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Abstract
Cognitive theories of anxiety disorders and depression posit that attentional biases play a role in the development, maintenance,
and recurrence of these disorders. Several paradigms have been used to examine attentional biases in anxiety and depression, but
information on the reliability of different attentional bias indices is limited. In this study we examined the internal consistency and
6-month test–retest reliability of attentional bias indices derived from a free-viewing eye-tracking paradigm. Participants com-
pleted two versions of an eye-tracking task—one that used naturalistic images as stimuli, and one that used face images. In both
tasks, participants viewed displays of four images, each display consisting of one threat image, one sad image, one positive/happy
image, and one neutral image. The internal consistency of the fixation indices (dwell time and number of fixations) for threat, sad,
and positive images over the full 8-s display was moderate to excellent. When the 8-s display was divided into 2-s intervals, the
dwell times for the 0- to 2-s and 2- to 4-s intervals showed lower reliability, particularly for the face images. The attentional bias
indices for the naturalistic images showed adequate to good stability over the test–retest period, whereas the test–retest reliability
estimates for the face images were in the low to moderate range. The implications of these results for attentional bias research are
discussed.
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Researchers studying selective attention in psychopathology
have documented biases in the allocation of attention to emo-
tional information. Most commonly, attentional biases have
been studied in the context of anxiety disorders and depres-
sion. Many studies have shown that anxious individuals ex-
hibit preferential orienting to, and facilitated detection of,
threatening stimuli (Armstrong & Olatunji, 2012; Bar-Haim,
Lamy, Pergamin, Bakermans-Kranenburg, & van IJzendoorn,
2007). In contrast, for depressed individuals, attentional biases
typically manifest when emotional stimuli are attended to over
longer intervals (Armstrong & Olatunji, 2012; Yiend, 2010).
Depression-associated attentional biases are characterized by
increased attention to dysphoric stimuli (e.g., depression-
related words and images related to sadness) and decreased
attention to positive stimuli (e.g., positively valenced words
and images; Armstrong & Olatunji, 2012; Peckham,

McHugh, & Otto, 2010). According to cognitive models of
anxiety and depression, attentional biases are stable, trait-like
characteristics that contribute to the development, mainte-
nance, and recurrence of these disorders (Beck & Clark,
1997; Gotlib & Joormann, 2010).

Studies of attentional biases in anxiety and depression have
primarily relied on response time tasks to examine attention.
These include the dot-probe task (e.g., Bradley, Mogg, White,
Groom, & De Bono, 1999; Joormann & Gotlib, 2007; see
Bar-Haim et al., 2007, and Peckham et al., 2010, for reviews),
the emotional Stroop task (see Epp, Dobson, Dozois, &
Frewen, 2012, and Williams, Mathews, & MacLeod, 1996,
for reviews), the dichotic listening task (e.g., Ingram,
Steidtmann, & Bistricky, 2008; Mathews & MacLeod,
1986), visual search tasks (e.g., Rinck, Becker, Kellermann,
& Roth, 2003; Wenzlaff, Rude, Taylor, Stultz, & Sweatt,
2001), and the deployment-of-attention task (e.g., McCabe,
Gotlib, & Martin, 2000). A great deal has been learned about
attentional biases using response time tasks, but they have
several important limitations. For one, these tasks do not pro-
vide direct measures of attention, but rather infer where the
focus of attention is at a single moment in time on the basis of
response latencies to stimuli. In most dot-probe tasks, for
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example, the probe is presented 500–1,000 ms following the
presentation of a pair of words or images, with faster
responding to probed stimuli being interpreted as reflecting
the spatial focus of attention at the time of the probe presen-
tation. The design of many of these tasks precludes the possi-
bility of measuring prolonged engagement with stimuli or
changes in attention over time, given their reliance on speeded
responses to stimuli measured at a specific point in time.

Another limitation is that the psychometric properties of
response time measures of attentional biases have rarely been
evaluated or reported. Only recently have researchers consid-
ered this issue, and as we discuss below, several studies have
found that attentional bias scores based on commonly used
tasks have poor reliability (Schmukle, 2005; Staugaard,
2009; Waechter, Nelson, Wright, Hyatt, & Oakman, 2014;
Waechter & Stolz, 2015). Reliability refers to the consistency
of a measure across time, raters, methods, or items comprising
the measure (e.g., Crocker & Algina, 1986). According to
classical test theory, reliability is the proportion of total vari-
ance in a measure that is due to true score variance (i.e., var-
iability in the construct of interest), as opposed to measure-
ment error (Lord & Novick, 1968).

Two commonly reported types of reliability are internal
consistency and test–retest reliability. Internal consistency is
the interrelatedness of items of the test or measure. It is typi-
cally estimated using Cronbach’s alpha, which varies as a
function of the number of items in a test, the average covari-
ance between items, and the total variance (Cronbach, 1951).
For behavioral measures such as attentional bias tasks, the
Bitems^ are the individual trials of the task. Another common
measure of internal consistency is split-half reliability, which
involves splitting the items into two halves and then comput-
ing the correlation between the item halves (Cronbach, 1946).
Test–retest reliability is the stability of a measure over time. It
is estimated by correlating scores from the same measure ad-
ministered at different time points. Test–retest reliability is
relevant to the trait versus state nature of a construct: If a test
measures a trait-like variable, then the scores on the test at
different time points should correlate highly and instability
would reflect measurement error; if a test measures a state-
like variable, then the correlation between scores on the test at
different time points will be limited by the extent to which the
construct is expected to vary over time. Instability may, there-
fore, reflect real changes in the construct of interest and/or
measurement error.

Reliability of measurement is essential for attentional bias
research, since reliability is a precondition for validity, defined
as the degree to which a test measures what it purports to
measure (Kelley, 1927). Although no tests are free of mea-
surement error, the tests used in psychological research must
demonstrate some minimum level of reliability in order to
justify their use. Generally accepted guidelines suggest that
reliability is excellent if values are ≥ .90, good if values are

≥ .80, moderate if values are ≥ .70, questionable if values are ≥
.60, and poor/inadequate if values are < .60. These guidelines
usually refer to the internal consistency (i.e., Cronbach’s al-
pha) of psychological tests and self-report questionnaires. As
was noted by Waechter et al. (2014), there are no established
guidelines for the reliability of behavioral paradigms such as
attentional bias tasks, and thus it is unclear what standards
should be used to judge the minimum acceptable value for
their reliability. Similarly, standards for test–retest reliability,
even for psychological tests and questionnaires, are unclear.
Although some researchers have proposed a minimum accept-
able value of ≥ .70, test–retest reliability depends on the time
elapsed between test and retest and the construct being mea-
sured, among other factors. The magnitude of the correlation
between two administrations of the same measure would be
expected to decrease as the time between administrations in-
creases, due to factors that may be related or unrelated to the
construct of interest (Allen & Yen, 1979). Thus, the test–retest
reliability of a measure must be interpreted with these consid-
erations in mind.

Evaluations of the reliability of attentional
bias measures

As we noted above, there have been only a few attempts to
estimate the reliability of attentional bias measures. Schmukle
(2005) evaluated the reliability of attentional bias scores based
on the dot-probe task in an unselected undergraduate student
sample. Two versions of the dot-probe task were used—one
that used threat-related and neutral word pairs as stimuli, and
one that used threat-related and neutral image pairs as stimuli.
Schmukle reported very low estimates of both internal consis-
tency (− .16 to .28) and 1-week test–retest reliability (− .22 to
.32) for the attentional bias scores for both versions of the dot-
probe task. Staugaard (2009) reported similarly low estimates
of internal consistency (− .58 to .37) and test–retest reliability
over 1 to 2 weeks (− .24 to .26) for attentional bias scores for a
version of the dot-probe task that used emotional (angry or
happy) and neutral face image pairs as stimuli. Waechter et al.
(2014) examined the internal consistency of attentional bias
scores for a dot-probe task using angry, disgusted, and happy
face images paired with neutral face images, in a sample of
university students who were high or low in social anxiety.
They reported reliability estimates that ranged from − .16 to
.30 for the various bias indices. Waechter and Stolz (2015)
assessed the internal consistency of the dot-probe task using
angry and happy face images paired with neutral face images.
Their sample comprised high and low trait-anxious under-
graduate students. On the basis of their analyses, they con-
cluded that the reliability estimates for the bias scores for
angry and happy faces were unacceptably low (.04 to .42).
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Psychometric evaluations of attentional bias scores from
response time tasks other than the dot-probe task are also rare
in the literature. A few studies have examined the test–retest
reliability of the emotional Stroop task (e.g., Eide, Kemp,
Silberstein, Nathan, & Stough, 2002; Strauss, Allen,
Jorgensen, & Cramer, 2005). Eide et al. examined the 1-
week test–retest reliability of attentional bias scores from
the emotional Stroop task in a nonclinical sample. They re-
ported low reliability for attentional bias scores for both
depression-related (.24) and positive (− .11) words.
Similarly, Strauss et al. reported poor 1-week test–retest re-
liability (− .27 to .23) of attentional bias scores for happy,
sad, angry, and anxiety-related words in a nonclinical under-
graduate student sample. Taken together, although only a
small number of psychometric evaluations are present in
the literature, the evidence suggests that attentional bias
scores derived from response time tasks have very low
reliability.

An alternative methodology to measure attentional biases
to words and images is eye-gaze tracking. Several researchers
have used eye-gaze tracking to measure attention to emotional
images and words in anxious individuals (e.g., Nelson,
Purdon, Quigley, Carriere, & Smilek, 2015; Quigley,
Nelson, Carriere, Smilek, & Purdon, 2012; Schofield,
Johnson, Inhoff, & Coles, 2012) and in depressed and dys-
phoric individuals (e.g., Arndt, Newman, & Sears, 2014;
Duque & Vázquez, 2015; Eizenman et al. 2003; Kellough,
Beevers, Ellis, & Wells, 2008; Leyman, De Raedt, Vaeyens,
& Philippaerts, 2011; Newman & Sears, 2015; Sears,
Newman, Ference, & Thomas, 2011; Sears, Thomas,
LeHuquet, & Johnson, 2010; Soltani et al., 2015). Many of
these studies have used a free-viewing paradigm that involves
tracking and recording participants’ eye movements as they
view displays of images of different emotional valence. A
meta-analysis of these studies found evidence of an orienting
bias toward threatening stimuli in anxious relative to
nonanxious individuals, as well as increased attention to neg-
ative stimuli and decreased attention to positive stimuli in
depressed relative to nondepressed individuals (Armstrong
& Olatunji, 2012). The major advantage of eye tracking is that
it provides a direct measure of the allocation of attention, by
recording fixations to stimuli as they are examined, since the
direction of gaze and the focus of attention are tightly coupled
(Wright & Ward, 2008). The continuous nature of eye-
tracking data allows for the measurement of changes in atten-
tion to stimuli over time, as opposed to the single Bsnapshot^
of attention captured in response time tasks. An additional
advantage is that, because manual responses are not required,
potential differences in response speed due to aging and other
individual differences are eliminated.

A few studies have focused on the reliability of attentional
bias indices measured using eye-tracking tasks (Lazarov,
Abend, & Bar-Haim, 2016; Skinner et al., 2018; Waechter

et al., 2014). Waechter et al. reported the internal consistency
of attentional bias indices in high and low socially anxious
undergraduate students. Their participants viewed pairs of im-
ages consisting of one emotional face (displaying an expres-
sion of happiness, anger, or disgust) paired with a neutral face.
The pairs of images were presented vertically for 5,000 ms.
Waechter et al. used the proportion of viewing time tomeasure
attentional bias, which reflects the proportion of time spent
attending to a particular image type relative to the other image
in the display. Waechter et al. reported Cronbach’s alpha esti-
mates of .94 to .96 for the proportions of viewing time for the
different image types, indicating excellent reliability of this
measure.

Interestingly, when Waechter et al. (2014) divided the data
from the 5,000-ms presentation into 1,000-ms intervals, they
found that the reliability estimates for proportion of viewing
time were low (negative, in fact) for the 0- to 1,000-ms inter-
val, but increased for the subsequent 1,000-ms intervals. More
specifically, for the 0- to 1,000-ms interval, Cronbach’s alpha
estimates ranged from − .72 to − .48. Reliability estimates
increased to moderate levels for the 1,001- to 2,000-ms inter-
val (.47 to .60). For each 1,000-ms interval between 2,001 and
5,000 ms, the reliability estimates for the proportion of view-
ing time ranged from .58 to .69 for the different face image
types. These results suggest that attentional bias indices mea-
sured in eye-tracking tasks have excellent reliability overall
when indices are averaged over time, but their reliability
varies substantially over the presentation time of the display,
with indices based on early time intervals showing poor reli-
ability. Waechter et al. attributed the poor reliability of the
attentional bias indices for the first few intervals to an artifact
that they had observed in their study—namely, the tendency
of participants to look at the top image of the two-image dis-
plays first, regardless of its emotional valence (a Blook up^
bias). Previous eye-tracking research using two-image hori-
zontal displays has similarly revealed a stable Blook left^ bias,
such that participants tend to fixate first on the left image
(Nelson, Quigley, Carriere, Purdon, & Smilek, 2010).

Lazarov et al. (2016) evaluated the internal consistency and
1-week test–retest reliability of viewing times on threat and
neutral stimuli in participants diagnosed with social anxiety
disorder, as well as in high and low socially anxious under-
graduate students. Participants’ eye movements were tracked
as they viewed 6,000-ms displays of 16 face images (4 × 4
matrices), consisting of equal numbers of disgust and neutral
emotional expressions. Cronbach’s alpha estimates for the to-
tal viewing times on threat faces and the total viewing times
on neutral faces were high, both at Time 1 (.95 and .95, re-
spectively) and at Time 2, 1 week later (.89 and .92, respec-
tively). One-week test–retest reliability was moderate for both
total viewing time on the threat faces (r = .68) and total view-
ing time on the neutral faces (r = .62). Lazarov et al. did not
evaluate the internal consistency of the viewing time indices
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across the display period (i.e., by dividing the presentation
time into shorter intervals). They did, however, report test–
retest reliabilities for first-fixation indices (i.e., latency to first
fixation, first-fixation location, and first-fixation dwell time),
which were all nonsignificant (rs = .06, .26, and .08, respec-
tively). Thus, despite the more visually complex display (16
images) used by Lazarov et al., early attentional bias indices
showed low reliability, similar to the results reported by
Waechter et al. (2014).

Most recently, Skinner et al. (2018) examined the reliabil-
ity of attentional bias indices to general, affective, and sen-
sory threat words in an unselected sample of undergraduate
students. Participants viewed pairs of threat and neutral
words, presented on the left and right of a display. Each pair
of words was presented for 4,000 ms while participants’ eye
movements were tracked and recorded. Participants complet-
ed a retest of the eye-tracking task in the same session after a
30-min break. Skinner et al. reported the test–retest reliabil-
ity (measured by the intraclass correlation coefficient; ICC),
measurement error (measured by the standard error of mea-
surement), and internal consistency (measured by
Cronbach’s alpha) of several attentional bias indices,
reflecting overall attention, early attention, and late attention.
Test–retest reliability estimates varied across the different
attentional bias indices and categories of threat words. The
ICCs were moderate for overall viewing time on general and
affective threat words during the 4,000-ms viewing period
(.71 and .61, respectively), whereas the viewing times on
sensory threat words showed lower reliability (ICC = .20).
Low test–retest reliability was observed for attentional bias
indices based on intervals of shorter duration and early time
intervals (e.g., the ICCs ranged from − .31 to .12 for overall
viewing time during the first 500 ms for the different cate-
gories of threat words). Measurement error was relatively
low across the attentional bias indices, indicating consisten-
cy across the test and retest sessions. Skinner et al. therefore
suggested that the low test–retest reliability observed for
several of the attentional bias indices reflected low variance
between participants for these indices, rather than high mea-
surement error. Cronbach’s alpha values were generally high
across the attentional bias indices, including those reflecting
early attention. In contrast to the results of Waechter et al.
(2014), Skinner et al. reported high internal consistency for
viewing times on threat words during the first 500 ms of the
viewing period (Cronbach’s alphas ranged from .98 to .99).
The lowest Cronbach’s alpha values were observed for first-
fixation duration on threat words, but even these were mod-
erate (.57 to .70). It is unclear why early attentional bias
indices would show low internal consistency for Waechter
et al. and Lazarov et al. (2016), yet moderate to high internal
consistency in Skinner et al.’s study. Differences in the task
stimuli (words vs. face images) and methodologies are likely
contributors to these inconsistent results.

The present study

Although the studies reviewed above provide important infor-
mation about the reliability of attentional bias indices derived
from eye-tracking tasks, there are significant gaps in the
existing literature. For one, there are no published data on
the stability of eye-tracking indices over extended test–retest
intervals. Recall that Skinner et al. (2018) examined test–retest
reliability within a single testing session, and Lazarov et al.
(2016) examined 1-week test–retest reliability. If attentional
biases reflect a stable, trait-like phenomenon, then attentional
bias indices should have adequate test–retest reliability over
longer test–retest intervals. In the present study we evaluated
the 6-month test–retest reliability of attentional bias indices
obtained from a free-viewing eye-tracking task. Another novel
feature of our study was that we examined the internal consis-
tency and test–retest reliability of attentional bias indices for
both faces images and naturalistic images. Most of the previ-
ous studies have used either face images (Lazarov et al., 2016;
Waechter et al., 2014) or words (Skinner et al., 2018), and no
study has compared the reliability of attentional biases for face
images and naturalistic images within the same sample of
participants. The two previous studies that used face images
(Lazarov et al., 2016; Waechter et al., 2014) used samples
selected to include either individuals scoring high or low on
measures of social anxiety or individuals with social anxiety
disorder, whereas in our study participants were not selected
on the basis of their social anxiety. Our study also differed
from previous studies by using displays of four images instead
of the two-image or two-word displays used in previous re-
search (with the exception of Lazarov et al., 2016, who used
displays of 16 face images). Displays of four images are more
complex and create more competition between stimuli for
attention than do two-image displays, which likely creates a
more natural viewing situation. We also used two different
eye-tracking measures to measure attentional bias (dwell time
and number of fixations), which allowed us to compare their
reliability and increased the usefulness of our findings for
other investigators. Together, these design features allow our
study to contribute significantly to the small existing literature
on the reliability of attentional bias indices derived from eye-
tracking tasks.

Method

Participants

The final sample consisted of 85 women with a mean age of
26.31 years (SD = 10.84; range from 18 to 63); two partici-
pants in the original sample were excluded due to poor cali-
bration that led to significant missing data (> 25%). The par-
ticipants consisted of community members (38 participants,
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45% of the total sample) and university students (47 partici-
pants, 55% of the total sample). Recruitment was carried out
using an online research participation system and by placing
posters on campus and in the community. Participants were
recruited as part of a longitudinal study examining predictors
of depression relapse. For the purpose of the longitudinal
study, participants were classified as currently depressed, pre-
viously depressed, or never depressed during their first lab
visit. The sample for the present study consisted of 60 partic-
ipants classified as previously depressed (71% of the total
sample) and 25 participants classified as never depressed par-
ticipants (29% of the total sample).1 We selected participants
who were asymptomatic throughout the duration of the study
(i.e., who reported minimal symptoms of depression at the
first and second laboratory visits, as assessed by the measures
described below), to minimize potential mood state effects on
attentional biases. In exchange for taking part in the study, for
each laboratory visit participants received either bonus credit
in a psychology course (1% of their final grade) or a $25
(CAN) gift card.

Measures

Table 1 lists descriptive statistics for the measures adminis-
tered during the first and second laboratory visits. Participants
completed the Beck Depression Inventory (BDI-II; Beck,
Steer, & Brown, 1996), a 21-item self-report measure that is
used to assess depression symptom severity over the previous
2 weeks. Each item is rated from 0 to 3, with a total possible
score of 63. Higher scores indicate more symptoms of depres-
sion. BDI scores greater than 20 are generally interpreted as
reflecting higher than average depression symptoms, whereas
scores less than 12 correspond to minimal depression symp-
toms (Dozois, Dobson, & Ahnberg, 1998). Participants also
completed the Patient Health Questionnaire-9 (PHQ-9;
Spitzer, Kroenke, Williams, & the Patient Health
Questionnaire Primary Care Study Group, 1999), a nine-
item depression scale based on the diagnostic criteria for ma-
jor depressive disorder, as described in the Diagnostic and
Statistical Manual, 5th edition (DSM-5; American
Psychiatric Association, 2013). As can be seen in Table 1,
mean BDI-II and PHQ scores for the sample were very low,
reflecting minimal symptoms of depression.

Participants’ mood state was measured using an 11-point
mood rating scale. The scale consists of a horizontal line with
endpoints ranging from – 5 (labeled very negative) to + 5
(labeled very positive), with a midpoint of 0 (labeled neutral).
Participants chose one of the 11 points on the scale to repre-
sent their current mood. The 11-point rating scale has been
used successfully in several studies (e.g., Newman & Sears,
2015; Frayn, Sears, & von Ranson, 2016; Speirs, Belchev,
Fernandez, Korol, & Sears, 2018).

Stimuli for eye tracking

The naturalistic stimuli consisted of 256 color images, divided
equally among four categories: sad, threat, positive, and neu-
tral. The majority of images were collected from the Internet,
and the remainder from the International Affective Picture
System database (Lang, Bradley, & Cuthbert, 1997). These
were the same set of images used by Newman and Sears
(2015). The sad images included scenes of people appearing
sad and unhappy, neglected animals, scenes of poverty and
illness, and gloomy landscapes. The threat images included
themes of threat and injury, such as people being threatened
with weapons, people with physical injuries (e.g., a burn on an
arm), dangerous situations (e.g., a person walking along a
cliff), vehicle accidents, and menacing animals. The positive
images showed people smiling and laughing, children
playing, rabbits and kittens, and vacation activities and desti-
nations (e.g., a beach at a tropical resort). The neutral images
were selected to include people in various activities and to
have no obvious positive or negative theme (e.g., a woman
talking on the telephone; a group of people having a meeting).
They also included pictures of objects (e.g., a bicycle, a com-
puter) and a variety of landscapes (e.g., office buildings). Care
was taken to ensure that there were no systematic differences
between the image categories (e.g., more landscapes in the
neutral category than in the other categories, or more people
in the sad than in the positive category).

The images were categorized by a separate group of under-
graduate students (N = 107) prior to the study; for each image
they were asked to choose one of four categories that best

1 The primary internal consistency and test–retest reliability analyses were
conducted separately for participants classified as previously depressed or as
never depressed, to explore whether this classification influenced the results.
No systematic differences between the samples were observed. The same
comparisons between the student and community samples revealed minor
differences for threat images and threat faces (for threat images, reliability
was higher for the student sample; for threat faces, reliability was higher for
the community sample). The results are reported for the full sample, given the
lack of consistent substantive differences. Additional research with larger sam-
ples may be warranted, however, especially for researchers interested in po-
tential differences between student and community samples.

Table 1 Descriptive statistics for the measures administered during the
first (Time 1) and second (Time 2) laboratory visits

Time 1 Time 2 t Statistic p

BDI-II 3.7 (3.4) 3.2 (3.2) 1.22 .22

PHQ 2.0 (2.1) 2.1 (2.6) 0.59 .55

BAI 6.1 (6.6) 6.4 (6.7) 0.45 .65

Mood rating 2.8 (1.4) 3.0 (1.2) 1.02 .30

BDI-II = Beck Depression Inventory. PHQ = Patient Health
Questionnaire. BAI = Beck Anxiety Inventory. Mood rating = current
mood rating from – 5 (very negative) to + 5 (very positive). Standard
deviations are in parentheses
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described each image: (1) positive/happy, (2) sad/depressing/
gloomy, (3) threatening/dangerous/fearful, or (4) neutral/no
emotion. They were also asked to provide a valence rating
using an 11-point scale, with – 5 representing very negative
and + 5 representing very positive, with a midpoint of zero
representing neutral. An image was chosen for use in the
study only if at least 85% of the raters agreed as to its category.
The mean valence ratings for the positive, sad, threat, and
neutral images were 2.63, – 2.53, – 2.88, and 0.12, respective-
ly. The mean valence ratings were significantly different from
one another (p < .001), with the exception of the difference
between the ratings for sad and threat images, t(118) = 1.26, p
= .21.

The face stimuli consisted of 120 face images taken from
the NimStim Database (Tottenham et al., 2009), which con-
sists of face images depicting a variety of expressions, created
for use in studies of face and emotion recognition. Four cate-
gories of faces were used, to correspond to the four types of
naturalistic images: sad, threat, happy, and neutral. These were
the same set of faces used by Soltani et al. (2015). The sad
faces depicted individuals frowning or looking upset. The
threat faces showed individuals that appeared either angry or
fearful (e.g., furrowed brows and snarlingmouths). The happy
faces consisted of individuals who were smiling and friendly-
looking. The neutral faces showed individuals with blank ex-
pressions (neither smiling nor frowning). There were equal
numbers of open and closed mouths for each face type.
Likewise, for each face type, equal numbers of male and fe-
male faces were presented (15 male and 15 female for each
type). Participants were shown displays of four faces during
data collection, each of a different actor with a different ex-
pression (sad, threat, happy, or neutral).

Apparatus

Eye movements were recorded using an EyeLink 1000 eye-
tracking system (SR Research Ltd., Ottawa, Ontario), which
uses infrared video-based tracking technology. The system
has a 1000-Hz sampling rate, a temporal resolution of 2 ms,
and an average gaze error of less than 0.5 degrees of visual
angle. Stimuli were shown on a 24-in. LED monitor posi-
tioned approximately 60 cm away from the participant.
Participants used a chin rest to minimize head movement
while they viewed the images, to maximize tracking accuracy.

Procedure

The study was approved by the university research ethics
board, and participants provided informed consent at the
beginning of their first laboratory visit. Participants attended
two laboratory visits, the second visit taking place approxi-
mately 6 months following the first (M = 28.49 weeks, SD =
8.26 weeks). The study procedure was the same for both

visits. Participants first completed a battery of question-
naires, including the measures described previously (BDI-
II, PHQ), as well as additional measures not relevant to the
present hypotheses. They rated their current mood using the
11-point mood scale. The eye-tracking system was then cal-
ibrated for the participant, a procedure that required approx-
imately 5 min. Following calibration, participants completed
the eye-tracking tasks. The procedure was the same for the
naturalistic image and face image versions of the task. For
each task, participants were shown 30 sets of four images,
with one sad image, one positive image, one threat image,
and one neutral image in each set. One image was placed in
each of the four corners of the display (top left, top right,
bottom left, bottom right). Images were randomly assigned
to the four corners of the display, and each image type was
equally likely to appear in each corner across all 30 trials.
Each set of images was presented for 8 s, and eye-tracking
data were collected continuously throughout this interval.
Each participant was shown a randomized sequence of 30
displays within each set. The order in which the naturalistic
image and face image sets were presented was randomly
determined across participants.

At the start of each presentation, participants were
instructed to fixate on a black dot in the center of the display,
to ensure proper gaze measurement and a central focus of
attention before the images were presented. Participants were
asked to look at the images as if they were watching a slide
show, and they were told that there was no right or wrong way
to view the images. Two displays of images were presented
prior to data collection, to familiarize participants with the
procedure and to confirm the accuracy of the calibration.
Viewing the two sets images (30 four-image displays of natu-
ralistic images and 30 four-image displays of faces) required
approximately 10 min. Different face and naturalistic images
were shown during the first and second laboratory visits, to
prevent familiarity with the images from affecting partici-
pants’ viewing behavior.

Results

Eye-tracking data preparation

The fixation data were processed using the EyeLink Data
Viewer analysis software (SR Research) to filter for blinks,
missing data, and other recording artifacts (using the default
settings). To be included in the analyses, a fixation had to be at
least 100 ms in duration; adjacent, sequential fixations that
lasted less than 100 ms were merged into a single fixation.
The first dependent variable was the total dwell time for each
image type (in milliseconds) during the 8-s presentation. The
total dwell time was computed for each image type on a trial-
by-trial basis by summing the individual fixation times to each
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image over the 8-s presentation duration and then averaging
over the 30 trials. The mean total dwell times for each of the
image types (naturalistic images and face images), for the first
and second laboratory visits, are listed in Table 2. The second
dependent variable was the total number of fixations to each
image type during the 8-s presentation. The total number of
fixations was computed for each image type on a trial-by-trial
basis by summing the individual fixations to each image over
the 8-s presentation and then averaging over the 30 trials. The
mean total numbers of fixations for each of the image types
(naturalistic images and face images), for the first and second
laboratory visits, are listed in Table 3.

Analysis of mean total dwell time

Table 2 shows the mean total dwell times for the naturalistic
and face images. These data were analyzed using repeated
measures analysis of variance (ANOVA) and t tests to deter-
mine whether the differences in total dwell times across image
types were consistent with the patterns observed in other eye-
tracking studies. Only the Time 1 data were analyzed, given
that they were collected under conditions directly comparable
to the data collected in previous studies. For the total dwell
time data from the naturalistic images, the ANOVA produced
an effect of image type (threat, sad, positive, neutral), F(3,
252) = 55.15, p < .001, ηp

2 = .39. Follow-up comparisons
using protected t tests showed that the total dwell times for
positive images (M = 2,083 ms) were significantly longer than
the total dwell times for threat images (M = 1,689 ms), sad
images (M = 1,761 ms), and neutral images (M = 1,000 ms):
t(84) = 3.39, p < .01; t(84) = 2.72, p < .01; and t(84) = 15.68, p
< .001, respectively. We observed no significant difference
between the total dwell times for threat and sad images,
t(84) = 1.58, p = .11. These differences mirror those observed
in the never depressed/control groups of previous studies, with
the longest total dwell times for positive images and minimal
differences between sad and threat images (e.g., Eizenman
et al. 2003; Kellough et al., 2008; Speirs et al., 2018).

For the total dwell time data from the face images, the
ANOVA produced an effect of image type (threat, sad, happy,
neutral), F(3, 252) = 34.37, p < .001, ηp

2 = .29. As expected,
follow-up comparisons showed that the total dwell times for
happy faces (M = 2,045 ms) were significantly longer than the
total dwell times for threat faces (M = 1,442 ms), sad faces (M
= 1,471 ms), and neutral faces (M = 1,529 ms): t(84) = 6.52, p
< .001; t(84) = 5.82, p < .001; and t(84) = 6.34, p < .001,
respectively. There was no significant difference between the
total dwell times for threat faces and sad faces, t(84) = 1.11, p =
.26. Again, this pattern of results is consistent with the differ-
ences in total dwell times to emotional face images observed
by other investigators in samples of never depressed/control
participants (e.g., Leyman et al., 2011; Soltani et al., 2015).

Internal consistency of the fixation data

Internal consistency was estimated using Cronbach’s alpha
and the Spearman–Brown split-half reliability coefficient. To
compute the alpha and split-half reliability coefficients, each
of the 30 trials of the naturalistic images and the 30 trials of the
face images was considered an item. For the split-half reliabil-
ity calculation, the two item halves comprised odd trials and
even trials. The internal consistency coefficients were calcu-
lated for total dwell time during the 8-s presentation duration
for the different image types (threat, sad, positive/happy, and
neutral) for the naturalistic and face image sets, separately.
Cronbach’s alpha and split-half reliability values for total
dwell times on the naturalistic images are presented in
Table 4. Cronbach’s alpha and split-half reliability values for
total dwell times on the face images are presented in Table 5.

As can be seen in Table 4, Cronbach’s alpha for total dwell
times for the naturalistic images at Times 1 and 2 ranged from

Table 2 Mean total dwell times for each image type for the first (Time
1) and second (Time 2) laboratory visits, and correlations between Time 1
and Time 2

Time 1 Time 2 r p

Naturalistic images

Threat images 1,689 (49.2) 1,858 (52.9) .62 <.001

Sad images 1,761 (51.2) 1,583 (49.8) .77 <.001

Positive images 2,083 (73.5) 2,075 (68.3) .80 <.001

Neutral images 1,000 (33.7) 992 (33.7) .61 <.001

Face images

Threat faces 1,442 (31.7) 1,465 (34.0) .47 <.001

Sad faces 1,471 (36.7) 1,389 (33.9) .57 <.001

Happy faces 2,045 (68.8) 2,093 (74.6) .48 <.001

Neutral faces 1,529 (23.2) 1,539 (30.1) .36 <.001

Standard errors are in parentheses

Table 3 Mean total numbers of fixations for each image type for the
first (Time 1) and second (Time 2) laboratory visits, and correlations
between Time 1 and Time 2

Time 1 Time 2 r p

Naturalistic images

Threat images 6.59 (0.18) 7.17 (0.20) .70 <.001

Sad images 7.26 (0.19) 6.55 (0.19) .78 <.001

Positive images 8.15 (0.22) 8.06 (0.21) .72 <.001

Neutral images 4.08 (0.12) 4.12 (0.13) .71 <.001

Face images

Threat faces 5.59 (0.14) 5.54 (0.12) .60 <.001

Sad faces 5.68 (0.13) 5.36 (0.13) .65 <.001

Happy faces 7.25 (0.18) 7.41 (0.23) .48 <.001

Neutral faces 5.92 (0.12) 5.75 (0.11) .39 <.001

Standard errors are in parentheses
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.82 to .92. Reliability was highest for the positive images,
followed by the sad, threat, and neutral images. Table 5 shows
Cronbach’s alpha for total dwell times for the face images at
Times 1 and 2, which ranged from .59 to .94. Reliability was
highest for happy faces, followed by sad, threat, and neutral
faces. As can be seen in Tables 4 and 5, the split-half reliabil-
ities were similar to the Cronbach’s alpha values for natural-
istic and face images.

The total number of fixations to the images was analyzed
in the same manner and produced very similar results.

Cronbach’s alphas for number of fixations on the naturalistic
images at Time 1 were .86, .87, .89, and .82, for the threat,
sad, positive, and neutral images, respectively. For the Time
2 data, Cronbach’s alphas were .86, .87, .87, and .84 for the
threat, sad, positive, and neutral images, respectively. For the
face images at Time 1, Cronbach’s alphas for number of
fixations were .87, .88, .90, and .80 for the threat, sad, happy,
and neutral faces, respectively. For the face images at Time 2,
Cronbach’s alphas were .83, .85, .92, and .79, for the threat,
sad, happy, and neutral faces, respectively. The split-half
reliabilities for number of fixations for the naturalistic im-
ages at Time 1 were .87, .83, .88, and .79 for the threat, sad,
positive, and neutral images, respectively. For the Time 2
data, the split-half reliabilities were .87, .85, .86, and .82
for the threat, sad, positive, and neutral images, respectively.
For the face images at Time 1, the split-half reliabilities for
number of fixations were .89, .87, .93, and .81 for the threat,
sad, happy, and neutral faces, respectively. For the face im-
ages at Time 2, the split-half reliabilities were .82, .79, .91,
and .85 for the threat, sad, happy, and neutral faces,
respectively.

To establish the reliability of the dwell time data across the
8-s presentation, each 8-s presentation was divided into 2-s
intervals, and Cronbach’s alpha and split-half reliability were
calculated for the dwell times during each 2-s interval, for
each image type. A 2-s interval was selected because several
studies have used dwell times within 2-s intervals as the de-
pendent variables when examining changes in attention over
time (e.g., Arndt et al., 2014; Soltani et al., 2015). (Note that
this analysis was not practical for the number-of-fixations da-
ta, because of the small number of fixations within each 2-s
interval.)

Dividing the 8-s presentation into 2-s intervals revealed
variation in the reliability of the dwell time indices over time.
For sad images, the reliability estimates at Times 1 and 2 were
low during the 0- to 2-s interval and generally increased over
time (see Table 4). Positive images showed a similar pattern of
results, although the reliability estimates were generally
higher at each time interval for positive images than for the
other image types. For neutral images, the reliability estimates
at Times 1 and 2 were lowest during the 6- to 8-s interval. The
reliability estimates for threat images were also generally sta-
ble across each 2-s interval at Times 1 and 2, except for the 0-
to 2-s interval at Time 2, for which reliability was low.

Table 5 shows that reliability was generally low for dwell
times for all face types in the 0- to 2-s interval, although it was
relatively higher for the happy faces. The reliability estimates
for all face types generally increased over time, although there
were pronounced differences in the magnitudes of the esti-
mates for the different face types. For example, for the 4- to
6-s and 6- to 8-s intervals, Cronbach’s alpha ranged from .48
to .68 for threat faces, .50 to .69 for sad faces, .80 to .89 for
happy faces, and .21 to .53 for neutral faces.

Table 5 Cronbach’s alpha and split-half reliability for dwell times on
threat faces, sad faces, happy faces, and neutral faces, and for each 2-s
time interval during the first (Time 1) and second (Time 2) laboratory
visits

Total dwell time 0–2 s 2–4 s 4–6 s 6–8 s

α S-h α S-h α S-h α S-h α S-h

Threat faces

Time 1 .81 .83 – .07 – .19 .50 .43 .48 .53 .66 .66

Time 2 .80 .78 – .01 .19 .34 .37 .53 .47 .68 .54

Sad faces

Time 1 .87 .84 – .15 .13 .54 .40 .50 .42 .69 .69

Time 2 .83 .79 .13 .28 .54 .48 .58 .57 .57 .61

Happy faces

Time 1 .94 .95 .33 .46 .70 .62 .80 .83 .88 .88

Time 2 .94 .93 .26 .31 .73 .76 .84 .84 .89 .90

Neutral faces

Time 1 .59 .62 – .11 – .14 .31 .27 .21 .36 .43 .33

Time 2 .72 .80 – .05 .06 .20 .28 .53 .53 .51 .62

α = Cronbach’s alpha. S-h = split-half reliability

Table 4 Cronbach’s alpha and split-half reliability for the dwell time
data for threat, sad, positive, and neutral naturalistic images, for each time
interval during the first (Time 1) and second (Time 2) laboratory visits

Total dwell time 0–2 s 2–4 s 4–6 s 6–8 s

α S-h α S-h α S-h α S-h α S-h

Threat images

Time 1 .85 .87 .63 .55 .67 .64 .57 .55 .63 .74

Time 2 .84 .86 .28 .43 .67 .61 .62 .63 .74 .80

Sad images

Time 1 .86 .84 .14 .08 .59 .56 .62 .50 .77 .72

Time 2 .87 .85 .26 .35 .57 .50 .69 .71 .76 .75

Positive images

Time 1 .92 .90 .58 .56 .71 .67 .79 .78 .86 .84

Time 2 .91 .91 .39 .35 .62 .71 .74 .72 .86 .83

Neutral images

Time 1 .82 .78 .66 .74 .67 .66 .63 .68 .49 .52

Time 2 .82 .80 .60 .56 .63 .65 .56 .54 .50 .41

α = Cronbach’s alpha. S-h = split-half reliability
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Test–retest reliability of the fixation data

Table 2 lists the Pearson correlations between the Time 1 and 2
total dwell times for the different image types (sad, threat,
positive, and neutral) for the naturalistic and face images.
For the naturalistic images, the test–retest correlations ranged
from .61 to .80. For the face images, the test–retest correla-
tions ranged from .36 to .57. These relationships are shown in
Figs. 1 and 2. Table 3 lists the Pearson correlations between
Times 1 and 2 for the numbers of fixations on the different
image types. For the naturalistic images, the test–retest corre-
lations ranged from .70 to .78, and for the face images they
ranged from .39 to .65.

Discussion

In this study we evaluated the internal consistency and 6-
month test–retest reliability of attentional bias indices for
emotional face images and naturalistic images obtained from
a free-viewing eye-tracking paradigm. The overall dwell time
indices measured during the 8-s presentation generally
showed good to excellent reliability according to commonly
accepted criteria (i.e., Cronbach’s alpha and split-half reliabil-
ity > .80), with only a few exceptions. The split-half reliabil-
ities for neutral images at Time 1 and threat and sad faces at
Time 2 fell just below the .80 cutoff. The internal consistency
estimates for total dwell times on neutral faces were lower,
ranging from .59 to .80. Similar results were obtained in the
analyses of the number of fixations, although Cronbach’s al-
pha for the neutral face images was not substantially lower
than it was for the other face images. Taken together, these
results are consistent with prior investigations that have re-
ported high internal consistency for total dwell times over
extended viewing periods (4,000–6,000 ms; Lazarov et al.,
2016; Skinner et al., 2018; Waechter et al., 2014).

As we noted, the total dwell time indices for neutral natu-
ralistic images and neutral face images showed lower reliabil-
ity relative to the other image types. Examination of the de-
scriptive statistics for the total dwell time indices suggests that
the lower reliability of attentional bias indices for neutral im-
ages appears to correspond to the lower variability in these
indices relative to other image types. Recall that reliability is
the proportion of true score variance relative to the total var-
iance of a measure (Lord & Novick, 1968). Lower true score
variance will, therefore, result in lower reliability, holding
measurement error constant. The standard errors of the mean
total dwell times for neutral naturalistic and face images were
less than half of the standard errors of the mean total dwell
times for the corresponding positive images (see Table 2).
Given the neutral content of the images, this outcome makes

sense. We would not expect to observe systematic individual
differences in total dwell times for neutral images (i.e., biases
toward neutral images). Instead, we would expect that most
individuals would consistently spend less time viewing the
neutral image in a display relative to the other images, and
thus variability in viewing time on the neutral images would
be limited. The lower reliability of the total dwell time indices
for neutral images should not be a major concern for re-
searchers, however, since hypotheses typically relate to atten-
tional biases for specific types of emotional stimuli (e.g., sad
images in depression, threatening images in anxiety).

Dividing the 8-s presentation duration into 2-s intervals
revealed that the reliability of the dwell time indices for the
different image types increased over time. This pattern of
findings replicates that observed by Waechter et al. (2014).
For the naturalistic image set, reliabilities for the attentional
bias indices for each image type at each interval were gener-
ally similar across Times 1 and 2, with a few exceptions. For
instance, the Cronbach’s alpha and split-half reliability values
were notably lower for positive and threat images for the 0- to
2-s interval at Time 2 than at Time 1. Examination of the
descriptive statistics for dwell times on positive and threat
images during the 0- to 2-s interval revealed that the variance
of these indices was lower at Time 2 than at Time 1, which
likely accounts for their lower reliability.2 A probable expla-
nation is that participants’ knowledge of the different image
types acquired during their first lab visit reduced the variabil-
ity in initial orienting biases at the second lab visit. This may
be particularly problematic for studies with short test–retest
periods, given that the test–retest period in the present study
was relatively long (approximately 6 months).

The reliability of the attentional bias indices for all face
types was low during the 0- to 2-s interval. For threat, sad,
and neutral faces, Cronbach’s alpha values were near zero, and
the split-half reliability coefficients were low or negative. For
happy faces, Cronbach’s alpha and split-half reliability were
slightly higher (.26 to .45), but still well below acceptable
levels. Examination of the descriptive statistics for these var-
iables again suggests that the low reliability was due to rela-
tively low variance across the sample for these indices. That
is, there was a lack of reliable individual differences in initial
orienting biases for emotional faces across the sample.
Skinner et al. (2018) also observed low reliability of early
attentional bias indices, which was attributable to low
between-participant variance rather than high measurement
error. Taken together, these results caution against the use of
attentional bias indices from early time intervals in eye-
tracking tasks, due to their low reliability. Although we do
not suggest that researchers necessarily ignore this type of
data (i.e., eye-tracking data collected during the first 1–2 s of
a presentation), researchers should take into consideration
the low reliability of early attentional bias indices when
interpreting their results. In addition, these data highlight2 These data are available upon request.
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the utility of analyzing temporal patterns of attention in eye-
tracking paradigms. Examining changes in attention over
time, and placing greater emphasis on later time intervals at
which attentional bias indices are most reliable, has the po-
tential to advance research on the biases associated with var-
ious forms of psychopathology. We note that previous eye-
tracking studies using displays ranging from two to 16 im-
ages have similarly observed low reliability of early atten-
tional bias indices (e.g., Lazarov et al., 2016; Waechter et al.,
2014); thus, this phenomenon does not appear to be tied to
stimulus competition. However, it would be interesting to
test whether early attentional bias indices would show higher
reliability in more dynamic and/or naturalistic viewing con-
ditions, such as video or virtual reality displays. Future re-
search should explore modifications to eye-tracking para-
digms and displays in order to improve the reliability of early
attentional bias indices.

This is the first study to evaluate the stability of attentional
bias indices from an eye-tracking task over an extended test–
retest interval. Our results revealed differences in test–retest
reliability across the two image sets. For naturalistic images,

the total dwell times for each image type showed moderate to
high stability from Time 1 to Time 2 (.61 to .80), as did the
total numbers of fixations (.71 to .78). This level of stability
for attentional bias indices is notable, especially considering
the behavioral nature of the data and the relatively long test–
retest interval. These results provide evidence for the trait-like
nature of attentional biases to emotional images. For face im-
ages, the fixation indices for each image type showed low to
moderate stability from Time 1 to Time 2 for both total dwell
times (.36 to .57) and total numbers of fixations (.39 to .65).
The lower test–retest reliability for the face images than for the
naturalistic images may have been due to the nature of the
images. The face image set was presumably less visually en-
gaging to participants than was the naturalistic image set.
Thus, participant familiarity or boredom with the face images
at retest may have altered the patterns of attention, resulting in
reduced stability. Alternatively, attentional biases for face im-
ages may be more susceptible to state influences than are
attentional biases for naturalistic images, although it is unclear
what those state influences might be. Future investigations of
the test–retest reliability of attentional bias indices from eye-

Fig. 1 Correlations for total dwell times for each type of naturalistic image at the first (Time 1) and second (Time 2) laboratory visits (i.e., test–retest
correlations)
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tracking paradigms will be necessary in order to clarify the
different results for naturalistic and face images.

Strengths, limitations, and future directions

The present study has several strengths. The evaluation of two
forms of reliability, internal consistency and test–retest reli-
ability, allowed for the evaluation of both the consistency
and stability of attentional bias indices from free-viewing
eye-tracking paradigms. Furthermore, we examined the reli-
ability of two commonly reported attentional bias indices
(dwell time and number of fixations), for both naturalistic
and face images. This design feature revealed both similarities
and differences in the results for the two image sets that might
inform stimulus choice in future research. Finally, the differ-
ences in our sample andmethods as compared to those of prior
studies (Lazarov et al., 2016; Skinner et al., 2018; Waechter
et al., 2014) enhance the generalizability of our collective
findings. Specifically, we used a mixed sample of community
and student participants, selected to have minimal depression

symptoms throughout the duration of the study, as well as a
free-viewing paradigm that involved 8-s displays of four im-
age types (threat, sad, positive, and neutral). Despite these
methodological variations, our results were largely consistent
with the published data, which increases confidence in the
reliability of attentional bias indices based on eye-tracking
paradigms.

The limitations of the present study point to several direc-
tions for future research. It would have been valuable to in-
clude a clinical sample (e.g., currently depressed participants),
in addition to a nondepressed sample, to test for differences in
reliability between the samples. Of relevance, Waechter et al.
(2014) reported that they did not find systematic differences in
the reliability of attentional bias indices between high and low
socially anxious participants. Second, our use of a single test–
retest period limits our conclusions about the test–retest reli-
ability of attentional bias indices to this retest period (approx-
imately 6 months). Future studies should use test–retest pe-
riods of varying durations in order to clarify the stability of
attentional bias indices over time. Third, our decision to

Fig. 2 Correlations for total dwell times for each type of face image at the first (Time 1) and second (Time 2) laboratory visits (i.e., test–retest
correlations)
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examine the internal consistency of attentional bias indices in
2-s intervals was based on the use of 2-s intervals in previous
research on the time course of attentional biases (e.g., Arndt
et al., 2014; Soltani et al., 2015). The reliability of attentional
bias indices over time, however, may depend on the time
interval used in the analysis. Because reliability pertains to
the specific way a variable is measured or defined, we recom-
mend that researchers test and report the reliability of the
attentional bias indices they use, which may include dwell
times over different time intervals (e.g., 500 ms, 1,000 ms).
Finally, it should also be noted that the generalizability of the
present results is limited by the use of a sample consisting only
of women.

Conclusions

The present study provides support for the reliability of at-
tentional bias indices from a free-viewing eye-tracking par-
adigm. The total dwell times for threat, sad, and positive
naturalistic and face images showed good to excellent reli-
ability, as did the total numbers of fixations. When the 8-s
display was divided into shorter intervals, the dwell times
during the 0- to 2-s interval had lower reliability, especially
for the face images. These results suggest that attentional
bias indices obtained during early time intervals in eye-
tracking tasks should be interpreted with caution. Our eval-
uation of test–retest reliability indicated adequate to good
stability of attentional bias indices for the naturalistic image
set. Although there are not clear standards for test–retest
reliability, especially for behavioral paradigms, the level of
stability of attentional bias indices that we observed for the
naturalistic images is compelling, given that the test and
retest administrations were approximately 6 months apart.
These results thus provide support for the trait-like concep-
tualization of attentional biases. Test–retest reliability esti-
mates for the face images were lower, and further research
will be required in order to determine the cause of this dis-
crepancy. We echo the call of other researchers (Skinner
et al., 2018; Waechter et al., 2014) for additional investiga-
tions of the reliability of attentional bias indices, so as to
improve understanding of the conditions and methodological
variations that may influence the reliability of these indices.
Nevertheless, converging evidence suggests that eye track-
ing is a reliable method for measuring attentional biases,
supporting its use as a paradigm for studying selective atten-
tion to emotional stimuli in clinical and nonclinical
populations.
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