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Abstract
Background Brief computerized programs that train less threatening interpretations (termed Cognitive Bias Modification 
for Interpretations, or CBM-I) can shift interpretation biases and subsequent anxiety symptoms. However, results have been 
inconsistent, particularly for studies conducted over the Internet.
Methods The current exploratory study tests 13 variations of a single brief session of CBM-I, a non-CBM-I cognitive flex-
ibility condition, a neutral condition, and a no task control condition in an analogue sample with moderate to severe anxiety.
Results Results suggest that all conditions, except the neutral scenarios condition and the alternative way to improve cogni-
tive flexibility, led to changes in interpretations (when compared to the no task control condition). Only conditions geared 
toward increasing imagery during CBM-I and targeting flexibility related to emotional material differed from the no task 
control condition on other post-training measures.
Conclusions Presenting valenced interpretations of ambiguous information during brief CBM-I, regardless of the format, 
can lead to changes in interpretation bias. However, most conditions did not differ from the no task control condition on other 
post-training assessments (and differences that did occur may be due to chance). Future trials should consider further testing 
of CBM-I that targets flexibility related to emotional material, and should include an increased number of sessions and trials.
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Introduction

Anxious individuals tend to interpret ambiguous information 
in a threatening way (Mathews and MacLeod 2005). Accord-
ing to cognitive models, this interpretation bias causes anxi-
ety (Beck and Clark 1997; Clark and Beck 2010) To test 
this claim, researchers developed brief paradigms, called 
Cognitive Bias Modification for Interpretations (CBM-I), 
designed to shift interpretations to be more or less threat-
ening. Initial studies demonstrated that it was possible to 
shift biases, and that shifting biases led to subsequent shifts 
in anxiety (Mathews and Mackintosh 2000; Mathews et al. 
2007), providing support for cognitive models, and also 
providing initial evidence that CBM-I could be used as an 
intervention to treat or prevent anxiety.

Research has highlighted the clinical applications of 
CBM-I by showing that it can sometimes reduce symptom 
severity in anxious samples (Hirsch et al. 2016; Menne-
Lothmann et al. 2014), can be disseminated online (Hoppitt 

Electronic supplementary material The online version of this 
article (https ://doi.org/10.1007/s1060 8-020-10168 -3) contains 
supplementary material, which is available to authorized users.

 * Shari A. Steinman 
 shari.steinman@mail.wvu.edu

1 Department of Psychology, West Virginia University, PO 
Box 6040, Morgantown, WV 26506, USA

2 University of Virginia, Charlottesville, USA
3 Caveon Test Security, Midvale, USA
4 San Diego Joint Doctoral Program in Clinical Psychology, 

San Diego State University/University of California, 
San Diego, USA

5 Yeshiva University, New York, USA

http://orcid.org/0000-0002-0068-206X
http://crossmark.crossref.org/dialog/?doi=10.1007/s10608-020-10168-3&domain=pdf
https://doi.org/10.1007/s10608-020-10168-3


368 Cognitive Therapy and Research (2021) 45:367–382

1 3

et al. 2014), and can, in some circumstances, have effects 
as strong as gold standard treatments (Steinman and Teach-
man 2014). However, studies have obtained mixed results. 
For example, while some Internet-based CBM-I studies have 
been able to shift biases in expected directions and reduce 
subsequent psychopathology (Williams et al. 2013), others 
found that CBM-I does not affect subsequent anxiety (Stein-
man and Teachman 2015). Further, CBM-I tends to have 
stronger effects on subsequent anxiety when administered in 
a lab-setting vs. over the Internet (Kampmann et al. 2016). 
Finally, although individual studies demonstrate that it is 
possible to reduce anxiety through CBM-I, meta-analyses 
suggest the effect is small (Hallion and Ruscio 2011) and 
inconsistent (Cristea et al. 2015; Menne-Lothmann et al. 
2014). Importantly, a review of CBM meta-analyses sug-
gests that CBM-I has a reliable, moderate effect on shifting 
interpretation bias and reducing anxiety symptoms, but does 
not reliably decrease emotional vulnerability (i.e., responses 
to stressors; Jones and Sharpe 2017).

Researchers have tested several variations of CBM-I, 
providing clues to how to optimize CBM-I’s effects. For 
instance, Holmes et al. (2006) found that effects of CBM-I 
are enhanced when participants are encouraged to vividly 
imagine the scenarios occurring. Similarly, Edwards et al. 
(2018) found that priming anxious imagery before CBM-I 
resulted in less anticipatory anxiety in response to a stressor 
but other results were mixed. Hoppitt et al. (2010) found that 
actively generating the positive endings of scenarios affected 
subsequent emotionality of ambiguous scenarios following 
training, while a condition without active generation did 
not. Further, Lee et al. (2015) found that asking participants 
to imagine a future event was more effective at reducing 
negative interpretations, compared to a condition in which 
participants were just asked to think about the content of the 
scenarios. A challenge in generalizing from these different 
attempts is that the variations are all tested in independent 
studies, making it difficult to compare effects.

The current study tests multiple variations of CBM-I in 
a large, analogue anxious sample. A team of students was 
tasked with generating new variants of the standard CBM-I 
that they thought would lead to strong effects. The goal was 
to determine which strategies are optimal, so that research-
ers can then follow-up on testing the strongest variations 
in future full trials. This study included a common form 
of CBM-I, which we call “traditional CBM-I,” in which 
participants read and imagined themselves in ambiguous 
scenarios that ended with a word fragment that disambigu-
ated the scenario in a non-threatening way, followed by a 
comprehension question that emphasized the non-threaten-
ing interpretation of the scenario (modified from Mathews 
and Mackintosh 2000). It also included 12 variations on 
this traditional CBM-I, a non-CBM-I condition designed to 
improve cognitive flexibility, a neutral scenarios condition, 

and a no task control condition. Data were collected via 
Amazon’s Mechanical Turk (MTurk), which provides quick 
and easy access to clinical and subclinical samples, and 
high quality data (Shapiro et al. 2013). Specifically, demo-
graphic and mental health data collected via MTurk have 
high test–retest reliability and internal consistency (Shapiro 
et al. 2013). Notably, participants report social anxiety lev-
els that are approximately one standard deviation above the 
college mean, highlighting the high prevalence of anxiety 
among MTurk participants (Chandler and Shapiro 2016).

Testing New CBM‑I Variants

Each variant of CBM-I built on prior theory or empirical 
findings to modify or add an element to training expected to 
enhance the effects of CBM-I.

Enhancing Imagery

Building from work showing that focusing on imagery, 
rather than text, led to stronger CBM-I effects (Holmes et al. 
2006), in the Imagery Only/Audio variation, participants lis-
tened to an audio presentation of scenarios. Building from 
evidence that implementation intentions (if–then statements) 
can have strong effects on thought and action (Gollwitzer 
and Sheeran 2006), in the Implementation Intention condi-
tion participants were provided an implementation intention 
related to generating imagery when completing scenarios, 
which was expected to enhance visualization of the train-
ing material, promoting greater affective engagement with 
the material. (Note, the way different variants were grouped 
together was done for ease of discussion, but is certainly not 
the only grouping possible and many of the variants could 
fall into multiple categories.)

Increasing Engagement

Following results suggesting active generation and engage-
ment leads to stronger CBM-I effects (Hoppitt et al. 2010), 
a Generate Positive Ending condition was included, in 
which scenarios were missing the final word (as opposed to 
including an fragment for the final word), and participants 
were instructed to type in a word to complete the scenario 
in a positive way (note, we were unaware when designing 
this condition that a related approach by Rohrbacher et al. 
(2014) did not strengthen effects). Another variant designed 
to increase the challenge, and hence engagement, was a 
Group of Words variation, in which participants were asked 
to select the final word of each scenario from a list of pos-
sible options.
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Facilitating Readiness for Learning

Based on findings that priming anxiety in advance of atten-
tion training may improve CBM outcomes on the Internet 
(Kuckertz et al. 2014) and research suggesting that emo-
tional memories can be effectively modified with activation 
and re-consolidation (Schwabe et al. 2014), the Anxious 
Imagery variation included an anxiety prime prior to CBM-
I. Borrowing from contingency management research that 
suggests paying people for following through with tasks 
increases treatment effects (Prendergast et al. 2006), a Mon-
etary Reward condition was included. In this condition, par-
ticipants would intermittently receive a monetary bonus for 
answering comprehension questions correctly. Given that 
being present-focused and nonjudgmental might increase 
openness to learning new interpretive styles (Teper et al. 
2013), a Mindfulness condition was included, in which par-
ticipants completed a brief mindfulness task before CBM-I 
based on the idea that even a temporary state of nonjudg-
mental present focus might enhance openness to learning a 
new interpretation style.

Encouraging Flexibility

The benefits of CBM-I may be due to teaching participants 
to be more flexible in their interpretations, rather than teach-
ing them to always interpret things positively. Therefore, 
a Switching condition was included, designed to increase 
flexibility by switching between interpreting blocks of sce-
narios in a negative or positive way. Analogously, a Refram-
ing Negative Events variation was included, in which par-
ticipants saw a mix of negative and positive scenarios, but 
following a negative ending, they saw a second resolution 
sentence that assigned a more positive outcome. This was 
intended to increase flexibility and teach participants to reap-
praise negative events (Beltzer et al. 2014). A variation in 
which scenarios ended positively half of the time and ended 
negatively half of the time in random sequence was also 
included (50/50). Although past researchers have considered 
this condition to be a control condition, results from past 
CBM-I studies suggest that this condition may not be inert, 
and may in fact be training cognitive flexibility (Menne-
Lothmann et al. 2014).

Adding Pictures

Variants that added an explicit visual component to 
increase participant immersion were included. In the 
Adding Pictures variation, participants saw a picture 
related to the scenario they were reading. To emphasize 
the link between the meaning assigned and its emotional 
consequence, a Matching Facial Expressions variation 
was included. In this variation, following scenarios, 

participants were shown faces with different expressions 
and asked to select the face that matches the emotion in 
the scenario.

Non‑interpretation Comparison Conditions

To test an alternate way to improve cognitive flexibility, 
rather than emotional interpretive style, Attention-switch-
ing was included. This condition required participants to 
switch rapidly between paying attention to one or the other 
of two simultaneously presented stimulus features; no sce-
narios were presented. Additionally, a control condition 
was included in which all scenarios were neutral and did 
not involve emotional ambiguity (Neutral). Finally, a No 
task Control condition was included.

We predicted that all 13 variations of CBM-I would 
lead to a less threatening interpretation bias compared to 
the No task Control condition (but there were not specific 
predictions about how each CBM-I variation would differ 
from one another) in our analogue anxious sample. Testing 
effects of the Attention-Switching condition was explora-
tory, given no interpretation training was occurring but 
some increase in cognitive flexibility was plausible. We 
did not expect the Neutral condition to differ from the No 
task Control condition.

The goal in this exploratory study was to determine 
which CBM-I approaches are optimal so that researchers 
can then follow-up on testing the strongest variations in 
future trials.

Method

Participants

An analogue anxious sample of N = 1120 (75.3% female) 
adults were recruited over the Internet through MTurk in 
exchange for $1.50 (or $1.75 for participants in the Mon-
etary Reward condition). Participant ages ranged from 18 to 
68 (M = 27.52, SD = 10.16; note that we excluded age data 
from four participants who reported being born in 1925 
or earlier). All participants scored 10 or above, indicating 
moderate to extremely severe anxiety based on established 
norms, on the Depression, Anxiety, Stress Scales—Short 
Form: Anxiety Subscale (DASS-Anxiety; Lovibond and 
Lovibond 1995), which was used as a screener prior to par-
ticipation in the main study. All participants reported US 
citizenship. Race was reported as: 69.9% White, 3.1% Black, 
6.1% Asian, 8.0% as more than one race, and 11.7% as other 
or unknown. Ethnicity was reported as 9.3% Hispanic, 77.7% 
non-Hispanic, and 13.0% unknown or unreported.



370 Cognitive Therapy and Research (2021) 45:367–382

1 3

Materials

Conditions

See Online Appendix for sample materials from each 
condition.

100% Positive

Participants were asked to read and imagine themselves 
in 70 scenarios (modified from Mathews and Mackintosh 
2000). Scenarios covered multiple fear domains, includ-
ing potential social threats (e.g., meeting with your boss; 
35 scenarios), physical threats (e.g., feeling lightheaded; 
20 scenarios), and other threats (e.g., strange noise in the 
middle of the night; 15 scenarios). Each scenario ended 
with a word fragment. All scenarios were ambiguously 
valenced until the fragment, which disambiguated the sce-
narios in a non-threatening way. Participants had three 
chances to complete the word fragment correctly; after 
three tries the program would move to the comprehension 
question. Following each scenario, participants answered 
a comprehension question, which insured they read the 
scenario and reinforced the non-threatening interpretation. 
For example, participants might read, “Your partner asks 
you to go to an anniversary dinner that their company is 
holding. You have not met any of his/her work colleagues 
before. Getting ready to go, you think that the new people 
you will meet will find you fr_endly.” Participants would 
type “i” to complete the word “friendly.” Then, partici-
pants would be asked a comprehension question to rein-
force the non-threatening interpretation of the scenario, 
such as, “Were you disliked by your new acquaintances?” 
and participants would type “n” for “no.” Participants had 
to answer the comprehension question correctly before 
proceeding to the next trial. All of the following condi-
tions were identical to the 100% Positive, except for the 
specific differences noted below.

Imagery Only/Audio

Scenarios were presented via audio (instead of text); there 
were no word fragments. Comprehension questions were 
presented on screen.

Implementation Intention

Prior to training, participants were told to try their best to 
complete the task with the goal of imagining themselves 
in the stories as best they can. Participants were told to try 
to complete the task while thinking, “Whenever I fill in a 

new word fragment, I will do my best to imagine myself 
in the situation being described.”

Generate Positive Ending

Scenarios were missing the last word. Participants were 
asked to resolve the ambiguity of the scenario posi-
tively by typing in one or more words (vs. completing a 
word fragment) to complete the sentence (a subsample of 
entered words were later reviewed to confirm adherence to 
instructions).

Group of Words

Scenarios were missing the last word. Participants com-
pleted the scenarios by choosing a word from a list of four 
words as quickly as possible. All word choices were of simi-
lar valence, but only one option made sense grammatically 
and emotionally. Participants were prompted to select a dif-
ferent word if they chose incorrectly.

Anxious Imagery

Prior to training, participants were asked to complete a 
guided imagery exercise for 20 s in which they were asked 
to imagine themselves in a recent or upcoming situation that 
elicited/would likely elicit anxiety.

Monetary Reward

Participants were informed that some of the items would 
be eligible for a bonus, and if they got these items correct 
on the first try, they would receive a monetary bonus. After 
approximately one third of correctly answered comprehen-
sion questions, participants received feedback that they were 
correct and that they won additional bonus money. Follow-
ing training, they were told they won an additional $0.25.

Mindfulness

Prior to training, participants completed a 3.5-min mindful-
ness task in which they listened to instructions to focus on 
their breathing, listen to surrounding sounds, and become 
aware of bodily sensations. Halfway through training, they 
were reminded to continue being mindful and led through a 
similar 1-min breathing exercise.

Switching

Half of the scenarios ended in a non-threatening way, and 
the other half ended in a threatening way. Participants prac-
ticed switching between non-threatening and threatening 
endings in a fixed order of blocks.
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Reframing Negative Events

Half of the scenarios ended in a non-threatening way and 
the other half initially ended in a threatening way (presented 
in random order). Following each threatening ending, par-
ticipants read another sentence that added a non-threaten-
ing outcome (often suggesting resilience) to the previous 
scenario. Comprehension questions always followed non-
threatening endings.

50/50

Half of the scenarios ended in a non-threatening way and the 
other half ended in a threatening way (presented in random 
order).

Adding Pictures

Scenarios were accompanied by related neutral images.

Matching Facial Expressions

Twenty-five percent of comprehension questions were fol-
lowed by a second “affective comprehension question,” in 
which participants were shown faces with different expres-
sions and asked to select the face that matches the emotion 
in the scenario. Participants were told they were correct if 
they picked a positive face.

Attention‑Switching

Instead of completing CBM-I, participants completed an 
“attention-switching” control task to improve cognitive flexi-
bility (Karbach and Kray 2009). Participants were instructed 
to switch rapidly (every 1–2 trials) between paying attention 
to one or the other of two simultaneously presented stimulus 
features. On each trial, participants saw a stimulus appear in 
the center of the screen, and pressed one of two keys to sort 
the stimulus into the correct category.

Neutral

There was no emotional ambiguity in the scenarios and they 
referenced neutral situations.

No Task Control

Individuals completed assessments on the same schedule 
as the other participants, but did not complete any training. 
Following baseline assessments, participants were told they 
would complete a second set of questionnaires, and then 
immediately completed post-training measures (note that the 
RRT, described below, included a different set of scenarios 

the second time it was administered). They received the 
same study description as the other training conditions and 
were compensated equivalently.

Measures of Interpretation Bias

To evaluate if condition modified interpretation bias, par-
ticipants completed the Recognition Ratings Task (RRT, 
modified from Mathews and Mackintosh 2000) before and 
after training (see Salemink and van den Hout 2010 for task 
validation). Note that this task is also referred to as the Simi-
larity Rating Task (SRT) and Ambiguous Passages in the lit-
erature. Participants read and imagined themselves in seven 
novel scenarios about social situations that were similar in 
format to training scenarios, except each scenario included 
a title, and all scenarios remained ambiguous even when the 
word fragment was completed. For example, participants 
might see, “THE LOCAL CLUB: You are invited to attend 
a social event at a local club, although you don’t know any 
of the members very well. As you approach the door you 
can hear conversation and loud music, but as you enter the 
room it stops for a mo_ent.” The matching comprehension 
question would be, “Do you know most of the club members 
very well?” Participants saw different scenarios before and 
after training.

Next, participants would see the title of each ambigu-
ous scenario with a brief reminder of what the scenario 
was about, along with four disambiguated interpretations 
of each scenario. Two of the disambiguated interpretations 
were related to social concerns (labeled “targets,” one posi-
tive, one negative) and two were unrelated to social concerns 
(labeled “foils,” one positive, one negative). For example, 
participants would see “conversation stops and club mem-
bers glare at you” (negative, target), “conversation stops so 
club members can greet you” (positive, target), “you realize 
your favorite song was just playing” (positive, foil), and “you 
realize you forgot your wallet at home” (negative, foil). Par-
ticipants were asked to rate how similar each disambiguated 
interpretation was to what they believed was the meaning 
of the original scenario on a scale of 1 (“very dissimilar 
in meaning”) to 4 (“very similar in meaning”). The RRT 
was administered at both pre- and post-training. Cronbach’s 
alphas for negative and positive RRT for both time points 
ranged from 0.55 to 0.84. Of note, we assessed condition 
effects on positive and negative RRT separately (rather than 
creating a bias index) given recent work suggesting that 
positive and negative interpretations may not be a unidi-
mensional construct (Steinman et al. 2019). Participants saw 
a different set of scenarios before and after training.

Given that the RRT is similar in format to CBM-I, an 
additional measure of interpretation bias was included fol-
lowing training: a subset of items from the Brief Body Sen-
sation Interpretation Questionnaire (BBSIQ; Clark et al. 



372 Cognitive Therapy and Research (2021) 45:367–382

1 3

1997). In the BBSIQ, participants are presented with four-
teen ambiguous events related to physical (e.g., feeling light-
headed) or external (e.g., smelling smoke, social situations) 
concerns, along with three possible explanations for each 
ambiguous event (one negative, and two neutral or positive 
explanations) Participants were asked to rate the extent to 
which they believed each explanation for why the ambigu-
ous event occurred on a scale of 0 (“not at all likely”) to 8 
(“extremely likely”). To obtain an interpretation bias score, 
ratings for the negative explanations were averaged (follow-
ing (Steinman and Teachman 2010, 2015). The BBSIQ was 
administered post-training. Cronbach’s alpha = 0.97, sug-
gesting good reliability.

Measures of Anxiety Symptoms and Emotional 
Vulnerability1

Potential participants completed the Depression, Anxiety, 
Stress Scales—Short Form: Anxiety Subscale (DASS-Anx-
iety; (Lovibond and Lovibond 1995) as a screener. In the 
DASS-Anxiety, participants are asked how often seven anxi-
ety symptoms applied to them in the past week, on a scale 
of 0 (“did not apply to me at all”) to 2 (“applied to me very 
much, or most of the time”). The DASS has strong psycho-
metric properties (Antony et al. 1998). The DASS-Anxiety 
was administered prior to pre-testing measures. Cronbach’s 
alpha in current sample = 0.81.

To further assess baseline anxiety, participants completed 
the Overall Anxiety Severity and Impairment Scale (OASIS; 
Norman et al. 2006). The five-item OASIS assesses anxi-
ety frequency, severity, and associated avoidance, work and 
social interference. All items are rated on a scale of 0 (low-
est impairment/severity) to 4 (highest impairment/severity). 
The OASIS was administered pre-training. The OASIS was 
selected due to its brevity and strong psychometric proper-
ties; Cronbach’s alpha in current sample = 0.77.

To test if condition affected responses to a hypothetical 
stressful situation, participants completed the Anticipated 
Stressful Situation Questionnaire (ASSQ; modified from 
Murphy et al. 2007). In the ASSQ, participants are asked 
to vividly imagine themselves in a feared situation (e.g., 
public speaking, being in a high place) and then rate their 
predicted anxiety, desire to avoid the situation, probabil-
ity of the situation turning out badly, and if the situation 
were to turn out badly, how manageable the consequences 
would be. All items were rated on a scale of 1 (least anxiety/
avoidance/likelihood of negative outcome/consequence) to 
5 (most anxiety/avoidance/likelihood of negative outcome/

consequence). The ASSQ was administered post-training. 
Cronbach’s alpha in current sample = 0.82.

To test if condition affected emotional vulnerability in 
response to a stressor, all participants completed an Ana-
gram Task post-training. In this task, participants solved as 
many anagrams out of 40 as they could in three minutes, 
followed by two extremely difficult, multi-syllabic anagrams. 
To operationalize emotional vulnerability, we assessed 
change in anxiety (on a − 3 to 3 Subjective Units of Distress 
Scale) before and after the Anagram Task.

Procedure

This study was conducted over the Internet via Amazon’s 
mTurk. Interested participants completed an initial consent 
and the DASS-Anxiety. Those who scored a 10 or above 
were invited to participate (indicating moderate to severe 
anxiety; Lovibond and Lovibond 1995). Participants com-
pleted a second consent form, followed by baseline assess-
ments of interpretation bias (RRT) and anxiety (OASIS). 
Next, participants were randomly assigned to 1 of the 16 
conditions. After completing their condition assignment, 
participants completed measures of interpretation bias (RRT 
and BBSIQ) and emotional vulnerability (ASSQ and Ana-
gram Task). Participants were debriefed, and those assigned 
to a control condition were given the opportunity to com-
plete the 100% Positive condition.

Results

This was an exploratory study with multiple dependent vari-
ables investigating 16 different conditions. Thus, the number 
of planned statistical tests was large. This was considered 
appropriate as the goal was to identify patterns that would 
suggest a larger, confirmatory trial of some subset of CBM-I 
variants would be beneficial. For this reason, the results were 
interpreted primarily in terms of effect sizes, though we also 
report standard test statistics and p-values to be compre-
hensive. Along these lines, we invite other researchers to 
conduct additional comparisons of interest for their research 
questions—data are shared at https ://osf.io/ch6kq /.

Participant Characteristics and Descriptive Statistics

As expected, conditions did not differ in terms of gen-
der (χ2(15) = 17.01, p = 0.318), age (F(15,1063) = 0.45, 
p = 0.964), race (χ2(105) = 118.09, p = 0.180), or ethnicity 
(χ2(30) = 32.16, p = 0.360; see Table 1). Similarly, condi-
tions did not differ in terms of participants’ baseline anxiety 
symptoms, as measured by the OASIS (F(15,1104) = 1.15, 
p = 0.309) or baseline interpretation bias, as measured by 
RRT (negative: F(15,1104) = 1.38, p = 0.151; positive: 

1 Additional measures were included that are not discussed here, 
including assessments of imagery vividness and engagement with 
training scenarios. For more details, please contact the first author.

https://osf.io/ch6kq/
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F(15,1104) = 1.61, p = 0.065; see Table 2). To test the effects 
of interest, each condition was compared to the Control No 
task Control condition using independent t-tests and Cohen’s 
d values (a standardized indicator of mean differences) were 
computed. Missingness was minimal; per condition, between 
zero to three participants had missing data for each measure. 
All available data was used, but an analysis of only complete 
cases yielded similar results.2

Condition Effects on Interpretation Bias

See Table 2 for means and standard deviations of pre-train-
ing and post-training measures. To test if condition affected 
change in interpretation bias, changes in negative and posi-
tive recognition ratings were computed (RRT Change; post 
CBM–pre CBM). For positive recognition ratings, positive 
RRT Change values indicate more positive interpretations 
over the course of the study but negative RRT Change values 
indicate less positive interpretations. For negative recogni-
tion ratings, positive RRT Change values indicate more neg-
ative interpretations over the course of the study but negative 
RRT Change values indicate less negative interpretations.

The RRT Change for negative and positive recognition 
ratings were computed for each condition and compared 
to the No task Control condition. All conditions except 
the Attention-Switching, Neutral, and Imagery Only/Audio 
conditions had a larger decrease in negative interpreta-
tions (see Fig. 1; − 2.32 < ts(126–146) < − 4.80, ps < 0.05, 
− 0.39 < ds < − 0.80) compared to the No task Control con-
dition. All conditions except the Attention-Switching and 
Neutral conditions had a larger increase in positive inter-
pretations (see Fig. 2; 2.53 < ts(119–148) < 4.75, ps < 0.05, 
0.44 < ds < 0.80) compared to the No task Control condi-
tion. The 95% confidence intervals overlapped for the 12 
effective conditions for negative interpretations and the 13 
effective conditions for positive interpretations, suggesting 
similar magnitude of effects across effective conditions and 
the Cohen’s d values were mainly in the medium range.

Next, BBSIQ ratings for all training conditions were 
compared to the No task Control condition. The physi-
cal and external BBSIQ subscales were highly correlated 
(r(1097) = 0.88, p < 0.001), so they were combined. Sur-
prisingly, only the Imagery Only/Audio condition had less 
negative interpretations compared to the No task Control 

condition (see Fig. 3; t(131) = − 2.20, p = 0.030, d = − 0.38), 
and this effect size was small to medium.

Training Condition Effects on Anticipated Anxiety

To test if condition affected responses to a hypothetical 
stressor, ASSQ ratings for all training conditions were 
compared to the No task Control condition. All ASSQ 
items were moderately correlated (0.51 > rs > 0.57), so 
were combined. The Mindfulness, Switching, and Refram-
ing Negative Events conditions had less negative responses 
compared to the No task Control condition (see Fig. 4; Mind-
fulness: t(138) = − 2.11, p = 0.036, d = -0.35; Switching: 
t(143) = − 2.79, p = 0.006, d = − 0.46; Reframing Negative 
Events: t(139) = − 2.62, p = 0.010, d = − 0.44), with all effect 
sizes falling within the small to medium range.

Training Condition Effects on Response to a Stressor

To test if condition affected response to an actual stressor, 
change in anxiety following the Anagram Task (post-Ana-
gram Task—post-CBM) for all training conditions was 
compared to the No task Control condition. Only the 50/50, 
Reframing Negative Events, and Matching Facial Expres-
sions conditions differed from the No task Control condition, 
with less change in anxiety following the Anagram Task (see 
Fig. 5; 50/50: t(119) = − 2.19, p = 0.030, d = − 0.38, Refram-
ing Negative Events: t(129) = − 2.27 p = 0.025, d = − 0.38 
and Matching Facial Expressions: t(138) = − 2.49, p = 0.014, 
d = − 0.41). Again, all effect sizes were in the small to 
medium range.

Training Condition Effects compared to Neutral 
Condition

As a secondary post-hoc analysis, to provide a more strin-
gent comparison for the various CBM-I conditions, we 
reran the main tests of condition effects comparing condi-
tions to the Neutral (rather than No task Control) condi-
tion. The Neutral condition has the advantage of matching 
the CBM-I conditions for format, time, and task demands. 
For negative interpretations, as measured by the negative 
RRT change, the Anxious Imagery, 100% Positive, and Add-
ing Pictures conditions were no longer significant when 
comparing to the Neutral condition (Anxious Imagery: 
t(128) = −  1.64, p = 0.104, d = −  0.28, 100% Positive: 
t(113) = − 1.84, p = 0.068, d = − 0.33, and Adding Pictures: 
t(116) = − 1.71, p = 0.090, d = − 0.30), though effect sizes 
indicated small effects. For positive interpretations, as meas-
ured by the positive RRT change, the 50/50 condition was 
no longer significant when comparing to the Neutral condi-
tion (t(122) = 1.53, p = 0.128, d = 0.27). For negative inter-
pretations, as measured by the BBSIQ, the Imagery Only 

2 There were no differences in Cohen’s d comparing the analysis of 
all cases to complete cases for BBSIQ, positive RRT Change, or neg-
ative RRT Change. For ASSQ, the differences in Cohen’s d ranged 
from -0.05 to 0.13. For three conditions, 100% Positive, Imagery 
Only/Audio, and Implementation Intention, these small changes in 
effect size were enough to change the statistical significance of the 
finding, with the 95% confidence interval shifting from including zero 
to not including zero.
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condition was no longer significantly different when com-
paring to the Neutral condition (t(120) = − 1.07, p = 0.286, 
d = − 0.19). For the ASSQ, the Mindfulness condition was 
no longer significantly different when comparing to the 
Neutral condition (t(124) = − 1.76, p = 0.081, d = − 0.30). 
For anxiety elicited by the Anagram Task, no conditions 
differed from the Neutral condition for emotional vulner-
ability, indicating that the 50/50, Reframing Negative Events, 
and Matching Facial Expressions conditions were no longer 
significant when compared to the Neutral condition (50/50: 
t(126) = − 1.69, p = 0.093, d = − 0.30, Reframing Negative 
Events: t(133) = − 1.77, p = 0.080, d = − 0.30, and Matching 
Facial Expressions: t(136) = − 1.93, p = 0.056, d = − 0.33). 

Notably, these comparisons all showed small effects based 
on Cohen’s d values, though they were no longer significant.

Effects of Combined Active Training Conditions

Our active CBM-I conditions may have effects that are too 
small to detect when conditions are analyzed individu-
ally.Therefore, as a final post-hoc analysis, we combined 
all active CBM-I conditions (excluding Attention Switch-
ing, Neutral, and 50/50),3 re-computed the effect size, and 

Fig. 1  Effect of training condi-
tions on negative RRT Change, 
compared to No task Control 
condition

3 Thank you to an anonymous reviewer for suggesting this analysis.
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compared it to the No task Control and Neutral conditions. 
When compared to the No task Control condition, the com-
bined effect of active CBM-I conditions was significantly 
different for positive and negative interpretations, as meas-
ured by change in RRT (positive: t(85) = 5.99, p ≤ 0.001, 
d = 0.70; negative: t(81) = − 4.11, p ≤ 0.001, d = − 0.56) 
and the ASSQ (t(86) = − 2.14, p = 0.035, d = − 0.25), but 
not the BBSIQ (t(81) = − 1.19, p = 0.239, d = − 0.16) or 
anxiety elicited by the Anagram Task (t(89) = − 1.82, 
p = 0.072, d = − 0.19). When compared to the Neutral 
condition, the combined effect of CBM-I was only signifi-
cantly different for positive and negative interpretations, 
as measured by change in RRT (positive: t(82) = 4.92, 

p ≤ 0.001, d = 0.53; negative: t(80) = − 3.66, p = 0.001, 
d = − 0.41), but not the ASSQ (t(86) = − 1.73, p = 0.087, 
d = − 0.17), BBSIQ (t(79) = 0.57, p = 0.569, d = 0.07) or 
anxiety elicited by the Anagram Task (t(77) = − 1.06, 
p = 0.291, d = − 0.13). Taken together, these combined 
analyses suggest that our method of delivering CBM-I 
over the Internet had a medium to large effect on positive 
and negative interpretations (as measured by RRT), and 
a small effect on response to a hypothetical stressors (as 
measured by the ASSQ, though this effect was no longer 
reliable when compared to the Neutral condition).

See Online Appendix for supplemental table of Pear-
son correlations between post-training measures (note the 

Fig. 2  Effect of training condi-
tions on positive RRT Change, 
compared to No task Control 
condition
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unexpected direction of relationships between negative RRT 
and other post-training measures).

Discussion

The current study compared the effects of 13 active varia-
tions of CBM-I and two alternate conditions to a No task 
Control condition in an analogue sample with moderate 
to severe anxiety. Results suggested that all conditions, 
except the Neutral and Attention-Switching alternate condi-
tions, reduced negative interpretations and increased posi-
tive interpretations of ambiguous information (though the 
Imagery Only/Audio condition did not significantly affect 
negative interpretations). However, only a few of the condi-
tions differed from the No task Control condition on other 
post-training measures, and it is plausible these differences 
may be due to chance.

As expected, all active CBM-I conditions shifted interpre-
tation bias when compared to the No task Control condition 
(and all but a few when compared to the Neutral condition), 
with effect sizes typically in the small to medium range. This 
supports research highlighting the malleability of interpre-
tation bias (Menne-Lothmann et al. 2014) and supports the 
potential of using the Internet as a dissemination strategy for 

CBM-I. Surprisingly, the 13 effective conditions for positive 
interpretations and the 12 effective conditions for negative 
interpretations (when compared to the No task Control con-
dition) had similar magnitude of effects (based on overlap 
across their 95% confidence intervals), suggesting the varia-
tions did not substantively alter the training programs’ abil-
ity to shift interpretations in a single session online format. 
Even the 50/50 condition, which is often used as a control 
condition, led to a more benign and less threatening interpre-
tation bias when compared to the No task Control condition 
(but not the Neutral condition). This is in line with prior 
findings that conditions initially believed to be controls (such 
as the 50/50 condition) may not actually be inert (perhaps 
due to training flexibility), and may help explain mixed find-
ings in the literature (Menne-Lothmann et al. 2014). This 
highlights the necessity of determining what constitutes an 
appropriate control condition for future CBM-I studies (see 
also Blackwell et al. 2017).

A few CBM-I conditions stood out because training 
effects were evident on other post-training measures besides 
the RRT. Specifically, participants in the Reframing Negative 
Events and the Switching conditions both responded differ-
ently than the No task Control and Neutral conditions in 
response to a hypothetical stressful situation. Similarly, the 
50/50 and Reframing Negative Events conditions resulted 

Fig. 3  Effect of training condi-
tions on Post-training BBSIQ, 
compared to No task Control 
condition
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in significantly less anxiety in response to the Anagram 
Task, compared to the No task Control condition (but not 
the Neutral condition). This is in line with past work sug-
gesting that cognitive flexibility enhances positive outcomes 
(Parsons et al. 2016). Notably, our results suggest that tar-
geting flexibility related to emotional materials (as done in 
the Switching, 50/50, and Reframing Negative Events condi-
tions), and not just cognitive flexibility in general (as done 
in the Attention-Switching condition) may be helpful to shift 
interpretive bias and emotional vulnerability. However, with 
the current measures it is difficult to tell whether changes in 
cognitive flexibility occurred or mediated results.

A few additional scattered condition effects occurred on 
various post-training measures. Specifically, the Match-
ing Facial Expressions condition resulted in significantly 
less anxiety in response to the Anagram Task, compared to 
the No task Control condition (but not the Neutral condi-
tion). When compared to the No task Control condition (but 
not the Neutral condition), the Mindfulness condition also 
resulted in significantly different responses to a hypothetical 
stressful situation. Also, when compared to the No task Con-
trol condition (but not the Neutral condition), the Imagery 
Only/Audio condition was the only variation to result in sig-
nificantly different interpretation bias as measured by the 

Fig. 4  Effect of training condi-
tions on Post-training ASSQ, 
compared to No task Control 
condition

Fig. 5  Effect of training conditions on change in anxiety following 
Anagram Task, compared to No task Control condition



380 Cognitive Therapy and Research (2021) 45:367–382

1 3

BBSIQ. However, we are reticent to over-interpret these 
scattered effects on post-training measures given the incon-
sistent results across comparisons and large number of tests 
conducted. The most consistent finding is that many varia-
tions of active CBM-I alter interpretation bias—common to 
these variations is presentation of emotionally ambiguous 
scenarios and their resolution. Additionally, results sug-
gest the likely importance of training flexibility related to 
emotional materials to shift emotional vulnerability. It is 
not known from these findings whether the presentation 
and resolution of emotional ambiguity (a key hypothesized 
mechanism in CBM-I) is necessary, or whether simply the 
presentation of emotional material accounts for some of 
the observed effects. Further research that dismantles the 
different components of CBM-I training materials will be 
valuable.

While the majority of active conditions shifted interpreta-
tions to be more positive and less negative, most conditions 
did not affect other outcomes. The lack of effects on “down-
stream” outcomes (i.e., anticipated anxiety to a stressful situ-
ation) was even more pronounced when comparing active 
CBM-I conditions to the Neutral condition. This is contrary 
to the causal claim in cognitive models of anxiety (Beck 
and Clark 1997; Clark and Beck 2010), and is in line with 
meta-analyses documenting inconsistent effects of CBM-I 
on anxiety (Cristea et al. 2015; Hallion and Ruscio 2011), 
though see Fodor et al. (2020)

While results may suggest that interpretation bias 
change does not alter anxiety, it is also quite plausible that 
design choices precluded our ability to see CBM-I effects 
on downstream outcomes. First, our decision to do a brief, 
single session, Internet-delivered CBM-I likely decreased 
the potency of CBM-I, given that more trials, multiple ses-
sions, and laboratory delivery all increase effects of CBM 
(Jones and Sharpe 2017; Menne-Lothmann et al. 2014; 
Zhang et  al. 2019). Second, our selection of outcome 
measures (i.e., anagrams) may have limited our ability to 
see effects. Namely, the performance concerns that were 
expected to be activated by the anagram task may not have 
matched the idiographic anxiety concerns of our heteroge-
neous sample. It is possible that we would have seen more 
condition effects on emotional vulnerability measures 
had we restricted training to participants with a specific 
type of anxiety (e.g., spider fear). Then, we could have 
used CBM-I training scenarios (e.g., scenarios about spi-
ders and ability to cope with anxiety around spiders) and 
stressor tasks that were specific to that fear (e.g., behavio-
ral tasks related to spiders). Third, time between training 
and assessment (e.g., to practice new interpretations in 
daily life) may be needed to affect downstream outcomes. 
Finally, our analyses combining active CBM-I conditions’ 
effects suggest that CBM-I, in general, had a small effect 
on response to a hypothetical stressful situation, but results 

may be too small (or measures may be too insensitive) to 
be detected when each condition is tested individually. 
Thus, while we cannot determine the specific reasons for 
the null results with these data, we think it will be impor-
tant to conduct further tests to distinguish between these 
possible explanations given this will be critical for deter-
mining the ultimate clinical utility of CBM-I.

The results from this study highlight the significant chal-
lenge of how to optimally test ideas for many variations in 
the paradigm to improve results. We elected to try a ‘proof of 
principle’ randomized clinical trial (RCT) approach where 
we did a small dose of each variant to see if there was a sig-
nal that would warrant testing in a future larger trial. This 
raised the challenge of not being able to clearly interpret 
whether null results were due to the low dose or to the vari-
ant not having an effect. Conducting well-powered RCTs 
is highly resource-intensive and time-consuming so future 
researchers might want to consider alternate designs that 
more clearly allow for rapid testing of many conditions, such 
as the Leapfrog design (Blackwell et al. 2019).

Results should be interpreted in light of several limita-
tions. First, this study used an analog sample. Future studies 
are needed to determine if results are consistent with diag-
nosed anxious samples. Second, this study only included 
one session of training; previous research (Menne-Loth-
mann et al. 2014) suggests that multiple training sessions 
lead to stronger effects, so it is unclear from the current 
study whether lack of transfer in some conditions is due to 
weaker CBM-I variants, or due to not receiving an “ade-
quate dose” of the variants. This also may explain the limited 
change observed in negative interpretations; while statisti-
cal significance was achieved, considerable negativity still 
remained based on the post-training Negative RRT scores 
(though effect sizes for most conditions were in the medium 
range). Future trials testing variants of CBM-I should ideally 
include multiple sessions, with more trials in each session 
to increase the robustness of effects and reduce risk of Type 
II error. Third, although this study included the ASSQ and 
Anagram Task as proxies for emotional vulnerability, the 
online nature of this study prevented administration of actual 
measures of behavioral avoidance and approach. Fourth, the 
BBSIQ, ASSQ, and Anagram Task were only administered 
post-training (to reduce participant burden), which limits our 
ability to know if training actually changed these constructs. 
Fifth, we did not include manipulation checks for our condi-
tions (e.g., did not test if our Mindfulness condition affected 
state mindfulness). Finally, despite its widespread use for 
psychological research, there remain interesting open ques-
tions about whether a research infrastructure like mTurk is 
well-suited to intervention studies like this one. On the one 
hand, it is the ideal vehicle for exploratory research of this 
type that requires a very large sample and access to many 
anxious individuals. On the other hand, the motivation and 
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reward structure of mTurk workers may not align well with 
this type of intervention development work.

Despite these limitations, results suggest that presenting 
valenced interpretations of ambiguous information during 
CBM-I, regardless of the specific format, leads to less threat-
ening, more benign interpretations. However, most condi-
tions did not differ from No task Control condition on other 
post-training assessments.

Acknowledgements The authors would like to thank past and cur-
rent members of the PACT lab for helpful suggestions and feedback. 
This study was supported by NIMH grants R01MH113752 and 
R34MH106770 awarded to Bethany Teachman. Note, B. Teachman has 
a significant financial interest in Project Implicit, Inc., which provided 
services in support of this project under contract with the University 
of Virginia.

Compliance with Ethical Standards 

Conflict of Interest Shari A. Steinman, Nauder Namaky, Sarah L. To-
ton, Emily E. E. Meissel, Austin T. St. John, Nha-Han Pham, Alexan-
dra Werntz, Tara L. Valladares, Eugenia I. Gorlin, Sarai Arbus, Mi-
randa Beltzer, Alexandra Soroka, and Bethany A. Teachman declare 
that they have no conflict of interest.

Informed Consent All participants provided informed consent.

Animal Rights All procedures performed in this study involving 
human participants were in accordance with the ethical standards of 
the University of Virginia institutional review board and with the 1964 
Helsinki declaration and its later amendments or comparable ethical 
standards.

References

Antony, M. M., Bieling, P. J., Cox, B. J., Enns, M. W., & Swinson, R. 
P. (1998). Psychometric properties of the 42-item and 21-item ver-
sions of the Depression Anxiety Stress Scales in clinical groups 
and a community sample. Psychological Assessment, 10(2), 176–
181. https ://doi.org/10.1037/1040-3590.10.2.176

Beck, A. T., & Clark, D. A. (1997). An information processing 
model of anxiety: Automatic and strategic processes. Behaviour 
Research and Therapy, 35(1), 49–58.

Beltzer, M. L., Nock, M. K., Peters, B. J., & Jamieson, J. P. (2014). 
Rethinking butterflies: The affective, physiological, and perfor-
mance effects of reappraising arousal during social evaluation. 
Emotion, 14(4), 761–768. https ://doi.org/10.1037/a0036 326

Blackwell, S. E., Woud, M. L., & MacLeod, C. (2017). A question of 
control? Examining the role of control conditions in experimental 
psychopathology using the example of cognitive bias modifica-
tion research. Spanish Journal of Psychology, 20, E54. https ://doi.
org/10.1017/sjp.2017.41

Blackwell, S. E., Woud, M. L., Margraf, J., & Schönbrodt, F. D. (2019). 
Introducing the leapfrog design: A simple Bayesian adaptive roll-
ing trial design for accelerated treatment development and optimi-
zation. Clinical Psychological Science, 7(6), 1222–1243. https ://
doi.org/10.1177/21677 02619 85807 1

Chandler, J., & Shapiro, D. (2016). Conducting clinical research 
using crowdsourced convenience samples. Annual Review of 

Clinical Psychology, 12, 53–81. https ://doi.org/10.1146/annur 
ev-clinp sy-02181 5-09362 3

Clark, D. A., & Beck, A. T. (2010). Cognitive theory and therapy 
of anxiety and depression: Convergence with neurobiological 
findings. Trends in Cognitive Sciences, 14(9), 418–424. https ://
doi.org/10.1016/j.tics.2010.06.007

Clark, D. M., Salkovskis, P. M., Ost, L. G., Breitholtz, E., Koehler, 
K. A., Westling, B. E., Jeavons, A., & Gelder, M. (1997). Mis-
interpretation of body sensations in panic disorder. Journal of 
Consulting and Clinical Psychology, 65, 203–213

Cristea, I. A., Kok, R. N., & Cuijpers, P. (2015). Efficacy of cogni-
tive bias modification interventions in anxiety and depression: 
Meta-analysis. The British Journal of Psychiatry, 206(1), 7–16. 
https ://doi.org/10.1192/bjp.bp.114.14676 1

Edwards, C., Portnow, S., Namaky, N., & Teachman, B. A. (in press). 
Cognitive Bias Modification and Priming Threat. Cognitive 
Therapy and Research.

Fodor, L. A., Georgescu, R., Cuijpers, P., Szamoskozi, Ş, David, 
D., Furukawa, T. A., & Cristea, I. A. (2020). Efficacy of cogni-
tive bias modification interventions in anxiety and depressive 
disorders: A systematic review and network meta-analysis. Lan-
cet Psychiatry, 7(6), 506–514. https ://doi.org/10.1016/s2215 
-0366(20)30130 -9

Gollwitzer, P. M., & Sheeran, P. (2006). Implementation intentions 
and goal achievement: A meta‐analysis of effects and processes. 
In Advances in Experimental Social Psychology (Vol. 38, pp. 
69–119): Academic Press: San Diego.

Hallion, L. S., & Ruscio, A. M. (2011). A meta-analysis of the effect of 
cognitive bias modification on anxiety and depression. Psycholog-
ical Bulletin, 137(6), 940–958. https ://doi.org/10.1037/a0024 355

Hirsch, C. R., Meeten, F., Krahe, C., & Reeder, C. (2016). Resolving 
ambiguity in emotional disorders: The nature and role of interpre-
tation biases. Annual Review of Clinical Psychology, 12, 281–305. 
https ://doi.org/10.1146/annur ev-clinp sy-02181 5-09343 6

Holmes, E. A., Mathews, A., Dalgleish, T., & Mackintosh, B. (2006). 
Positive interpretation training: Effects of mental imagery ver-
sus verbal training on positive mood. Behavior Therapy, 37(3), 
237–247. https ://doi.org/10.1016/j.beth.2006.02.002

Hoppitt, L., Illingworth, J. L., MacLeod, C., Hampshire, A., Dunn, B. 
D., & Mackintosh, B. (2014). Modifying social anxiety related to 
a real-life stressor using online Cognitive Bias Modification for 
interpretation. Behaviour Research and Therapy, 52, 45–52. https 
://doi.org/10.1016/j.brat.2013.10.008

Hoppitt, L., Mathews, A., Yiend, J., & Mackintosh, B. (2010). Cog-
nitive bias modification: The critical role of active training in 
modifying emotional responses. Behavior Therapy, 41(1), 73–81. 
https ://doi.org/10.1016/j.beth.2009.01.002

Jones, E. B., & Sharpe, L. (2017). Cognitive bias modification: A 
review of meta-analyses. Journal of Affective Disorders, 223, 
175–183. https ://doi.org/10.1016/j.jad.2017.07.034

Kampmann, I. L., Emmelkamp, P. M., & Morina, N. (2016). Meta-
analysis of technology-assisted interventions for social anxiety 
disorder. Journal of Anxiety Disorders, 42, 71–84. https ://doi.
org/10.1016/j.janxd is.2016.06.007

Karbach, J., & Kray, J. (2009). How useful is executive control train-
ing? Age differences in near and far transfer of task-switching 
training. Developmental Science, 12(6), 978–990. https ://doi.org
/10.1111/j.1467-7687.2009.00846 .x

Kuckertz, J. M., Amir, N., Boffa, J. W., Warren, C. K., Rindt, S. E., 
Norman, S., et al. (2014). The effectiveness of an attention bias 
modification program as an adjunctive treatment for Post-Trau-
matic Stress Disorder. Behaviour Research and Therapy, 63, 
25–35. https ://doi.org/10.1016/j.brat.2014.09.002

Lee, J.-S., Mathews, A., Shergill, S., Yiu Chan, D. K., Majeed, N., & 
Yiend, J. (2015). How can we enhance cognitive bias modifica-
tion techniques? The effects of prospective cognition. Journal of 

https://doi.org/10.1037/1040-3590.10.2.176
https://doi.org/10.1037/a0036326
https://doi.org/10.1017/sjp.2017.41
https://doi.org/10.1017/sjp.2017.41
https://doi.org/10.1177/2167702619858071
https://doi.org/10.1177/2167702619858071
https://doi.org/10.1146/annurev-clinpsy-021815-093623
https://doi.org/10.1146/annurev-clinpsy-021815-093623
https://doi.org/10.1016/j.tics.2010.06.007
https://doi.org/10.1016/j.tics.2010.06.007
https://doi.org/10.1192/bjp.bp.114.146761
https://doi.org/10.1016/s2215-0366(20)30130-9
https://doi.org/10.1016/s2215-0366(20)30130-9
https://doi.org/10.1037/a0024355
https://doi.org/10.1146/annurev-clinpsy-021815-093436
https://doi.org/10.1016/j.beth.2006.02.002
https://doi.org/10.1016/j.brat.2013.10.008
https://doi.org/10.1016/j.brat.2013.10.008
https://doi.org/10.1016/j.beth.2009.01.002
https://doi.org/10.1016/j.jad.2017.07.034
https://doi.org/10.1016/j.janxdis.2016.06.007
https://doi.org/10.1016/j.janxdis.2016.06.007
https://doi.org/10.1111/j.1467-7687.2009.00846.x
https://doi.org/10.1111/j.1467-7687.2009.00846.x
https://doi.org/10.1016/j.brat.2014.09.002


382 Cognitive Therapy and Research (2021) 45:367–382

1 3

Behavior Therapy and Experimental Psychiatry, 49, 120–127. 
https ://doi.org/10.1016/j.jbtep .2015.03.007

Lovibond, P. F., & Lovibond, S. H. (1995). The structure of negative 
emotional states: comparison of the Depression Anxiety Stress 
Scales (DASS) with the Beck Depression and Anxiety Inventories. 
Behaviour Research and Therapy, 33(3), 335–343.

Mathews, A., & Mackintosh, B. (2000). Induced emotional interpreta-
tion bias and anxiety. Journal of Abnormal Psychology, 109(4), 
602–615.

Mathews, A., & MacLeod, C. (2005). Cognitive vulnerability to emo-
tional disorders. Annual Review of Clinical Psychology, 1, 167–
195. https ://doi.org/10.1146/annur ev.clinp sy.1.10280 3.14391 6

Mathews, A., Ridgeway, V., Cook, E., & Yiend, J. (2007). Inducing 
a benign interpretational bias reduces trait anxiety. Journal of 
Behavior Therapy and Experimental Psychiatry, 38(2), 225–236. 
https ://doi.org/10.1016/j.jbtep .2006.10.011

Menne-Lothmann, C., Viechtbauer, W., Hohn, P., Kasanova, Z., Haller, 
S. P., Drukker, M. et al. (2014). How to boost positive interpre-
tations? A meta-analysis of the effectiveness of cognitive bias 
modification for interpretation. PLoS ONE, 9(6), e100925. https 
://doi.org/10.1371/journ al.pone.01009 25

Murphy, R., Hirsch, C. R., Mathews, A., Smith, K., & Clark, D. M. 
(2007). Facilitating a benign interpretation bias in a high socially 
anxious population. Behaviour Research and Therapy, 45(7), 
1517–1529. https ://doi.org/10.1016/j.brat.2007.01.007

Norman, S. B., Cissell, S. H., Means-Christensen, A. J., & Stein, M. 
B. (2006). Development and validation of an Overall Anxiety 
Severity And Impairment Scale (OASIS). Depression and Anxi-
ety, 23(4), 245–249. https ://doi.org/10.1002/da.20182 

Parsons, S., Kruijt, A., & Fox, E. (2016). A cognitive model of psy-
chological resilience. Journal of Experimental Psychopathology, 
7(3), 296–310.

Prendergast, M., Podus, D., Finney, J., Greenwell, L., & Roll, J. (2006). 
Contingency management for treatment of substance use disor-
ders: A meta-analysis. Addiction, 101(11), 1546–1560. https ://doi.
org/10.1111/j.1360-0443.2006.01581 .x

Rohrbacher, H., Blackwell, S. E., Holmes, E. A., & Reinecke, A. 
(2014). Optimizing the ingredients for imagery-based interpreta-
tion bias modification for depressed mood: Is self-generation more 
effective than imagination alone? Journal of Affective Disorders, 
152–154, 212–218. https ://doi.org/10.1016/j.jad.2013.09.013

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

Schwabe, L., Nader, K., & Pruessner, J. C. (2014). Reconsolidation 
of human memory: Brain mechanisms and clinical relevance. 
Biological Psychiatry, 76(4), 274–280. https ://doi.org/10.1016/j.
biops ych.2014.03.008

Shapiro, D. N., Chandler, J., & Mueller, P. A. (2013). Using Mechani-
cal Turk to study clinical populations. Clinical Psychological Sci-
ence, 1(2), 213–220. https ://doi.org/10.1177/21677 02612 46901 5

Steinman, S. A., Portnow, S., Billingsley, A. L., Zhang, D., & Teach-
man, B. A. (2019). Threat and benign interpretation bias might 
not be a unidimensional construct. Cognition and Emotion. https 
://doi.org/10.1080/02699 931.2019.16829 73

Steinman, S. A., & Teachman, B. A. (2010). Modifying interpreta-
tions among individuals high in anxiety sensitivity. Journal of 
Anxiety Disorders, 24(1), 71–78. https ://doi.org/10.1016/j.janxd 
is.2009.08.008

Steinman, S. A., & Teachman, B. A. (2014). Reaching new heights: 
Comparing interpretation bias modification to exposure therapy 
for extreme height fear. Journal of Consulting and Clinical Psy-
chology, 82(3), 404–417. https ://doi.org/10.1037/a0036 023

Steinman, S. A., & Teachman, B. A. (2015). Training less threaten-
ing interpretations over the Internet: Does the number of miss-
ing letters matter? Journal of Behavior Therapy and Experimen-
tal Psychiatry, 49(Pt A), 53–60. https ://doi.org/10.1016/j.jbtep 
.2014.12.004

Teper, R., Segal, Z. V., & Inzlicht, M. (2013). Inside the mindful mind. 
Current Directions in Psychological Science, 22(6), 449–454. 
https ://doi.org/10.1177/09637 21413 49586 9

Williams, A. D., Blackwell, S. E., Mackenzie, A., Holmes, E. A., & 
Andrews, G. (2013). Combining imagination and reason in the 
treatment of depression: A randomized controlled trial of internet-
based cognitive-bias modification and internet-CBT for depres-
sion. Journal of Consulting and Clinical Psychology, 81(5), 
793–799. https ://doi.org/10.1037/a0033 247

Zhang, M., Ying, J., Song, G., Fung, D. S. S., & Smith, H. (2019). 
Web-based cognitive bias modification interventions for psy-
chiatric disorders: Scoping review. JMIR Mental Health, 6(10), 
e11841. https ://doi.org/10.2196/11841 

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/j.jbtep.2015.03.007
https://doi.org/10.1146/annurev.clinpsy.1.102803.143916
https://doi.org/10.1016/j.jbtep.2006.10.011
https://doi.org/10.1371/journal.pone.0100925
https://doi.org/10.1371/journal.pone.0100925
https://doi.org/10.1016/j.brat.2007.01.007
https://doi.org/10.1002/da.20182
https://doi.org/10.1111/j.1360-0443.2006.01581.x
https://doi.org/10.1111/j.1360-0443.2006.01581.x
https://doi.org/10.1016/j.jad.2013.09.013
https://doi.org/10.1016/j.jbtep.2009.11.006
https://doi.org/10.1016/j.biopsych.2014.03.008
https://doi.org/10.1016/j.biopsych.2014.03.008
https://doi.org/10.1177/2167702612469015
https://doi.org/10.1080/02699931.2019.1682973
https://doi.org/10.1080/02699931.2019.1682973
https://doi.org/10.1016/j.janxdis.2009.08.008
https://doi.org/10.1016/j.janxdis.2009.08.008
https://doi.org/10.1037/a0036023
https://doi.org/10.1016/j.jbtep.2014.12.004
https://doi.org/10.1016/j.jbtep.2014.12.004
https://doi.org/10.1177/0963721413495869
https://doi.org/10.1037/a0033247
https://doi.org/10.2196/11841

	Which Variations of a Brief Cognitive Bias Modification Session for Interpretations Lead to the Strongest Effects?
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Testing New CBM-I Variants
	Enhancing Imagery
	Increasing Engagement
	Facilitating Readiness for Learning
	Encouraging Flexibility
	Adding Pictures
	Non-interpretation Comparison Conditions

	Method
	Participants
	Materials
	Conditions
	100% Positive
	Imagery OnlyAudio
	Implementation Intention
	Generate Positive Ending
	Group of Words
	Anxious Imagery
	Monetary Reward
	Mindfulness
	Switching
	Reframing Negative Events
	5050
	Adding Pictures
	Matching Facial Expressions
	Attention-Switching
	Neutral
	No Task Control
	Measures of Interpretation Bias

	Measures of Anxiety Symptoms and Emotional Vulnerability1
	Procedure

	Results
	Participant Characteristics and Descriptive Statistics
	Condition Effects on Interpretation Bias
	Training Condition Effects on Anticipated Anxiety
	Training Condition Effects on Response to a Stressor
	Training Condition Effects compared to Neutral Condition
	Effects of Combined Active Training Conditions

	Discussion
	Acknowledgements 
	References




