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Objective: Computerized cognitive-bias modification (CBM) protocols are rapidly evolving in experi-
mental medicine yet might best be combined with Internet-based cognitive behavioral therapy (iCBT).
No research to date has evaluated the combined approach in depression. The current randomized
controlled trial aimed to evaluate both the independent effects of a CBM protocol targeting imagery and
interpretation bias (CBM-I) and the combined effects of CBM-I followed by iCBT. Method: Patients
diagnosed with a major depressive episode were randomized to an 11-week intervention (1 week/CBM-I
� 10 weeks/iCBT; n � 38) that was delivered via the Internet with no face-to-face patient contact or to
a wait-list control (WLC; n � 31). Results: Intent-to-treat marginal models using restricted maximum
likelihood estimation demonstrated significant reductions in primary measures of depressive symptoms
and distress corresponding to medium-large effect sizes (Cohen’s d � 0.62–2.40) following CBM-I and
the combined (CBM-I � iCBT) intervention. Analyses demonstrated that the change in interpretation
bias at least partially mediated the reduction in depression symptoms following CBM-I. Treatment
superiority over the WLC was also evident on all outcome measures at both time points (Hedges gs �
.59–.98). Significant reductions were also observed following the combined intervention on secondary
measures associated with depression: disability, anxiety, and repetitive negative thinking (Cohen’s d �
1.51–2.23). Twenty-seven percent of patients evidenced clinically significant change following CBM-I,
and this proportion increased to 65% following the combined intervention. Conclusions: The current
study provides encouraging results of the integration of Internet-based technologies into an efficacious
and acceptable form of treatment delivery.
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Depression is a common, recurrent, and debilitating disorder
(Andrews, 2001). Cognitive theories highlight the role of biases in
information processing, such as the tendency to preferentially
assign negative or threatening appraisals to ambiguous informa-
tion, in the development and maintenance of the disorder (Rude,
Wenzlaff, Gibbs, Vane, & Whitney, 2002). These cognitive biases
are a central target of cognitive behavioral therapy (CBT), which
is recommended as a first-line treatment for depression (National
Institute for Health and Clinical Excellence, 2009). Yet, due to
several factors, including the necessity of specialized training of
clinicians, long wait lists to access services, and financial barriers,
few patients receive CBT (Lovell & Richards, 2000). This has led
to increasing calls for the development of novel, accessible, and
cost-effective treatments for depression (Simon & Ludman, 2009).

One efficacious, cost-effective, and pragmatic means of increas-
ing patient access to evidence-based treatment is through the use of
Internet-based cognitive behavioral therapy (iCBT) programs (An-
drews, Cuijpers, Craske, McEvoy, & Titov, 2010). CBT explicitly
addresses the cognitive biases thought to play a central role in
depression through a process of cognitive evaluation and behav-
ioral hypothesis testing in a top-down fashion. However, emerging
experimental and translational research has suggested that it may be
possible to modify these biases directly (or bottom up) via simple
computerized training procedures, known as cognitive-bias modifica-
tion (CBM). There is mounting evidence that a computerized CBM
program targeting interpretation bias (the tendency to interpret am-
biguous information negatively; Butler & Mathews, 1983) via mental
imagery can significantly reduce symptoms of depression (Blackwell
& Holmes, 2010; Holmes, Lang, & Shah, 2009; Lang, Blackwell,
Harmer, Davison, & Holmes, 2012). In this training, individuals are
repeatedly presented with ambiguous scenarios that are consistently
resolved in a positive manner, thus training an automatic bias to
positively interpret novel ambiguous information in their day-to-day
lives (Holmes, Mathews, Dalgleish, & Mackintosh, 2006; Mathews &
Mackintosh, 2000). These findings suggest that imagery-based CBM
(CBM-I) could have promise as a stand-alone intervention for depres-
sion or alternatively complement traditional psychotherapy. It seems
useful to test if the bottom-up approach afforded by CBM could be
combined with a top-down approach of CBT, both developed for
remote delivery on the Internet. To our knowledge, no research group
has integrated the two technologies in order to evaluate this proposal
in depression.

The current study reports the results of a CONSORT-compliant
randomized controlled trial (RCT) of the efficacy of a brief 7-day
Internet-delivered CBM-I intervention followed by a 10-week iCBT
program delivered entirely remotely. We sequenced the interventions
based on the assumption that CBM-I may provide helpful preparation
to optimize engagement with the more challenging iCBT compo-
nents. We measured change on primary (depression severity and
distress) and secondary (disability, anxiety, and repetitive negative
thinking) measures in patients diagnosed with a major depressive
episode. The treatment package was compared to a wait-list control
(WLC), in line with the early stage of this research. We further
evaluated whether the change in interpretation bias mediated the
reduction in depression symptoms following CBM-I. Finally, we
evaluated the acceptability to patients of the Internet-delivered form of
CBM-I and the integration with an existing iCBT program. We
predicted within-group effects in the intervention group and treatment
superiority over the WLC group on all measures.

Method

Power calculations were informed by effect size data (Blackwell
& Holmes, 2010). Using a conservative estimate of Cohen’s d �
1.00, alpha was set at 0.05 and power at .90. The minimum sample
size for each group was identified as 21, but more were recruited
to hedge against expected attrition. Participants were recruited via
the research arm (virtualclinic.org.au) of the Clinical Research
Unit for Anxiety and Depression (CRUfAD), a not-for-profit clin-
ical and research unit in Sydney, Australia. Applicants first com-
pleted online screening questionnaires (see the participant flow-
chart1 in Figure 1). Successful applicants were telephoned for a
diagnostic interview using the Mini International Neuropsychiatric
Interview Version 5.0.0 (MINI; Sheehan et al., 1998).2 The 69
people who completed an electronic informed consent were ran-
domized by an independent person via a true randomization pro-
cess (www.random.org) to either the intervention (n � 38) or
wait-list control (WLC) group (n � 31; see Figure 1). The WLC
group completed iCBT after the intervention group had completed
all study components. The study was approved by the Human
Research Ethics Committee (HREC) of St. Vincent’s Hospital in
Sydney and the HREC of the University of New South Wales, also
in Sydney. The trial was registered as ACTRN12611001221943
and NCT01488058.

The Beck Depression Inventory–2nd edition (BDI-II; Beck,
Steer, & Brown, 1996) and the nine-item Depression Scale of the
Patient Health Questionnaire (PHQ-9; Kroenke, Spitzer, & Wil-
liams, 2001) were the primary outcomes measures of depression
severity. The 10-item Kessler Psychological Distress Scale (K10;
Kessler et al., 2002) was used to index distress. Interpretation bias
was measured with the Ambiguous Scenarios Test–Depression
(AST-D; Berna, Lang, Goodwin, & Holmes, 2011) and an elec-
tronic version of the Scrambled Sentences Test (SST; Rude et al.,
2002). Two versions of the AST-D were presented in counterbal-
anced order. Secondary outcomes measures included the World
Health Organization Disability Assessment Schedule–II (WHO-
DAS-II; Üstün et al., 2010), the State Trait Anxiety Inventory–
Trait Version (STAI-T; Spielberger, Gorsuch, Lushene, Vagg, &
Jacobs, 1983), and the Repetitive Thinking Questionnaire
(RTQ10; McEvoy, Mahoney, & Moulds, 2010). Our Treatment
Expectancy and Outcomes Questionnaire (adapted from Devilly &
Borkovec, 2000) contained these three questions: “At this point,
how logical does the program offered to you seem? (0 � Not at all
logical to 4 � Very logical), “At this point, how useful do you
think this treatment will be in reducing your depression symp-
toms?” (0 � Not at all useful to 4 � Very useful), and “Overall,
how satisfied are you with your treatment?” (1 � Very dissatisfied
to 5 � Very satisfied).

The CBM-I component consisted of seven sessions (20 min
each) of imagery-focused CBM-I completed daily over the course
of 1 week (see Blackwell & Holmes, 2010, for details and refer to
the Figure 1 for compliance). The iCBT component consisted of

1 If taking medication for anxiety or depression, the dosage must have
been stable for at least 1 month and the patient agree not to make changes
during the course of the program.

2 The MINI has been employed in other RCTs of depression treatment
with an estimated interclass consistency of .96 when delivered via tele-
phone (see Mohr et al., 2012).
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the Sadness Program, which has been evaluated in three previous
trials (see Titov, Andrews, Davies, et al., 2010), and an effective-
ness study conducted in primary care (Williams & Andrews,
2013). The program consists of six online lessons representing best

practice CBT as well as regular homework assignments and access
to supplementary resources (see Titov, Andrews, Davies, et al.,
2010, for details). The entire assessment and intervention was
conducted online with no face-to-face contact. All patients first

Could not contact (n = 10) 

69 participants met all inclusion criteria and were randomized into Intervention or WLC groups 

111 individuals completed telephone interview with MINI 5.0.0  

Unsuccessful Diagnostic Interview (n= 42) 
Taking exclusion criteria medica�on (n= 1) 
Did not meet diagnos�c criteria (n= 11) 
Seeing psychologist (n= 2) 
Non- resident (n= 1) 
Decided not to proceed (n=13) 
Recent self-harm (n=4) 
Bipolar (n=5) 
Primary concern other (n=3) 
Completed Sadness Program previously  (n=2) 

Intervention (n = 38) WLC (n =31)  

35 completed Pre-Intervention Questionnaires 28 completed Pre-Intervention Questionnaires 

Completed Post-CBM-I Questionnaires, n= 27 

Unsuccessful Application & Exclusion Criteria (n=111)  
•
•
•
•
•
•
•
•
•

Severe depression (PHQ9 >19; n = 55) 
Substance abuse or dependence (n=3) 
Psycho�c mental illness (n=6) 
Suicidal idea�on/history of suicidality (n = 11) 
Incomplete Applica�on (n=23) 
Non-resident/under 18 years of age (n=5) 
No internet access (n=1) 
Taking exclusion criteria medica�ons (n=5) 
Over 65 (n= 2) 

121 individuals met inclusion criteria 

Did not complete Pre-
Interven�on Ques�onnaires 
(n= 3)  

Completed Post-CBM-I Questionnaires (CBM-
I), n= 26 

• Withdrew (n=1) 
• Did not complete Pre-

Interven�on Ques�onnaires 
(n=2) 

232 individuals applied to the CBM + Sadness Program within timeframe (6/12/11 – 26/3/12) 

Completed Post-Intervention Questionnaires, 
n= 20 

Withdrew (n=1)  

  

Completed Post-Intervention Questionnaires, 
n= 22 

• Started Lesson 1 iCBT (n = 25) 
 (1 terminated at lesson 1, 2 at lesson 2, 1 at 
lesson 3, 1 at lesson 4, 1 at lesson 5 due to 
computer access issues or time constraints) 

• 19 participants completed all 6 Lessons 
of iCBT 

Withdrew (n= 1) 

Withdrew (n = 1)

Withdrew (n=5) 

• Started Session1 (n = 32) 
• Did not start Session 1 (n = 2) 

 (1 terminated at session 1, 1 at session 3, 2 at session 4 
due to computer access issues or time constraints) 

•
•
•
•
•
•
•
•
•

Figure 1. Trial flowchart. CBM � cognitive-bias modification; PHQ-9 � Patient Health Questionnaire; MINI
5.0.0 � Mini International Neuropsychiatric Interview Version 5.0.0; WLC � wait-list control; CBM-I �
imagery-based CBM; iCBT � Internet-based cognitive behavioral therapy.
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completed primary (BDI-II, PHQ9, K10, AST-D, SST) and sec-
ondary (WHODAS-II, STAI-T, RTQ10) baseline measures fol-
lowed by either the 7-day CBM-I component or the wait list. All
patients completed the primary measures after the 7-day interven-
tion phase, followed by either the 10-week iCBT component or the
wait list. All patients completed the baseline battery of question-
naires (minus the AST-D and SST) after 10 weeks. The WLC
group then commenced deferred treatment (iCBT).

Significance testing of group differences regarding demographic
data and pretreatment measurements was conducted using analysis of
variance and chi-square, where the variables consisted of nominal
data. Intent-to-treat marginal models using restricted maximum like-
lihood estimation were used to account for missing data due to
participant dropouts.3 Significant effects were followed up with pair-
wise contrasts. Effect sizes were calculated between groups (Hedges
g) and within groups (Cohen’s d) using the pooled standard deviation.
Clinically significant change was defined as high-end state function-
ing (BDI-II score � 14) combined with a total score reduction greater
than the reliable change index of 7.16 (Jacobson & Truax, 1991).
PROCESS was used for indirect effects (Hayes, 2012).4

Results

There were no significant group differences in any of the base-
line measures (ts � 1.86, ps � .05) or in age, t(61) � 0.35, p �
.05; gender, �2(1) � 1.00, p � .05; or medication use, �2(2) �
1.09, p � .05 (see Table 1). There were no differences in patients’
ratings of treatment expectations (ts � 1, ps � .05). Although
standard e-mail contact did differ, t(61) � 7.44, p � .001, due to
technical assistance required in the intervention group, the amount
of personal contact with the research team did not vary (p � .05).
Marginal models with group as a fixed factor and time as a
repeated factor were conducted separately for each of the outcome
measures. Results evaluating the independent effects of CBM-I
and the combined effects are reported in Table 2.

Following CBM-I, the reductions in BDI-II, PHQ-9, and K10
scores in the intervention group were all significant and corre-
sponded to medium-large effects. Between-groups superiority of
the intervention group was evident on all measures, corresponding
to medium effects. Mean AST-D scores did not differ between
groups, but the increase in mean scores (more positive interpreta-
tions) in the intervention group was significant, corresponding to a
medium effect. There was no significant change in the WLC
group. There was no main effect or interaction for SST-Negativity
scores. Clinically significant change was evident in 27% (n � 7)
of the intervention group compared to 0.07% (n � 2) in the WLC
group, �2(1, 53) � 3.57, p � .05. The indirect effect of change in
interpretive bias on depression symptoms was evaluated through
simple mediation (Model 4; Hayes, 2012) with group as the
independent variable, BDI-II change scores (T1, T2) as the depen-
dent variable, and AST-D change scores as the mediating variable.
Results of 5,000 bootstrap resamples demonstrated that the total
effect was significant (effect � 5.89, SE � 1.99, t � 2.95, p �
.004). The direct effect of group on BDI-II was not significant
(p � .09), but critically, the indirect effect of AST-D on the change
in BDI-II scores was (effect � 2.31, SE � 1.16), 95% CI [0.71,
5.04]. Normal theory tests of the indirect effect also supported the
significant indirect effect of AST-D change scores on the depen-
dent variable (effect � 2.31, SE � 1.16., Z � 1.99, p � .04).

Analyses of the combined intervention demonstrated significant
reductions in all primary measures (BDI-II, PHQ-9, K10) in the
intervention group, corresponding to large effects (see Table 2 and
Figure 2). Significant reductions were also observed in the WLC
group corresponding to medium effects, but intervention group supe-

3 The assumption that data was missing at random was evaluated by
using binary logistic regression to predict dropouts (0 � no dropout, 1 �
dropout) and by comparing these two groups on baseline measures. No
baseline characteristics differed between the two groups or predicted
attrition (all ps � .05). As the primary outcomes measures (BDI-II, PHQ-9,
K10) were collected at three time points, effects were modeled using an
autoregressive covariance structure to account for the correlation between
the time points. Effects for the secondary measures were modeled using an
unstructured covariance structure. Model fit was determined using
Schwarz’s Bayesian information criterion.

4 This method was chosen over the causal steps approach based on
recent research advocating for the use of modern statistical approaches to
quantifying intervening variable models. As recommended, particularly for
small samples, estimates of indirect effects were generated using boot-
strapping analysis (Preacher & Hayes, 2004). In bootstrapping analysis, the
most stringent test of an indirect effect (mediation) is if the 95% bias-
corrected and -accelerated confidence intervals for the indirect effect do
not include the value of 0.

Table 1
Demographic Characteristics, Medication Use, Comorbidity,
Treatment Expectancy, and Clinical Contact by Group at Baseline

Variable
Intervention

(n � 35)
WLC

(n � 28)

Gender
Female 27 (77%) 21 (75%)
Male 8 (23%) 7 (25%)

Age 44.28 (11.78) 45.35 (12.38)
Marital status

Single 8 (23%) 9 (32%)
Married/de facto 23 (66%) 15 (54%)
Separated/divorced 2 (6%) 4 (14%)
Unknown 2 (6%) 0

Work status
Unemployed 7 (20%) 4 (14%)
Part-time 10 (29%) 7 (25%)
Full-time 13 (37%) 17 (61%)
Student 2 (6%) 0
Unknown 2 (6%) 0

Medication
No 18 (51%) 18 (64%)
Yes (antidepressant) 17 (49%) 10 (36%)

Comorbidity
Generalized anxiety disorder 21 (60%) 14 (50%)
Panic disorder (lifetime/LSA) 7 (20%) 9 (27%)
Panic disorder (current) 2 (6%) 1 (3%)
Social phobia 12 (34%) 7 (25%)

No. of comorbid diagnoses
One 14 (40%) 16 (57%)
Two 10 (29%) 3 (11%)
Three 3 (9%) 3 (11%)

Treatment expectancy rating 3.22 (0.80) 3.17 (1.12)
No. of e-mail contacts 5.40 (1.76) 2.14 (1.67)
No. of clinician contacts 3.54 (5.77) 1.85 (0.62)

Note. Comorbidity does not sum to 100% due to multiple comorbidities.
Information on group ethnicity was not collected; however, we are confi-
dent that the current sample was representative (see Titov, Andrews,
Kemp, & Robinson, 2010). WLC � wait-list control; LSA � limited
symptom attack.
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riority was observed for all measures. For WHODAS-II, STAI-T, and
RTQ10, all scores were significantly lower in the intervention group
relative to the WLC group, corresponding to medium-large effect
sizes. Large within-group effects were observed in the intervention
group. Significant reductions were also observed in the WLC group,
but intervention group superiority was evident on all measures. Sixty-
five percent (n � 13) of patients in the intervention group evidenced
clinically significant change on the BDI-II compared to 36% (n � 8)
in the WLC, �2(1, 42) � 3.43, p � .06. The majority of patients who
completed the combined intervention indicated the instructions were
either easy or very easy to follow (77%), indicated that CBM-I was at
least moderately logical (88%), and rated the quality of the combined
intervention as good or excellent (84%). Mean ratings of confidence
in recommending the intervention to a friend with depression (1 � not
at all confident to 10 � extremely confident) were 7.77 (SD � 2.10).

Discussion

The current RCT represents the first investigation within a clinical
trials framework of Internet-delivered CBM for depression targeting
interpretation and imagery. The results suggest that Internet-delivered
CBM-I for depression can effect rapid symptom reduction over just 1

week, via seven 20-min sessions, and no additional “homework.”
Moreover, the effect of the CBM-I intervention on symptoms of
depression was at least partially mediated by the trained change in
imagery-based interpretive bias (AST-D). Recent work has suggested
that repeated practice in generating vivid positive mental imagery, as
required in this CBM-I paradigm, could have its therapeutic impact
via a number of mechanisms, such as up-regulation of brain areas
involved in the generation of positive emotions (Linden et al., 2012),
or via increasing optimism (Blackwell et al., 2013). Results also
demonstrate the feasibility of integrating CBM into an existing iCBT
treatment program for depression.

The combined intervention was effective in reducing depressive
symptoms, distress, disability, anxiety, and rumination in patients
diagnosed with a major depressive episode. The combined inter-
vention compares favorably to the iCBT component when deliv-
ered in isolation. Effect sizes for the Sadness Program range from
1.15 to 1.27 for within-group effects and from .63 to 1.09 for
between-groups (WLC) effects (Perini, Titov, & Andrews, 2009;
Titov, Andrews, Davies, et al., 2010). Sixty-five percent of pa-
tients who completed the combined intervention evidenced clini-
cally significant change on the BDI-II as indexed by established
criteria for recovery and reliable change. As a first test of this
CBM-I program delivered over the Internet, it is encouraging that
the CBM-I intervention was perceived as logical and comprehen-
sible. Despite the obvious pragmatic benefits of Internet-based
interventions, patient perceptions of acceptability and adherence
will be fundamental to successful implementation.

The current findings need to be considered in light of a number
of limitations. In the absence of an active control group, the design
of the current study does not allow us to solely attribute clinical
change following CBM-I to the intervention. Our research group is
currently conducting a second RCT including an active comparator
to help address this issue. As a diagnostic interview was not
conducted at follow-up, clinical significant change was indexed by
self-report measurement. It is important to note that we are unable
to establish the temporal precedence of the change in AST-D and
depression symptoms; therefore the results of the mediation anal-
ysis cannot speak to the issue of causality. Further, the shift in
interpretive bias was only evident on the measure that was most
similar to the CBM-I training component.

It will be important in future research to dismantle the added
impact of CBM-I to the iCBT program and uncover how the two
interventions combine to reduce depressive symptoms. For exam-
ple, it is possible that the initial reduction in symptoms of depres-
sion resulting from CBM-I leads to a boost in motivation needed
to carry out tasks required in iCBT. Perhaps the trained bias to
automatically interpret ambiguity in a positive manner makes it
easier to generate alternative thoughts or to envision positive
outcomes for the behavioral tasks that form important parts of
iCBT. With increasing evidence that cognitive biases are a key
target, not only for psychological but also pharmacological inter-
ventions for depression (Harmer et al., 2009), investigating mech-
anisms will have broader relevance. The extent to which these
findings are generalizable to other populations and are maintained
at follow-up requires further investigation. In summary, the current
study provides the first indication of the effectiveness of a com-
bined CBM-I and iCBT intervention in the treatment of major
depression and provides encouraging results of the integration of
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Figure 2. Mean reductions on primary measures following imagery-
based cognitive-bias modification (CBM-I) and Internet-based cognitive
behavioral therapy (iCBT). BDI-II � Beck Depression Inventory–Second
Edition; K10 � 10-item Kessler Psychological Distress Scale; PHQ-9 �
nine-item Depression Scale of the Patient Health Questionnaire.

798 WILLIAMS ET AL.



Internet-based technologies into an acceptable form of treatment
delivery.
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