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COMBINED COGNITIVE BIAS HYPOTHESIS IN DEPRESSION

Abstract
Drawing from substantial evidence demonstrating cognitive biases in depression at various
stages of information processing (i.e., attention, interpretation, memory, cognitive control),
we argue for an approach that considers the interplay among these processes. This paper
attempts to apply the combined cognitive bias hypothesis (Hirsch, Mathews, & Clark, 2006)
to depression research and reviews competing theoretical frameworks that have guided
research in this area. We draw on current findings from behavioral studies on the interplay
between depression-related processing biases. These data indicate that various cognitive
biases are associated. However, it is not clear whether single or multiple biases are most
predictive of depressive symptoms. We conclude this article with theoretical and clinical
implications of the current state of research in this field and propose a number of ways in

which research on the combined cognitive bias hypothesis can be advanced.
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The Combined Cognitive Bias Hypothesis in Depression:
A State-of-the-art

Major depression is a prevalent psychiatric disorder that is associated with debilitating
symptomatic suffering, functional impairments, and high societal costs (Kessler & Wang,
2009). Notwithstanding a range of well-established psychological and pharmacological
interventions, relapse and recurrence rates of depression remain high (Vittengl, Clark, Dunn,
& Jarrett, 2007) indicating that current therapies do not sufficiently address vulnerability
factors for this burdensome disorder. Moreover, with each successive depressive episode the
risk for recurrence increases (Boland & Keller, 2009), which points to an expanding
vulnerability with multiple episodes. Hence, profound insight into the mechanisms involved
in the etiology and maintenance of major depression seems essential in improving
contemporary treatment options and the prevention of depression.

In the past three decades, research inspired by cognitive accounts of depression has
been successful in identifying vulnerability factors for this disorder. Apart from substantial
research examining depressive cognitive content as a vulnerability factor (e.g., negative
thoughts), a promising line of research highlights the role of cognitive biases in the
development, maintenance, and relapse/recurrence of depression (for reviews see Gotlib &
Joormann, 2010; Mathews & MacLeod, 2005). Research efforts in this particular area of
interest have typically focused on abnormalities in attention, interpretation, and memory
processes, which are considered to be instrumental in the understanding of the processes
involved in these cognitive biases. More recently, there is growing interest into cognitive and
neural mechanisms underlying cognitive control impairments, which may operate across a
variety of cognitive biases. Indeed a substantial number of studies on emotional information
processing in depressed samples provide evidence that depression is characterized by

attention, interpretation, and memory biases, especially for negative information (see below).
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This research has been guided by comprehensive cognitive frameworks of depression (e.g., D.
A. Clark, Beck, & Alford, 1999; Ingram, 1984; Williams, Watts, MacLeod, & Mathews,
1988, 1997) and findings have led to the development of specific cognitive science
approaches to depression (e.g., Holmes, Lang, & Deeprose, 2009; Joormann, Yoon, &
Zetsche, 2007).
Cognitive Biases and Vulnerability for Depression

What are, in broad terms, the findings on biased information processing in
depression?* A recent meta-analysis showed that depressed samples (i.e., encompassing
dysphoric, clinically depressed, and remitted depressed individuals) exhibit an attention bias
favoring negative information and also an absence of a positivity bias, compared with
nondepressed samples (Peckham, McHugh, & Otto, 2010). Specifically, selective attention for
negative information is characterized by impaired disengagement of attention from the
processing of negative information rather than enhanced engagement with negative
information (De Raedt & Koster, 2010). At the level of interpretation processes, dysphoric
and depressed individuals display a tendency to interpret emotionally ambiguous information
in a negative manner. Current findings suggest that ambiguity resolution is distorted in the
effortful generation of interpretations and the selection of a single interpretation as most likely
applicable to an ambiguous situation (Wisco & Nolen-Hoeksema, 2010). Concerning memory
processes, strong evidence exists that depression is marked by biases in explicit memory, with
depressed individuals reporting overgeneral and more negative memories than specific and
positive memories compared with nondepressed individuals (Matt, Vazquez, & Campbell,
1992; Williams et al., 2007). In contrast, the data from studies examining mood-congruent
implicit memory biases in depression is less conclusive (Barry, Naus, & Rehm, 2004; P. C.
Watkins, 2002). This bias might be observed only when there is a congruency between the

depth of processing (e.g., perceptual, conceptual) at encoding and retrieval (Phillips, Hine, &
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Thorsteinsson, 2010). Recent evidence points towards cognitive control impairments in
depressed samples. In this respect, depressed individuals have shown difficulties in the
inhibition of negative information (Goeleven, De Raedt, Baert, & Koster, 2006; Joormann,
2004), as well as in the processes involved in shifting and the updating of emotional and non-
emotional representations in working memory (De Lissnyder et al., 2011; Lo & Allen, 2011).

Importantly, longitudinal studies and cognitive bias modification (CBM) research (i.e.,
experimental manipulation of processing biases) have shown that cognitive control deficits
(Siegle, Ghinassi, & Thase, 2007; Zetsche & Joormann, 2011), biases in attention (Beevers &
Carver, 2003; Wells & Beevers, 2010), interpretation (Blackwell & Holmes, 2010; Holmes,
Lang, & Shah, 2009; Rude, Valdez, Odom, & Ebrahimi, 2003; Rude, Wenzlaff, Gibbs, Vane,
& Whitney, 2002), and memory processes (Johnson, Joormann, & Gotlib, 2007; Raes,
Williams, & Hermans, 2009; Sumner, Griffith, & Mineka, 2010) can predict and contribute to
the onset and maintenance of depressive symptoms. Moreover, these distorted cognitive
processes can be found in at-risk (Dearing & Gotlib, 2009; Joormann, Talbot, & Gotlib, 2007;
Kujawa et al., 2011; Taylor & Ingram, 1999) and remitted (Fritzsche et al., 2010; Gilboa &
Gotlib, 1997; Hedlund & Rude, 1995; Joormann & Gotlib, 2007, 2010) depressed samples.
Taken together, an accumulative wealth of data yield evidence for cognitive biases operating
at various stages of information processing in depression and demonstrate that these distorted
cognitive processes are not merely mood-dependent correlates of the disorder.
Interrelations among Cognitive Biases

A key limitation of current research is that cognitive biases in depression have been
mostly studied in isolation, and at rather specific stages of information processing. While this
approach has some advantage in enhancing our understanding of how a specific cognitive bias
affects behavior, it is limited in that it does not inform on how cognitive biases are associated

and linked to higher-order factors (such as negative schema’s, see below). Moreover, the
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current focus on single biases provides a rather restricted understanding of the relative
importance of how various biases may collectively influence the etiology and maintenance of
depression. In other words, an integrated understanding of how cognitive biases act in concert
can be achieved by investigating the interplay among biased attention, interpretation, and
memory processes as well as cognitive control impairments.

This review applies the combined cognitive bias hypothesis (Hirsch, Clark, &
Mathews, 2006) to the study of depression. We attempt to frame how cognitive biases operate
in concert and subsequently elaborate upon the main empirical questions arising from the
combined cognitive hypothesis. We follow by discussing predictions from key theoretical
frameworks that can inform upon the interplay among cognitive biases, guiding future
research in this area. We draw upon empirical studies that have directly examined links
between multiple cognitive biases. We conclude this article with theoretical and clinical
implications of the current findings and propose a number of ways in which this new area of
research can be taken forward.

The Combined Cognitive Bias Hypothesis

Although many cognitive (-behavioral) models of psychopathology assume that
cognitive biases should work in concert, their take on this assumption has been relatively
limited (see the section on theoretical frameworks). It is only recently that specific ideas and
hypotheses regarding the interplay between distorted cognitive processes in emotional
disorders have begun to emerge in experimental psychopathology research (e.g., Hertel,
2004). In a paper focusing on bidirectional relations between interpretation biases and
imagery, Hirsch et al. (2006) elaborated upon the notion of distorted cognitive processes
working in concert and formulated the combined cognitive bias hypothesis (CCBH). It was
argued that “cognitive biases do not operate in isolation, but rather can influence each other

and/or can interact so that the impact of each on another variable is influenced by the other.



COMBINED COGNITIVE BIAS HYPOTHESIS IN DEPRESSION 7

Via both these mechanisms we argue that combinations of biases have a greater impact on
disorders than if individual cognitive processes acted in isolation” (p. 224). Although Hirsch
and colleagues focused on cognitive processes in social anxiety disorder, the CCBH can
equally be applied to other emotional disorders.

The past years have seen an accumulative number of studies directly examining
interrelations among cognitive biases in dysphoric and clinical depression (see the section on
empirical data). As this research is still in its infancy, several questions that require further
empirical investigation remain. We have identified three broad types of questions originating
from the CCBH, namely association, causal, and predictive magnitude questions. Table 1
provides a summary of the key issues within each type of questions.

Association Questions

The first type concerns what we refer to as “association questions”. These research
guestions address whether cognitive control impairments and biases at the levels of attention,
interpretation, and memory are interrelated. Although several studies drawing from
*association questions” (e.g., “are negative attention biases associated with enhanced memory
for similar information?”’) have been published (see the section on empirical data) many
potential links have not been systematically explored. For example, no published research
reports data on the association between biased attention and interpretation processes in
depression, though influential cognitive models (e.g. Beck’s schema theory; see below)
assume that there is a link. Clearly, findings from studies examining the “association
questions” can provide a broad idea about various links among multiple distorted cognitive
processes.

Causal Questions
Detailed insight into the functional interplay among cognitive biases is gained by

studies that consider “causal questions”. Specific hypothesized causal relations among
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different cognitive biases are the subject of this type of research questions. Two issues that
deserve empirical consideration can be delineated. First, it is unclear whether multiple
distorted cognitive processes operate in succession (i.e., unidirectional effects) with different
processes influencing each other or, in contrast, operate in parallel without mutual influences.
It could be, for instance, that an initial bias at encoding (e.g., attention bias) can influence
subsequent biases (e.g., memory bias). Alternatively, these cognitive biases may operate
simultaneously but independently from each other. In this instance, the extent to which
cognitive biases are distorted may be influenced by other variables such as levels of
depressive symptom severity.

A second major idea within the type of the “causal questions” that has largely gone
untested is whether there are reciprocal relations between different biases. For example, it
may be that negative attention biases (e.g., a critical remark of a loved one) lead to negative
interpretations of the attended material (e.g., “she/he does not love me anymore”). Negative
interpretations can in turn enhance attention to similar material (e.g., other signs of
disapproval) and refine or strengthen the depressed person’s interpretations (e.g., “he/she
hates me”).

In investigating the association and causal questions, it is important to consider
whether the interplay among distorted cognitive processes has differential effects depending
on the time course in depression severity (i.e., non-depressed at-risk, subclinical, clinical, and
remitted depression). As we discuss later, the strength of processing abnormalities may
partially depend on the level of depression severity, suggesting that the interplay between
biased cognitive processes might not be static over time, but could change across stages and
during the course of multiple depressive episodes. This warrants research scrutinizing
association and causal questions in at-risk, currently, and remitted depressed samples.

Predictive Magnitude Questions
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While the first two types of questions concern mutual relations among information
processing biases within specific situations (proximal timeframes), “predictive magnitude
questions” address the influences of single versus multiple cognitive biases on the course of
depression mainly using prospective research designs (distal timeframe). Specifically,
additive versus interactive effects that may extend beyond the effects of isolated cognitive
biases on depressive symptoms are considered. At present, it remains unclear whether
depressive symptoms are exacerbated or maintained by single or multiple cognitive biases,
and whether having multiple biases has additive effects on depressive symptoms. Moreover, it
is also possible that certain interactions between biases have potentially strong effects on
depressive symptoms. For instance, in some models of depression it is argued that self-
focused attention and memory bias are highly likely to have detrimental effects on depressed
mood. Such questions are important in understanding the risk factors associated with
depression, given that multiple vulnerability factors can increase the probability of developing
a disorder, whereas an individual bias may not. That is, the predictive value of biases in
isolation is often small to moderate and it could be that multiple cognitive biases and their
interactive effects may have a stronger effect on the prediction of depression.

As argued in the context of each type of questions, we propose that instead of merely
examining biases in isolation, multiple cognitive biases need to be taken into consideration.
Later in this article, we will review the state-of-the-art of empirical research for each type of
CCBH questions. We consider first theoretical predictions on the CCBH in depression, as
they are crucial to guide empirical research in this area.

Cognitive Frameworks of Depression

In several conceptual frameworks of depression, cognitive biases are considered

important in the etiology and maintenance of depressive symptoms. Below we briefly

describe the most influential cognitive frameworks with their shared and unique predictions
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with respect to the different types of CCBH questions.” Figure 1 depicts a schematic outline
of the distinct cognitive frameworks.
Beck’s Schema Model

One of the earliest models that has attributed a critical role to cognitive biases is
Beck’s schema theory (Beck, 2008; D. A. Clark et al., 1999). This theory states that
depression-prone individuals hold negative schemata, which are dysfunctional mental
representations about the self (i.e., on themes of personal loss, failure, or deprivation) and are
developed in response to childhood experiences. When activated by stressful life events,
negative schemata produce congruent biases in attention, interpretation, and memory for self-
relevant information. For instance, a student with a history of failing oral exams (e.g., schema
of failure) may be more attentive for social cues of disapproval displayed in the nonverbal
behavior of an examiner (e.g., frowned eyebrows) during new exams. The student may
interpret such facial expressions as a sign of disapproval (e.g., “I must have given a stupid
answer”) and recall negative memories about past failures (e.g., memories about the previous
times failing an exam). Beck’s formulation with cognitive schemas biasing information
processing implies that cognitive processes (and biases) can occur interactively and
concurrently at the automatic and strategic levels of processing (p. 58, D. A. Clark et al.,
1999). This formulation is relevant for the “association questions” of the CCBH. Yet, the
theory fails to provide a detailed account of testable predictions on causal relations among
biased cognitive processes and it does not elaborate on interplay between automatic and
strategic levels of information processing. Regarding differences in the interplay among
different stadia of depression, the schema theory asserts that the magnitude of biases in
attention, interpretation, and memory is a linear function of depressive symptom severity (pp.

168, 179; D. A. Clark et al., 1999). It is hypothesized that, as depressive symptoms develop, a



COMBINED COGNITIVE BIAS HYPOTHESIS IN DEPRESSION 11

cognitive shift occurs from a positivity bias to facilitate the processing of negative
information in clinically depressed individuals.

Whereas Beck’s cognitive model predicts biases at all levels (i.e., automatic, strategic
processing levels) and facets (i.e., attention, interpretation, memory biases) of information
processing, other cognitive theorists, such as Ingram (1984) and Williams, Watts, MacLeod,
and Mathews (1988, 1997), have proposed a more specific account of cognitive biases in
depression. These theories are discussed in turn.

Enhanced Elaboration Accounts

Ingram’s information processing analysis. Ingram (1984) attributes a crucial role to
biased elaboration and memory in the maintenance of depression (association question). It is
hypothesized that when depressive memory networks are activated by appraisals of life
events, individuals elaborate extensively upon information that is congruent with the triggered
negative cognitions. In keeping with the previous example, a student may appraise nonverbal
cues, such as frowned eyebrows and crossed arms, as signs of failure (e.g., “my answer is not
correct”) which may activate corresponding depression networks resulting in a thorough
evaluation of the attributes and implications of the situation (e.g., “I did not understand the
lessons that well, I will not pass the exam, | am stupid”). This selective processing style can
activate connected memory networks by associative linkages. These networks may contain,
for example, negative cognitions that are related to past feelings of depression (e.g., “I
screwed up my romantic relationships, | am a loser”). Activation of such connected networks
in turn maintains biased elaboration on negative material (causal question). As a result of this
process of recycling of negative cognitions through various memory networks, the elaborated
material is encoded more deeply into the depressive memory networks increasing the chances

that this negative memory content becomes activated in the future. This biased elaboration-
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memory interaction heightens the vulnerability for depression and predicts future depressive
episodes (predictive magnitude question).

Williams et al.’s cognitive framework. In their influential 1988 (and revised 1997)
framework, Williams et al. argued that depression is characterized by negative biases in
elaboration and not in priming processes of attention and memory (association question).
Priming refers to automatic processes involved in strengthening representations making them
more accessible, while elaboration refers to strategic processes which form or strengthen
relations between activated representations (Graf & Mandler, 1984). Two mechanisms are
proposed that underlie these negative biases, namely the affective decision mechanism
(ADM) and the resource allocation mechanism (RAM). When the valence of incoming
information is considered as negative (e.g., frowned eyebrows in the previous example), as
assessed by the ADM, more attention resources are allocated to negative material (e.g., the
examiner rolling his eyes, crossed arms) leading to enhanced elaboration (RAM). The student
might think, for example, “l must have given a wrong answer, he/she must think that | am
stupid, I am not capable of succeeding for the course”. These depression-related elaborations
are encoded into memory, enhancing later memory for depression-related material (causal
question). Some predictions about the attention-memory interplay put forward in the 1988
model were revised in 1997. Based on the empirical data available, Williams et al. concluded
that depression is not featured by mood-congruent biases in attention (association question),
thereby contradicting predictions made by Beck’s depression model (D. A. Clark et al., 1999).
According to the reformulated model, depressed individuals engage in strategic or biased
elaboration upon negative material during memory retrieval. This enhanced elaboration
results in improved memory for similar information and, in addition, such elaborations can
serve as mnemonic cues at later points in time (causal question).

Impaired Cognitive Control Accounts
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There is growing interest into the cognitive mechanisms that operate across biases at
various levels of information processing. The idea of executive control as an overarching
mechanism has been proposed by several researchers (e.g., Hertel, 1997; Joormann, Yoon, et
al., 2007). Interestingly, Joormann et al.”s impaired cognitive control account (2007; 2010)
specifies a causal pathway linking deficits in cognitive control to cognitive biases (causal
question). The impaired cognitive control account asserts that depressed individuals have
difficulties in limiting the access of irrelevant negative information into working memory
(WM) and removing negative content that is no longer relevant from WM. For example,
negative cognitions about past failures that remain active in WM (e.g., “I failed my previous
exam, why would | pass now”) may interfere with the current performance on a task (e.g.,
when one is preparing for the next exam). It is hypothesized that such deficits in cognitive
control underlie difficulties in disengaging attention from the processing of negative
information. As a result, negative elaborations are stored into long-term memory, setting the
stage for memory biases. Interestingly, whereas most cognitive frameworks predict schema-
congruent biases that are determined by a higher-order factor (i.e., cognitive schemata; D. A.
Clark et al., 1999; Ingram, 1984), Joormann et al. predict a cascade of biases that are driven
by impaired cognitive control exerting an influence on attention and memory. It is clear that a
different pattern of causal relations between cognitive processes is predicted by Joormann,
Yoon, et al. (2007) compared with models of Beck (D. A. Clark et al., 1999), Ingram (1984)
and Williams et al. (1988; 1997).

Summary

As discussed above cognitive theories differ in the extent they integrate multiple
distorted aspects of information processing, elaborate on the interplay among such processes,
and provide predictions regarding the possible ways in which cognitive biases can influence

symptoms of depression in a collective manner. Thus, the CCBH can be applied to examine
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the competing hypotheses arising from these different models. Yet, despite these meaningful
core and differential predictions, the existing models are nevertheless ambiguous and
underspecified as far as the dynamic interplay among cognitive biases is concerned. The
sections below provide an overview of the current research reporting data informative about
the CCBH.
Empirical Data on Combined Cognitive Biases

There are, as noted, an increasing number of studies investigating the interplay among
attention, interpretation, and memory biases in depressed samples. Table 2 provides an
overview of the published research to date.
Association Questions

An important line of studies testing associations between cognitive biases has focused
on emotional biases in attention and explicit memory processes. A seminal study by Gotlib et
al. (2004) explored the interplay between these processes in a sample of clinically depressed
patients and never-disordered control individuals. All participants completed a self-referential
encoding task in which the self-relevance of sad, angry, neutral, and happy words was
evaluated, followed by an incidental free recall task to test memory for the presented words.
Next, a dot probe task with emotional faces and an emotional Stroop task were administered.
The dot probe task (MacLeod, Mathews, & Tata, 1986) is a measure of spatial attention which
presents emotional-neutral stimulus pairs followed by a probe at the spatial location of one of
these stimuli. Reaction times to the probe allow the inference of whether attention was
allocated to the neutral or the emotional stimulus. The emotional Stroop (Stroop, 1992)
displays negative and neutral words written in different colors and participants are asked to
name the color of each word. Naming latencies reflect the interference between color naming
and attention allocated to the semantic content. Although depressed individuals showed an

attention bias for sad faces in the dot probe task and recalled more negative and fewer positive



COMBINED COGNITIVE BIAS HYPOTHESIS IN DEPRESSION 15

words, no significant correlations emerged between the different bias indices. No biases in
attentional interference emerged on the emotional Stroop task. These findings suggest that
even when attention and memory biases were both present in the same population, they were
not associated. However, the lack of convergence between the attention bias indices suggests
that the dot probe and emotional Stroop task may not be tapping into the same underlying
attention processes. It is also likely that in this study, the absence of strong interrelations
among the different bias indices could have been due to the error variance associated with
information processing tasks or incongruence in the type of stimuli used in each task (i.e.,
facial expressions vs. verbal stimuli).

Two recent studies in stable dysphoric samples provide some support for a relationship
between biased attention and memory processes. A study by Koster, De Raedt, Leyman, and
De Lissnyder (2010) investigated whether mood-congruent attention at different levels of
elaboration is associated with memory biases. In a spatial cueing task (Posner, 1980) neutral
and emotional cue words were presented in either the left or the right placeholder, and these
were in turn followed by a target appearing in the same (i.e., valid trials) or opposite (i.e.,
invalid trials) placeholder as the emotional (or neutral) cue. By manipulating the cue target
onset asynchrony (CTOA, i.e., the time between offset of cue and onset of target), it was
possible to provide an index of the time course of attention on cue words. A subsequent
incidental free recall task tested memory for the previously presented words. Results showed
that dysphoric students demonstrated an attention bias for negative words only under
conditions where the CTOA allowed for elaborate processing and, interestingly, this bias
predicted the recall of negative words. Finally, this association remained significant even after
controlling for the severity of depressive symptoms.

Further evidence to indicate that cognitive biases in depression are related to each

other was reported by Ellis, Beevers, and Wells (2011) using eye-tracking methods.
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Dysphoric and nondysphoric participants completed a naturalistic visual scanning task
(Eizenman et al., 2003) in which gaze behavior was monitored while viewing a series of
slides depicting dysphoric, aversive, neutral, and positive words. This task was followed by an
incidental recognition task for the displayed words. The dysphoric group exhibited an absence
of a positive attention bias (indexed by the percentage of time fixating on positive stimuli),
and this predicted less accurate recognition of previously presented positive words.

Attentional breadth has also been studied in relation to explicit memory. For instance,
Wells, Beevers, Robison, and Ellis (2010) presented dysphoric and nondysphoric
undergraduates with a series of happy, sad, angry, and neutral facial expressions while
recording their eye movements. An incidental recognition task assessed memory for the
expressions. Analyses showed a broader attention focus for angry faces in dysphoric
individuals compared with nondysphoric participants. This broader focus of attention was
inferred from larger inter-fixation distances upon viewing the slides. The attentional breadth
for angry faces was correlated with enhanced recognition for similar faces.

In sum, the current pattern of findings suggests that in dysphoric samples emotional
distortions in attention and memory are related to each other. However, there is no evidence
supporting this association in clinically depressed samples. We now turn to discussing
research findings on the association between memory and interpretation biases in relation to
the causal questions.

Causal Questions

The effects of self-focused attention. Several theoretical frameworks (e.g., Beck’s
cognitive model) have attributed a crucial role to attention towards self-relevant information
in relation to other cognitive biases. To examine the effects of self-focused attention, studies
have induced self-focus through thought-induction procedures (e.g., Nolen-Hoeksema &

Morrow, 1993) which require participants to explore the meaning of a series of self-focused
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and other-focused items (e.g., “my character and who 1 strive to be”, “the physical sensations
in your body”). Two studies by Hertel and EI-Messidi (2006) examined the effects of
manipulating the focus of attention in relation to interpretation and memory biases. In the first
experiment, focus of attention (self vs. other) was manipulated and participants completed an
interpretation task in which they formed sentences with serially presented homographs (e.g.,
loaf, reflect). It was found that dysphoric individuals created more sentences revealing
negative interpretations of the homographs in the self-focus than in the other-focus condition.
The manipulation of attentional focus (self vs. other) did not directly affect the focus, namely
personal vs. impersonal, of subsequently created sentences. However, there were significant
correlations between negative and personal sentences. In a second study, participants were
presented with homographs after the self-focus manipulation and their task was now to report
the first words that came to mind. This was followed by an incidental free recall task testing
memory for the homographs. Dysphoric individuals interpreted the homographs more often as
personal and recalled more personally interpreted homographs in the self-focus than in the
other-focus condition. Results of both studies suggest that heightened self-focused attention in
dysphoric individuals may lead to more negative and personal interpretations of ambiguous
information that may transfer to memory processes.

In a related manner, a study manipulated the focus of attention in depressed patients to
investigate the consequences for autobiographical memory specificity (E. Watkins &
Teasdale, 2004). Prior to the attention manipulation, participants were instructed to focus
either on the experience described in each item (i.e. experiential condition) or on the causes
and consequences of each item (i.e. analytical condition). An autobiographical memory test
(Williams & Broadbent, 1986) was administered before and after the attention focus
manipulation. This memory test asks participants to produce a specific personal memory in

response to positive and negative cue words. It was found that depressed patients engaging in
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an experiential self-focus (which is considered as adaptive) recalled less overgeneral
memories after the manipulation procedure. The overgeneral memories persisted in depressed
patients engaging in an analytical self-focus (a pathological variant of self-focus).

The findings of these studies collectively provide evidence for an association between
attention, interpretation, and memory processes. It should be noted, however, that despite
these interesting findings, inducing self-focus could influence other cognitive processes (e.g.,
self-critical thinking) that may have contributed to the results.

Interpretation biases and explicit memory. Two published studies have examined
how induced negative and positive interpretation bias affect memory in unselected samples. A
study by Salemink, Hertel, and Mackintosh (2010) investigated whether memory for prior
ambiguous events changed by subsequently established interpretation biases. First,
participants were presented with (to-be-remembered) ambiguous social scenarios and asked to
generate a least one ending for the story. Next, either a positive or a negative interpretation
bias was induced. In short, such modification procedures induce interpretation biases by
presenting participants with a series of ambiguous stories each ending with a word fragment
for participants to complete. This word fragment imposes either a positive or negative
meaning on the ambiguous story (for details see Mathews & Mackintosh, 2000). Upon
completion, participants completed an incidental cued recall task to test memory for the initial
scenarios and their endings. Results showed that the interpretation training affected memory
for endings of prior ambiguous scenarios in a training-congruent manner, with positively
trained participants remembering the endings of the stories as more positive than negatively
trained participants. No training-group differences emerged in recall of initial scenarios.

These results were extended by Tran, Hertel, and Joormann (2011). After a positive or
negative interpretation bias training (procedure similar to Mathews & Mackintosh, 2000),

ambiguous stories ending with a to-be-completed word fragment were presented to the
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participants (encoding phase). Different from the training scenarios, completion of the
fragments in the encoding phase did not disambiguate the story in a positive or negative
manner. Next, memory for these ambiguous scenarios was tested in a recall task. It was found
that induced positive and negative interpretation biases resulted in corresponding positive and
negative memory biases. Taken together, these findings suggest that emotionally biased
interpretation processes influence memory for to-be-encountered as well as memory for
previously encountered information.
Predictive Magnitude Questions

At present, there is, to the best of our knowledge, only one study published
investigating the predictive magnitude of multiple cognitive biases in a single study. In a
follow-up of the major depressed patients recruited by Gotlib et al. (2004), it was examined
whether the biases observed in attention (measured by a dot probe task) and memory
(assessed by an incidental free recall task) predicted the course of depression (Johnson et al.,
2007). Results showed that depressed patients who recalled a higher proportion of positive
words at time one reported less severe symptoms nine months later. Furthermore, negative
biases in neither attention nor memory related significantly to the change in depressive
symptom severity. None of the cognitive biases predicted recovery from major depression.
These findings suggest that even though different cognitive biases were present (i.e., attention
and memory biases; cf. Gotlib et al., 2004), their effect on the prediction of depression was
limited. Moreover, in the presence of multiple biases only some may have a predictive effect
on depressive symptoms (e.g., memory biases), whereas others may not (e.g., attention
biases).
Summary

The increasing number of studies on the interplay between cognitive biases has

yielded some promising patterns of findings. First, there is evidence suggestive of significant
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interrelations between depression-related biases in attention and explicit memory in dysphoric
individuals (Ellis et al., 2011; Koster et al., 2010; Wells et al., 2010). In clinical depression,
attention and memory biases may operate in isolation and differentially affect the course of
depression (Gotlib et al., 2004; Johnson et al., 2007). Second, induced self-focused attention
affects interpretation biases in dsyphoria (experiment 1, Hertel & EI-Messidi, 2006) and,
moreover, analytical self-focus disturbs memory specificity in clinical depression (E. Watkins
& Teasdale, 2004). Under conditions of heightened self-focus, distorted interpretations of
ambiguous information transfer to memory (experiment 2, Hertel & EIl-Messidi, 2006). Third,
acquired interpretation biases influence memory for past ambiguous information and memory
for subsequently encountered information (Salemink et al., 2010; Tran et al., 2011).

In spite of the evidence on the relationship between cognitive biases, no research to
date has examined how the relationship between various cognitive biases may be influenced
by impairments in cognitive control. Given that cognitive control is hypothesized to be an
overarching construct that could account for the observed relationships between cognitive
biases in depression (e.g., Joormann, Yoon, et al., 2007), future research should investigate
the modulating role of cognitive control impairments in relation to cognitive biases
systematically. There is also a need to investigate the relationship between cognitive biases in
a variety of samples, such as clinical or at-risk samples.

Theoretical and Clinical Considerations
Frameworks of Depression

Theoretical implications of current findings. Information processing models of
depression are expected to consider the possible interactions between cognitive biases as the
current data in general provides support for interrelations among emotionally biased cognitive
processes. Several implications can be discussed. As predicted by most cognitive models (D.

A. Clark et al., 1999; Ingram, 1984; Joormann, Yoon, et al., 2007; Williams et al., 1988),
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current findings demonstrate interrelations among emotional distorted attention and congruent
memory processes in samples of dysphoric individuals. More specifically, the reviewed data
suggests that attention biases at later and not early processing stages are linked to congruent
biases in explicit memory. These findings contradict predictions by Williams et al. (1997) that
depression is not characterized by attention biases and are at odds with Beck’s claim that
biases emerge also at automatic levels of information processing (D. A. Clark et al., 1999).

In addition, the findings demonstrating that negative and positive interpretive biases
are correlated with biases at the level of memory importantly suggest that biased information
processing could contribute to the consolidation and elaboration of negative schema-content
in memory (Ingram, 1984; Joormann, Yoon, et al., 2007; Williams et al., 1988, 1997).
However, it is not clear whether the elaborative processing of negative information can be
attributed to the improved quality of encoding of negative information, as predicted by the
enhanced elaboration accounts (Ingram, 1984; Williams et al., 1988), or to impairments in
cognitive control, as predicted by Joormann, Yoon, et al. (2007). Taken together, biases in
attention and interpretation may influence memory for emotional information, which is in line
with the idea that cognitive biases maintain negative self-schemas in memory (D. A. Clark et
al., 1999; Ingram, 1984). It is noteworthy that it is still unclear whether there are long-term
influences of attention and interpretation on memory for emotional information.

As noted earlier, current studies in support of associations among cognitive biases
have been conducted in nonclinical dysphoric samples and findings from the only published
study examining attention and memory biases in clinical depression showed results
inconsistent with data generated in dysphoric samples (cf. Gotlib et al., 2004). Thus, the
present state of the literature only allows us to draw conclusions about dysphoric samples.

Gotlib et al. (2004) used different stimulus material across tasks which may have reduced the
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likelihood to find associations. Clearly, however, more work in clinically depressed samples
IS needed.

State vs. trait effects. As studies on the interplay between biased cognitive processes
have been conducted in dysphoric and clinical depressed samples, it cannot be determined
whether the observed interrelations are trait- or state-dependent effects of depression (i.e.,
cognitive schemata or mood). Although schema-congruent processing models of depression
(D. A. Clark et al., 1999; Ingram, 1984) pose a direct impact of schemas on cognitive biases
there is also evidence for effects of mood on negative cognitions and cognitive biases. For
instance, a study examining diurnal mood variation in relation to autobiographical memories
(D. M. Clark & Teasdale, 1982), found that depressed individuals were more likely to recall
unhappy memories at times that are typically associated with more depressive complaints
(e.g., mornings). This finding suggests that mood state effects are important in understanding
the interplay between cognitive biases, as mood congruency effects might partially account
for the observed interrelations between cognitive biases (besides trait factors such as cognitive
schemas).

To disentangle state and trait effects, the interplay among processing biases can be
studied in remitted depressed samples. Interestingly, in this regard, different cognitive
formulations of depression predict that cognitive biases emerge only under certain conditions
in this population. Schema-models (e.g., D. A. Clark et al., 1999; Ingram, 1984), for example,
propose that after a depressive episode negative schemata remain latent but can be activated at
any point in time by distressing situations (e.g., failing an exam). Consequently, remitted
depressed individuals will not exhibit biases in attention, interpretation, and memory when
not distressed. In contrast, the impaired cognitive control account (Joormann, Yoon, et al.,
2007) does not specify that negative mood state is required to find biases as it asserts that

cognitive biases operate as long as the cognitive control impairments persist. As several
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studies demonstrate cognitive control impairments in formerly depressed individuals (see
Joormann, 2010), biases and their interplay should also emerge without negative mood states
according to the impaired cognitive control account. Further study of cognitive biases in
remitted depressed individuals with and without negative mood would allow testing the
differential predictions from these cognitive models.

Methodological considerations. A number of methodological issues seem relevant to
the study of the combined cognitive bias hypothesis as introduced in this paper. The review of
empirical studies on the combined cognitive biases demonstrate that present research has
tested interrelations using primarily cross-sectional study designs that include only a limited
set of cognitive processes, and have applied basic statistical techniques (e.g., correlational
analysis) to analyze interrelations. Thorough examination of the CCBH requires statistical
testing and modeling of direct and indirect links between multiple variables (e.g., cognitive
biases) and constructs (e.g., negative schemata). This necessitates appropriate statistical
methods. For example, structural equation modeling (Hoyle, 2012) can enable theory-driven
tests of predictions using methods such as path analysis, structural regression models, and
latent change models. Other data driven approaches (see Hsieh et al., 2011) allow for the
investigation of interrelationships among multiple variables. Here information is obtained
about the structure (i.e., associations among variables) and dynamics (i.e., clusters of
variables) of the system in a stepwise manner starting from pairwise correlations among
variables.

Another issue concerns the reliability of the experimental tasks developed or modified
to study emotionally biased aspects of information processing in depression (for overviews
see Harvey, Watkins, Mansell, & Shafran, 2004; Wenzel & Rubin, 2005). Remarkably, at
present, data from studies examining psychometric properties are equivocally supportive for

the reliability of experimental tasks used. For example, low split-half and test-retest
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reliabilities as well as nonsignificant correlations between bias indices have been reported for
different versions of the dot probe task (Salemink, van den Hout, & Kindt, 2007; Schmukle,
2005). Furthermore, it has been observed that bias indices intended to measure the same
construct often do not correlate with each other. Gotlib et al. (2004), for example, found
correlations close to zero between attention bias towards sad faces in a dot probe task and
emotional Stroop scores (see also Dalgleish et al., 2003; Mogg et al., 2000). This finding
raises doubts over the convergent validity of these measures (but see Salemink and van den
Hout (2010) and Griffith et al. (in press) who managed to find acceptable psychometric
properties of their tasks). Clearly further empirical work is needed in this area.

A final issue that deserves consideration is the frequent medication use in the samples
under investigation. Given that currently depressed participants in clinical studies often
receive pharmacological treatment, effects of medication on mood and the interplay among
cognitive biases needs to be taken into account. For instance, a study in a non-clinical sample
observed that 7-days administration of citalopram, a selective reuptake inhibitor, produced
enhanced memory for positive words (Browning et al., 2011). This illustrates that
pharmacological interventions can have beneficial effects on cognitive biases, and possibly
their interplay. As such, considering the influence of medication use is important.®
Predicting Depression

In the introduction of this article we argued that cognitive biases are not just an
epiphenomenon of depression, but represent a vulnerability or latent endogenous process that
IS reactive to stress (Ingram & Siegle, 2009). Although empirical data from longitudinal
studies have found that biases in attention (Beevers & Carver, 2003), interpretation (Rude,
Durham-Fowler, Baum, Rooney, & Maestas, 2010; Rude et al., 2003; Rude et al., 2002),
memory (Johnson et al., 2007; Sumner et al., 2010) and impairments in cognitive control

(Zetsche & Joormann, 2011) can predict depressive symptoms and clinical depression, it is



COMBINED COGNITIVE BIAS HYPOTHESIS IN DEPRESSION 25

notable that the obtained effects sizes are often small to moderate. In line with Mathews and
MacLeod (2005) we believe that biased cognitive processes can have substantial effects on
depression through their mutual interactions and interaction with stressful live events,
affecting emotional reactivity to stress that may subsequently lead to depressive symptoms
and episodes. Research on the combined influence of multiple cognitive biases on depressive
symptoms is clearly still in its infancy. In this context, several broad issues should be taken
into account, such as potential variations in the interplay between cognitive biases among
stadia of the depression course, dysfunctional emotion regulation strategies through which
multiple cognitive biases impact depressive symptoms, and biological vulnerability factors.
These issues are discussed in turn.

Variations in the interplay. In examining the predictive value of cognitive biases,
potential differences in the interplay between biases among different stadia in the course of
depression should be taken into consideration. It seems plausible that cognitive biases and the
interplay among them will not remain static over time. For instance, the experience of
becoming and being depressed (e.g., increasing sad affect, negative cognitions) might affect
the magnitude of one or more cognitive biases (e.g., memory). One could expect, for example,
that the interplay between these biases will be stronger as the number of depressive episodes
increases (see Teasdale & Barnard, 1993). Some research suggests that individual biases
differ in function of depression severity. A study by Baert, De Raedt, and Koster (2010)
directly compared the strength of attention biases in individuals reporting minimal, mild, and
moderate to severe depressive symptoms. Results showed that maintained attention towards
negative information was associated with moderate to severe depressive symptom levels.
Moreover, it has been found that differences in cognitive control impairments depend on the
depressed sample tested. Specifically, valence-specific deficits in cognitive control were

observed in a dysphoric students sample (De Lissnyder, Koster, & De Raedt, In press),
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whereas clinically depressed individuals showed only global cognitive control impairments
(De Lissnyder et al., 2011). Taken together, future research will need to compare the interplay
between cognitive biases across divergent samples corresponding with the stadia of the
depression course (e.g., non/never-depressed at risk, clinically, and remitted depressed) to
increase our understanding of cognitive vulnerability for depression.

Emotion regulation strategies. The present research has generally focused on
cognitive biases in relation to emotional reactivity and depressive symptoms (e.g., sustained
negative affect). However, it remains unclear whether cognitive biases, and in particular their
interplay, have direct effects on depressive symptoms or whether this relationship is mediated
by other cognitive processes such as maladaptive emotion regulation strategies (e.g.,
rumination). In line with the latter view, it has been argued, for example, that cognitive
control deficits underlie the reduced ability to use strategies (e.g., use positive
autobiographical memories, reappraisal) to regulate sad mood in depression (e.g., De Raedt &
Koster, 2010; Joormann & D'Avanzato, 2010). There is emerging research testing this
hypothesis. For instance, prospective studies have observed that cognitive control
impairments predict later depressive symptoms in non-clinical samples (Zetsche & Joormann,
2011) and, in remitted depressed individuals, the relationship between cognitive control and
depressive symptom levels is fully mediated by rumination (Demeyer, De Lissnyder, Koster,
& De Raedt, 2012). In sum, the mechanisms by which cognitive biases and their interplay
relate to emotion regulation strategies and depressive symptoms provide a fruitful avenue for
future research.

Biological vulnerability factors. Biased cognitive processes are expected to interact
with genetic and neurobiological vulnerability factors (e.g., De Raedt & Koster, 2010).
Genetic risk factors, such as variations in the serotonin transporter gene (5-HTTLPR), are

associated with vulnerability for depression through their effects on social cognition
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(Homberg & Lesch, 2011). More specifically, it is argued that genetic factors are associated
with higher levels of vigilance for signs of social threat, which has been found both at the
neurobiological levels (e.g., enhanced amygdala activity on presentation of fearful faces;
Hariri et al., 2005) and cognition (Beevers, Gibb, McGeary, & Miller, 2007). In addition,
genetic factors in interaction with stressors have been linked to reactivity in neural substrates
(Caspi & Moffitt, 2006) with, interestingly, a correspondence between abnormalities at the
neural system level and distortions in cognitive processes observed in depressed samples (De
Raedt & Koster, 2010). For instance, it has been found that upon encountering negative
material the increased activation in limbic regions (e.g., amygdala, hippocampus) is related to
a reduced activity in specific regions in the prefrontal cortex (e.g., dorsolateral prefrontal
cortex, orbitofrontal cortex, anterior cingulate cortex) with these latter structures being crucial
to implement cognitive control over processing of affective material (Davidson et al., 2002;
Whittle, Allen, Lubman, & Yucel, 2006). The emerging integrative (gene-by-environment)
views on depression allow further exploration of the interplay among genes, neuroendocrine,
and stress in relation to multiple cognitive biases (Disner, Beevers, Haigh, & Beck, 2011).
Modification of Cognitive Biases

Given the specific challenges in the treatment of depression, it is important to consider
the current findings on the CCBH in light of therapeutic interventions for depression. Extant
data showing associations among different aspects of depressogenic information processing
may indicate that these biases in concert can play an important maintaining role in depressive
complaints. In many psychological treatments of depression, a main aim is the modification of
underlying negative schemas (D. A. Clark et al., 1999). However, when individuals are
severely depressed, cognitive biases may hamper the effectiveness of verbal information
transmission due to concentration, attention, and memory impairments. Moreover, emotion-

specific biases can strongly counteract therapeutic interventions as the encoding and



COMBINED COGNITIVE BIAS HYPOTHESIS IN DEPRESSION 28

elaboration of information is strongly favored towards schema-congruent information (Baert,
Koster, & De Raedt, 2011).

CCBH and improving cognitive training. Given the maintaining role of information
processing biases, it is important to consider the potential value of targeted cognitive training
that can either train neural structures known to be impaired in depression (Siegle et al., 2007)
or modify emotion specific biases in attention (Baert, De Raedt, Schacht, & Koster, 2010;
Wells & Beevers, 2010), interpretation (Blackwell & Holmes, 2010; Holmes, Lang, & Shah,
2009; Lang, Blackwell, Harmer, Davison, & Holmes, 2011) or memory (Joormann, Hertel,
LeMoult, & Gotlib, 2009; Raes et al., 2009). In general, cognitive bias modification (CBM)
methodologies target specific cognitive processes by exposing participants to experimentally
established contingencies during a task designed to encourage the acquisition or attenuation of
an information processing bias (Koster, Fox, & MacLeod, 2009). Notwithstanding promising
findings, the number of CBM studies in depression needs to be extended and enlarged (see
MacLeod, Koster, & Fox, 2009). At this point, further refinement of CBM procedures, and
especially their implementation in clinical practice, can benefit from better insights gained
through studies investigating the CCBH. If, for example, the impact of a certain cognitive bias
on other biases and depressive symptoms differs depending on the depression phase, the
preferred CBM intervention should be chosen accordingly. Moreover, depending on the
precise interplay among cognitive biases in depression (e.g., unidirectional, bidirectional
effects), the optimal training program might not only depend on the targeted aspect of
information processing (i.e., attention, interpretation, memory, cognitive control) but also on
the number of targeted cognitive biases. For instance, if various biases operate in a reciprocal
manner, one might have to train multiple biases simultaneously to efficiently obtain clinically
significant and enduring symptomatic improvement. In this regard, some promising findings

were reported in a pilot study combining attention and interpretation bias training in clinical
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anxious outpatients (Brosan, Hoppitt, Shelfer, Sillence, & Mackintosh, 2011). A reduction in
attention and interpretation biases was observed together with a decrease in trait and state
anxiety. Clearly, research on the CCBH provides promising implications for future CBM
applications.

As these training methodologies find their way to clinical practice, they will generally
be combined with other approaches to modifying biases (e.g., pharmacological interventions).
Note that different interventions may change biases for emotional information through distinct
mechanisms (see Browning, Holmes, & Harmer, 2010) and, moreover, may not always
interact in the predicted way as is reflected by the outcome measures. For instance, a study
examining effects of citalopram combined with attention bias modification in healthy
participants, found that the combined interventions were less effective in inducing a positive
bias than each individual intervention (Browning et al., 2011). This warrants specific research
on the processes underlying training methodologies to optimize combinations of treatment
strategies.

CCBH and mechanisms underlying CBM. Providing inspiring directions for future
research, Hertel and Mathews (2011) discuss the automatic and controlled processes involved
in CBM procedures and correctly stress the relevance of learning principles (i.e., classical and
operant conditioning) and memory research in understanding how cognitive bias training
works. Besides clinical implications of knowledge about underlying processes of cognitive
training, it is also of crucial importance for CCBH research to examine the precise
mechanisms underlying CBM through training, as this is an important way to be as specific as
possible in addressing the “causal question” of the CCBH.

Conclusion
In this review, we have argued for an approach that considers the interplay between

cognitive biases. Based on empirical findings, we have shown that an association between
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different depression-related cognitive biases. This indicates that the relations and effects of
cognitive biases should be studied in a more integrative manner. The overview also showed
that research on this topic is still in its infancy. Future research in this domain may be guided
by the outlined types of unanswered questions originating from the CCBH and their
integration with distinct cognitive frameworks of depression providing specific predictions on
the interplay among cognitive biases. Arguably, our understanding of depression and thereby
clinical practice will only benefit from scientific research that directly examines the links
between biased cognitive processes identified in depression. With this review, we hope to

stimulate future research on the CCBH in depression.



COMBINED COGNITIVE BIAS HYPOTHESIS IN DEPRESSION 31

Acknowledgements
Preparation of this article was supported by Grant BOF10/GOA/014 for a Concerted
Research Action of Ghent University (awarded to Ernst Koster). The authors thank Paula

Hertel and the anonymous reviewers for their comments on earlier versions of the manuscript.



COMBINED COGNITIVE BIAS HYPOTHESIS IN DEPRESSION 32

References

Baert, S., De Raedt, R., & Koster, E. H. W. (2010). Depression-related attentional bias: The
influence of symptom severity and symptom specificity. Cognition & Emotion, 24(6),
1044-1052. doi: 10.1080/02699930903043461

Baert, S., De Raedt, R., Schacht, R., & Koster, E. H. W. (2010). Attentional bias training in
depression: Therapeutic effects depend on depression severity. Journal of Behavior
Therapy and Experimental Psychiatry, 41(3), 265-274. doi:
10.1016/j.jbtep.2010.02.004

Baert, S., Koster, E. H. W., & De Raedt, R. (2011). Modification of information-processing
biases in emotional disorders: Clinically relevant developments in experimental
psychopathology. International Journal of Cognitive Therapy, 4(2), 208-222. doi:
10.1521/ijct.2011.4.2.208

Barry, E. S., Naus, M. J., & Rehm, L. P. (2004). Depression and implicit memory:
Understanding mood congruent memory bias. Cognitive Therapy and Research, 28(3),
387-414. doi: 10.1023/B:COTR.0000031808.00502.2¢

Beck, A. T. (2008). The evolution of the cognitive model of depression and its
neurobiological correlates. American Journal of Psychiatry, 165(8), 969-977. doi:
10.1176/appi.ajp.2008.08050721

Beevers, C. G., & Carver, C. S. (2003). Attentional bias and mood persistence as prospective
predictors of dysphoria. Cognitive Therapy and Research, 27(6), 619-637. doi:
10.1023/A:1026347610928

Beevers, C. G., Gibb, B. E., McGeary, J. E., & Miller, I. W. (2007). Serotonin transporter
genetic variation and biased attention for emotional word stimuli among psychiatric
inpatients. Journal of Abnormal Psychology, 116(1), 208-212. doi: 10.1037/0021-

843X.116.1.208



COMBINED COGNITIVE BIAS HYPOTHESIS IN DEPRESSION 33

Blackwell, S. E., & Holmes, E. A. (2010). Modifying interpretation and imagination in
clinical depression: A single case series using cognitive bias modification. Applied
Cognitive Psychology, 24(3), 338-350. doi: 10.1002/acp.1680

Boland, R. J., & Keller, M. B. (2009). Course and outcome of depression. In I. A. Gotlib & C.
L. Hammen (Eds.), Handbook of depression (Vol. Second, pp. 23-43). New York: The
Guilford Press.

Brosan, L., Hoppitt, L., Shelfer, L., Sillence, A., & Mackintosh, B. (2011). Cognitive bias
modification for attention and interpretation reduces trait and state anxiety in anxious
patients referred to an out-patient service: Results from a pilot study. Journal of
Behavior Therapy and Experimental Psychiatry, 42(3), 258-264. doi:
10.1016/j.jbtep.2010.12.006

Browning, M., Grol, M., Ly, V., Goodwin, G. M., Holmes, E. A., & Harmer, C. J. (2011).
Using an experimental medicine model to explore combination effects of
pharmacological and cognitive interventions for depression and anxiety.
Neuropsychopharmacology, 36(13), 2689-2697. doi: 10.1038/Npp.2011.159

Browning, M., Holmes, E. A., & Harmer, C. J. (2010). The modification of attentional bias to
emotional information: A review of the techniques, mechanisms, and relevance to
emotional disorders. Cognitive Affective & Behavioral Neuroscience, 10(1), 8-20. doi:
Doi 10.3758/Cabn.10.1.8

Caspi, A., & Moffitt, T. E. (2006). Opinion - Gene-environment interactions in psychiatry:
Joining forces with neuroscience. Nature Reviews Neuroscience, 7(7), 583-590. doi:
10.1038/nrn1925

Clark, D. A., Beck, A. T., & Alford, B. A. (1999). Scientific foundations of cognitive theory

and therapy of depression. New York: John Wiley and Sons Ltd.



COMBINED COGNITIVE BIAS HYPOTHESIS IN DEPRESSION 34

Clark, D. M., & Teasdale, J. D. (1982). Diurnal-variation in clinical depression and
accessibility of memories of positive and negative experiences. Journal of Abnormal
Psychology, 91(2), 87-95. doi: 10.1037/0021-843X.91.2.87

Dalgleish, T., Taghavi, R., Neshat-Doost, H., Moradi, A., Canterbury, R., & Yule, W. (2003).
Patterns of processing bias for emotional information across clinical disorders: A
comparison of attention, memory, and prospective cognition in children and
adolescents with depression, generalized anxiety, and posttraumatic stress disorder.
Journal of Clinical Child and Adolescent Psychology, 32(1), 10-21. doi:
10.1207/15374420360533022

Davidson, R. J., Lewis, D. A,, Alloy, L. B., Amaral, D. G., Bush, G., Cohen, J. D, . ..
Peterson, B. S. (2002). Neural and behavioral substrates of mood and mood regulation.
Biological Psychiatry, 52(6), 478-502. doi: 10.1016/S0006-3223(02)01458-0

De Lissnyder, E., Koster, E. H. W., & De Raedt, R. (In press). Emotional interference in
working memory is related to rumination. Cognitive Therapy and Research, 1-10. doi:
10.1007/s10608-011-9352-4

De Lissnyder, E., Koster, E. H. W., Everaert, J., Schacht, R., Van den Abeele, D., & De
Raedt, R. (2011). Internal cognitive control in clinical depression: General but no
emotion-specific impairments. Manuscript submitted for publication.

De Raedt, R., & Koster, E. H. W. (2010). Understanding vulnerability for depression from a
cognitive neuroscience perspective: A reappraisal of attentional factors and a new
conceptual framework. Cognitive Affective & Behavioral Neuroscience, 10(1), 50-70.
doi: 10.3758/CABN.10.1.50

Dearing, K., & Gotlib, I. (2009). Interpretation of ambiguous information in girls at risk for
depression. Journal of Abnormal Child Psychology, 37(1), 79-91. doi:

10.1007/s10802-008-9259-z



COMBINED COGNITIVE BIAS HYPOTHESIS IN DEPRESSION 35

Demeyer, I., De Lissnyder, E., Koster, E. H. W., & De Raedt, R. (2012). Rumination mediates
the relationship between impaired cognitive control for emotional information and
depressive symptoms: A prospective study in remitted depressed adults. Behaviour
Research and Therapy. doi: 10.1016/j.brat.2012.02.012

Disner, S. G., Beevers, C. G., Haigh, E. A. P., & Beck, A. T. (2011). Neural mechanisms of
the cognitive model of depression. Nature Reviews Neuroscience, 12(8), 467-477. doi:
Doi 10.1038/Nrn3027

Eizenman, M., Yu, L. H., Grupp, L., Eizenman, E., Ellenbogen, M., Gemar, M., & Levitan, R.
D. (2003). A naturalistic visual scanning approach to assess selective attention in
major depressive disorder. Psychiatry Research, 118(2), 117-128. doi: 10.1016/S0165-
1781(03)00068-4

Ellis, A. J., Beevers, C. G., & Wells, T. T. (2011). Attention allocation and incidental
recognition of emotional information in dysphoria. Cognitive Therapy and Research,
35(5), 425-433. doi: 10.1007/s10608-010-9305-3

Fritzsche, A., Dahme, B., Gotlib, I. H., Joormann, J., Magnussen, H., Watz, H., . . . von
Leupoldt, A. (2010). Specificity of cognitive biases in patients with current depression
and remitted depression and in patients with asthma. Psychological Medicine, 40(5),
815-826. doi: 10.1017/s0033291709990948

Gilboa, E., & Gotlib, I. H. (1997). Cognitive biases and affect persistence in previously
dysphoric and never-dysphoric individuals. Cognition & Emotion, 11(5-6), 517-538.
doi: 10.1080/026999397379881a

Goeleven, E., De Raedt, R., Baert, S., & Koster, E. H. W. (2006). Deficient inhibition of
emotional information in depression. Journal of Affective Disorders, 93(1-3), 149-157.

doi: 10.1016/j.jad.2006.03.007



COMBINED COGNITIVE BIAS HYPOTHESIS IN DEPRESSION 36

Gotlib, I. H., & Joormann, J. (2010). Cognition and depression: Current status and future
directions. Annual Review of Clinical Psychology, 6, 285-312. doi:
10.1146/annurev.clinpsy.121208.131305

Gotlib, I. H., Kasch, K. L., Traill, S., Joormann, J., Arnow, B. A., & Johnson, S. L. (2004).
Coherence and specificity of information-processing biases in depression and social
phobia. Journal of Abnormal Psychology, 113(3), 386-398. doi: 10.1037/0021-
843x.113.3.386

Graf, P., & Mandler, G. (1984). Activation makes words more accessible, but not necessarily
more retrievable. Journal of Verbal Learning and Verbal Behavior, 23(5), 553-568.

Griffith, J. W., Sumner, J. A., Raes, F., Barnhofer, T., Debeer, E., & Hermans, D. (in press).
Current psychometric and methodological issues in the measurement of overgeneral
autobiographical memory. Journal of Behavior Therapy and Experimental Psychiatry.
doi: 10.1016/j.jbtep.2011.05.008

Hariri, A. R., Drabant, E. M., Munoz, K. E., Kolachana, L. S., Mattay, V. S., Egan, M. F., &
Weinberger, D. R. (2005). A susceptibility gene for affective disorders and the
response of the human amygdala. Archives of General Psychiatry, 62(2), 146-152. doi:
10.1001/archpsyc.62.2.146

Harvey, A., Watkins, E., Mansell, W., & Shafran, R. (2004). Cognitive behavioural processes
across psychological disorders: A transdiagnostic approach to reserach and
treatment. Oxford: Oxford University Press.

Hedlund, S., & Rude, S. S. (1995). Evidence of latent depressive schemas in formerly
depressed individuals. Journal of Abnormal Psychology, 104(3), 517-525. doi:
10.1037//0021-843X.104.3.517

Hertel, P. T. (1997). On the contributions of deficient cognitive control to memory

impairments in depression. Cognition & Emotion, 11(5-6), 569-583.



COMBINED COGNITIVE BIAS HYPOTHESIS IN DEPRESSION 37

Hertel, P. T. (2004). Habits of thought produce memory biases in anxiety and depression. In J.
Yiend (Ed.), Cognition, emotion and psychopathology. Theoretical, empirical and
clinical directions (pp. 109-129). Cambridge: Cambridge University Press.

Hertel, P. T., & El-Messidi, L. (2006). Am | blue? Depressed mood and the consequences of
self-focus for the interpretation and recall of ambiguous words. Behavior Therapy,
37(3), 259-268. doi: 10.1016/j.beth.2006.02.001

Hertel, P. T., & Mathews, A. (2011). Cognitive bias modification: Past perspectives, current
findings, and future applications. Perspectives on Psychological Science, 6(6), 521-
536. doi: 10.1177/1745691611421205

Hirsch, C. R., Clark, D. M., & Mathews, A. (2006). Imagery and interpretations in social
phobia: Support for the combined cognitive biases hypothesis. Behavior Therapy,
37(3), 223-236. doi: 10.1016/j.beth.2006.02.001

Holmes, E. A., Lang, T. J., & Deeprose, C. (2009). Mental imagery and emotion in treatment
across disorders: Using the example of depression. Cognitive Behaviour Therapy,
38(supl), 21-28. doi: 10.1080/16506070902980729

Holmes, E. A,, Lang, T. J., & Shah, D. M. (2009). Developing interpretation bias
modification as a "cognitive vaccine" for depressed mood: Imagining positive events
makes you feel better than thinking about them verbally. Journal of Abnormal
Psychology, 118(1), 76-88. doi: 10.1037/a0012590

Homberg, J. R., & Lesch, K. P. (2011). Looking on the bright side of serotonin transporter
gene variation. Biological Psychiatry, 69(6), 513-519. doi:
10.1016/j.biopsych.2010.09.024

Hoyle, R. H. (2012). Handbook of structural equation modeling. New York: Guilford

Publications.



COMBINED COGNITIVE BIAS HYPOTHESIS IN DEPRESSION 38

Hsieh, F. S., Ferrer, E., Chen, S. C., Mauss, I. B., John, O., & Gross, J. J. (2011). A network
approach for evaluating coherence in multivariate systems: An application to
psychophysiological emotion data. Psychometrika, 76(1), 124-152. doi:
10.1007/s11336-010-9194-0

Ingram, R. E. (1984). Toward an information-processing analysis of depression. Cognitive
Therapy and Research, 8(5), 443-477. doi: 10.1007/BF01173284

Ingram, R. E., & Siegle, G. J. (2009). Methodological issues in the study of depression. In I.
A. Goblib & C. L. Hammen (Eds.), Handbook of depression (Vol. Second, pp. 69-92).
New York: The Guilford Press.

Johnson, S. L., Joormann, J., & Gotlib, I. H. (2007). Does processing of emotional stimuli
predict symptomatic improvement and diagnostic recovery from major depression?
Emotion, 7(1), 201-206. doi: 10.1037/1528-3542.7.1.201

Joormann, J. (2004). Attentional bias in dysphoria: The role of inhibitory processes.
Cognition & Emotion, 18(1), 125-147. doi: 10.1080/02699930244000480

Joormann, J. (2010). Cognitive inhibition and emotion regulation in depression. Current
Directions in Psychological Science, 19(3), 161-166. doi:
10.1177/0963721410370293

Joormann, J., & D'Avanzato, C. (2010). Emotion regulation in depression: Examining the role
of cognitive processes. Cognition & Emotion, 24(6), 913-939. doi: Pii 926389016

Doi 10.1080/02699931003784939

Joormann, J., & Gotlib, I. H. (2007). Selective attention to emotional faces following recovery
from depression. Journal of Abnormal Psychology, 116(1), 80-85. doi: 10.1037/0021-
843X.116.1.80

Joormann, J., & Gotlib, I. H. (2010). Emotion regulation in depression: Relation to cognitive

inhibition. Cognition & Emotion, 24(2), 281-298. doi: 10.1080/02699930903407948



COMBINED COGNITIVE BIAS HYPOTHESIS IN DEPRESSION 39

Joormann, J., Hertel, P. T., LeMoult, J., & Gotlib, I. H. (2009). Training forgetting of negative
material in depression. Journal of Abnormal Psychology, 118(1), 34-43. doi:
10.1037/a0013794

Joormann, J., Talbot, L., & Gotlib, I. H. (2007). Biased processing of emotional information
in girls at risk for depression. Journal of Abnormal Psychology, 116(1), 135-143. doi:
10.1037/0021-843X.116.1.135

Joormann, J., Yoon, K. L., & Zetsche, U. (2007). Cognitive inhibition in depression. Applied
& Preventive Psychology, 12(3), 128-139. doi: 10.1016/j.appsy.2007.09.002

Kessler, R. C., & Wang, P. S. (2009). Epidemiology of depression. In I. A. Gotlib & C. L.
Hammen (Eds.), Handbook of depression (Vol. Second, pp. 5-22). New York: The
Guilford Press.

Koster, E. H. W., De Raedt, R., Leyman, L., & De Lissnyder, E. (2010). Mood-congruent
attention and memory bias in dysphoria: Exploring the coherence among information-
processing biases. Behaviour Research and Therapy, 48(3), 219-225. doi:
10.1016/j.brat.2009.11.004

Koster, E. H. W., Fox, E., & MacLeod, C. (2009). Introduction to the special section on
cognitive bias modification in emotional disorders. Journal of Abnormal Psychology,
118(1), 1-4. doi: 10.1037/a0014379

Kujawa, A. J., Torpey, D., Kim, J. Y., Hajcak, G., Rose, S., Gotlib, I. H., & Klein, D. N.
(2011). Attentional biases for emotional faces in young children of mothers with
chronic or recurrent depression. Journal of Abnormal Child Psychology, 39(1), 125-
135. doi: 10.1007/s10802-010-9438-6

Lang, T. J., Blackwell, S. E., Harmer, C. J., Davison, P., & Holmes, E. A. (2011). Cognitive

bias modification using mental imagery for depression: Developing a novel



COMBINED COGNITIVE BIAS HYPOTHESIS IN DEPRESSION 40

computerized intervention to change negative thinking styles. European Journal of
Personality, n/a-n/a. doi: 10.1002/per.855

Lo, B.C. Y., & Allen, N. B. (2011). Affective bias in internal attention shifting among
depressed youth. Psychiatry Research, 187(1-2), 125-129. doi:
10.1016/j.psychres.2010.10.001

MacLeod, C., Koster, E. H. W., & Fox, E. (2009). Whither cognitive bias modification
research? Commentary on the special section articles. Journal of Abnormal
Psychology, 118(1), 89-99. doi: 10.1037/a0014878

MacLeod, C., Mathews, A., & Tata, P. (1986). Attentional bias in emotional disorders.
Journal of Abnormal Psychology, 95(1), 15-20. doi: 10.1037/0021-843X.95.1.15

Mathews, A., & Mackintosh, B. (2000). Induced emotional interpretation bias and anxiety.
Journal of Abnormal Psychology, 109(4), 602-615. doi: 10.1037/0021-
843X.109.4.602

Mathews, A., & MacLeod, C. (2005). Cognitive vulnerability to emotional disorders. Annual
Review of Clinical Psychology, 1, 167-195. doi:
10.1146/annurev.clinpsy.1.102803.143916

Matt, G. E., Vazquez, C., & Campbell, W. K. (1992). Mood-congruent recall of affectively
toned stimuli - A meta-analytic review. Clinical Psychology Review, 12(2), 227-255.
doi: 10.1016/0272-7358(92)90116-P

Mogg, K., Bradley, B. P., Dixon, C., Fisher, S., Twelftree, H., & McWilliams, A. (2000).
Trait anxiety, defensiveness and selective processing of threat: An investigation using
two measures of attentional bias. Personality and Individual Differences, 28(6), 1063-
1077. doi: 10.1016/S0191-8869(99)00157-9

Nolen-Hoeksema, S., & Morrow, J. (1993). Effects of rumination and distraction on naturally-

occurring depressed mood. Cognition & Emotion, 7(6), 561-570.



COMBINED COGNITIVE BIAS HYPOTHESIS IN DEPRESSION 41

Peckham, A. D., McHugh, R. K., & Otto, M. W. (2010). A Meta-analysis of the magnitude of
biased attention in depression. Depression and Anxiety, 27(12), 1135-1142. doi:
10.1002/da.20755

Phillips, W. J., Hine, D. W., & Thorsteinsson, E. B. (2010). Implicit cognition and depression:
A meta-analysis. Clinical Psychology Review, 30(6), 691-709. doi:
10.1016/j.cpr.2010.05.002

Posner, M. 1. (1980). Orienting of attention. Quarterly Journal of Experimental Psychology,
32, 3-25. doi: 10.1080/00335558008248231

Raes, F., Williams, J. M. G., & Hermans, D. (2009). Reducing cognitive vulnerability to
depression: A preliminary investigation of MEmory Specificity Training (MEST) in
inpatients with depressive symptomatology. Journal of Behavior Therapy and
Experimental Psychiatry, 40(1), 24-38. doi: 10.1016/j.jbtep.2008.03.001

Rude, S. S., Durham-Fowler, J. A., Baum, E. S., Rooney, S. B., & Maestas, K. L. (2010).
Self-report and cognitive processing measures of depressive thinking predict
subsequent major depressive disorder. Cognitive Therapy and Research, 34(2), 107-
115. doi: 10.1007/s10608-009-9237-y

Rude, S. S., Valdez, C. R., Odom, S., & Ebrahimi, A. (2003). Negative cognitive biases
predict subsequent depression. Cognitive Therapy and Research, 27(4), 415-429. doi:
10.1023/A:1025472413805

Rude, S. S., Wenzlaff, R. M., Gibbs, B., Vane, J., & Whitney, T. (2002). Negative processing
biases predict subsequent depressive symptoms. Cognition & Emotion, 16(3), 423-
440. doi: 10.1080/02699930143000554

Salemink, E., Hertel, P., & Mackintosh, B. (2010). Interpretation training influences memory

for prior interpretations. Emotion, 10(6), 903-907. doi: 10.1037/a0020232



COMBINED COGNITIVE BIAS HYPOTHESIS IN DEPRESSION 42

Salemink, E., & van den Hout, M. (2010). Validation of the "recognition task" used in the
training of interpretation biases. Journal of Behavior Therapy and Experimental
Psychiatry, 41(2), 140-144. doi: 10.1016/j.jbtep.2009.11.006

Salemink, E., van den Hout, M. A., & Kindt, M. (2007). Selective attention and threat: Quick
orienting versus slow disengagement and two versions of the dot probe task.
Behaviour Research and Therapy, 45(3), 607-615. doi: 10.1016/j.brat.2006.04.004

Schmukle, S. C. (2005). Unreliability of the dot probe task. European Journal of Personality,
19(7), 595-605. doi: 10.1002/per.554

Siegle, G. J., Ghinassi, F., & Thase, M. E. (2007). Neurobehavioral therapies in the 21st
century: Summary of an emerging field and an extended example of cognitive control
training for depression. Cognitive Therapy and Research, 31(2), 235-262. doi:
10.1007/s10608-006-9118-6

Stroop, J. R. (1992). Studies of interference in serial verbal reactions (Reprinted from Journal
Experimental-Psychology, Vol 18, pp 643-662, 1935). Journal of Experimental
Psychology-General, 121(1), 15-23. doi: 10.1037/0096-3445.121.1.15

Sumner, J. A., Griffith, J. W., & Mineka, S. (2010). Overgeneral autobiographical memory as
a predictor of the course of depression: A meta-analysis. Behaviour Research and
Therapy, 48(7), 614-625. doi: 10.1016/j.brat.2010.03.013

Taylor, L., & Ingram, R. E. (1999). Cognitive reactivity and depressotypic information
processing in children of depressed mothers. Journal of Abnormal Psychology, 108(2),
202-210. doi: 10.1037//0021-843x.108.2.202

Teasdale, J., & Barnard, P. (1993). Affect, cognition and change. Hove: Lawrence Erlbaum
Associates.

Tran, T. B., Hertel, P. T., & Joormann, J. (2011). Cognitive bias modification: Induced

interpretive biases affect memory. Emotion, 11(1), 145-152. doi: 10.1037/a0021754



COMBINED COGNITIVE BIAS HYPOTHESIS IN DEPRESSION 43

Vittengl, J. R., Clark, L. A., Dunn, T. W., & Jarrett, R. B. (2007). Reducing relapse and
recurrence in unipolar depression: A comparative meta-analysis of cognitive-
behavioral therapy's effects. Journal of Consulting and Clinical Psychology, 75(3),
475-488. doi: 10.1037/0022-006X.75.3.475

Watkins, E., & Teasdale, J. D. (2004). Adaptive and maladaptive self-focus in depression.
Journal of Affective Disorders, 82(1), 1-8. doi: 10.1016/j.jad.2003.10.006

Watkins, P. C. (2002). Implicit memory bias in depression. Cognition & Emotion, 16(3), 381-
402. doi: 10.1080/02699930143000536

Wells, T. T., & Beevers, C. G. (2010). Biased attention and dysphoria: Manipulating selective
attention reduces subsequent depressive symptoms. Cognition & Emotion, 24(4), 719-
728. doi: 10.1080/02699930802652388

Wells, T. T., Beevers, C. G., Robison, A. E., & Ellis, A. J. (2010). Gaze behavior predicts
memory bias for angry facial expressions in stable dysphoria. Emotion, 10(6), 894-
902. doi: 10.1037/a0020022

Wenzel, A., & Rubin, D. C. (2005). Cognitive methods and their application to clinical
research. Washington DC: American Psychological Association

Whittle, S., Allen, N. B., Lubman, D. I., & Yucel, M. (2006). Neurobiological basis of
temperament: Towards a better understanding of psychopathology. Neuroscience and
Biobehavioral Reviews, 30(4), 511-525. doi: 10.1016/j.neubiorev.2005.09.003

Williams, J. M. G., Barnhofer, T., Crane, C., Hermans, D., Raes, F., Watkins, E., & Dalgleish,
T. (2007). Autobiographical memory specificity and emotional disorder.
Psychological Bulletin, 133(1), 122-148. doi: 10.1037/0033-2909.133.1.122

Williams, J. M. G., & Broadbent, K. (1986). Autobiographical memory in suicide attempters.

Journal of Abnormal Psychology, 95(2), 144-149. doi: 10.1037/0021-843X.95.2.144



COMBINED COGNITIVE BIAS HYPOTHESIS IN DEPRESSION 44

Williams, J. M. G., Watts, F. N., MacLeod, C., & Mathews, A. (1988). Cognitive psychology
and emotional disorders. New York: John Willey and Sons Ltd.

Williams, J. M. G., Watts, F. N., MacLeod, C., & Mathews, A. (1997). Cognitive psychology
and emotional disorders. Chichester: John Wiley and Sons Ltd.

Wisco, B. E., & Nolen-Hoeksema, S. (2010). Interpretation bias and depressive symptoms:
The role of self-relevance. Behaviour Research and Therapy, 48(11), 1113-1122. doi:
10.1016/j.brat.2010.08.004

Zetsche, U., & Joormann, J. (2011). Components of interference control predict depressive
symptoms and rumination cross-sectionally and at six months follow-up. Journal of
Behavior Therapy and Experimental Psychiatry, 42(1), 65-73. doi:

10.1016/j.jbtep.2010.06.001



COMBINED COGNITIVE BIAS HYPOTHESIS IN DEPRESSION 45

Footnotes

! The terms cognitive biases, distorted cognitive processes, and information processing
biases are used interchangeably and denote biases in attention, interpretation, memory, and
cognitive control processes.

2 Note that this overview of cognitive frameworks is not exhaustive and presents only
depression-specific models on cognitive biases that have guided empirical research on single
cognitive biases in depressed samples.

3 The discussion of potential influences of medication on the interplay among

cognitive biases is beyond the scope of this review.



Table 1

CCBH Research Questions

Type Key features

Association questions Research questions concern whether cognitive control impairments, attention,
interpretation and memory biases are associated.

Causal questions Hypothesized causal relations among cognitive biases are of central interest.
Research questions concern whether associated information processing biases
operate in succession with unidirectional influences, in parallel without
mutual influences, or in a reciprocal manner.

Predictive magnitude Questions involve the effects of cognitive biases in concert vs. in isolation on

guestions the depression course. Addressing whether additive and/or interactive effects
of cognitive biases on depressive symptoms extend beyond biases’ isolated

effect is central to this type of questions.




Table 2

Empirical Sudies on the CCBH

Study

Sample

Findings

Association questions

Gotlib et al. (2004)

Koster et al. (2010)

Ellis et al. (2011)

Wells et al. (2010)

Causal questions
Hertel and EI-Messidi

(2006; experiment 1)

Hertel and El-Messidi

(2006; experiment 2)

E. Watkins and Teasdale

(2004)

Clinical depressed
patients, never-disordered
adults

Stable dysphoric and non-
dysphoric undergraduate
students

Stable dysphoric and non-
dysphoric undergraduate
students

Stable dysphoric and non-
dysphoric undergraduate

students

Dysphoric and non-
dysphoric undergraduate
students

Dysphoric and non-
dysphoric undergraduate

students

Clinical depressed

patients

No significant correlations between observed

attention and explicit memory biases

Negative attention bias at the later processing
stages predicts recall of negative words in
dysphoric students

Absence of positive attention bias predicts less

accurate recognition of positive words

Greater attentional breadth for angry stimuli
predicts enhanced recognition of similar facial

expressions

Dysphoric participants make more negative
interpretations under increased self-focused
attention

Under heightened self-focused attention
dysphoric individuals interpret more
homographs as personal which are
subsequently recalled to an increased extent
Overgeneral memories persisted under
analytical self-focus, whereas non-analytical

self-focus decreases overgeneral memories




Table 2

Continued

Study

Sample

Findings

Salemink et al. (2010)

Tran et al. (2011)

Unselected undergraduate

students

Unselected undergraduate

students

Predictive magnitude questions

Johnson et al. (2007)

Clinical depressed
patients, never-disordered

adults

Established interpretation biases affect
memory for previously encountered
information.

Established interpretation biases influence
memory for subsequently encountered

information.

Number of recalled positive words predicts
symptomatic change nine months later.
Neither negative memory nor attention biases
indices were related to changes in symptom
severity. No bias indices predicted recovery

from depression.
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Figure 1. Schematic Depiction of Interrelations Among Cognitive Biases According to
Cognitive Frameworks of Depression.
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