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Information processing biases are hallmark features of major depressive disorder (MDD). Depressed
individuals display biased memory and attention for negative material. Given that memory is highly
dependent on attention for initial encoding, understanding the interplay of these processes may
provide important insight into mechanisms that produce memory biases in depression. In particular,
attentional control—the ability to selectively attend to task-relevant information by both inhibiting
the processing of irrelevant information and disengaging attention from irrelevant material—may be
one area of impairment in MDD. In the current study, clinically depressed (MDD: n = 15) and never
depressed (non-MDD: n = 22) participants’ line of visual gaze was assessed while participants viewed
positive and negative word pairs. For each word pair, participants were instructed to attend to one
word (target) and ignore one word (distracter). Free recall of study stimuli was then assessed.
Depressed individuals displayed greater recall of negatively valenced target words following the task.
Although there were no group differences in attentional control in the context of negative words,
attention to negative targets mediated the relationship between depression status and recall of negative
words. Results suggest a stronger link between attention and memory for negative material in MDD.
Keywords: Depression; Information processing; Attention; Memory; Eye-tracking.

Cognitive theories of depression emphasise the
role of cognitive processing biases in the development of the disorder (e.g., Teasdale, 1988).

Accordingly, biased processing of negative
information has been identified as a prominent
feature of major depressive disorder (MDD) and
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been implicated in its maintenance and recurrence
(e.g., Gotlib & Joormann, 2010). In particular,
negative biases in attention, interpretation, and
memory distinguish cognitive processing in
depression from non-depressed individuals (Peckham, McHugh, & Otto, 2010). Of these, memory
biases may be the most robust (Gotlib & Joormann, 2010; Matt, Vázquez, & Campbell, 1992).
MDD individuals recall more negative than
positive words, while non-depressed individuals
display enhanced recall of positive material (e.g.,
Matt et al., 1992). Depressed individuals also
falsely recall semantically related negative words
more frequently than non-depressed individuals
(Joormann, Teachman, & Gotlib, 2009).
Given that cognitive biases are believed to
maintain a depressive episode (e.g., Teasdale,
1988), understanding the mechanisms associated
with these memory biases is important. Attentional control—the ability to attend to taskrelevant information by inhibiting the processing
of irrelevant information (Koster, De Lissnyder,
Derakshan, & De Raedt, 2011)—may be a critical
process operating across biases in MDD. In fact,
recent theoretical accounts of cognitive mechanisms speculate that difficulties with general cognitive control may underlie both attention and
memory biases (e.g., Joormann & Siemer, 2011).
Attentional control may be a particularly important process involved in memory biases. Attentional
control differs from attentional bias in that biases
capture the earlier, less effortful processes of
attention, whereas control reflects the later stages
of attention that rely heavily on executive functions such as disengagement and inhibition (De
Raedt & Koster, 2010). In the only study of
attentional
control
utilising
eye-tracking,
depressed individuals displayed poor attentional
control for emotional information using an antisaccade task (Derakshan, Salt, & Koster, 2009).
This suggests that eye-tracking methods may be a
novel approach to measuring attentional control in
depression.
These memory and attention processes in MDD
have been well supported empirically in isolation,
yet less is known about their interplay (e.g., Everaert, Koster, & Derakshan, 2012). Recent theories
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have suggested that the impact of cognitive processing biases on specific disorders is best observed
when they are combined or integrated (e.g.,
combined cognitive bias hypothesis; Everaert et al.,
2012). In this context, simultaneous assessment of
attention and memory may clarify whether differences observed between MDD and non-MDD
individuals are because of differential encoding
processes (i.e., those that aid in getting information
into memory, such as attention) or retrieval processes (i.e., pulling information back out).
To date, five studies have attempted to link
attention with memory in depression. In stably
dysphoric individuals, a spatial cueing task
revealed that greater negative attentional biases at
later stages of processing predicted recall of
negative words (Koster, De Raedt, Leyman, &
De Lissnyder, 2010). In eye-tracking studies,
greater attentional breadth for angry facial stimuli
predicated better recognition of similar facial
expressions (Wells, Beevers, Robison, & Ellis,
2010), while the lack of a positive attentional
bias resulted in poorer recognition of positive word
stimuli in dysphoric compared to non-dysphoric
individuals (Ellis, Beevers, & Wells, 2011). Using
an attention training paradigm, individuals with
higher depression symptoms displayed less recall
of negative words when trained away from this
material than those not trained (Blaut, Paulewicz,
Szastok, Prochwicz, & Koster, 2013). The only
study with a clinical sample found negative biases
for faces during a dot-probe task and greater recall
of negative words in MDD, but no associations
between memory and attention (Gotlib, Krasnoperova, Yue, & Joormann, 2004). Together, this
evidence suggests that attentional processing
affects recall/recognition in stably dysphoric individuals. These relationships have yet to be substantiated with clinically depressed individuals.
Further, most of these studies examined the role
of attentional bias, rather than attentional control,
limiting the interpretation of findings to the role
of preferential processing of negative material on
memory. The effect of attentional control (e.g.,
ability to sustain attention on a target while
ignoring irrelevant information) on memory in
MDD remains unknown.
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The current, exploratory study aimed to determine whether MDD and non-MDD individuals
differed in processing negative material. Specifically, we examined the role of attentional control
through an eye-tracking paradigm where participants were required to view one emotionally
valenced target word while ignoring a distracter
word. We hypothesised that MDD individuals
would display greater attention for negative words
across both targets and distracters, compared to
non-MDD. That is, they would display less
attentional control (i.e., inability to sustain attention on targets) when distracters were negative,
while displaying greater sustained attention for
negative targets. Second, we expected the MDD
group to display greater recall of negative words in
a free-recall task compared to the non-MDD
group. Finally, we hypothesised that attention for
negative words would mediate the association
between MDD status and recall.

METHOD
Participants
Thirty-seven participants with current major
depressive disorder (MDD; n = 15) or no history
of MDD (non-MDD; n = 22) were recruited from
a large university and surrounding area. Interested
participants completed the Beck Depression
Inventory short form, and participants who scored
3 or less or a 7 or above completed a brief
diagnostic interview. Inclusion criteria for the
MDD group were: (1) a diagnosis of current
MDD; and (2) no history of (hypo)mania. The
non-MDD group had no history of MDD or
(hypo)mania. The rights of human participants
were protected and procedures were approved by
the university’s institutional review board.

Measures
Beck Depression Inventory–II (BDI-II). The
BDI-II (Beck, Steer, & Brown, 1996) is a widely
used, 21-item, self-report measure that assesses
depression symptoms. The BDI-II has demonstrated adequate to good test–retest reliability and

construct validity (Dozois, Dobson, & Ahnberg, 1998).
Structured Clinical Interview for DSM-IV
Diagnoses (SCID). The mood disorders module
from the Structured Clinical Interview for the
DSM-IV Diagnoses—Patient Version (First &
Gibbon, 2004) wasused to determine a diagnosis
of a major depressive disorder (MDD) or no
history of depression (non-MDD). The diagnostician had 30 hours of training that involved
watching videos, role-playing, and rating previously recorded interviews. Approximately half
(53%) of the interviews were selected for reliability
analyses and rated by an independent rater for
presence or absence of a major depressive episode.
Reliability was good (κ = .89).
Demographics. Participants completed a form
that included age, gender, and ethnicity. Participants were representative of a college student
sample. Importantly, there were no statistically
significant differences on any of the demographic
characteristics between the MDD (n = 15; Mage =
19.73 years, SD = 1.67; 53.3% female) and nonMDD (n = 22; Mage = 19.67 years, SD = 1.24;
50% female) groups, gender: χ2 = 0.01, p = .92;
age: F(1, 36) = 0.07, p = .79; race: F(1, 36) = 0.09,
p = .77.

Eye-tracking paradigm
Word selection. The task presented word pairs
selected from the Affective Norms for English
Words (ANEW; Bradley & Lang, 1999)—32
positively valenced and 32 negatively valenced,
Valence rating: F(1, 63) = 1121.00, p < .00. The
words selected were adjectives or nouns that a
person could use to describe him/herself (e.g.,
loyal, failure, pretty, ugly). These words did not
differ in arousal rating, F(1, 63) = 0.01, p = .93, or
frequency in the English language, F(1, 63) =
0.13, p = .72. The words were further divided into
the following categories: Positive Targets (PT),
Positive Distracters (PD), Negative Targets (NT)
and Negative Distracters (ND). These were also
examined for differences in valence and arousal.
As expected, when the groups were compared on
valence, significant differences emerged between
COGNITION AND EMOTION, 2013
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the positive and negative words, F(3, 63) =
368.33, p < .00, but no differences were observed
between groups on arousal, F(3, 63) = 0.60, p =
.62. Words pairs were matched for letter length.
Eye-tracking task. A target word, displayed in red
font, and opposite-valenced distracter word, displayed in white font, of equal length were
presented one pair at a time over 32 trials.
Participants were instructed to look only at the
word in red (target), while ignoring the word in
white (distracter) and to indicate whether the
word in red described them by pressing a “yes”
or “no” key on a response box. Words were
presented in the middle of the screen with one
word above the other.
Each trial began with a 1,000 ms centrally
presented fixation cross. The experimenter manually advanced each trial when subjects’ line of gaze
was stable within 1° of visual angle around the
fixation cross. This was followed by presentation
of stimuli for 3 s. Stimuli location (i.e., top or
bottom), target valence, and presentation order of
word pairs were randomly determined for each
participant by stimulus presentation software.
However, because word pairs were matched on
letter length, pairing of words was held constant
across participants (Figure 1). In order to minimise demand effects, instructions for the task
emphasised measurement of pupil dilation. Five
individuals (1 MDD, 4 non-MDD) were not
included in the final analyses due to difficulty with
eye-tracking (e.g., falling asleep, poor quality of
data for the majority of trials) resulting in an n of
32 for eye-tracking analyses. Importantly, these
excluded cases did not differ from their group in
age, race or gender.

Each word stimulus in a pair (plus an additional 1° of visual angle around each word) was
designated as an area of interest (AOI) to determine the measure of attention. In this paradigm,
we operationalised attentional control as the ability
to attend to target words in the presence of
competing distracter words. This ability was
indexed by percentage of total fixation time
directed towards target versus distracter words
and will be further referred to as fixation bias.
That is, greater fixation bias on targets and
reduced bias on distracters would indicate better
attentional control. Further, positive and negative
target/distracter words were used to examine the
influence of valence on attentional control.

Eye-tracking system
Line of visual gaze was assessed using a remote
optics eye-tracking system model R6 from
Applied Science Laboratories (Bedford, MA).
Location of gaze was sampled every 16.7 ms (60
Hz). Eye movements that were stable for more
than 100 ms within 1° of visual angle were
classified as a fixation. Areas of interest (AOIs)
reflected word location in each of two quadrants
on the screen. E-prime software presented stimuli
and automated recording of eye location with the
eye-tracking system. Participants’ eye location was
70 cm from the monitor. Height of word stimuli
was 0.6 cm (0.5° visual angle) and length of word
stimuli ranged from 1.75 to 4.5 cm (1.4° to 3.7°
visual angle). Distance between words was
approximately 2.9 cm (2.4° visual angle) when
measured from the centre.

Figure 1. This ﬁgure represents two independent trials where the participant was asked to rate whether the word in red was selfdescriptive (yes/no), while ignoring the word in white.
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Memory task
Following the task, participants were asked to
generate as many words, regardless of font colour,
that they could recall from the words shown.
Participants were not told that they would be
required to recall any words prior to task completion. Our primary assessment of recall accuracy
was total number of words recalled within each
category (PT, PD, NT, and ND).

Procedure
Following consent, participants were administered
the Mood Disorders module of the SCID. After
completion of a demographics questionnaire, participants were seated in an adjustable chair and
their eyes were aligned with the middle of the 17inch monitor on which stimuli were presented. A
9-point calibration procedure was repeated until
the experimenter confirmed that the eye tracker
was recording line of visual gaze within 1° of visual
angle for each calibration point. Following calibration, task instructions were presented via the
computer screen. From an adjacent room, the
experimenter monitored stimulus presentation and
eye tracking.
Immediately after the 32 eye-tracking trials had
been completed, participants were given paper and
pencil and asked to recall any words (targets or
distracters) they had been shown during the task.
Participants were debriefed and thanked for
their time.

RESULTS
Behavioural data
Group differences in reaction time were examined
with univariate analysis of variance (ANOVA).
For reaction time in responding to both negative

and positive words, no group differences emerged,
negative: F(1, 35) = 0.01, p = .93, ηp2 = .00;
positive: F(1, 35) = 0.39, p = .54, ηp2 = .01. That
is, MDD individuals were neither faster nor
slower at determining whether words described
them or not, compared to non-MDD.

Fixation bias
A 2 (MDD Group: MDD, non-MDD) × 2
(Word Type: target, distracter) × 2 (Valence:
positive, negative) repeated-measures ANOVA
examined whether MDD Group was associated
with fixation bias for particular stimuli. The threeway MDD by Valence by Word Type interaction,
F(1, 31 = 0.38, p = .54, ηp2 = .01, the MDD by
Valence interaction, F(1, 31) = 1.83, p = .19, ηp2 =
.06, and the Valence by Word Type interaction, F
(1, 31) = 0.22, p = .64, ηp2 = .01, were nonsignificant. However, there was a Word Type by
MDD interaction, F(1, 31) = 8.03, p = .01, ηp2 =
.21. There was also a significant effect of MDD
Group, F(1, 31) = 6.37, p = .01, ηp2 = .18, which
indicated that MDD individuals had a higher
fixation percentage than non-MDD. As expected,
the main effect for Word Type was also significant, F(1, 31) = 223.07, p = .00, ηp2 = .88, with
greater fixation bias on target words than distracter
words. However, the main effect of word Valence
was non-significant, F(1, 31) = 0.62, p = .44, ηp2 =
.02, indicating that, across groups, valence did not
affect number of fixations.
To further investigate the MDD × Word Type
interaction, means for target words and distracter
words were examined between MDD groups.
MDD individuals fixated longer than non-MDD
on target words, F(1, 31) = 4.17, p = .05, whereas
non-MDD individuals displayed a trend to fixate
on distracter words, F(1, 31) = 3.25, p = .08.1

1
Mean time to first fixation for each stimuli type was also examined for MDD Group differences using repeated-measures
ANOVA. The Valence by MDD Group, F(1, 31) = 3.31, p = .08, ηp2 = .10, and Word Type by MDD Group, F(1, 31) = 3.29, p =
.08, ηp2 = .10, approached, but failed to meet, significance. Further, the three-way, MDD Group by Valence by Word Type
interaction was not significant, F(1, 31) = 0.22, p = .64, ηp2 = .01. Thus, there were no effects of attention initiation between groups.
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Free recall
A 2 (MDD Group: MDD, non-MDD) × 2
(Word Type: target, distracter) × 2 (Valence:
positive, negative) repeated-measures ANOVA
revealed an MDD Group × Word Type × Valence
interaction, F(1, 35) = 9.02, p = .01, ηp2 = .21
(Figure 2). The Valence by MDD Group interaction, F(1, 35) = 5.76, p = .02, ηp2 = .14,
suggested greater recall of negative words among
MDD and greater recall of positive words by nonMDD. MDD Group by Word Type interaction
was non-significant, F(1, 35) = 0.34, p = .56, ηp2 =
.01. Finally, there was an effect of Word Type,
F(1, 35) = 216.21, p < .00, ηp2 = .86, where
participants recalled more target words than distracter words. There were no main effects of
MDD status, F(1, 35) = 0.68, p = .42, ηp2 = .02,
or valence, F(1, 35) = 0.06, p = .82, ηp2 < .01.
To further investigate the three-way interaction, the effects of Valence and Word Type were
examined within each MDD Group. Within
MDD, target words were recalled more than
non-targets, F(1, 14) = 92.34, p < .01, ηp2 = .87,
but there was no main effect of Valence, F(1, 14) =
2.10, p = .17, ηp2 = .13. Additionally, a Word Type
by Valence interaction was revealed, F(1, 14) =
5.40, p = .04, ηp2 = .28, whereby MDD individuals
recalled more negative target words than other
word types.

Within non-MDD, better recall was demonstrated for target versus distracter words, F(1, 21) =
128.44, p < .01, ηp2 = .86. In addition, there was a
trend toward a valence effect, F(1, 21) = 4.07, p =
.06, ηp2 = .16, with better recall of positive over
negative words. The Word Type by Valence
interaction was non-significant, F(1, 21) = 3.07,
p = .09, ηp2 = .13. These data suggest that nonMDD participants showed a propensity toward
better recall of positively valenced words than
negatively valenced.

Mediation analyses
Path analysis was used to test relations between
MDD status, attention for target and distracter
words, and recall of word stimuli. Specifically, we
examined whether attentional control (i.e., fixation
bias) for word stimuli mediated the relationship
between MDD status and recall of word stimuli.
The first model examined attention for negative
targets as putative mediators of the relationship
between MDD status and recall of negative target
stimuli. The second model examined attention for
negative distracters as a putative mediator. We did
not examine attention for positive targets and
distracters as mediators because they were strongly
correlated with their opposite counterparts (negative distracters and targets, respectively).

Figure 2. Means and standard deviations for number of words recalled within each word type and valence across depression groups. PT =
positively valenced target words. PD = positively valenced distracter words. NT = negatively valenced target words. ND = negatively
valenced distracter words.
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Several indices are often used to determine
quality of path model fit. Among the most
commonly used are: chi-square (χ2), Comparative
Fit Index (CFI), and Root Mean Squared Error of
Approximation (RMSEA). Model fit that includes
CFI ≥ 0.90 and RMSEA ≤ .10 is generally
acceptable (Kline, 1998). These criteria were used
in the present study.
The initial path model posited direct effects
between (1) MDD status and attention for negative targets and (2) attention for negative targets
and recall of negative targets. This model provided
good fit to the data, χ2(df = 1) = 0.79, p = .37,
RMSEA = .00, CFI = 1.0. MDD status predicted
greater attention for negative targets (β = 0.49, p <
.001), which in turn, predicted greater recall of
negative targets (β = 0.32, p = .04). The indirect
effect from MDD status to recall of negative
targets via attention for negative targets approached statistical significance (b = 0.72, p = .09).
This marginally significant indirect effect suggests
partial mediation.2
We then ran the same model testing attention
for negative distracters as the mediator, as attention for negative distracters could interfere with
recall of negative targets. This model provided
adequate fit to the data, χ2(df = 1) = 1.29, p = .26,
RMSEA = .10, CFI = 0.95. Evidence of mediation
for attention towards distracters was marginal, as
the effect of MDD status on attention for negative
distracters approached statistical significance (β =
−0.28, p = .07);3 that is, the MDD group was less
likely to attend to negative distracters than the
non-MDD group. Nevertheless, attention for
negative distracters was inversely associated with
recall of negative targets (β = −0.39, p = .009). In
summary, path analyses suggest a stronger link
between attention for negative stimuli and memory in MDD than among healthy control
participants.

DISCUSSION
Biased cognition has been robustly supported in
the literature as a central component of depression,
yet few studies have integrated cognitive processes
to examine their associations within a single study.
Even fewer have attempted to examine these
associations in a clinically depressed sample (e.g.,
Gotlib et al., 2004). The first goal of the current
study was to use eye-tracking methods to demonstrate attentional control deficits in MDD.
Although we expected MDD individuals to show
more difficulty in ignoring (i.e., not attending to)
negative distracters, this was not supported. Surprisingly, results indicated that depressed individuals were better able to direct their attention
towards target words, regardless of valence, than
non-depressed individuals. This suggests that
under conditions when passive attentional control
is required (i.e., circumstances where individuals
are not required to shift attention but instead
sustain attention on a target) MDD individuals
are able to do fairly well. Although there were no
effects of valence, this may suggest that MDD
individuals have difficulties with appropriate shifting of attention. This is consistent with studies
where depressed individuals show difficulty with
more active forms of attentional control, such as
shifting their attention away from negative stimuli
(Koster, De Raedt, Goeleven, Franck, & Crombez, 2005). Along these lines, in passive viewing
tasks (with no control aspect), MDD individuals
exhibit sustained attention, particularly for negative stimuli (e.g., Kellough, Beevers, Ellis, &
Wells, 2008). Future studies should compare
passive and active forms of cognitive control
within the same depressed sample and further
establish which forms of attentional control are
disrupted in depression and which aspects are
enhanced.

2
Simulations using identical means and variance–covariance structure indicated that this indirect effect would have been
significant if N ≥ 45.
3
Simulations using identical means and variance–covariance structure indicated that this effect would have been statistically
significant if N ≥ 43.
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It is unclear why MDD individuals displayed
greater attention for targets while non-MDD
displayed more attention to distracters. It seems
unlikely that MDD individuals are merely “better”
at following task instructions (e.g., ignore the
word in white); more likely, however, is that the
gaze pattern observed in healthy individuals represents an adaptive attentional process. Appropriate
flexibility in response to changing environmental
stimuli is a critical component of a number of
emotional processes (e.g., emotion reactivity; Rottenberg, Gross, & Gotlib, 2005). The current
findings suggest that while MDD individuals
appeared to become “stuck” in their attention for
target words, healthy individuals displayed modulation of attention. These results may suggest that
flexible attention is an adaptive process in psychological healthy individuals.
The second goal of the study was to examine
the link between attentional processes and memory in MDD. Findings indicated that MDD and
non-MDD groups did not differ in attentional
control over negative information, yet only among
MDD individuals, was attention related to recall.
These findings lend support to the robust nature
of negative recall biases in depression (e.g., Matt
et al., 1992), while also providing evidence of the
role of attention in these biases. They further
highlight negative valence specificity in the linkage
between attention and memory in MDD, which
was not observed in dysphoric individuals (Ellis
et al., 2011). These findings are the first to
document a stronger association between attention
and memory for negative material in MDD than
in healthy individuals.
Understanding why the strength of association
between these processes was stronger in MDD
may be explained by the associative network model
of memory, which suggests that subconscious
processing of negative material relies on implicit
associations with prior memories formed with
repeated experience (Smith & DeCoster, 2000).
It may be that associative processing biases facilitate encoding, thus enhancing later recall through
easier access of highly elaborated negative material.
In line with this idea, depressed individuals display
difficulties inhibiting negative information from
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entering working memory (e.g., Goeleven, De
Raedt, Baert, & Koster, 2006; Joormann &
Gotlib, 2010) and also show impairments with
removing irrelevant information from working
memory (Joormann & Gotlib, 2008). Together,
these suggests that cognitive control more generally,
not necessarily at the attentional level, may contribute to memory biases in MDD (see Joormann
& Siemer, 2011) and suggest that, despite similar
attentional processing, MDD individuals may have
continued to process (i.e., not been able to disengage from) this negative information.
There are several limitations to the current
study. First, the study utilised a small, collegeaged sample, which reduces the generalisability of
the findings to an older or less educated population. Despite age, however, the population was
held to the same strict diagnostic criteria for a
major depressive episode—which was further
strengthened by the stability of mood evidenced
by the two-step process used during recruitment.
In addition, of the few studies that have examined
the associations between cognitive processes in
depression, even fewer have used a clinical sample
(e.g., Gotlib et al., 2004). Thus, although exploratory in nature due to the sample size, the current
study contributes to this body of work.
Next, despite using a novel task to further
examine attentional control in MDD, there are
ways in which the task may have been improved.
Since there were only two types of word stimuli,
time spent viewing one type (e.g., target) would
reduce the time spent viewing the other (e.g.,
distracter), potentially confounding overall effects.
It could also be argued that the ease and simplicity
of the current task was too passive and not
engaging enough to capture the construct. It may
be that a better task would be one where taskirrelevant information is presented while participants are actively engaged in another task and
requiring active disengagement. This would
manipulate the nature of the task, rather than the
constraints on viewing (attend vs. ignore) during
the task. Future work should explore the effects of
specifically manipulating viewing constraints versus task engagement on memory biases. In addition, the current study was unable to control for
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primacy/recency effects in the memory data. This
may have affected the reliability of our index of
memory bias. Future work might consider controlling for these effects by fixing the presentation
of the first and last word pairs and removing it
from the data.
Despite these limitations, these results are the
first to reveal a stronger link between attentional
control and memory in clinical depression compared to healthy individuals. These results provide
new insight into the interplay of cognitive biases in
MDD and further highlight the importance of the
development of interventions specifically designed
to modify these biases (e.g., cognitive bias modification; Wells & Beevers, 2010).
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