return).

Recently, using a new experimental method, an alternative account of attentional
biases was proposed by several studies (e.g., Fox, Russo, Bowles, & Dutton, 2001;
Fox, Russo, & Dutton, 2002 Georgiou er al., 2005). They used a modified Posner’s
cue-target paradigm in which facial expressions or affective words (angry, happy, and
neutral) were presented as peripheral cues for target locations and found two
important effeces. First, on invalid trials in which targets appear in uncued locations,
threat-related cues slowed down RTs to targets in comparison with neutral cues in

participants with high anxiety scores. Fox et al. (2001, 2002) noted that anxious
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individuals take longer to disengage their attention from threatening cues. Second, they
found no difference of RTs on valid trials between two conditions of threatening and
neutral cueing. With this result, Fox and her collaborators proposed that zhe engagement
component of attention may be emcapsulaed, and not influenced by higher-level variables (e.g.,
meaning or valence of a cue), whereas the disengage component of attention is ot encapsulated
and could be influenced by semantic material (Stolz, 1996 cited in Fox et al, 2001}
According to this account, the phenomenon of attentional bias in anxious individuals is
based on the disengagement component rather than the engagement component of
attention. In the present study, we addressed the validity of this assumption.
Specifically, we asked whether the engagement component of attention is really
encapsulated and cannot be affected by anxiety.

In the literature, there is clear evidence supporting the speeded detection of
threat-related stimuli in comparison with neutral stimuli in anxious individuals. For
example, Byrne and Eysenck(1995) found that high trait-anxious participants were
faster to find angry faces than happy ones among same neutral faces presented for
distracters. Similar results were reported in the studies of Gilboa-Schechtman, Foa, and
Amir (1999) with participants with social phobia, and Rinck, Reinecke, Eflwart, Heuer,
and Becker, (2005) with spider phobia patients. The effects observed in these studies
cannot be easily explained by Fox and her colleague’s hypothesis.

In the present study, we replicate the study of Fox et al. (2001) using some
different parameter because we thought that there was a methodological problem in
Fox et al, (2001) to conclude that the attentional bias is based on only the
engagement component of attention. The problem is the proportion of valid and
invalid trial. The proportions of valid and invalid trials in the task used in Fox et al,
(2001, 2002) were 75% and 25% respectively (they did not address the reason why
they used this proportion). In the original Posner’s cue-target paradigm, benefits and
costs of attentional orienting can be estimated by comparing the difference of response
latencies on valid and invalid trials. The usual finding is that it takes less time to

respond to a target presented at the cued location (ie., valid trials) and more time to
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respond to a target presented at an uncued location (ie., in valid trials) (Posner, 1988
Posner & Peterson, 1990). But we can modify this effect by changing the proportion
of valid and invalid trials. For example, if targets appear at the cued locations on
80% of trials, the cues could be informative and motivate subjects to attend to the
cued location because the target usually appears at the cued location. In this case, the
performance can be improved by focusing attention onto the cued location.

This indicate that the results of Fox et al(2001) observed in valid trails were
confounded with participants intention. That is, Fox et al.(2001) found no difference of
response latency between trials with negative and those with neutral cues in valid trial
and concluded that the detection time of cue is automatic and encapsulated and could
not be changed by the content of cue such as neutral or negative stimuli. But the
RTs were the results confounded by participant’s top-down control and expectancy for
target location.

In order to study the automatic capture of attention by the cue, uninformative cues
are commonly more useful. That is, when targets appear with equal probabilities in
cued or uncued locations (50% of valid and 50% of invalid trials), the cues do not
reliably predict the location of target and any allocation of attention to the cued
location is presumed to be unintentional (Luck, Vecera, 2002, for the review). Even
when the cues are uninformative or harmful to performance, the benefits and costs of
attentional orienting occur (Cheal & Lyon, 1991 Eimer, 1997; Jonides, 1981; Yantis,
1996). Maybe, if we focused on the response latency of invalid trials (disengage
component of attention), the proportion of valid and invalid trials is not likely to be so
important because we measure the time of attentional shifting from cues to target (from
disengagemént from cues to engagement to cue). But if we focused on the response
latency of valid trials, the proportion is very important because it change the level of
voluntary attention to cue and the intention influence on the detection time of cue.

The present study reexamined whether threat-related cues attract more attention
using an equivalent proportion of valid and invalid trials. We focused on the

difference of RTs between trials with negative cues and those with neutral cues in
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valid trials. The main propose of the present study is to verify whether the attention
bias in high anxiety population is caused by speed detection of threatening stimuli, by

disengagement component of attention proposed by Fox et al(2001) or by both of

components.

Experiment 1

The main aim of Experiment 1 is to determine whether threat-related words are
more potent than neutral or positive words in the attentional engagement on their
own location. On the basis of the literature reviewed earlier (e.g., Rinck et al., 2005),
we predicted that threat-related words is more effective (shorter reaction times) than
neutral or positive words in attracting visual attention in participants with high
anxiety. In addition, we analyzed the validity effect (score subtracting the mean of
RTs on wvalid trials from that on invalid trials) to examine the difference of
disengagement component of attention across the emotional valence (negative, neutral
and positive) and the anxiety levels. The validity effect reflects the difference in times
taken from disengaging the visual attention from a cue to detecting a target on the
uncued location.

The task used in the present study is the same as that of Fox et al (2001, 2002)
except the proportion of valid and invalid trials and several details. Neutral, positive,

and threat-related words were used for peripheral cues.

Method
Participants

Twenty four (14 female, 10 male) undergraduate students at the University of
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Dacjeon volunteered to participate in the experiment. First, 28 students were
pre-selected from a pool of 81 students by the score on the basis of Spielberger
trait-anxiety scale (STAL; Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983) tested
in class rooms: those scoring at or above 50 {(n = 15) for high trait-anxious group
and those scoring at or below a score of 40 (n = 13) for low trait-anxious group.
The mean score of total participants (n =80) was 44.6. Twenty four students were
selected from these students on the basis of Spielberger State-Anxiety scale (1983)
tested just before the experiment: those scoring at or above a score of 47 (n = 12)
for low state-anxious participants and those scoring at or below a score of 40 (n =
12) for high state-anxious participants. All were aged between 19 and 27 years (mean

=22).

Materials and apparatus

The attentional task was adapted from the traditional cue-target paradigm (Posner,
1988) and run on an Apple Mackintosh computer (7200/120) and a 15 inch monitor
positioned 55cm from participants. Al stimulus presentation and data collection were
controlled by Psyscope version 1.2.5. (Cohen, MacWhinney, Flatt, & Provost, 1993).
Cue words consisted of 12 threatening, 12 neutral, and 12 positive Korean words (see
appendix 1). The words were selected from the study of Kim, Jong, Ko, Shin, Yang,
& Sohn (2002). There were no significant difference in terms of word frequency and
word length (all words had two syllables) across three emotional valence. The cue
words and tacgers (asterisk *) were presented at the visual angle of 4.3° and 0.8°
respectively. The visual angle from the fixation point to the center of the peripheral

cue was 6.5°.

Procedure

Participants were brought into a testing room and completed the STAI state-anxiety
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questionnaire and moved to a computer screen. They were asked to indicate whether
the target (*) appeared on the left or right by pressing one of two response buttons
(‘2" for left and ‘/for right) as quickly and correctly as possible. Participants executed
six practice trials and 144 main trials divided by two blocks. The sequence of each
trial was as follows: A fixation point (+) was presented at the center of screen for
700ms. Immediately after the fixation point, a cue was presented either in the right
or the left side of fixation point for 100ms. After the offset of the cue, a target was
presented in the cued location (valid trial) or in the opposite location (invalid trial)
until a participant responded. The cue-target interval (CTI) was 100ms.

Each participant completed two blocks consisting of 72 trials. Six threatening, six
neutral, and six positive words for the first block and the same number of cue words
for the second block were used. All words were presented four times (one for left and

one for right side on the valid trial and the same as on the invalid trial).
Design

A 2 (Anxiety: high and low) x 2 (Cue Validity: valid and invalid) x 3 (Affective
Valence of Cue: threat, neutral and positive) analysis of variance (ANOVA) factorial
design was used. The Anxicty was a between-subjects factor, and the Cue Validity and
Affective Valence of Cue were within-subjects factors.

Results

Group difference

Two groups differed significantly, in the expected directions, on trait anxiety, #(24)
= 12.7, p < .001, and state anxiety, £22) = 8.7, p < .001. The high anxiety

group scored higher on measure of trait and state anxiety (M = 54.92 and 53.91,
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SD. = 4.63 and 6.78, respectively) than the low anxiety group (M = 35.25 and
3291 and S.D. = 2.70 and 4.93, respectively).

Response time

The RT data were filtered by removing all error trials and data points less than
150ms or greater than RT calculated by a following equation: third quartile +3%(third
quartile - first quartile). This filtering procedure was used in all subsequent
experiments in this study. 23 of 3456 cases were eliminated (.03%). Errors tended to
be very infrequent in Experiment 1 and subsequent experiments and therefore the
analysis was focused on RT data only and not on etror rates. Mean RTs for valid and
iovalid trials were presented in Table 1. RTs were analyzed using 2 2 Anxiety (high
and low anxiety) x 2 (Cue Validity: valid and invalid) x 3 (Affective Valence of Cue:
threat, neutral and positive) ANOVA. No main effect was found. There was only a
significant two-way interaction between Cue Validity and Anxiety level, F(1, 22) =
19.38, MSE = 40194, p < .001. Further analysis revealed that non anxious
participants responded more rapidly on valid (342ms) than invalid trials (353ms), F(1,

Table 1. Mean RTs (in millisecond) for valid and invalid trial as a function of
Affective Valence of Cues and Anxiety in Experiment 1.

Valence of cue

Validity of trial Threat Neutral Positive
Low anxiety

Valid trials 341(40) 338(38) 348(39)

Invalid trials 355(47) 354(47) 353(53)
High anxiety

Valid trials 322(24) 330(25) 326(28)

Invalid trials 31021 309(22) 306(23)

Note. Standard deviations in parentheses.
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11) = 4.86, MSE = 49897, p < .05, and inversely, anxious participants responded
more slowly on valid (325ms) than invalid trials(308ms), F(1, 11) = 18.74, MSE =
305.01, p < .01.

Valid trials (Engagement component of attention)

In order to investigate the engagement component of attention, we examined the
data for valid condition only. As expected, there was a Anxiety x Affective Valence of
Cue interaction, F(2, 44) = 4.02, MSE = 77.39, p < .05. Further analyses showed
that highly anxious participants responded more rapidly with threat-related cues than
neutral cues, #(11) = 248, p < .05 and low anxious participants responded more

slowly with positive cues than with neutral cues, #(11) = 2.2, p < .05 (see table 1).

Validity effects (Disengagement component of attention)

Validity effects of each condition were calculated by subtracting the mean RTs of
each condition on valid trials from the mean RTs of the same condition on invalid
trials as shown in Figure 1. Two groups differed significantly, F(1, 22) = 19.39, MSE
= 803.88, p < .001. The high anxiety-group (-17.8ms) showed an inversed validity
effect (faster RTs in invalid than valid condition), whereas the low anxiety-group
showed the expected wvalidity effect (11.6ms). There was no interaction between
Anxiety and Affective Valence of Cue, F(2, 44) = 149, ns. Planned contrasts reveals
that the cue validity effect tended to be shorter with positive cues (5ms) than that
with neutral cues (15ms) in the low anxiety group, A11) = 1.9, p = .08, whereas in
the high anxiety group, it tended to be larger with threat-related cues (-12ms) than

that with neutral cues (-21ms), #(11) = 1.7, p = .10.
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Figure 1. Validity effect (in milliseconds) as a function of emotional
valence and anxiety group.

Discussion

As shown in Table 1, Experiment 1 supported the prediction that the detection
speed of cues could be modulated by anxious levels and emotional valence of cues. On
valid trials, the high anxious group responded more rapidly on threat-related cues than
neutral cues. This effect disappeared in low anxious participants. This suggests that
threat-related cues attract more attention than do neutral cues only in high anxious
individuals. Surprisingly, low anxiety group showed an expected validity effect but high
anxious group showed inverse validity effect. This result supposes a possibility that
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attentional engagement system in anxious individuals is different from that of low
anxious people. There were weak inferences and so we tested directly in Experiment 3.
However, the negative cues attracted more attention in anxious individuals as shown in
the results of valid trials.

With regard to validity effect, the inverse effect in high anxious individual makes
us difficult to interpret the disengagement component of attention because it is not
cdear that the disengagement from cues per se occurs. However, it seems to be true
that threatening stimuli interfere more with target detection in invalid trials as shown
in Figure 1. This supposes that the threatening stimuli can influence continuously
target processing after their appearance. And it supports the study of Fox at al,
(2001). Finally, the present results support both accounts; speed detection of
threatening cue and difficulty to disengage attention from threatening cues.

The results observed in Experiment 1 showed different patterns from those of Fox
et al., (2001, 2002) in which there was no interaction between anxiety levels and
affective valence of cues on valid trials. Bur the most results observed in Fox et al
(2001, 2002) were obtained by using faces. One possibility of the results of
Experiment 1 might be from the difference of the materials between faces and words
as well as the difference of the expetimental treatment between the present study and
Fox et al.(2001, 2002). And if the difference of detection speed to threat-related cues
is not limited to the word cues and this is general across different types of stimuli
such as faces, the same pattern of detection speed found in Experiment 1 will be
shown using faces as cues. Actually, facial expressions can have stronger attentional
effect because they are more biologically relevant emotional stimuli (see Fox et al,
2001, 2002; Mogg & Bradley, 1999). In Experiment 2, emotional faces were used for

cues of target locations.
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Experiment 2

As in the prediction and the results of Experiment 1, if the attentional bias in high
anxious individuals occurs at the engagement stage of attention, it is reasoned that the
high anxious individuals will show faster detection with threat-related cues than neutral
ones in valid trials. The purpose of Experiment 2 is to examine whether the results of

Experiment 1 is universal across different types of stimuli.

Method

Participants

Twenty two (10 female, 12 male) undergraduate students at the University of
Daejeon were selected from 2 pool of 33 students by the score of Spielberger
state-anxiety scale tested in class rooms: those scoring at or above 48 (n = 13) for
high trait-anxious participants and those scoring at or below a score of 43 (n = 9).
All were aged between 19 and 28 years (mean = 22).
Materials and apparatus

Two schematic faces (negative and positive) were taken from the study of -
Lundqvist, Esteves, and Ohman (1999) (sce appendix 1). A neutral face was designed
by a pictorial software on the basis of two previous faces.

Procedure

Identical to those in Experiment 1.
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Design

Identical to those in Experiment 1.

Results

Group difference

The groups differed significantly in the expected direction on state anxiety, #20) =
5.3, p < .001 and trait anxiety #20) = 84 p < .0001. The high anxiety group
scored higher on measure of state and trait anxiery (M = 33.5, 53.6, SD. = 8.9,

8.1) than the low anxiety group (M = 34.8, 34.4 and S.D. = 6.7, 2.7), respectively.

Response time

The RTs were filtered by removing all error trials and the RTs less than 150ms or
greater than RTs calculated by the following equation: third quartile -+2%(third
quartile - first quartile). RTs were analyzed using a 2 (High and Low Anxiety
Group) x 2 (Cue Validity: valid and invalid) x 3 (Affective Valence of Cue: threat,
neutral and positive) ANOVA. High Anxious Group showed faster RTs than Low
Anxiety Group, F(1, 20) = 5.11, MSE = 8578.24, p < .05. No other main effect
was found. There was a significant two-way interaction between Cue Validity and
Anxiety Group, F(1, 20) = 499, MSE = 679. 86, p < .05. Low level anxious
group showed faster RTs on valid (359ms) than invalid trials (374ms), whereas high
level anxious group showed faster RTs on invalid (326ms) than valid trials (332ms).
Finally, there was a significant three-way interaction between Anxiety Group, Affective

valence of Cue, and Cue Validity F(1, 20) = 4.88, MSE = 66.77, p < .05.
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Valid trials (Engagement component of attention)

In order to break down the interaction, we examined the data for valid and invalid
trials separately and mean RTs ate presented in Figure 2. For valid trials, there was a
Anxious Group x Affective Valence of Cue interaction, F(2, 40) = 7.36, MSE =
89.58, p < .01. In further analysis, there was a main effect of Affective Valence of
Cue in High Anxious Group, F(2, 24) = 5.13, MSE = 88.28, p < .01. RTs with
angry (328ms) and happy cues (329ms) were faster than RTs with neutral cues
(339ms), #(12) = 1042, p < .05 and #12) = 10.00, p <.05, respectively.

In Low Anxious Group, the main effect of Affective Valence of Cue was marginally
significant, Pillais F(Q2, 24) = 345, MSE = 9154, p < .09. A contrast analysis
revealed that RTs with angry cues (361ms) were slower than RTs with neutral cues

(353ms), #8) = 8.74, p < .05.

Validity effect (Disengagement component of attention)

The validity effect is presented in Figure 3. Two anxiety groups differed
significantly in validity effect, F(1, 20) = 4.99, MSE = 1359.72, p < .05.
Participants with high anxiety (-6.2ms) did not show the validity effect (faster RT in
invalid condition), whereas individuals with low anxiety (14.4ms) presented the usual
validity effect. There was a significant interaction between Affective Valence of Cue
and Validity effect, F(2, 40) = 4.87, MSE = 13041, p < .01 (see Figure 2). We
examined the data for High Anxiety Group and Low Anxiety Group separately. The
validity effects were different across the affective valence of cues, -in Low Anxiety
Group Pillais F(2, 16) = 8.58, p< .01 and in High Anxiety Group, F(2, 24) = 3.5,
MSE = 110,59, p < .05.
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Figure 2. Mean RTs (in millisecond) for valid and invalid trial as a function of
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Discussion

Facial expressions are more likely to be influential in attentional bias than affective
words presented in the previous section. As shown in Figure 2, the speed of
areentional engagement was influenced differently across affective contents of cues and
levels of anxiety. Participants with high anxiety responded more rapidly on valid trials,
when the cues were angry or happy than when they were npeutral. Whereas, those
with low anxiety responded more slowly when the cues were angry or happy than
when they were neural. The ephanced attentional speed with happy faces in
participants with high anxiety was unexpected. But the general emotionality effect has
been sometimes reported in literature (e.g., Russo, Patterson, Roberson, Stevenson, &
Upward, 1996). However, these results indicate that the attentional bias to the
affective cues occurs at both the engagement stage of attention in high anxious
participants. Also, the results exhibited a different validity effect across anxiety levels.
In low anxiety group, the disengagement of attention from threat-related cues was
casier than those from neutral cues. In contrast, participants with high anxiety showed
exactly an inversed pattern. As interpreted in Experiment 1, threatening cues facilitated
the detection of target in wvalid trials and interfered with target detection in
comparison with neutral cues in high anxious participants,

Another interesting effect was the avoidant pattern shown in low anxious
participants. Contrary to anxious participants, in low anxious participants, threatening
stimuli interfere with target detection in valid trials and facilitated it in invalid trials
in comparison with neutral stimuli. This result is consistent with Experiment 1. In the
literature, several studies using dot probe detection task showed that normal
participants orient their attention away from negative stimulus (Bradley, Mogg, White,
Groom and Bono, 1995 Bradley et al, 1997 Bradley, Mogg and Miller, 2000 Yiend
and Mathews, 2001). But unforrunately, these studies were not designed for showing
the avoidant processing mode in low anxious individuals. Avoidant processing mode has

fairly weak inferences, however, and additional evidence will be necessary to reach a
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firm conclusion about avoidant processing in low anxious participants.

To sum up, Experiment land 2 showed that threatening cues facilitated the target
detection in valid trials and disturbed it in invalid trials in anxious participants and an
inverse pattern in low anxious participants. Finally, the engagement component of

attention can be modified by interaction of emotional content of cue and anxious level

of individual.

Experiment 3

The different validity effect between anxious and non-anxious participants was
unexpected according to common results of previous studies. Low anxious participants
showed usual pattern of response latency (faster RTs in valid than invalid trials) but
High anxious group showed inverse pattern. One possibility of this effect might be
from the use of emotional materials. So, in Experiment 3, we used only neutral
stimuli such as diagrams (circle, square, pentagon, and hexagon) as cues for rtarget
location. The purpose of Experiment 3 is to examine whether the different validity

effect across anxiety levels is universal regardless of emotional content of cues.

Method

Participants

Nineteen (12 female, 7male) undergraduate students at the University of Daejeon
were selected from a pool of 41 students by the score of Spielberger trait-anxiety scale
tested in class rooms: those scoring at or above 50 (n = 9) for high trait-anxious
participants and those scoring at or below a score of 40 (n = 10). All were aged

between 19 and 29 years (mean = 22).
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Materials and apparatus

The stimuli used for cues were circles, squares, pentagons, and hexagons. They were
designed using a pictorial software. Target stimulus and other conditions were identical

to those in Experiment 1.

Procedure

Identical to those in Experiment 1.

Design

A 2 (Anxiety: High and Low anxiety) x 2 (Cue Validity: Valid and Invalid) analysis
of variance (ANOVA) factorial design was used. Anxiety was a between-subject factor,
and Cue Validity was within-subject factor. The prediction is a two-way interaction

effect between anxiety and cue validity.

Results and discussion

Groups differed significantly in state anxiety, #16) = 4.0, p < .001 and in trait
anxiety, (16) = 10.0, p <.0001. The mean of state and trait anxiety were 34, and
35 in Low Anxiety Group and 53 and 56 in High Aaxiety Group respectively.

The data of a participant were removed because of too high rate of errors (41%).
Participants showed faster RTs on valid (321ms) than invalid trials (328ms), F(1, 16)
= 460, MSE = 87.94, p < .05. There was a significant interaction between Cue
Validity and Anxiety Level, F(1, 16) = 6.29, p < .023 (see Figure 4).
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Figure 4. Mean RTs (in millisecond) as a function of validity and anxiety level.

In the planned comparison, the low anxiety group responded faster on valid
(320ms) than invalid trials (335ms), #9) = 2.90, p = .017. But no difference was
found in the high anxiety group. As shown in Figure 4, a large validity effect
appeared in the low anxiety group but not in the high anxiety group. This result
supposes that the different validity effect was caused by anxiety levels rather than the
emotional contents of cues used in Experiment 1 and 2.

According to Figure 4, anxious individual seem to attend not only to cued location
but also to uncued location while low anxious individual attend more to cued location
than to uncued location. Theoretically, it is not possible that the inhibition of return
occurs in anxious people because the presentation time of cues was 100ms in all tasks
used in the present study. One possible explanation is the bias about proportion of
valid and invalid trials. Because the inverse validity effect occurs commonly when valid
trials are less than invalid trials, we can reason that anxious patticipants underestimate

the validity of cues. We discussed more detail in general discussion.
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General discussion

The main goal of the present study was to investigate whether threatening cues
attract more attention in anxious people. Fox et al. (2001, 2002) proposed an
excellent method to analyze mwltiple components of attention to threat-related stimuli.
Using a modified Posner’s cue-target paradigm, Fox et al. (2001, 2002) found no
difference of detection speed between threatening and neutral stimuli and concluded
that threatening stimuli could not modulate the engagement component of attention in
anxious individuals but they could modulate the disengagement component of
attention.

Fox et al.(2001) have employed an unbalanced proportion of valid and invalid trials;
the proportions of valid and invalid trials were 75% and 25%, respectively. This can
make cues informative and participants give voluntarily more attention to cues, because
the cues predict target locations with high probability. As a result, we can guess that
the response latency in valid crials is confounded by participant’s voluntary allocation
of attention to cues. (Of course, this experimental design has no problem when we
want to investigate the response latency of invalid trials).

In the present study, we focused on valid trials to investigate whether the detection
speed of threat-related cues is faster than that of neutral cues using an equivalent
proportion of wvalid and invalid trials. This experimental design can eliminate
participant’s voluntary attention to cues. The analysis of valid trials in Experiment 1
and 2 showed consistent interactions effect between anxiety levels and affective valence
of cues. These results supported that the engagement component of attention could be
modulated by the affective content of cues. Especially, using more potent and
ecological stimuli such as emotional faces, the results exhibited a clearer pattern of
attentional allocation to the threat-related stimuli. But the present study exhibited an
unexpected effect related to level of anxiety and make the results, somewhat, difficult
to be interpreted. There was no problem in interpreting the results of low anxious

participants and we discussed it after the results of anxious individuals. The problem
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was the results of high anxious participants. They did not show validity effect appears
usually in non-anxious participants. This absence of validity effect was common across
the different types of stimulus in the present study and so, it is not likely to be an
artifact. This suggests, however, that anxious participants attend more to uncued
locations. It is possible that anxious people are biased toward invalid trials because the
inverse validity effect commonly appears when valid trials are less than invalid trials.
Nevertheless, the fact that threatening cues facilitate target detection in valid trials
and interfere with it in invalid trials indicates that threatening cues attract more
attention to the cued location. The problem is what the attentional engagement to
cues occur in general very weakly because anxious participants give more attention to
uncued location. It scems to be a problem occurred when we use the equivalent
proportion of valid and invalid trials. Finally, we can’t insist that the fast engagement
to threatening cues occurs but whether anxious participants attend to cued location or
uncued location, it is clear that threatening cues attract more attention to the cues
locations than neutral cues because the threatening cues facilitated more target
detection than neutral cues in valid trials. In the case of non-anxious people, the
interpretation of results is clear because the expected validity effect occurred. The
threatening cues interfered with targer detection in valid trial and facilitated it in
invalid trials. These results indicate that the attentional engagement to threatening
cues is slower than the engagement to neutral cues in non-anxious individuals and the
attentional disengagement of threatening cues is faster than that of neutral cues.
Non-anxious individuals are likely to avoid threatening cues. Though this avoidant
processing pattern against threatening stimuli in normal participants have not been
systematically investigated, some similar result has been reported in several studies.
Using dot probe detection task, Bradley, Mogg and Lee (1997), Bradley, Mogg and
Miller (2000), and Yiend and Mathews (2001), showed that normal participants orient
their attention away from threatening or negative stimulus. These studies suggest
explicitly the qualitative difference of processing mode between non-anxious and

anxious individuals.
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Though the present study exhibited somewhat different ocutcomes from what we
expected in the beginning, the results of the present study point out some important
aspects. First, as noted above, we could not analyze our results by the term of
attentional components proposed by Posner (Posner, 1988 Posner & Peterson, 1990)
(engagement and disengagement) but our results showed clearly that anxious people
give more attention to threatening cues while non-anxious people give less artention to
them. And the different distribution of attention to threatening cues is likely to occur
independently to disengagement component of attention proposed by Fox et al. (2001).
Concerning only the results of non-anxious participants, the attentional engagement to
cues could be modulated by emotional content of the cues and we can address that
the assumption of Fox et al. (2001) in which the engagement of attention is
encapsulated is wrong.

Second, the present study provides another existence of cognitive bias caused by
anxious levels. According to the results of the present study, anxious people are likely
to underestimate the validity of cues in compatison with non-anxious people. The cues
ate non informative in the condition of equivalent proportion for valid and invalid
trials. None the less, Non-anxious people have a tendency to give more attention to
cued location than uncued location but anxious individuals exhibited a reverse parttern.
They showed a tendency to give more attention to uncued locations than cued
location as if they thought that invalid trials are more than valid trials. More
systematic researches will be needed but our results provide a new hypothesis that
anxiety affects not only the processing mode of negative or threatening stimuli but

also other processing style such as top-down strategy.
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Appendix

1. The words used in Experiment 1.

1.

Korean \f’ords Meaning Korean word Meaning Koreag yvords Meaning
Negative Neutral i Positive
LE} Beating 2h Signboard sy Praise
e Separation A= Rubber M2 Present
o & Betrayal -5 Shoes LE Picnic
s Pain Ui Pants Ny Love
2A Neglect B Salt AP Friend
E7 Abandonment Uiy Soap My Birth
=t A Kidnapping 2% Temperature il Smile
Arg Death penalty N Watch ol Pleasure
MNA Dead body LA Umibrella HE Marriage
H5E Burglar &0 Paper eS| Friendship
OHef Narcotic o7} Chair of ¢! Fiancé(e)
Ay Death 0{ o} Brow 8jgt hope
2. The emotional faces used in Experiment 2.
A

N/ /
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