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Abstract

Depression is theorized to be caused in part by biased cognitive processing of emotional
information. Yet, prior research has adopted a reductionist approach that does not characterize how
biases in cognitive processes such as attention and memory work together to confer risk for this
complex multifactorial disorder. Grounded in affective and cognitive science, we highlight four
mechanisms to understand how attention biases, working memory difficulties, and long-term
memory biases interact and contribute to depression. We review evidence for each mechanism and
highlight time- and context-dependent dynamics. We outline methodological considerations and
recommendations for research in this area. We conclude with directions to advance the
understanding of depression risk, cognitive training interventions, and transdiagnostic properties

of cognitive biases and their interactions.
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1. Introduction

How people process emotional information has long been theorized to play a crucial role in
the onset, maintenance, and recurrence of depression (for reviews, see Gotlib & Joormann, 2010;
LeMoult & Gotlib, 2018; Mathews & Macleod, 2005). Theories postulate that depression is caused
in part by biases in basic cognitive processes — the ways people attend to and remember personally-
relevant and emotional events (Beck & Haigh, 2014; De Raedt & Koster, 2010; Ingram, 1984;
Joormann, Yoon, & Zetsche, 2007; Williams et al., 1997).1 In line with theoretical predictions,
systematic reviews and meta-analyses have provided some evidence for two types of attention
biases in depression, namely an attention bias toward negative self-relevant information
(Armstrong & Olatunji, 2012; Peckham, McHugh, & Otto, 2010) and an attenuated attention bias
toward positive or rewarding stimuli (Armstrong & Olatunji, 2012; Winer & Salem, 2016).
Furthermore, extensive research has linked depression to difficulties in working memory
operations that result in biased representation of negative vs. positive material (Joormann, 2010;
Koster, De Lissnyder, Derakshan, & De Raedt, 2011; Schweizer et al., 2019). Finally, meta-
analyses suggest that depression is characterized by enhanced retrieval of self-referent negative
and diminished retrieval of positive representations from long-term memory (Gaddy & Ingram,
2014; Matt, Vazquez, & Campbell, 1992).

Importantly, these cognitive biases may not be an epiphenomenon of depression. Studies
suggest that biases in attention, working memory, and long-term memory may causally contribute

to depressive symptoms (Beevers, Clasen, Enock, & Schnyer, 2015; Schweizer, Grahn, Hampshire,

! Depression has been linked to cognitive deficits in processing speed, learning and memory, autobiographical memory,
shifting, and 1Q (Ahern & Semkovska, 2017). While these cognitive deficits normalize during remission of depression,
biases of attention and memory as well as executive control difficulties may persist after a depressive episode (LeMoult
& Gotlib, 2018). Therefore, this article focuses on interactions among emotional attention and memory processes in
an attempt to better understand the mechanisms underlying risk to depression.
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Mobbs, & Dalgleish, 2013), predict the longitudinal course of depression severity (Beeney &
Arnett, 2008; Johnson, Joormann, & Gotlib, 2007; Price et al., 2016), occur in individuals who are
at risk for developing depression (Vrijsen, Becker, et al., 2014; Zvielli, Vrijsen, Koster, &
Bernstein, 2016), affect stress reactivity and recovery (Clasen, Wells, Ellis, & Beevers, 2013;
Ellenbogen, Schwartzman, Stewart, & Walker, 2002; Sanchez, Vazquez, Marker, LeMoult, &
Joormann, 2013), and hamper effective regulation of negative emotions (for a review, see
Joormann & Vanderlind, 2014). Together, research indicates that biased cognitive processing of
emotional information is critical to understanding risk for depression.

To-date, research has largely focused on elucidating the role of individual cognitive biases
in depression. Studying biases in attention and memory as distinct phenomena has been
instrumental to understanding these cognitive processes and their individual role in depression. Yet,
this approach cannot characterize how cognitive biases work together to confer risk for complex
disorders such as depression (Aue & Okon-Singer, 2015; Everaert, Koster, & Derakshan, 2012;
Hertel & Brozovich, 2010; Hirsch, Clark, & Mathews, 2006; Lau & Waters, 2017; Wittenborn,
Rahmandad, Rick, & Hosseinichimeh, 2016). Even individual symptoms of depression (e.g., sad
mood, hopelessness) and other features of maladaptation (e.g., impaired stress recovery, difficulties
regulating negative mood) are unlikely caused and/or maintained by single factors or processes
(Borsboom, 2017; Hankin, 2012; Kraemer, Stice, Kazdin, Offord, & Kupfer, 2001). A limited
understanding of the interactions among cognitive biases may hamper a more complete
understanding of the cognitive foundations of depression, and consequently, potential approaches
to its treatment.

Elucidating the mechanisms or systemic interactions among these cognitive biases may be
directly informed by recent advances in the fields of cognitive and affective science. Extensive

research in these fields has provided evidence that attention, working memory, and long-term
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memory are highly interactive processes that — through their interactions — shape online
information-processing. Specifically, cognitive research has well-documented that attention
influences the encoding of information into working memory and long-term memory (Awh, VVogel,
& Oh, 2006; Chun, Golomb, & Turk-Browne, 2011; Luck & Gold, 2008), attention modulates the
retrieval of information from long-term memory (Chun et al., 2011; Chun & Turk-Browne, 2007),
and both working memory and long-term memory representations shape attention allocation
(Hasson, Chen, & Honey, 2015; Hutchinson & Turk-Browne, 2012; Todd & Manaligod, 2017).
Furthermore, research from affective sciences has revealed that attention enhances long-term
memory for emotional information through its influence on both encoding and retrieval processes
(see Talmi, 2013, for a review), and that emotional memories may, in turn, guide selective attention
processes (Schupp, Kirmse, Schmaélzle, Flaisch, & Renner, 2016).

Grounded in this basic research, we identified four mechanisms that may be important to
understanding how attention biases, working memory difficulties, and long-term memory biases
work together and, thereby, contribute to depression: (1) attention biases during memory encoding
modulate long-term memory biases; (2) attention biases during memory retrieval modulate long-
term memory biases; (3) long-term memory biases guide the allocation of attention; and (4)
working memory difficulties modulate the interactions between biases of attention and long-term
memory. These four mechanisms likely occur in mental disorders such as depression because they
reflect normal interactions among fundamental cognitive processes, but with these processes
becoming increasingly biased toward negative vs. positive information as depressive symptom
severity increases (Gibb, Alloy, Abramson, Beevers, & Miller, 2004; Liu et al., 2018).

Below, we begin by describing core properties of attention and memory as well as biases
in these cognitive processes in depression. We then present each of the four theorized attention-

memory mechanisms and review emerging empirical insights from research on depression in adult
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samples. Next, to further characterize and understand these mechanisms and their systemic
properties, we highlight their time- and context-dependent dynamics. Then, we outline
methodological considerations and recommendations for empirical research in this field of interest.
We conclude with promising directions to uncover how cognitive biases may translate to
depression, advance the development of cognitive training interventions, as well as establish
transdiagnostic features of cognitive biases and their interactions.
2. Properties of attention and memory processes

2.1 Attention: Selection and modulation

Taxonomies of basic cognitive processes have guided the conceptualization and
operationalization of attention and memory biases in psychopathology. Attention helps to prioritize
the most relevant sources of information. It involves operations that serve the selection of stimuli
that compete for access to limited cognitive resources (i.e. attention selection) and operations that
determine how extensively stimuli are processed (i.e. attention modulation) (Chun et al., 2011;
Petersen & Posner, 2012). Attention modulation determines the degree of processing after a
stimulus has been selected (Chun et al., 2011). Distinguishing these operations has proven to be
important in characterizing attention bias in depression. Research suggests that depression is more
often linked to biases at later stages of processing in attention modulation (De Raedt & Koster,
2010), with studies showing that depressed individuals show reduced maintenance of attention to
positive information and increased maintenance of attention to negative information (Armstrong
& Olatunji, 2012).

Attention selects and modulates information from both external and internal sources (Chun
etal., 2011; Dixon, Fox, & Christoff, 2014). This implies that attention biases may determine which
stimuli from one’s sensory environment (e.g., angry facial expressions from your partner) as well

as which mental representations (e.g., emotional memories and thoughts) are selected and how this
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information is subsequently processed (e.g., to understand the implications for the current situation).
Existing research indicates that depression is linked to biases in both domains (for a review, see
Mennen, Norman, & Turk-Browne, 2019). As noted, depression is linked to biases in attention
when processing external emotional stimuli as well as biases in the contents (i.e., representations)
of working memory that involve increased internal attention to negative vs. positive mental
representations (Joormann, 2010; Koster et al., 2011; Schweizer et al., 2019). Indeed, by recruiting
working memory operations, internal attention biases are intimately linked to memory processes.
2.2 Memory: Explicit and implicit systems

Memory refers to a collection of phenomena traditionally divided into explicit and implicit
systems (Chun et al., 2011; Hutchinson & Turk-Browne, 2012). Explicit and implicit memory
depend on different cognitive and neural architectures that permit their independent operation
(Dudukovic & Wagner, 2006). Explicit memory refers to storage systems that represent knowledge
either in a consciously accessible manner in long-term memory (LTM; e.g., semantic memory for
factual information and episodic memory for specific events, accessed via recall or recognition) or
as information that is temporarily activated or “held online” in working memory (WM). WM refers
to a temporary and limited-capacity store that operates at the intersection between external (e.g.,
sensory information) and internal (e.g., LTM representations) sources of information (Chun et al.,
2011; Dixon et al., 2014). Implicit LTM refers to non-consciously accessible knowledge that is
expressed through changes in behavior or performance (e.g., perceptual or associative learning).

Regarding LTM biases in depression, meta-analytic evidence indicates that depression is
related to better explicit and implicit memory for negative vs. positive information (Gaddy &
Ingram, 2014; Matt et al., 1992). With respect to WM, depression is characterized by the biased
representation of negative vs. positive material in WM (Joormann, 2010; Koster et al., 2011;

Schweizer et al., 2019). This skewed representation of emotional material results from difficulties
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in executive control. Adopting models from cognitive science (e.g., Miyake & Friedman, 2012),
three executive control operations have been identified and hamper efficient WM functioning:
difficulties in inhibiting negative material from entering WM (Goeleven et al., 2006; Joormann,
2004), difficulties in shifting between negative and neutral mental sets (De Lissnyder et al., 2010),
and difficulties in updating WM by removing no-longer relevant negative information (Levens &
Gotlib, 2010). These difficulties in working memory operations may hamper flexible adaptation of
cognition and behavior in depression (Grahek, Everaert, Krebs, & Koster, 2018).
3. Mechanisms of attention and memory interactions in depression

Figure 1 provides a schematic overview of the mechanisms and features of dynamic
interactions among biases in attention and memory processes in depression.
3.1 Attention bias during memory encoding modulates LTM bias

The question of how attention biases influence encoding (i.e., the process of creating a new
mental representations that can be stored within memory systems) of emotional information and
thereby modulate explicit LTM in depression has received considerable empirical attention. Initial
work examined the role of attention biases during encoding in enhancing LTM bias by presenting
an attention bias task (e.g., exogenous cueing task, free viewing eye-tracking task) followed by a
memory task probing recall or recognition of the presented stimuli (Ellis, Beevers, & Wells, 2011;
Koster, De Raedt, Leyman, & De Lissnyder, 2010). By using the same stimulus materials across
tasks, these studies test whether attention bias skews encoding in favor of negative information and
how this is associated with a negative LTM bias. The results of these studies revealed that greater
attention bias to negative words (during elaborate processing stages) was related to improved recall
of these negative words (Koster et al., 2010). In addition, less attention to positive words was
associated with less accurate recognition of these items (Ellis et al., 2011). These initial

observations in samples of individuals with self-reported depressive symptoms indicate that
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attention biases during encoding enhance later memory for negative material and impair memory
for positive material. These findings align with evidence from cognitive science showing that
divided (vs. full) attention during encoding results in diminished explicit LTM for previously
encountered information (for reviews, see Chun & Turk-Browne, 2007; Turk-Browne, Golomb, &
Chun, 2013) as well as research from affective science showing that attention allocation toward
emotional information during encoding (partly) explains subsequent enhanced recall of emotional
information (Pottage & Schaefer, 2012; Talmi, 2013).

Recently, researchers have started to investigate how biases in different operations of
attention modulate the encoding of emotional self-referent meanings and LTM bias. In one study,
participants with varying self-reported levels of depressive symptom severity were asked to
unscramble emotional sentences in either a positive or negative manner (e.g., “born winner am
loser a I” into either “I am a born loser” or “I am a born winner”) (Everaert, Duyck, & Koster,
2014). When unscrambling the sentences, biases in overt attention toward negative (e.g., “loser”)
vs. positive (e.g., “winner”) words were measured using eye-tracking. A subsequent free recall task
prompted participants to recollect the constructed self-referent meanings and served as a measure
of memory bias. Bias in attention selection toward negative vs. positive words was indirectly
related to better LTM for negative vs. positive meanings via a higher proportion of generated
negative vs. positive meanings. Moreover, attention modulation bias toward negative vs. positive
words was directly related to a congruent memory bias. These observations add to prior research
by showing that biases in distinct operations of attention — selection and modulation — may play a
different role in encoding emotional information in LTM.

Extending this work on explicit LTM, a recent study examined whether symptoms of
anhedonia are related to negative biases in attention and implicit LTM (Salem, Winer, & Nadorff,

2017). A convenience sample of participants with varying depressive symptom levels completed
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the attention dot probe task followed by a two-alternative forced-choice recognition task to assess
implicit memory for stimuli that were presented during the attention task. In the two-alternative
forced-choice recognition task, participants were briefly presented with a stimulus word from the
dot probe task, which was then masked and replaced by two response choices (including the target
word and a foil). Participants were instructed to select the word that was presented during the
attention task. Though effect sizes were small, implicit memory bias moderated the relation
between attention bias and symptoms of anhedonia. Negative attention bias was associated with
anhedonia only at high levels of implicit memory bias. In sum, research suggests that attention bias
during encoding modulates both explicit and implicit memory bias. Yet, attention bias may not
influence implicit memory to the same degree as it influences explicit LTM bias.
3.2 Attention bias during memory retrieval modulates LTM bias

In depression, attention biases may selectively enhance LTM even after encoding by
altering how stored items are retrieved from LTM. Retrieval refers to a process of recollecting or
accessing mental representations that have been encoded and stored in memory. Clinical research
on how attention biases could modulate retrieval of emotional information and enhance LTM bias
in depression is lacking, but can be guided by findings from basic research. While neuroimaging
research has suggested the role of top-down attention during memory retrieval (e.g., Guerin,
Robbins, Gilmore, & Schacter, 2012), behavioral research has yielded less conclusive associations.
On the one hand, several studies using a concurrent divided attention task have found small effects
on free recall, indicating that retrieval can occur successfully in the absence of focused attention
(Craik, Eftekhari, & Binns, 2018; Naveh-Benjamin, Kilb, & Fisher, 2006). On the other hand, other
studies have observed that dividing attention during LTM retrieval significantly reduces memory
performance, suggesting that retrieval is an attention-demanding process (Fernandes & Moscovitch,

2002; Rohrer & Pashler, 2003). To rectify these seemingly conflicting findings, scholars proposed
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that the extent to which attention during LTM retrieval affects memory performance depends on
whether retrieval relies on recollection or familiarity (Dudukovic, DuBrow, & Wagner, 2009).
Recollection (i.e., retrieval of specific details about the prior occurrence of an item) and familiarity
(i.e., asense of having encountered an item without retrieving specific details) rely on at least partly
different cognitive and neural mechanisms (Yonelinas, Aly, Wang, & Koen, 2010). Accordingly,
whereas recollection is attention-demanding (i.e., more explicit) familiarity can be largely
automatic (i.e., more implicit) (Jacoby, 1991). As such, dividing attention during memory retrieval
would reduce memory for recollected items but leave familiarity-based retrieval intact. Indeed,
basic cognitive studies have provided empirical support for this hypothesis (Hicks & Marsh, 2000).

The question of how attention modulates emotional LTM retrieval has gained considerable
interest (for a review, see Talmi, 2013). It is notable that behavioral studies in this area have also
been mixed. For example, one study observed that the emotion-enhanced memory effect (i.e., better
memory for emotional vs. neutral content) was not influenced by dividing attentional resources
during retrieval (Clark-Foos & Marsh, 2008), whereas another study reported that the enhancement
effect disappeared with divided attention (Maddox, Naveh-Benjamin, Old, & Kilb, 2012). It may
be that the noted distinction between recollection-based and familiarity-based retrieval processes
is similarly important with respect to emotional memory retrieval. Indeed, controlled (i.e., explicit,
recollection-based) and automatic (i.e., implicit, familiarity-based) retrieval processes may
differentially recruit attention to guide memory search and retrieval.

To test this hypothesis, one study examined the role of attention bias toward positive stimuli
during memory retrieval in modulating positive LTM bias (Everaert & Koster, 2015). During an
encoding task, healthy unselected participants were instructed to elaborate on both positive and
negative meanings from scrambled sentences to select the most self-descriptive sentence (e.g., “I

am a born loser” and “I am a born winner” derived from “born winner am loser a 1’). After a
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retention interval, participants were instructed to search their memory for the sentences they had
selected in response to pairs of retrieval cues including a negative and positive word cue (e.g.,
winner vs. loser). One cue was linked to the target memory (e.g., “I am a born winner”) and the
other to the distractor memory (e.g., “I am a born loser”). Recollection- and familiarity-based
retrieval processes during recognition were distinguished using a Remember-Know procedure
(Tulving, 1985). This procedure requires participants to decide whether their retrieval of the
sentences was based on ‘remembering’ (i.e., recollection-based: details of the sentence were
recalled) or ‘knowing’ (i.e., familiarity-based: a feeling that an item was previously encountered
without much detail). Eye movements were registered during memory search to measure attention
biases toward positive vs. negative retrieval cues. Biased attention toward positive information was
related to greater recollection of positive compared to negative target memories. Interestingly, this
relation occurred only during recollection-based retrieval (Remember responses). Attention bias
during familiarity-based retrieval (Know responses) was not related to recollection of positive or
negative material. These findings suggest that controlled but not automatic retrieval of emotional
memories may be modulated by a positive attention bias in healthy individuals. In future research,
it would be interesting to examine how depression modulates biases in these attention and memory
processes. Based on cognitive and emotion research, we expect that depression-linked bias in
attention may skew retrieval of emotional material during recollection-based retrieval to potentiate
a negative and attenuate a positive LTM bias.

Although basic research suggests that attention primarily modulates retrieval from explicit
LTM, the possibility that attention can alter implicit retrieval processes in depression cannot be
ruled out. Whereas explicit LTM retrieval can be initiated by internal as well as external cues,
implicit LTM retrieval may be tied to the processing of identical or related events and be associated

with external attention (Kim, 2019). Basic research has shown that implicit memory retrieval
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mainly occurs via associative processes linked to situational cues (Lozito & Mulligan, 2010).
Therefore, unintentional retrieval paradigms (i.e., memory tasks that do not explicitly instruct
participants to search for a target memory) may be better suited to address whether attention biases
toward particular cues automatically trigger emotional memories (e.g., Barzykowski & Staugaard,
2016). With respect to depression, research could test whether attention bias guides the activation
of negative representations from implicit memory by studying negative intrusive memories. Prior
work has shown that depression is characterized by involuntary intrusive negative autobiographical
memories (Newby, Lang, Werner-Seidler, Holmes, & Moulds, 2014; Reynolds & Brewin, 1999)
and impaired positive autobiographical memory (Begovic et al., 2017). Analogous to posttraumatic
memory intrusions (Schafer, Zvielli, Hofler, Wittchen, & Bernstein, 2018), it possible that a
depression-linked attention bias toward negative situational cues is related to more intrusions of
negative autobiographical memories and an attenuated positive attention bias is related to fewer
intrusions of positive autobiographical memories.
3.3 LTM bias guides the allocation of attention

Memories derived from prior experiences support the processing of incoming information,
providing predictive information about which aspects of a situation are likely to be relevant
(Dudukovic & Wagner, 2006). LTM representations can be recruited to guide the allocation of
selective attention and facilitate perception of relevant stimuli. The deployment of attention is
expected to be influenced by both implicit and explicit memory systems (Hasson et al., 2015;
Hutchinson & Turk-Browne, 2012; Todd & Manaligod, 2017).

One way in which prior learning may bias the allocation of attention is via implicit LTM.
Most studies testing this hypothesis involve an associative learning phase followed by an attention
task. The learning phase typically involves repeated pairings of neutral stimuli and emotional

outcomes while participants execute a cover task. The attention task subsequently presents only
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the neutral stimuli to examine whether the learned associations with emotional content capture
attention. In healthy individuals, studies have shown that associative learning of stable relations
between a neutral stimulus (e.g., a shape or color) and aversive events (Anderson & Britton, 2019;
Koster et al., 2004; Schmidt, Belopolsky, & Theeuwes, 2015) or reward (Chelazzi, Perlato,
Santandrea, & Della Libera, 2013; Hickey & van Zoest, 2013) involuntary guides attention
selection toward matching stimuli. For example, one study showed that task-irrelevant stimuli that
were previously associated with reward involuntarily capture attention and disrupt visual search
for a salient target (Anderson, Laurent, & Yantis, 2011). Moreover, the reward history of a stimulus
may have a lasting effect on the deployment of attention, such that it may be observed several days
after the end of the learning phase (Della Libera & Chelazzi, 2009).

In the context of depression, two studies have examined how prior learning modulates
attention allocation. In one study (Anderson, Leal, Hall, Yassa, & Yantis, 2014), adults low vs.
high in depression symptoms completed a learning phase including a visual search task in which
they searched for color-defined targets. Participants received monetary reward when the targets
were correctly reported. Subsequently, during the test phase, participants completed another visual
search task. In this task, the target was defined by shape (e.g., a square among circles) while color
was irrelevant to the task. On a subset of trials during the test phase, one of the non-targets was
presented in the color of a previously reward-associated target. Attention was captured by reward-
related stimuli in those low but not high in depression (Anderson et al., 2014). These observations
suggest that depression may be associated with a relatively blunted influence of prior reward on
attention selection.

Similar observations were reported in a second study examining how reward and
punishment learning modulate attention allocation in adults low vs. high in depression symptoms

(Brailean, Koster, Hoorelbeke, & De Raedt, 2014). Participants first completed a learning phase in
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which shapes were paired with monetary gains or losses. The subsequent test phase involved a dot
probe task presenting the shapes signaling reward or loss. Similar to Anderson et al (2014), those
low in depression levels oriented attention toward reward-associated stimuli whereas individuals
with higher depression levels do not orient attention toward stimuli associated with reward
(Brailean et al., 2014). In contrast, there were no differences between low and high depression with
respect to attention biases toward stimuli signaling loss. The results of these two studies suggest
that the reward learning history of a stimulus modifies its attentional priority and that depression
modulates how associative learning guides attention allocation.

Explicit LTM systems may also contribute to biased allocation of attention to emotional
information. Studies have shown that explicit LTM representations influence different operations
of attention (Becker & Rasmussen, 2008; Kruijne & Meeter, 2016; Summerfield, Rao, Garside, &
Nobre, 2011). For example, one study examined how memory may be leveraged to find a target in
complex visual scenes (Summerfield, Lepsien, Gitelman, Mesulam, & Nobre, 2006). In this study,
participants were familiarized with a set of complex visual scenes, several of which contained a
target object. Next, participants completed a cued visual orienting task and a memory-orienting
task. In the cued visual-orienting task, participants detected whether a cued target object was
present within novel scenes. In the memory-orienting task, participants detected whether a cued
target was present within the familiar scenes. Participants were significantly faster at detecting the
target object within familiar vs. novel scenes, indicating that memories can be used to guide
attention to a target’s expected location in complex visual scenes (Summerfield et al., 2006). A
recent study modified a similar paradigm to study whether punishment-related memories likewise
drive attention allocation (Suarez-Suarez, Rodriguez Holguin, Cadaveira, Nobre, & Doallo, 2019).
Contextual memories paired with punishment avoidance led to faster responses to targets presented

at remembered locations. Applying these observations to depression, it seems likely that greater
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accessibility of negative memories stored in explicit LTM (Joormann & Siemer, 2004) may
increase the likelihood that these memories are used to guide attention allocation when searching
for relevant information.

3.4 Working memory difficulties modulate attention bias — LTM bias interactions

WM is closely interconnected with attention and LTM processes (for a comprehensive
review, see Fougnie, 2008). Studies have repeatedly shown that the contents of WM may guide
attention toward matching external stimuli and that, in turn, attention selects which stimuli are
stored in WM (Awh et al., 2006; Luck & Gold, 2008; Soto, Hodsoll, Rotshtein, & Humphreys,
2008). The information that is held online in WM can be used to direct attention toward relevant
mental representations when searching for targets in LTM, which are then represented in WM once
activated (Kizilirmak, Rosler, & Khader, 2012; Polyn & Kahana, 2008). In this way, WM serves
as an interface between external attention and LTM (Chun et al., 2011). It is therefore plausible
that executive control operations, which regulate the contents of WM, modulate the interactions
between biases of attention and LTM.

Executive control operations are theorized to cause difficulties to disengage attention from
processing negative information in depression (Joormann, 2010; Koster et al., 2011). Difficulties
in inhibitory control of irrelevant negative information in WM may cause attention to be focused
on negative instead of positive information, which may facilitate processing of attended
information and inhibition of processing for the relatively less attended (e.g., positive) information.
By selecting matching items from external (e.g., environmental stimuli) or internal (e.g., items
retrieved from LTM) sources, this negative attention bias may fuel the negative contents that are
stored in WM (and maintained through difficulties in shifting and updating of WM representations).
This process may produce differential processing of selected (i.e., negative) and unselected (e.g.,

positive) information, and influence which information is encoded into LTM and set the stage for
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LTM biases. Thus, by guiding both external and internal attention, difficulties in executive control
operations may affect the mutual influences that occur between attention and LTM biases.

In depression, difficulties in executive control operations have been linked to attention and
memory biases. One recent study in a nonclinical sample tested whether executive control
difficulties over emotional material predicted self-reported depressive symptoms through cognitive
biases (Everaert, Grahek, & Koster, 2017). Individuals varying in depression levels completed
several executive control tasks measuring difficulties in inhibition, shifting, and updating when
processing emotional information as well as an attention bias task while processing self-relevant
sentences. Negative attention bias was specifically related to difficulties in inhibiting negative
material from WM. Difficulties in WM updating and shifting between negative and positive mental
representations were not related to attention bias, but were related to a bias in negative vs. positive
self-related sentences that were constructed during the attention bias task. Further support for
relations between WM difficulties and cognitive biases comes from a study in which WM was
trained healthy individuals using a variant of the emotional n-back task. This study found that the
WM training led to improved attentional control over emotional stimuli on an emotional Stroop
task (Schweizer, Hampshire, & Dalgleish, 2011). This finding suggests that WM operations have
a causal influence on attention bias. Finally, a recent study reported evidence supporting the role
of WM operations in regulating LTM biases. In this study, individuals with a tendency to engage
in repetitive negative thinking were trained to inhibit negative material from WM (Daches, Mor,
& Hertel, 2019). Examining effects on LTM, it was found that the training resulted in a less
negative bias in LTM. This is consistent with the hypothesis that WM operations causally influence
LTM biases.

Collectively, these initial research findings suggest that WM operations and biases in both

attention and memory are closely associated. Current evidence is in line with the notion that



ATTENTION — MEMORY INTERACTIONS IN DEPRESSION 18

working memory operations mediate interactions between biases in attention and LTM. Next,
research is needed to investigate WM difficulties in relation to attention and memory biases
concurrently. This may be particularly instructive in better understanding the putative functions(s)
of WM in the interactions between attention and LTM biases.
3.5 Summary

Current research findings are consistent with the notion that cognitive biases are not isolated
but interrelated processes. There is evidence suggesting that (a) depression-linked attention biases
during encoding modulate the contents of explicit and implicit LTM; (b) positive attention bias
modulates controlled but not automatic retrieval of emotional memories in healthy individuals; (c)
depression is linked to a blunted influence of prior reward learning on attention selection; and (d)
executive control difficulties are related to both attention and memory biases in depression.
However, it should be noted that the strength of the relations between attention biases, WM
difficulties, and LTM biases is within the small to moderate range (i.e., r’s between .20 and .60).
This suggests that other factors may modulate the strength of their mutual influences, potentiating
or disrupting the vicious cycles of biased processing of emotional information. Additional research
is needed to elucidate how various factors such as goal formulation (Mogg & Bradley, 2018), goal
relevance appraisals (Kolnes, Naar, Allik, & Uusberg, 2019), stress levels (Quinn & Joormann,
2015), and resilience (Hoorelbeke, VVan den Bergh, Wichers, & Koster, 2019) may influence the
manifestation of cognitive biases and their interactions in depression across time and contexts.

4. Dynamic features of attention and memory bias interactions in depression

Attention and memory have long been conceptualized as dynamic processes with mutually
reinforcing influences (Neisser, 1967). This basic property of attention and memory likely applies
to cognitive biases. As depicted in Figure 1, negative memory representations that are stored in

explicit and implicit LTM may both orient and maintain attention on congruent material in the
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environment that matches the content of the memories. The resulting negative bias in attention may
in turn enhance processing of negative material and attenuate processing of positive information,
as such improving encoding of negative material into WM and LTM. This may further consolidate
initial negative memory representations, thereby potentiating their ability to guide attention toward
congruent information, etc. Indeed, investigators have argued that attention biases, working
memory difficulties, and LTM biases may instigate pathogenic cycles of increasingly negative and
less positive information-processing through their bidirectional influences (Wittenborn et al., 2016).
Cognitive biases may then not operate in a stable trait-like manner, but rather fluctuate over time
and contexts (Everaert, Bronstein, Cannon, & Joormann, 2018; Quinn & Joormann, 2015; Reinhart,
McClenahan, & Woodman, 2016; Zvielli, Bernstein, & Koster, 2014). This implies that the
strength of the mutual influences between cognitive biases may also vary over time. To study
fluctuations in the interplay among cognitive biases, attention and memory processes (and their
interactions) could be modeled in time, from seconds to minutes to hours to days, and even across
developmental phases spanning years.

Dynamic conceptualizations of attention and memory are gaining renewed interest in basic
cognitive science (Aben, Verguts, & Van den Bussche, 2017; deBettencourt, Keene, Awh, & Vogel,
2019; Stokes & Spaak, 2016) and are emerging in research on depression. With respect to attention
bias, computational approaches have been proposed to quantify attention bias as a dynamic process
that fluctuates toward and away from motivationally relevant stimuli (lacoviello et al., 2014; Zvielli
et al., 2014). These data analytic strategies propose parameters such as phasic bursts and temporal
variability of attention bias. The parameters are extracted from standard attention task data by serial
ordering of the repeated expression of attention bias among successive observations at the trial-
level. Employing such dynamic parameters, studies are starting to characterize the dynamic nature

of attention bias. For example, current research suggests that remitted depression is characterized
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by greater variability in attention bias (Zvielli et al., 2016). Importantly, dynamic indices of
attention bias outperform the traditional static indices with regard to psychometric properties and
the prediction of psychopathology (Davis et al., 2016; Yuval, Zvielli, & Bernstein, 2017; Zvielli et
al., 2014, 2016). Yet, further research may be needed to optimize current computational methods
(Kruijt et al., 2016; Zvielli et al., 2016). In particular, studies are needed that distinguish sources
of variability in response time and eye movements (I. Amir, Zvielli, & Bernstein, 2016).
Additionally, novel paradigms are needed that are designed a priori to measure and quantify
attention bias as a dynamic process (Zvielli et al., 2014, 2016).

More dynamic conceptualizations of memory bias also merit investigation. Memories are
dynamic entities that change over time through processes of formation, consolidation, and
reconsolidation. Capturing how emotional memories are organized in LTM seems important to
gain insight into dynamic aspects of negative and positive emotional memories. However, research
traditionally considers the number of accurately remembered negative, positive, and neutral items
to calculate bias indexes reflecting the proportion of negative items. Such aggregated scores ignore
the serial order in which items are recalled from memory, which could reveal their clustering and
organization in LTM (Polyn & Kahana, 2008; Polyn, Norman, & Kahana, 2009). Indexes based on
the serial position of item recall may be useful to characterize dynamic properties of LTM biases
in emotional disorders. For example, the strength of associations between memories could be
quantified by calculating the probability of continued recall of negative vs. positive items (van
Vugt, Hitchcock, Shahar, & Britton, 2012). This index considers the number of items of the same
emotion category that are recalled successively as well as transitions from recalling items of one
category to another. Interestingly, a previous study in individuals with recurrent depression has
shown that mindfulness decreased the probability of continued negative memory recall and

increased continued positive memory recall (van Vugt et al., 2012). This study suggests that
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considering the patterns of memory retrieval may cast light on dynamic properties of memory
biases, such as the persistence of recalling negative information.

Time-sensitive indices of attention and memory biases may help to address outstanding
questions regarding the dynamic nature of their interactions at micro and macro timescales. For
example, at a micro timescale, it remains puzzling why people recall only a subset of emotional
memories while they have attended to different kinds of emotional information. Fluctuations in
attention bias over time may help account for intra-individual variability in the performance on
emotional memory tasks. Consistent with this idea, basic research has shown that attention lapses
lead to worse memory performance (deBettencourt et al., 2019). Applied to cognitive processing
of emotional information, peaks or bursts in the phasic expression in attention bias may explain
which material is prioritized for encoding in WM and thereby result in better LTM for the attended
items as well as those items that are semantically related.

Moreover, at a macro timescale, it has yet to be investigated whether interactions among
cognitive biases are changed by developmental maturation processes. Current evidence suggests
that depression-linked attention biases may already emerge from an early age (Lau & Waters, 2017,
Platt, Waters, Schulte-Koerne, Engelmann, & Salemink, 2017) and that LTM biases in depression
may be more characteristic for adolescents than for children with depression (Lau & Waters, 2017).
Such fluctuations in the nature of cognitive biases may then determine which interactions among
these processes plausibly occur. To-date, one study examined correlations between cognitive biases
in adolescents suffering from clinical depression. This study observed that recall of positive words
was negatively correlated with a congruent bias in the higher-order cognitive process of
interpretation (Orchard & Reynolds, 2018). This finding suggests that attention and memory
processes may interact during adolescence. Yet, follow-up research is required to explicitly model

specific interactions between these cognitive biases in adolescence. In studying the role of
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maturation processes on cognitive processing of emotional information, it seems important to
examine the temporal stability of cognitive biases across development. Such research efforts may
provide insight into whether these processes and their interactions represent enduring risk for
depression (e.g., Hankin, 2008).

In sum, understanding the fluctuations of cognitive biases may provide critical knowledge
to accurately conceptualize the (dynamic) nature of these processes in depression. In addition, this
work is important to gain insight into the contexts and periods of life during which attention and
memory biases more intimately interact, and increase risk to developing depression.

5. Methodological considerations and recommendations

Different methodological approaches have been employed to study relations between
cognitive biases in depression. One approach involves combining experimental paradigms
measuring different cognitive biases during a single study session. For example, studies have
combined attention bias tasks (e.g., emotional dot probe task, emotional Stroop task) with a self-
referential encoding task and subsequent free recall test to investigate whether attention and LTM
biases are correlated (for examples, see Gotlib et al., 2004; Sanchez, Duque, Romero, & Vazquez,
2017; Vrijsen, Van Oostrom, Isaac, Becker, & Speckens, 2014). In this approach, experimental
paradigms are independent and present unique stimulus materials. Such studies usefully determine
whether biases occur in multiple related cognitive processes independently, but cannot provide
insight into their specific interactions. A different approach may be indicated if we hope to develop
more fine-grained understanding of how attention bias influences memory biases and vice versa.

To this end, researchers have adopted another approach in which multiple experimental
tasks are combined and modified to present the same stimulus materials. Experimental tasks are
administered in a fixed temporal order to examine how one bias (e.g., during encoding or retrieval)

is related to later processing of the same stimulus materials. The designed dependency in terms of
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shared stimuli and temporal order allows these studies to address questions related to specific
attention-memory bias interactions in an experimental context. As extensively discussed earlier in
this article, this type of study design has been commonly applied in basic sciences as well as clinical
studies to investigate how attention biases regulate emotional memory and vice versa in depression.

Whereas this second methodological approach allows some confidence in the direction of
effects, direct proof of causality requires experimental manipulation of one cognitive process to
track effects on other process. Therefore, in a third approach, studies have utilized cognitive
training methods to manipulate cognitive biases and examine transfer of training to other processes.
At present, most studies have attempted to determine the causal role of attention bias. For example,
one study trained participants to orient attention away from negative words using a training variant
of the dot-probe task (Blaut, Paulewicz, Szastok, Prochwicz, & Koster, 2013). A subsequent
memory test measured the impact of the training on LTM processes. As we will discuss below,
there are increasing concerns about the effectiveness of certain cognitive training procedures (e.g.,
dot probe training task; Koster & Bernstein, 2015). Unsuccessful implementation of training
paradigms limits the ability to draw firm conclusions regarding the sources of potential transfer of
training effects. Therefore, we recommend that future work capitalizes on recent innovations in
attention training (e.g., Bernstein & Zvielli, 2014; Lazarov, Pine, & Bar-Haim, 2017; Sanchez,
Everaert, & Koster, 2016; Schnyer et al., 2015) to test the hypothesized influence of attention bias
on other cognitive processes. Moreover, novel procedures to modify memory bias enable
researchers to investigate how this bias influences attention allocation (Hertel, Maydon, Cottle, &
Vrijsen, 2017; Vrijsen, Hertel, & Becker, 2016).

In reviewing approaches to study attention-memory bias interactions in depression, it
becomes clear that most studies have employed behavioral paradigms. Though studies have

identified abnormalities at the neural system level that contribute to biased information-processing
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in depression (for reviews, see De Raedt & Koster, 2010; Disner, Beevers, Haigh, & Beck, 2011),
the neural underpinnings of interactions among attention and memory biases remain unclear.
Research from cognitive (Chun & Turk-Browne, 2007) and affective (Dolcos et al., 2019) science,
as well as recent work on anxiety (e.g., Aue & Okon-Singer, 2015), has already successfully
employed brain imaging methods such as functional magnetic resonance imaging,
neurostimulation techniques, and event-related potentials to study interactions between cognitive
biases at the neural level. Future research on depression may capitalize on this innovative work and
combine behavioral paradigms and brain-imaging methods to formulate an integrated
understanding of attention-memory bias interactions.

On afinal note, the reliability of experimental tasks measuring cognitive biases has become
the focus of increasing concern (McNally, 2019; Rodebaugh et al., 2016). Studies that have
investigated psychometric properties of the emotional dot probe task have reported low split-half
and test-retest reliabilities (Schmukle, 2005; Waechter, Nelson, Wright, Hyatt, & Oakman, 2014).
While not all attention bias tasks may possess poor psychometric properties (Sears, Quigley,
Fernandez, Newman, & Dobson, 2018) and novel dynamic attention bias parameters may be more
reliable (lacoviello et al., 2014; Zvielli et al., 2014), the reliability and validity of many cognitive
tasks is unknown. The absence of (knowledge about) reliable bias indexes may jeopardize
systematic progress in integrative research on cognitive mechanisms in depression. In moving
forward, future research on attention-memory bias interactions in depression may benefit from the
development (and validation) of novel research paradigms that are specifically designed to capture
specific features of attention-memory bias interactions. Experimental paradigms that have been
successfully employed in basic cognitive and emotion science may usefully guide this method

development effort in clinical science.
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6. Future directions

This article reviewed extant research on interactions among attention biases, WM
difficulties, and LTM biases in depression to elucidate promising mechanisms implicated in this
disorder. However, despite emerging research, it is clear that important gaps in our knowledge
remain. Throughout the article, we highlighted specific directions for empirical research in this
area to more realistically capture the multifactorial interactions among cognitive biases in
depression. In this section, we outline broader directions for the field to better understand how
cognitive biases translate to depression, advance current cognitive training interventions for
depression, and establish transdiagnostic properties of attention-memory bias interactions.
6.1 Uncovering how attention-memory bias translate to depression

Attention and memory biases represent lower-level cognitive processes that may be more
proximally linked to higher-level pathogenic processes implicated in the onset, maintenance, and
relapse of depressive symptoms. That is, mutually reinforcing attention and memory biases may
derail higher-order processes such as the interpretation of ambiguity as well as emotion reactivity
and regulation, thereby contributing to the development of depressive symptoms. Below, we
illustrate how attention-memory bias interactions could distort these higher-order processes and set
the stage for psychological maladaptation.

6.1.2 Interpretation biases

Depression has been associated with a tendency to draw more negative and fewer positive
interpretations to account for ambiguous emotional information (Everaert, Podina, & Koster, 2017,
Wisco, 2009). Interpretation is a semantic process that involves integration of different aspects of
a situation to construct mental representations that resolve ambiguity (Hirsch, Meeten, Krahé, &
Reeder, 2016). This process of ambiguity resolution relies on a set of cognitive operations that

subserve the generation of multiple explanations followed by the selection of an explanation that
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is most applicable to a situation (Huppert, Pasupuleti, Foa, & Mathews, 2007). In depression, both
the generation and selection of possible interpretations may be biased with more negative vs.
positive interpretations that are generated upon encountering ambiguity as well as more negative
Vs. positive interpretations that are selected as most plausible (Wisco, 2009). Biases in basic
cognitive processes and their interactions may lie at the core of the skewed generation and selection
of emotional interpretations, as such influencing how people suffering from depression make sense
of ambiguous emotional experiences.

In interpreting ambiguous situations (e.g., someone in the audience frowns while you are
giving a presentation), it is plausible that the generation of interpretations is guided by prior
knowledge and/or experiences in similar situations (i.e., cognitive schema). These autobiographical
memories could be consciously retrieved or automatically triggered from LTM by allocating
attention toward cues in the environment. A negative attention bias and attenuated positive
attention bias (e.g., looking at someone yawning and not at a smiling attendee) may make more
negative than positive long-term memories accessible (e.g., previous presentations or speeches that
did not went well), thereby setting the stage for a congruent bias in interpretation generation (e.g.,
“my research is not interesting”, “they think I am not a good speaker”, etc.). In considering
generated interpretations, the different options must be held online in WM and the most plausible
interpretation must be selected from its competitors. Difficulties in executive control and biases in
attention likely influence this selection process. In particular, difficulties in inhibiting negative
representations, shifting between negative and positive representations, and updating WM by
removing irrelevant negative material may result in a disproportionate representation of negative
vs. positive interpretations in WM (at the expense of the positive or neutral interpretations, e.g.,
“that person in the audience must be tired”). These biased WM contents may then guide attention

toward matching (external) information (e.g., someone who is busy with his/her mobile phone)
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which may in turn bias what is subsequently encoded and maintained in WM (e.g., “nobody is
interested in my work™). These bidirectional influences between WM and external attention bias
may increase the likelihood that a negative and not a positive interpretation is selected as the most
plausible explanation for that particular situation. The selected interpretation may then be encoded
into LTM and hence influence what is available for later retrieval from LTM when ambiguity is
encountered. This may instigate a self-maintaining cycle of increasingly negative as well as less
positive information-processing, shaping one’s views about the self (e.g., “I am a failure”), others
(e.g., “people do not care about what | do”), and future (e.g., “my future looks dismal”).

6.1.3 Emotional responding and emotion regulation

When exposed to psychosocial stressors (e.g., a job interview), those suffering from
depression may allocate attention more to negative than positive cues (e.g., a frowning vs. a smiling
interviewer). This biased allocation of attention may elicit negative emotions (e.g., sadness, anger)
and prevent depressed individuals from reorienting attention to positive or rewarding cues (e.g.,
focusing on the other assessors) as a regulatory strategy that could reduce negative and increase
positive emotions. It is then more likely that more negative than positive information enters WM.
This skewed processing of emotional information in WM may be maintained through a bias in
attention modulation and executive control difficulties, which may both fuel negative and dampen
positive thoughts (e.g., “I am making a bad impression”, “things will go wrong”) as well as guide
attention toward matching information in the environment. This cycle of attention bias fueling
negative content in WM and WM guiding attention toward congruent information may then hamper
reappraisal of the stressful situation in a more positive manner and increase repetitive negative
thinking (e.g., “I will never get a job”). These attention bias — WM interactions may then fucntion
to maintain one’s negative emotional response to the stressful event, dampen any positive emotions

(e.g., excitement), and impair emotional recovery from the stressor. Moreover, the negative
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information that is maintained in WM may guide retrieval of memories of related emotional
experiences from LTM (e.g., “last time I also performed badly during an interview, hence I'm a
loser”). These memories may further intensify the emotional stress response (i.e., the negative
emotions), guide attention toward other negative cues (e.g., signs of rejection), and reinforce
negative WM contents. As a result, more negative than positive meanings may be encoded into
LTM and strengthen memory biases. This biased encoding of negative information may jeopardize
the use of mood-incongruent recall of positive or rewarding memories to repair negative mood in
the future, which may be further compromised by attention biases during memory retrieval.
While short-term negative processing biases in attention and memory may serve to
effectively process and manage stressors (Albert & Newhouse, 2019), strong mutual influences
between attention and memory biases (rather than individual biases) in response to stressors may
help to explain when these cognitive processes become persistent and inflexible, contribute to
prolonged emotional dysregulation, and the development of hallmark depression symptoms (e.qg.,
sustained negative mood, loss of pleasure). Prior research has already shown that biases in
individual cognitive processes are related to increased emotional responding to stress (Ellenbogen
et al., 2002), diminished recovery from stress (Clasen et al., 2013; Sanchez et al., 2013), and
emotion regulation difficulties such as infrequent use of reappraisal and frequent repetitive negative
thinking (for a review, see Joormann & Vanderlind, 2014). Yet, studies have yet to uncover how
the interactions among cognitive processes are implicated in emotional responding and emotion
regulation in depression. Moving toward a higher level of specificity regarding emotional states,
this work would further benefit from distinguishing discrete positive (e.g., happiness, hope, pride)
and negative (e.g., sadness, anger, guilt) emotions to consider how interacting cognitive processes
may influence (networks of) interrelated discrete emotions (e.g., Pe et al., 2015). As illustrated in

this section, the four mechanisms of attention and memory bias interactions could guide this
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endeavor to better understand the cognitive mechanisms involved in emotional dysregulation in
depression.
6.2 Advancing cognitive training interventions

Identifying the interactions among biases in attention, WM, and LTM in depression may
provide important clues for cognitive training interventions targeting psychopathology risk
processes. Cognitive training interventions have attracted considerable attention as a potential tool
to reduce the burden associated with depression and other mental disorders (Hertel & Mathews,
2011; MacLeod & Mathews, 2012). These methods have adapted existing cognitive paradigms to
expose trainees to contingencies between emotional stimuli and target responses in a way that
encourages attenuation of a targeted bias in cognition. Various procedures have been developed to
target biases in attention or memory processes. However, meta-analyses suggest that current
training methods yield, at best, small and temporary effects on depressive symptomatology (Cristea,
Kok, & Cuijpers, 2015; Hallion & Ruscio, 2011; Koster, Hoorelbeke, Onraedt, Owens, &
Derakshan, 2017). This clearly indicates that there is room for improvement.

6.2.1 How to target biased cognitive processes?

Despite advances in integrative research on cognitive biases in depression, cognitive
training studies have typically targeted single cognitive processes (e.g., attention bias through a dot
probe training protocol) and disregarded (potential) mutual influences that may occur among them.
Yet, research on attention-memory bias interactions may inform how to disrupt the interlocking
vicious cycles and improve cognitive training approaches to obtain therapeutic effects. To disrupt
a cascade of cognitive biases, one could target attention biases through training to effect change in
the type of emotional information that is held online in WM and encoded into LTM (Blaut et al.,
2013). While this approach of focusing on a single cognitive process to disrupt the whole system

seems promising, current research has repeatedly failed to find such transfer of training to other
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cognitive processes in depression (Bowler et al., 2017; Everaert, Mogoase, David, & Koster, 2015;
LeMoultetal., 2017; Voogd, Wiers, & Salemink, 2017). A lack of transfer of attention bias training
to other cognitive processes (e.g., emotional interpretations and LTM) seems particularly
problematic because the unaffected cognitive processes could in turn guide attention away from
stimuli with positive or rewarding associations and toward negative stimuli in the environment.
This may then reduce any beneficial effects obtained through attention bias training. Thus,
employing paradigms that target cognitive processes directly and exclusively may not be sufficient
to ameliorate other cognitive risk processes in depression.

To efficiently reduce cognitive risk for depression, integrative cognitive training paradigms
may be needed to target basic cognitive processes in contexts when they interact with or operate as
part of other (higher-order) cognitive risk processes. The development of such integrative cognitive
training paradigms may capitalize on innovations in research on attention-memory bias interactions.
For example, recent work utilized a paradigm for examining the interplay among biases of attention,
memory, and higher-order processes of interpretation in depression (Everaert et al., 2014). The
paradigm was modified into a training variant in which negative attention bias was targeted through
gaze-contingent feedback while participants elaborated on positive self-referent interpretations
(Sanchez et al., 2016; Sanchez, Everaert, van Put, De Raedt, & Koster, 2019). During training,
participants were instructed to allocate attention toward positive words of scrambled sentences (e.g.,
born winner am loser a I) to efficiently construct positive meanings using five of the six displayed
words. Participants were provided with personalized eye gaze-contingent feedback to increase
awareness of attention allocation and promote self-regulatory control as well as goal-directed
shifting (see also Bernstein & Zvielli, 2014; Ruimi et al., 2018). In this way, the training procedure
targets reallocation of attention to create interpretations that are more positive (and may influence

emotional LTM, see Everaert et al., 2014). This integrated training approach aims to modify



ATTENTION — MEMORY INTERACTIONS IN DEPRESSION 31

attention biases and higher-order mental representations (interpretations), as well as how one bias
influences the other (i.e., reallocating attention to create more benign interpretations). The results
of three studies showed that the training successfully induced a positive attention bias, enhanced
positive reappraisal of negative scenes, and reduced rumination as reflected by the performance on
the transfer of training tasks (Sanchez-Lopez, De Raedt, van Put, & Koster, 2019; Sanchez et al.,
2016, 2019). Thus, paradigms utilized to study interactive cognitive processes can be usefully
applied to develop a new next generation of cognitive training methods that directly impact higher-
level cognitive risk processes.

6.2.1 When to target biased cognitive processes?

Besides questions relating to how cognitive biases should be targeted, another set of
questions pertains to when these processes and their interactions should be targeted. In this respect,
investigators increasingly emphasize that processing biases toward negative or positive
information may not be consistently (mal)adaptive (Everaert et al., 2018; Mehu & Scherer, 2015).
For example, even biased negative interpretations may motivate people to adjust their behavior to
meet situational demands. Consistently drawing positive interpretations may lead people to ignore
important negative features of situations, such as problems at work or difficulties in romantic
relationships. Whether negative or positive biases in cognitive processes promote (mal)adaptive
behavior may hinge on the fluctuating demands of the context in which these processes operate
(Everaert et al., 2018; Kashdan & Rottenberg, 2010; Mehu & Scherer, 2015; Stange, Alloy, &
Fresco, 2017). That is, the inflexible nature of cognitive processes may cause a mismatch between
the process and changing situational demands, thereby increasing risk for depression. Providing
support for this notion, research has shown that depression is characterized by rigid responses to
the environment in a number of processes such as WM operations (Joormann, 2010; Koster et al.,

2011), emotional responding (Bylsma, Morris, & Rottenberg, 2008; Houben, Van Den Noortgate,
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& Kuppens, 2015), and emotion regulation (Joormann & Vanderlind, 2014). Emerging research
suggests that depression is also marked by inflexibility in revising initial negative interpretations
and expectations in the face of disconfirmatory positive information (Everaert et al., 2018; Kube,
Rief, Gollwitzer, Gartner, & Glombiewski, 2018). This novel work suggests that cognitive training
interventions may need to focus on facilitating context-dependent flexibility in attention and
memory processes rather than inducing an overall positive bias and/or reducing a negative bias to
promote adaptive responding.

Identifying contexts that may elicit inflexible responses and implementing training
paradigms within such contexts to facilitate the intake of disconfirmatory information represent
important avenues for future research. In this respect, recent developments in terms of dynamic
conceptualizations (Everaert et al., 2018; van Vugt et al., 2012; Zvielli et al., 2014) and novel
integrative paradigms of cognitive biases (Sanchez-Lopez et al., 2019) enable investigators to
collect intensive longitudinal data about these processes as depressed individuals go about their
daily lives. Obtaining such ecologically valid data may help to identify the contexts under which
attention and memory processes are particularly interconnected and harmful for an individual (e.g.,
triggers of negative repetitive thoughts, appraisals of uncontrollability, etc.). Building on such
idiographic data, it will be possible to adjust the integrative cognitive training intervention to
provide the right type/amount, at the right time, by adapting to an individual’s changing internal
and contextual state (Lei, Nahum-Shani, Lynch, Oslin, & Murphy, 2012; Nahum-Shani et al., 2018).
Of note, the importance of considering idiographic cognitive profiles with multiple cognitive
processes was recently highlighted by a study showing that the best marker of future increases in
depressive symptoms may be the cognitive process that is dominantly biased toward negative
material (Everaert, Duyck, & Koster, 2015). By adopting an integrative and idiographic approach

to assessment and training, treatments may be able to disrupt the vicious cycles of negatively biased
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information-processing and increasing negative affect. Indeed, the four mechanisms outlined in
this article can be usefully applied in guiding a personalized assessment and implementation of
training methods to facilitate flexible processing of emotional information.
6.3 Establishing transdiagnostic properties of attention-memory bias interactions

A large body of research has provided evidence for biases in attention and/or memory across
a wide range of mental disorders (for reviews and meta-analyses, see Brooks, Prince, Stahl,
Campbell, & Treasure, 2011; Eysenck, Derakshan, Santos, & Calvo, 2007; Field, Munafo, &
Franken, 2009; Lazarov et al., 2019; Mitte, 2008; Morrison & Heimberg, 2013; Savulich, Shergill,
& Yiend, 2012). Attention and memory biases are then often viewed as transdiagnostic processes
that cut across various disorders. While biases in these cognitive processes may have
transdiagnostic properties, it has yet to be discovered to what extent the mechanisms of attention-
memory bias interactions generalize across mental disorders.

Theorists have hypothesized that cognitive biases interact with and exacerbate each other
in various conditions including depression (Beck & Haigh, 2014; Holmes, Lang, & Deeprose, 2009;
Wittenborn et al., 2016), anxiety disorders (Hirsch et al., 2006; Ouimet, Gawronski, & Dozois,
2009; Peschard & Philippot, 2016), chronic pain (Van Ryckeghem & Vervoort, 2016), aggressive
behaviors (Schippell, Vasey, Cravens-Brown, & Bretveld, 2003), and body dissatisfaction (Jiang
& Vartanian, 2012). Indeed, it is plausible that the four mechanisms of interactions among attention
and memory processes operate in various mental disorders because they reflect normal interactions
among basic cognitive processes, which become biased as a disorder develops. Empirical evidence
provides some support for this idea. For example, research has indicated that disorder-congruent
attention biases shape one’s expectancies of threat in phobic individuals (Aue & Okon-Singer,
2015), are related to hostile interpretation biases (Schippell et al., 2003), and predict improved

recognition of body-related stimuli in restrained and unrestrained eaters (Jiang & Vartanian, 2012).
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Furthermore, interpretation biases may influence attention allocation toward threat in socially
anxious individuals (N. Amir, Bomyea, & Beard, 2010) and interpretation biases regulate the
content of emotional LTM in generalized social phobia (Hertel, Brozovich, Joormann, & Gotlib,
2008). Together, research suggests that cognitive biases may interact in several mental disorders.

Yet, differences between mental disorders in terms of the proposed attention-memory bias
interactions may arise depending on the nature of biased cognitive processes characteristic of a
particular disorder. For example, whereas depression involves biases in both implicit and explicit
LTM processes (Gaddy & Ingram, 2014; Matt et al., 1992), anxiety is related to enhanced recall of
threat-related information but not to biases in explicit recognition or implicit memory tasks (Mitte,
2008). Such distinctive features regarding the nature of cognitive biases may determine which
mechanisms of attention-memory bias interactions can be plausibly expected in a disorder. Using
the previous example, it is less likely that implicit LTM processes will systematically bias the
allocation of attention in anxiety because this condition does not involve implicit LTM biases. In
researching attention-memory bias interactions within specific mental disorders, it is important to
consider the presence of comorbid mental disorders. Exploring the role of comorbid depression,
one study observed that attention bias predicted subsequent recognition memory only in
participants with social anxiety disorder and comorbid depression (LeMoult & Joormann, 2012).
Attention and memory biases were not related in the group of individuals with social anxiety
disorder. These findings suggest that comorbid psychopathology influences the manifestation of
biases in attention and memory as well as their interactions.

In moving this research forward, investigations of biased cognitive processes and their
interactions could draw on advances in the conceptualization of mental disorders. While traditional
approaches consider risk factors at the disorder level, novel approaches such as the Research

Domain Criteria (RDoC; Sanislow et al., 2010), expanded network models (Borsboom, 2017), and
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the Hierarchical Taxonomy of Psychopathology (HiTOP; Kotov, Krueger, & Watson, 2018)
acknowledge symptomatic heterogeneity within disorders and unclear boundaries between mental
disorders. This is particularly important because clinically different symptoms (e.g., sad mood vs.
insomnia) characterizing one or multiple disorders may be differentially related to biases in
cognitive processes. Adopting a symptom-level focus, recent work has shown that a negative
memory bias, and not attention bias, is related to individual depression symptoms such as negative
mood, worthlessness, feelings of failure, and pessimism (Beevers et al., 2019; Marchetti et al.,
2018). In a sample of individuals with social anxiety disorder, another study found that attention
modulation bias toward threat cues was related to both fear and avoidance of social situations
(Heeren & McNally, 2016). Further research could build on this seminal work and examine
whether multiple interacting cognitive processes are differentially related to individual symptoms
and ‘bridge’ symptom clusters of various mental disorders (for an example, see Everaert &
Joormann, 2019). In this way, research may uncover complex relations among symptoms of mental
disorders and cognitive biases, casting light on pathways through which these processes operate
within and across mental disorders.
7. Conclusion

Uncovering the complex interactions among attention biases, working memory difficulties,
and long-term memory biases may be important to understanding cognitive foundations of mental
disorders broadly and depression specifically. We proposed four mechanisms through which
attention and memory processes may interact in depression. We hope that this article may help
consolidate and synthesize extant research to-date as well as serve as a starting point for a new
phase of research on complex dynamic systems of cognitive processes that advances theories and

treatments to reduce the burden of depression and related mental disorders.
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Figure 1. Schematic overview of emotional attention — memory interactions in depression.




