
Research over the last two decades has shown that 
clinical anxiety is associated with a pervasive tendency 
to selectively orient attention toward threatening informa-
tion (cf. MacLeod & Rutherford, 2004; Mogg & Brad-
ley, 2005).The most rigorous methodology for assessing 
this bias is provided by the attentional probe task, which 
typically exposes participants to pairs of differentially va-
lenced stimulus words, then requires them to discriminate 
small probe stimuli presented to the locations where either 
word appeared (MacLeod, Mathews, & Tata, 1986). The 
common finding that clinical anxiety patients, and other 
high trait anxious participants, display speeded discrimina-
tion of probes presented in the vicinity of threat words, has 
served to confirm that such individuals selectively attend 
to the locus of threatening stimuli (Bradley, Mogg, White, 
Groom, & deBono, 1999; Pineles & Mineka, 2005; Yiend 
& Mathews, 2001). Variants of this attentional probe task 
have now also proven capable of directly manipulating at-
tentional response to threat, by presenting probes consis-
tently in the location of threat words or consistently in the 
opposite location, and this has been found to systematically 
modify emotional reactivity in mid-range trait anxious in-
dividuals (MacLeod, Rutherford, Campbell, Ebsworthy, & 
Holker, 2002). Furthermore, preliminary findings suggest 
that extended exposure to such attentional probe training 
procedures, configured to induce attentional avoidance of 
threat, can reduce anxiety symptomatology in both high 
trait anxious normals and in clinically anxious patients 
(Amir, Selvina, Elias, & Rousseau, 2002; Vasey, Hazen, & 
Schmidt, 2002). Such findings have excited interest in the 

potential clinical utility of this technique, either alone or as 
an adjunct to conventional clinical treatments for anxiety.

However, opportunities to address this important issue 
are compromised by the fact that many clinical research-
ers working in field settings lack ready access to the pro-
gramming support needed to develop appropriate variants 
of this attentional probe procedure. Furthermore, it can 
be difficult to conveniently deliver the task to participants 
outside the laboratory setting, which creates particular 
problems for research designs that require repeated short 
attentional training sessions, perhaps carried out sev-
eral times each week across an extended period of time. 
Consequently, given the growth in the successful use of 
 Internet-delivered psychological tools (e.g., Devineni & 
Blanchard, 2005; Luce et al., 2005), including assess-
ments of, and treatments for anxiety disorders (cf. An-
dersson, Bergstrom, Carlbring, & Lindefors, 2005), we 
set out to construct and evaluate a downloadable software 
package that will permit the attentional probe task to be 
customized according to researchers’ aims and interests 
and delivered online across the Internet.

Despite their obvious advantages, there are several fac-
tors that might compromise the sensitivity of  Internet-
 delivered psychological tools (see Birnbaum, 2004). 
These include the inability to ensure a standard test en-
vironment and computer set up; the technical challenges 
associated with achieving sensitive measurement, as in 
the measurement of reaction times; and the lack of oppor-
tunity to tightly guide and constrain participant behavior 
through direct observation and appropriate clarification of 
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instructions. Therefore, following its development, it was 
essential to empirically validate our Internet- delivered 
attentional probe task, by verifying its capacity to rep-
licate those established effects that have been obtained 
using conventional variants of the task within the labora-
tory setting. Specifically, we wished to establish that this 
 Internet-delivered attentional probe task can be employed 
effectively as an assessment tool, sensitive to the threat 
attentional bias known to discriminate Generalized Anxi-
ety Disorder patients from nonanxious controls within the 
laboratory setting. We also wanted to establish that this 
Internet-delivered attentional probe task can be employed 
to modify attentional response to threat, when the same 
training contingency is introduced as has proven effective 
within the experimental laboratory.

In summary, the goals of this present research program 
were to develop a fully customizable software package 
capable of delivering assessment and training variants 
of the attentional probe task across the Internet; to con-
firm in Study 1 that an appropriately configured version 
of this task can sensitively detect online the threat atten-
tional bias that characterizes GAD sufferers; to confirm 
in Study 2 that an appropriately configured variant of this 
task can serve as a tool for remotely modifying attentional 
response to threat; and to make this validated software 
package freely available to other investigators wishing to 
download it from the Internet.

The Online Attentional Probe Software Package
The software package that we produced is written in 

JAVA, to facilitate Internet delivery and to ensure platform 
independence at the point of access. It is designed to be 
installed on either a UNIX server or a Windows NT server, 
thus making it compatible with the great majority of large 
and small scale computer networks. Once installed and 
configured, the resulting attentional probe task can be re-
motely accessed and completed on any personal computer 
connected to the Internet and set to 800  600 screen reso-
lution, with the resulting data being automatically e-mailed 
to whatever address is set by the experimenter.

The software package provides for the experimenter to 
present any number of questions prior to commencement 
of the probe task, making it possible to deliver online ver-
sions of appropriate assessment instruments. Each trial of 
the probe task begins with the appearance of three adja-
cent crosses in the center of the screen, which serve as a 
fixation point. These disappear 500 msec later, when two 
words are presented, separated on the vertical axis of the 
computer screen by a visual angle of between 2º and 3º 
(assuming monitor size to be between 14 and 19 in., and 
seating distance to be approximately 2 feet). These words 
then disappear, and a probe stimulus appears in a random 
letter position within the space previously occupied by 
either of the two preceding words. This probe can be ei-
ther the symbol “ ” or “ ,” and participants are required 
to indicate its identity by pressing either the “ ” or the 
“ ”arrow key, respectively. The software records the re-
sponse latency as the interval, in msec, elapsing between 
the presentation of the probe and detection of the button-
press response.

Virtually all other parameters of the attentional probe 
task can be configured by the experimenter. The software 
permits the researcher to determine the number of trials to 
be presented, to enter the stimulus set(s) to be employed, 
to specify which word position the probe is presented 
to on each trial, and to set key temporal variables such 
as word exposure duration and intertrial interval. Con-
sequently, the software package permits researchers to 
implement attentional probe task variants that either cor-
respond closely to those employed in previous assessment 
and training studies carried out within the laboratory, or 
that are entirely novel in their configurations.

STUDY 1 
Validation of Capacity to 

Assess Attentional Bias Online

The aim of this first study was to test the capability 
of an Internet-delivered attentional probe task, config-
ured using this software package, to detect the increased 
vigilance for negative stimuli known to distinguish GAD 
participants from nonanxious control participants. Such 
sensitivity will be confirmed by the finding that a threat 
bias index, calculated to reflect degree of speeding to dis-
criminate probes in the vicinity of threat words rather than 
nonthreat words, is disproportionately great for partici-
pants who report GAD symptomatology.

Method
Participants. Participants were recruited through advertisements 

for experimental volunteers, posted on Internet bulletin boards. 
Some of these bulletin boards were general discussion forums and 
some were specifically designed for people with anxiety problems. 
Because it was critical to establish that the clinical sample met di-
agnostic criteria for GAD, all volunteers completed an online symp-
tom checklist (described below) to establish whether they met DSM 
IV criteria for GAD. Those who did so were assigned to the GAD 
group, while only those who reported no current or past history of 
anxiety symptomatology, and no prior treatment for any form of 
anxiety disorder, were assigned to the control group. Participants 
were included only if they indicated that English was their first lan-
guage, and were excluded if they performed below 90% accuracy 
on the probe discrimination task. This resulted in a final sample that 
comprised 59 participants, 24 of whom met diagnostic criteria for 
GAD and 35 of whom fulfilled our requirements for nonanxious 
control participants.

Stimulus words. Stimuli were similar to the 96 word pairs used 
in the attentional probe task carried out by MacLeod et al. (2002). 
Each pair consisted of one threat word and one nonthreat word, 
which both were matched in word length and frequency (Ku era & 
Francis, 1967).

Online questionnaires. A custom-designed online version of the 
42-item Depression Anxiety Stress Scale (DASS; Lovibond & Lovi-
bond, 1993, 1995) was employed. This scale has good reliability and 
validity; effectively distinguishes between depression and anxiety 
(Antony, Bieling, Cox, Enns, & Swinson, 1998; Brown, Chorpita, 
& Barlow, 1998; Crawford & Henry, 2003), and is particularly ap-
propriate for Internet use because it is a free-access questionnaire. 
The DASS required respondents to indicate the applicability of each 
statement “over the past week,” using a 4-point scale. All three sub-
scales were employed, DASS-A (anxiety), DASS-D (depression) 
and DASS-S (stress). A custom-designed electronic GAD diagnostic 
questionnaire was derived from the DSM-IV diagnostic criteria, with 
the controlling software operating as a decision tree, presenting sub-
sequent questions on the basis of answers to preceding questions.
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Online attentional probe task configuration. The online at-
tentional probe task was configured to deliver 96 trials, each ex-
posing a stimulus word pair for 500 msec, and with trials separated 
by a 1,000-msec intertrial interval. Across these trials threat word 
position (upper vs. lower screen position), probe position (upper vs. 
lower screen position) and probe type (“ ” vs. “ ”) were balanced 
such that after every eight participants, each word pair had been 
presented once under each unique experimental condition. Order of 
trial presentation was randomized for each participant.

Procedure. Participants accessing the Web site were directed to a 
page containing information about the experiment and a consent form. 
If they agreed to participate they were instructed to set their computer 
monitors to 800  600 resolution, and to complete the experiment 
alone in a quiet area, allowing 20 min without pausing for the comple-
tion of all aspects of the experiment. Participants then were given the 
online DASS questionnaires followed by the GAD symptom ques-
tionnaire, before being provided with directions concerning the probe 
task. They were presented with a frame by frame demonstration of a 
trial, and instructed to indicate whether a “ ” or “ ” probe was pre-
sented by pressing either the “ ” or the “ ”arrow key, respectively, 
responding as quickly but as accurately as possible. They were told to 
place their fingers on the two response keys and to press either key to 
begin. Following completion of the task, participants were thanked for 
their participation, and provided with debriefing information.

Results
Preliminary analysis of the data, which were e-mailed 

automatically to the researcher, revealed that mean probe 
discrimination accuracy was 97.1%. The groups differed 
as expected on DASS-A, but also differed on DASS-S and 
DASS-D (see Table 1).

For the attentional probe task, the dependent measure 
was the response latency timed from the appearance of each 
probe until detection of the associated response. A threat 
bias index (TBI) was computed for each participant, by sub-
tracting median response time to probes presented in the vi-
cinity of threat words from median response time to probes 
presented in the vicinity of nonthreat words, using a similar 
procedure adopted in previous research (cf. MacLeod & 
Mathews, 1988). A positive TBI indicates attentional vig-
ilance for threat, and a negative TBI indicates attentional 
avoidance of threat. A one-way ANOVA was conducted on 
these TBI scores, with Anxiety Group (GAD vs. Controls) as 
the between groups factor. There was a significant main ef-
fect of Anxiety Group [F(1,57)  10.72, p  .01], reflecting 
the fact that, as expected, the GAD participants had a posi-
tive TBI score (M  23.77, SD  39.45) consistent with 
attentional vigilance for threat, that differed from the control 
participants’ negative TBI score (M  6.14, SD  30.65), 
itself consistent with attentional avoidance of threat.

To determine the relative contribution of self-reported 
anxiety, depression, and stress to the pattern of observed 
effects, correlational analyses first were carried out. The 

results, shown in Table 2, revealed that TBI scores were 
positively correlated with scores on the DASS-A, the 
DASS-S, and the DASS-D. However only anxiety level, 
as measured by DASS-A scores, emerged from a stepwise 
regression analysis as a significant independent predictor 
of TBI [t(57)  2.91, p  .01].

Discussion
The main aim of Study 1 was to confirm that this 

 Internet-delivered attentional probe task is sensitive to the 
anxiety-linked attentional bias that previously has been 
found in GAD participants using laboratory based versions 
of the probe procedure (e.g., MacLeod et al., 1986; Brad-
ley et al., 1999). The online task did indeed reveal that the 
GAD participants showed attentional vigilance for threat, 
while nonanxious controls showed attentional avoidance of 
threat. The role of self-reported anxiety in mediating this 
effect, as opposed to depression or stress, was supported 
by the results of regression analysis. Thus, the study has 
established the sensitivity of our Internet-delivered probe 
assessment task to reveal the pattern of selective attention 
known to discriminate GAD and control participants.

STUDY 2 
Validation of Capacity to 

Manipulate Attentional Bias Online

Having established that our online probe task can effec-
tively assess threat attentional bias, the aim of this second 
study was to confirm the capacity of a differently con-
figured version of this Internet-delivered task to modify 
attentional response to threat. The reconfigured task vari-
ant used in the current study to achieve this training goal 
was similar to that employed by MacLeod et al. (2002) 
within the laboratory setting. This involved building a 
contingency into the standard attentional probe assess-
ment task, designed to encourage participants to selec-
tively orient attention toward or away from emotionally 
threatening stimuli. One group of participants was ex-
posed to a contingency designed to encourage develop-
ment of an attentional bias toward threat, which involved 
the consistent presentation of the probe on each trial to the 
spatial location occupied by the threat member of the pre-
ceding word pair. For a second group of participants this 
contingency was reversed to yield a training contingency 
designed to encourage development of an attentional bias 
away from threat, by having the probe consistently appear 
in the spatial location occupied by the nonthreat member 
of the preceding word pair. Following an extended period 

Table 1 
Mean Scores on DASS in Study 1

Clinically 
Anxious

Nonanxious 
Controls

  M  SD  M  SD  F(1,57) p <

DASS-A 19.33 10.14 3.63 4.88 63.10 .001
DASS-S 28.08 11.06 7.97 7.36 70.52 .001
DASS-D  23.04  12.60  6.77  9.83  30.97  .001

Table 2 
Correlations Between DASS-A, DASS-D, 

DASS-S, and TBI in Study 1

  DASS-A  DASS-D  DASS-S  TBI

DASS-A – .75** .87** .36**

DASS-D – .87** .32*

DASS-S – .34**

TBI –

*p < .05 (two-tailed). **p < .01 (two-tailed).
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of such training trials, attentional assessment trials were 
given, which always employed novel stimulus words. 
Within these assessment trials the contingency between 
the word valence and the probe location was removed, so 
that probes appeared equally often in the locations of ei-
ther emotional class of stimulus words for both groups of 
participants. These assessment trials served to reveal the 
efficacy of the attentional training procedure. Specifically, 
if such training was effective then on these assessment tri-
als the group exposed to the contingency designed to train 
attentional avoidance of threat should display a relative 
slowing to discriminate probes in the vicinity of threat 
rather than neutral words, compared to the group exposed 
to the reverse attentional training contingency.

As in MacLeod et al.’s (2002) laboratory based train-
ing study, the current study administered the attentional 
training task to a sample of first year psychology students. 
However, in contrast to the original study, these partici-
pants were recruited across the Internet, and completed the 
training procedure remotely using our online attentional 
probe task. Confirmation of the predicted effects will in-
dicate that this Internet-delivered attentional training pro-
cedure can achieve, via remote delivery, the manipulation 
of attentional response to threat previously observed only 
within the experimental laboratory setting.

Method
Participants. Participants were first year psychology students 

recruited electronically from universities in English-speaking coun-
tries. As in Study 1, any volunteer who displayed a level of probe dis-
crimination accuracy below 90% was excluded, and the final sample 
comprised 62 participants. Participants were randomly assigned, 
without their knowledge, to either of the two training conditions, re-
sulting in 36 participants being allocated to the Avoid Threat condi-
tion, and 26 being allocated to the Attend Threat training condition.

Stimulus words. Stimuli were the same 96 word pairs employed 
in Study 1. These word pairs were divided into four subsets which 
were randomly rotated across participants, to create a 48-word pair 
training set and a 48-word pair assessment set for each participant.

Online attentional probe task configuration. The structure of 
each trial matched that described for Study 1. However, the present 
task incorporated both training and assessment trials. Therefore, it 
was substantially longer than the task used in Study 1, but included 
only half the number of assessment trials. Specifically, 288 atten-
tional training trials were delivered first, in six blocks of 48 trials, 
with all items in the training word set being presented once within 
each block. During these training trials, for one group of partici-
pants (Avoid Threat Training Group) the probe always appeared in 
the vicinity of the nonthreat word member, while for the second 
group (Attend Threat Training Group) the probe always appeared 
in the vicinity of the threat word member. Participants then were 
given 48 attentional assessment trials, which followed the training 
trials seamlessly, but with the contingency between probe location 
and word valence now removed, so that the probes appeared equally 
often in the vicinities of the threat and nonthreat words. Stimulus 
presentation order within each of the six training blocks and within 
the assessment block was randomized for each participant.

Procedure. Instructions were equivalent to those delivered in 
Study 1, and participants completed the 336 trials (288 training and 
48 assessment) without a break.

Results
Preliminary analyses of the data, which again were 

e-mailed automatically to the researcher, revealed that the 

mean probe discrimination accuracy score was 97.7%. The 
dependent measure of central interest was the response 
latency to probes presented on attentional assessment tri-
als. As before, a threat bias index (TBI) was computed 
to express the degree to which median response times 
for probes presented in the vicinity of threat words were 
speeded relative to those for probes presented in the vicin-
ity of nonthreat words. Once more, therefore, a positive 
TBI indicated attentional vigilance for threat, and a nega-
tive TBI indicated attentional avoidance of threat. A one-
way ANOVA was conducted on these index scores, with 
Training Group (Avoid Threat vs. Attend Threat) as the 
between groups factor. There was a significant main effect 
of Training Group [F(1,60)  5.06, p  .05], reflecting 
the fact that, as predicted, the Avoid Threat participants ob-
tained a negative TBI score (M 34.46, SD  101.65) 
consistent with the attentional avoidance of threat, while 
the Attend Threat participants instead obtained a positive 
TBI score (M 13.10, SD  41.75), consistent with at-
tentional vigilance for such negative stimuli.

Discussion
The aim of this second study was to confirm that atten-

tional training, delivered online using an appropriate con-
figuration of our attentional probe software package, can 
remotely manipulate patterns of attentional response to 
threat. Participants given training designed to encourage 
the development of an attentional bias away from threat 
did indeed show, on novel stimuli, a pattern of probe de-
tection latencies consistent with the acquisition of such 
attentional avoidance, that differed as predicted from the 
pattern displayed by participants given the reverse direc-
tion of attentional training. These findings replicate the 
results obtained by MacLeod et al. (2002), using the origi-
nal laboratory-based version of this attentional training 
procedure.

GENERAL DISCUSSION

The purpose of this research program was to develop a 
fully customisable software package capable of delivering 
online versions of the attentional probe task across the 
Internet, that can serve both to assess and to modify atten-
tional responses to threat stimuli. Such a software package 
now has been produced, and the results of our two studies 
confirm that Internet-delivered task variants yielded by 
this package are indeed capable of fulfilling both goals. 
In Study 1, GAD participants who completed an assess-
ment version of the attentional probe task remotely, across 
the Internet, were found to display speeded discrimination 
latencies for probes in the vicinity of threat, consistent 
with the orientation of attention toward such stimuli. This 
pattern of attentional avoidance differed reliably from the 
pattern shown by nonanxious control participants, who in-
stead were disproportionately slow to discriminate probes 
in the vicinity of threat stimuli, consistent with attentional 
avoidance of such information. In Study 2, volunteers ex-
posed remotely to a training version of this Internet deliv-
ered attentional probe task, designed to induce attentional 
avoidance of threat, were indeed found to display slowing 
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to discriminate probes in the vicinity of threat, consistent 
with the acquisition of such a bias. This differed reliably 
from the pattern shown by those participants exposed to 
the reverse training contingency, who instead displayed 
speeding to discriminate such probes, consistent with the 
acquisition of attentional vigilance for threat.

Setting aside the method of task delivery, neither of these 
findings can be considered new. As already has been noted, 
the capacity of laboratory-based versions of the probe task 
to reveal attentional vigilance for threat in anxious popula-
tions is well established (cf. Mathews & MacLeod, 2005), 
and more recently it also has been demonstrated that train-
ing variants of such laboratory based procedures can serve 
to modify attentional responses to threat (cf. Mathews, 
2004). However, this is the first time that such effects have 
been obtained using a procedure that permits the remote 
delivery of these attentional probe tasks, and indeed these 
present findings appear particularly robust, despite this In-
ternet delivery format. For example, the statistically reli-
able difference in attentional selectivity between the GAD 
patients and the controls was observed, in the present task 
variant, using only 96 assessment trials, while the training 
effect was achieved after only 288 training trials, and was 
detected using only 48 assessment trials. Such sensitivity 
compares well against laboratory-based versions of the at-
tentional probe task, where twice as many trials commonly 
have been employed to yield similar effects.

In keeping with the views of other researchers who have 
adapted quite different types of psychological procedures 
for use on the Internet (e.g., Devineni & Blanchard, 2005; 
Luce et al., 2005), we believe that such a form of delivery 
affords significant practical advantages. The dividends are 
likely to be especially great in the case of the attentional 
probe methodology, given the new avenues of research 
into the therapeutic impact of attentional retraining vari-
ants of this procedure that recently have been opened by 
promising laboratory based studies (Amir et al., 2002; 
Mathews & MacLeod, 2002; Vasey et al., 2002). It seems 
reasonable to anticipate that research progress will be en-
hanced by rendering such attentional modification proce-
dures more readily accessible to geographically dispersed 
clients within their home environments.

To make possible such research progress, we have pro-
duced a comprehensive user guide for this fully customiz-
able attentional probe software package, and have made 
the software and guide available at the following address: 
www.psy.uwa.edu.au/cogemo/AttProbe1.html. Research-
ers can freely download this package, install it on their 
own servers, and configure it to deliver any combination of 
questionnaires, training trials, and assessment trials. They 
can employ their own choice of stimulus materials, and 
can specify whatever e-mail address they wish the result-
ing data to be transmitted to when the task is accessed and 
completed across the Internet. We very much hope that this 
package will enable a wider range of clinical researchers 
to investigate the role of threat attentional bias in mediat-
ing and modifying anxiety symptoms across a wider range 
of clinical patients. We also expect that the resource may 
facilitate many forms of constructive collaboration, par-
ticularly those involving productive associations between 

researchers and practitioners, which hold such promise of 
enabling both theoretical and applied advances to be made 
within this burgeoning area of investigation. 
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