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Objective: Hostility is a transdiagnostic phenomenon that can have a profound negative impact on
interpersonal functioning and psychopathological severity. Evidence suggests that cognitive bias modiﬁcation for interpretation bias (CBM-I) potentially reduces hostility. However, stringent efﬁcacy studies in
people with clinical levels of hostility are currently lacking. Method: The present study investigated the
effects of CBM-I in two studies: one feasibility study (Study 1) in a mixed clinical-community sample of
men (N = 29), and one randomized clinical study (Study 2) in a mixed-gender sample with clinical levels of
hostility (N = 135), pre-registered at https://osf.io/r46jn. We expected that CBM-I would relate to a larger
increase in benign interpretation bias and larger reductions in hostile interpretation bias, hostility symptoms
and traits, and general psychiatric symptoms at post-intervention compared to an active control (AC)
condition. We also explored the beneﬁcial carry-over effects of CBM-I on working alliance in subsequent
psychotherapy 5 weeks after ﬁnishing CBM-I (n = 17). Results: Results showed that CBM-I increased
benign interpretation bias in both studies and partially reduced hostile interpretation bias in Study 2, but not
in Study 1. Findings of Study 2 also showed greater reductions in behavioral (but not self-reported)
aggression in CBM-I relative to control, but no condition differences were found in self-report hostility
measures and general psychiatric symptoms. Conclusions: Overall, we found modest support for CBM-I as
an intervention for hostility, with some evidence of its efﬁcacy for hostile interpretation bias and aggression.
We discuss study limitations as well as directions for future research.

What is the public health signiﬁcance of this article?
Interpreting ambiguous everyday situations in a hostile way is common for people experiencing
hostility. Overall, we found modest support for interpretation training as an intervention for hostility,
with some evidence of its efﬁcacy for hostile interpretation bias and aggression. We discuss study
limitations as well as directions for future research.
Keywords: cognitive bias modiﬁcation for interpretation bias, hostile interpretation bias, hostility, anger,
aggression
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in clinical samples are currently missing, however one observational
study in 3,800 outpatients indicated that 43.60% reported moderate to
severe anger and 21.20% reported moderate to severe aggressive
behavior in the preceding week (Genovese et al., 2017). Next to a
profound impact on negative interpersonal functioning (Henrichs
et al., 2015), hostility is associated with increased psychopathological
severity (Cassiello-Robbins & Barlow, 2016) and suicidality
(Ammerman et al., 2015).
Treatment options for hostility exist. However, effects appear less
pronounced than those for other psychopathologies (e.g., panic
disorder and body dysmorphic disorder), as 34% of patients do
not proﬁt from treatment (Hofmann et al., 2012). Moreover, premature treatment discontinuation in patients with hostility is signiﬁcant (Arntz et al., 2015; Cassiello-Robbins et al., 2015; Putt et al.,
2001) and few high-quality treatment effects studies on hostility
have been conducted (Del Vecchio & O’Leary, 2004). Clinically,
patients with increased levels of hostility are often described by
therapists as “challenging” (von der Lippe et al., 2008).
One potential promising novel way of reducing hostility is offered
by cognitive bias modiﬁcation for interpretation bias (CBM-I).

Hostility is a trait constellation consisting of a tendency to hold a
hostile attributional style, experience angry affect, and behave aggressively, and is considered a trans-diagnostic clinical phenomenon
(Cassiello-Robbins & Barlow, 2016). Clear prevalence estimates
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CBM-I is a computerized procedure that targets an important aspect
of hostility, that is, hostile interpretation bias, referring to a tendency
to interpret emotionally ambiguous scenarios in a hostile way. This
is achieved by presenting patients with many (unfamiliar) emotionally ambiguous scenarios on a computer followed by a reinforcement of benign instead of threatening interpretations (Mathews &
Mackintosh, 2000). In the present work, we aim to investigate
the effects of CBM-I on hostile interpretation bias in one randomized sham-controlled feasibility study and one randomized shamcontrolled clinical study.
Clinically, CBM-I was ﬁrst developed and tested in participants
with anxious and depressive symptomatology (e.g., Beard & Amir,
2008; Bowler et al., 2012). Meta-analytic evidence supported the
efﬁcacy of CBM-I on anxiety- and depression-related interpretation
biases with a pooled effect size of g = .81 (Hallion & Ruscio, 2011).
More recently, a meta-analysis on the efﬁcacy of CBM-I on anxiety
and depressive symptomatology showed only small standardized
mean differences (SMD) of SMD = −.30 for anxiety symptoms and
SMD = −.26 for depressive symptoms (Fodor et al., 2020). However, inconsistency of ﬁndings (speciﬁcally for depression studies),
heterogeneity, and risk of bias potentially impede reliable interpretation of these ﬁndings. Thus, at present it is unclear whether CBM-I
is efﬁcacious at all, and how large the effect is. Moreover, these
meta-analytic studies on the effects of CBM-I in anxiety and
depression did not include hostile interpretation bias as an outcome.
Preliminary evidence supporting the efﬁcacy of CBM-I on hostile
interpretation bias is provided by ﬁve studies. A ﬁrst study showed
that hostile and benign interpretation bias can be experimentally
manipulated (following one CBM-I session of 64 different scenariotraining trials) in both benign and hostile directions in students
(Hawkins & Cougle, 2013). This study also showed that participants
experienced less anger when confronted with a provocative insult
following benign interpretation training. The second study showed
that three sessions (i.e., 15 non-computerized scenario-training
trials per session) of benign interpretation training in a relatively
small sample of aggressive boys were related to greater improvements of benign and hostile interpretation bias, anger, and selfreported aggression compared to untrained controls (Vassilopoulos
et al., 2015). A third randomized sham-controlled study in nontreatment seeking people with alcohol use disorder and elevated
levels of trait anger showed that eight sessions of CBM-I (i.e., 64
trials of scenario training per session) was related to greater improvements in benign and hostile interpretation bias, trait anger and
self-reported anger expression (Cougle et al., 2017). The fourth
study compared the effects of benign versus hostile training (i.e.,
one session of 52 imagery-scenarios training trials) in students, and
showed that benign training was related to an increase in prosocial
interpretations (i.e., an overall bias score calculated by subtracting
mean negative from mean positive interpretation ratings) and a
reduction in anger and self-reported verbal aggression, whereas
hostile training did not relate to signiﬁcant changes in these outcomes (AlMoghrabi et al., 2018). A ﬁfth and ﬁnal study in nontreatment seeking college students with major depressive disorder
compared an eight-session CBM-I training (i.e., 64 scenario training
trials per session) to a sham control condition and demonstrated that
CBM-I was related to greater improvement in benign and hostile
interpretation bias and anger control. However, no effects were
found on depressive interpretation bias, depressive symptoms, or
trait anger (Smith et al., 2018). Taken together, preliminary

evidence suggests that CBM-I may be moderately efﬁcacious in
reducing hostile interpretation bias. Moreover, next to scenariotraining, another technique that is often used in CBM-I research is
the word-sentence association paradigm (WSAP; Beard & Amir,
2008). In this paradigm interpretation bias is trained by offering
word-sentence pairs, of which the sentences are emotionally ambiguous and the words are either neutral or non-neutral (e.g., threatening). The WSAP technique has not been used before in CBM-I
research for hostile interpretation bias. To the best of our knowledge,
a methodologically stringent randomized sham-controlled clinical
study in (adult) people with clinical levels of hostility is currently
lacking.
Recent evidence also suggests that CBM-I may perhaps additionally augment the efﬁcacy of existing therapy protocols. Two
studies showed that offering CBM-I prior to (computerized) cognitive behavior therapy enhanced training effects on anxiety symptoms compared to sham-training prior to cognitive behavior therapy
(Beard et al., 2019; Butler et al., 2015). The idea of offering CBM-I
prior to existing therapy protocols may be even more attractive for
populations with increased levels of hostility. That is, patients with
increased hostility levels are at an increased risk to engage in hostile
interactions with therapists (von der Lippe et al., 2008), which
negatively impacts working alliance (Gülüm et al., 2018). One
study showed that working alliance positively mediated the relationship between low levels of hostility and treatment outcome in
dialectical behavior therapy for borderline personality disorder
(Hirsh et al., 2012). Offering CBM-I prior to psychotherapy may
therefore have beneﬁcial effects on psychotherapy on top of its
general effects, through increased working alliance levels.
Taken together, preliminary evidence suggests that CBM-I potentially reduces hostile interpretation bias, anger, self-reported aggression, and increases benign interpretation bias and working alliance.
In the present work, we tested an eight-session CBM-I intervention
(i.e., consisting of both scenario- and WSAP training) and compared its effects to an active control condition in two studies. We
tested whether our CBM-I intervention would alter hostile interpretation bias by increasing benign interpretation bias and reducing
hostile interpretation bias. We also examined the effects of CBM-I
on state and trait hostility (i.e., angry affect, hostile attitudes, and
aggressive behavior), and general psychiatric symptoms, and tested
whether CBM-I affected working alliance in subsequent psychotherapy. The ﬁrst study (Study 1) served as a feasibility study to
establish whether CBM-I altered interpretation biases (the main
outcomes) and state anger in the desired direction. It was followed
by a randomized sham-controlled clinical study (RCT; Study 2) in
people with clinical levels of hostility in which the efﬁcacy of CBMI on hostile interpretation bias, benign interpretation bias, and
hostility outcomes (i.e., state and trait hostile thoughts, anger,
and aggression) was assessed. The primary hypothesis was that
CBM-I would result in a greater increase in benign interpretations
and a greater reduction in hostile interpretation bias compared to
active control training (AC) in both studies. The secondary hypothesis in Study 2 was that CBM-I would lead to greater reductions in
hostility and general psychiatric symptoms. We also expected
greater reductions in state-anger in both studies. Lastly, we explored
the carry-over effects in Study 2 of CBM-I on subsequent psychotherapy and expected increased quality of working alliance with
participants’ therapists.

INTERPRETATION BIAS MODIFICATION FOR HOSTILITY

Study 1
Method
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Participants
Participants were sampled in two ways. First, we recruited via
ﬂyers on university campus. Second, to ensure sufﬁcient variation at
the extreme end of the hostility dimension, we additionally recruited
participants with clinically relevant levels of hostility (i.e., reported
hostility complaints or showed aggressive behavior during diagnostic workup, yes or no) who were on a waiting list for treatment at
two outpatient mental healthcare facilities in Maastricht, the Netherlands (i.e., METggz and Mondriaan Zorggroep). Only men were
included, to reduce sample heterogeneity. Exclusion criteria were a
waiting list shorter than 4 weeks,1 age below 18 and above 60 years
and illiteracy. Clinically relevant levels of hostility were assessed by
clinical judgment of their therapist. Patients were excluded from
participation, also based on clinical judgment, if they showed signs
of current psychosis or mania, alcohol or drug abuse/dependency,
and acute suicide risk. The total sample consisted of N = 29
participants (i.e., n = 11 patients and n = 18 students), of which
n = 16 were in the CBM-I condition and n = 13 in the AC condition. Follow-up data were missing for n = 9 people. Mean age was
M = 40.1 (SD = 9.6). The highest completed education level was
low for n = 4, middle for n = 12, and high for n = 13 participants.
Five participants were on active psychotropic medication. Chisquare and a t-test showed that age, educational level, and use of
psychotropic medication did not signiﬁcantly differ between conditions ( p > .071).

Intervention Arms
CBM-I. This intervention condition consisted of eight sessions
of benign intervention training, one session every 3 days. Prior to
each session, participants engaged in an imagery task because a
previous study reported that this increased the efﬁcacy of CBM-I
(Holmes et al., 2006). During this task, participants were instructed
to imagine a lemon as vividly as possible on all sensory modalities
with their eyes closed. This exercise prepared participants to
imagine scenarios presented in the intervention as lively as possible.
Each session consisted of two parts. In the ﬁrst part, we developed
and presented participants with 38 hostility related scenarios based
on the WSAP (Beard & Amir, 2008). Here, participants were shown
either a hostile (e.g., “rude”) or neutral (e.g., “unaware”) word,
followed by an ambiguous sentence (e.g., “You are trying to
concentrate, but someone is talking very loud”). Each ambiguous
sentence was presented twice in a random order: once in combination with the hostile word and once in combination with the neutral
word. Participants then had to indicate whether the word was related
to the sentence by pressing “yes” or “no.” Participants received
positive feedback when they related neutral words to ambiguous
sentences (i.e., a green “V”-sign accompanied by the text “Correct,
the answer is yes/no”). Similarly, participants received negative
feedback when they related hostile words to ambiguous sentences
(i.e., “Incorrect, the answer should have been yes/no”). An example
of the procedure is shown in Supplementary Figure 1. In the second
part, participants were presented with 33 vignettes of the scenario
training (Mathews & Mackintosh, 2000). The scenarios in this
training were developed earlier (Cougle et al., 2017) and translated
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into Dutch for the current study. Here, participants were shown
ambiguous sentences (e.g., “Someone near you laughs very
loudly”). Then, participants had to complete a disambiguating
word fragment (e.g., “This person is unaw_re of how loud he
is”). After that, participants had to answer a comprehension question
(e.g., “Is this person trying to annoy others?”) by pressing “yes” or
“no.” Similar to the WSAP, participants received positive feedback
when the comprehension question was answered in a benign way
and negative feedback when the comprehension question was
answered in a hostile way. For a graphical example, see Supplementary Figure 2.
Active Control Training. The active control condition was
similar to the CBM-I condition, except that participants were
presented with only neutral words during the WSAP (e.g., “ball”
and “concentrate”) and neutral scenarios (e.g., “Your friend is
walking through the park,” “He sees a squi_el” and “Did your
friend see a bird?”) during the scenario training.

Materials
Benign and Hostile Interpretation Bias. Interpretation tendencies were measured with the Social Information ProcessingAttribution and Emotional Response questionnaire (SIP-AEQ;
Coccaro et al., 2009). Participants were asked to read eight vignettes
(e.g., “You tell a friend something personal and ask your friend not
to discuss it with anyone else. However, a couple of weeks later, you
ﬁnd out that a lot of people know about it. You ask your friend why
she/he told other people and your friend says: “Well, I don’t know, it
just came up and I didn’t think it was a big deal.”), followed by four
statements (i.e., a direct hostile statement, indirect hostile statement,
benign statement, and instrumental statement2). An example of a
direct hostile statement is: “My friend wanted me to feel stupid for
asking to keep my secret.” Participants were then asked to indicate
the likelihood of each statement on a 4-point Likert scale ranging
from 0 (not likely at all) to 3 (very likely). The benign and hostile
interpretation bias scores are calculated by respectively summing
the likelihood scores of benign and hostile (i.e., direct and indirect)
statements. Internal consistency of the SIP-AEQ is good (in Study 2
α’s were .70 for benign interpretation bias and .90 for hostile
interpretation bias scores) and convergent and discriminant validity
are adequate (Coccaro et al., 2009).
State Anger. State anger was measured using the seven items
of the anger subscale of the Proﬁle Of Mood States (POMS; McNair
et al., 1992). Participants were asked to indicate the extent to which
items (i.e., “bad-tempered,” “annoyed,” “rebellious,” “furious,”
“grouchy,” “angry,” and “on edge”) reﬂect their current mood state
on a 5-point Likert scale ranging from 0 (not at all) to 4 (very much).
Internal consistency of the POMS is good and validity is adequate
(Wicherts & Vorst, 2004).

Procedure
The Ethical Review Committee Psychology and Neuroscience at
Maastricht University provided ethical approval to carry out the study
1
Our CBM-I intervention took place over the course of 4 weeks. To avoid
confounding effects of other therapies, people with a waiting time shorter
than 4 weeks were excluded.
2
Instrumental statements are not analyzed in the manuscript.
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(ECP- 170_09_11_2014). The study took place between February
and July 2016.3 When participants arrived at the lab, the study’s
procedure was explained and written informed consent was obtained.
In our information letter we explained participants that we were
studying how we can reduce feelings of hostility with a computer
training. We explained that our training aimed to change the thought
processes that are involved in hostility. Next, participants were told
that the experiment involved two experimental conditions; an active
condition and a placebo condition to which participants were randomly allocated. An independent technician from another department
at Maastricht University carried out permutated block (i.e., blocks of
4 and 6) randomization (stratiﬁed by gender) using https://www
.randomizer.org/. The participants were blind to the condition. Participants completed benign and hostile interpretation bias and anger
measures prior to engaging in the ﬁrst session of their allocated
intervention. The next seven sessions and post-intervention assessment were carried out at home. During the last session, benign and
hostile interpretation bias and anger measures were again completed.
The ﬁrst and last session took approximately 1 hr, and the other
sessions took about 20 min. At the end, participants were fully
debriefed, thanked, and reimbursed with €35 for their participation.

Statistical Analyses
SPSS version 24 was used for all analyses. First, means and
standard deviations were computed to examine the baseline characteristics of benign and hostile interpretation bias and anger
measurements. Second, independent t-tests or Mann-Whitney
U-tests were run to examine baseline differences. Third, to test
the hypothesis that CBM-I predicts greater reductions in benign and
hostile interpretation bias and anger three mixed regression models
were run. Mixed regression was opted for giving its ability to handle
missing data and modeling error terms, increasing statistical power
(Baayen et al., 2008). In each model, condition, time, and condition
by time interaction were entered as predictors. Within each regression model, repeated measures were clustered in participants. AR1
(ﬁrst-order auto-regression) was selected as covariance structure, as
−2 log likelihood testing showed that it was most parsimonious.
Analyses were conducted following the intent-to-treat principle
(i.e., including participants who dropped out). Missing data were
handled using maximum likelihood estimation.

Results
Baseline levels of hostile interpretation bias, benign interpretation
bias, and state anger showed no signiﬁcant differences ( p > .139)
between the conditions, indicating that random allocation was
successful. Study means and SD’s are shown in Table 1. In total,
15.52% of values were missing. Number of missed sessions did not
differ per condition (χ2 = 2.70, p = .101) and Little’s MCAR test
indicated that they were missing completely at random (χ2 = 5.56,
p = .234). Next, to test the hypotheses that CBM-I relates to a
greater increase in benign interpretation bias, greater reduction in
hostile interpretation bias, and greater reduction in state anger
reactivity, three mixed regression models were run. First, ﬁndings
on benign interpretation bias showed an effect of condition
(B = −3.80, SE = 1.54, t = −2.47, p = .020), but not time
(B = −.20, SE = .69, t = −.28, p = .78), that was qualiﬁed by a
condition by time interaction (B = 2.42, SE = 1.00, t = 2.41,
p = .025). Second, ﬁndings on hostile interpretation bias showed
that the condition, time, and time by condition effects were not
signiﬁcant ( p > .245). Third, results on state anger reactivity (i.e.,
change in anger from pre- to post-session) demonstrated that the
time effect was signiﬁcant (B = 5.47, SE = 1.67, t = 3.28,
p = .005), whereas the effects of condition and the interaction
were not signiﬁcant ( p > .384).

Study 1—Discussion
In Study 1, we examined the feasibility of an eight-session CBM-I
intervention. The goal was to evaluate feasibility both in practical
terms, but also in terms of changes in the target variables, benign and
hostile interpretation bias. In line with our expectations, ﬁndings
showed that CBM-I increased benign interpretation bias compared
to AC. Contrary to our expectations, results showed no evidence of a
decrease over time for hostile interpretation bias and anger reactivity
for CBM-I, compared to AC. One explanation for this pattern of
ﬁndings is that no such effects are present. Other explanations are
that the current sample is too small to detect such effects, or that
hostility levels were not high enough. In short, ﬁndings of Study 1
suggest that CBM-I has some feasibility, at least in terms of
improvement in benign interpretation bias. Therefore, we tried to
replicate these ﬁndings in a larger study, which was the focus of
Study 2.

Table 1
Study 1—Descriptives
CBM-I
(n = 16)
Variable
SIP-AEQ hostile interpretation bias
SIP-AEQ benign interpretation bias
State anger—Session 1 (POMS)a
State anger—Session 8 (POMS)a

Pre
2.61
5.00
7.89
1.44

(2.82)
(1.73)
(4.48)
(2.96)

AC
(n = 13)
Post
1.44
7.22
4.22
.22

(.88)
(2.05)
(2.77)
(.44)

Pre
3.18
6.36
6.72
2.18

(2.56)
(2.20)
(6.97)
(4.75)

Post
1.72
6.18
2.18
2.36

(2.41)
(1.99)
(4.62)
(4.43)

Note. CBM-I = cognitive bias modiﬁcation for interpretation; AC = active control condition; SIP-AEQ = social information processing-attribution and
emotional processing questionnaire; POMS = Proﬁle of Mood States.
a
Non-normally distributed.

INTERPRETATION BIAS MODIFICATION FOR HOSTILITY

Study 2
Method
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Participants
Participants were sampled in two ways. First, we recruited in two
outpatient and one inpatient mental healthcare facility in the Maastricht, The Netherlands (i.e., METggz, Mondriaan Zorggroep, and
U-Center). Target groups of these clinics include adult forensic and
non-forensic patients with affective disorders, personality disorders,
and addiction. Participants were screened for eligibility while on the
waiting list for treatment. Second, participants were sampled in the
local community using an advertisement in local news media asking
for “people with a short fuse.”4 Inclusion criteria were aged between
18 and 60 years, mastery of the Dutch language, basic computer
skills, and a score above 1.27 on the hostility scale of the Personality
Inventory for DSM-5 (PID5-H; Van der Heijden et al., 2014).5 This
cutoff equals one standard deviation above the mean in both a
Danish (a comparable population to the Netherlands) community as
well as the mean of a clinical sample (Bach et al., 2016). Exclusion
criteria were being on a waiting list for treatment shorter than 4
weeks,6 IQ estimate below 80, observed psychotic/manic symptoms7 during intake, suicidality, and not having access to a computer. A participant ﬂow diagram is presented in Figure 1. In the
pre-registration we determined sample size in the following way; to
detect an effect of d = 0.81 (Hallion & Ruscio, 2011) with α = .05
and β = .10, anticipating a 25% drop-out, N1 = N2 = 10.5 *
2/0.812/.75 ≈ 43 participants are needed per condition. However,
if we would have used the obtained effect size in S1 (d = 0.51)8 to
detect an effect with α = .05 and β = .20 we would have needed a
minimum of n = 61 participants per condition. In total, N = 135
people entered the study, of whom n = 37 were lost to follow-up.
62% of the sample consisted of people from the community. Sample
characteristics are shown in Table 2.

Intervention Arms
The intervention arms were identical to Study 1 (i.e., combination
of WSAP and scenario training).

Materials
Benign and Hostile Interpretation Bias. To measure benign
and hostile interpretation bias we used the SIP-AEQ, similar to
Study 1. In addition, we administered the Word Sentence Association Paradigm-Hostility (WSAP-H) scale (Dillon et al., 2016). In the
WSAP-H, participants were presented with 16 hostile and 16 benign
word-sentence pairs and were asked to indicated how well each
word is related to the sentence on a 6-point Likert scale ranging from
1 (not related at all) to 6 (very related). Mean scores on the hostile
and neutral word-sentence pairs are a measure for respectively
hostile and benign interpretation bias. In the present study, we split
up the WSAP-H into two parts to rule out memory effect and enable
measurement of pre- and post-intervention. The instrument shows
good internal consistency (in this study α range from .70 to .72) and
adequate discriminant validity (Dillon et al., 2016).
State Measures. To measure different aspects of state hostility
and general psychiatric symptoms in the past 3 days participants
completed four measures. First, they were administered an adapted
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state-version of the eight-item hostility subscale of the Aggression
Questionnaire(AQ-HS; Buss& Perry, 1992), measuring self-reported
hostile thoughts in the past 3 days, which is scored on a 5-point Likert
scale ranging from 1 (totally disagree) to 5 (totally agree; α = .90).
Second, we administered the 15-item State-Trait Anger Expression
Inventory-2 state scale (STAXI-2S; Spielberger, 1999), measuring
self-reported anger in the past 3 days, which is scored on a 4-point
Likertscale rangingfrom1(notatall)to4(verymuch; α = .95).Third,
they completed an adapted state-version of the Forms of Aggression
State Questionnaire (FOAS; Verona et al., 2008), measuring selfreported aggressive behavior in the past 3 days, which is scored on a
5-point Likert scale ranging from 1 ((almost) never) to 5 ((almost)
always; α = .74). In contrast to the original FOA, our participants
were asked to indicate how often each behavior occurred in general in
the past 3 days insteadof “when angry.” Moreover, we used an 11-item
version that included the highest loading items from the original
40-item FOA in a separate sample of N = 120 in one of our other
studies (van Teffelen et al., 2020). Fourth, to measure general psychiatric symptoms in the past 3 days, we administered the Kessler
Psychological Distress Scale (K10; Kessler et al., 2002). This 10-item
K10 is scored on a 5-point Likert scale ranging from 1 (always) to 5
(never; α = .95). Finally, active alcohol and drug use were measured
with the timeline follow-back questionnaire (Sobell & Sobell, 1990).
All scales have demonstrated good reliability and adequate validity
(Buss & Perry, 1992; Donker et al., 2010; Meesters et al., 1996;
Sobell & Sobell, 1990; Verona et al., 2008).
Trait Measures. To measure different aspects of trait hostility
participants completed four different measures. First, participants
completed the hostility scale of the Personality Inventory for DSM-5
(PID-5 H). The 10-item PID-5 H measures overall trait hostility and
was scored on a 4-point Likert scale ranging from 0 (very false or
often false) to 3 (very true or often true; α = .85). Second, we
administered the AQ-H. The AQ-H is a trait variant of the AQ-HS
and measures cognitive aspects of trait hostility (α = .81). Third,
participants ﬁlled in the FOA. The FOA is a trait variant of the
FOAS and measures self-reported trait aggression (α = .93). Last,
we administered the voodoo doll task (VDT; DeWall et al., 2013).
The VDT measures behavioral aggression. During the VDT participants are presented with an ambiguous vignette on a computer
(e.g., “You are carrying a heavy load of groceries up to a check-out
line at the grocery store and just as you are about to enter in line,
someone cuts in front of you. You end up dropping some things on
the ﬂoor”; Tremblay & Belchevski, 2004). Participants were then
3

Study 1 was not pre-registered.
We decided to deviate from pre-registration in recruiting people from the
community, as patients with clinically relevant hostility levels turned out to
be less agreeable in participating in our study than we hoped.
5
People from the community were screened for eligibility by e-mail.
6
Our CBM-I intervention took place over the course of 4 weeks. To avoid
confounding effects of other therapies, people with a waiting time shorter
than 4 weeks were excluded.
7
In the pre-registration, we report mania/psychosis and therapy dropout as
a measured variable. As it was not possible to screen for psychosis/mania
using clinical instruments, we decided to exclude patients in case their
treating clinicians reported these symptoms. Also, we stated that we would
analyze drop-out ratings in participants who continued into psychotherapy
after CBM-I. For the small sample that continued into psychotherapy, no
drop-out was observed.
8
We thank one of the reviewers of this paper for the valuable suggestion to
include this in our manuscript.
4
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Figure 1
Study 2—Participant Flow Diagram

Note. Unfortunately, some participants were lost to follow-up due to a successful cyberattack on Maastricht University on December 23, 2019; these
participants are labeled as “hack.”

allowed to insert up to 51 pins into a voodoo doll that represents the
other person from the vignette. The PID-5 H, AQ-H, and the VDT
have demonstrated good reliability and adequate validity (DeWall
et al., 2013; Krueger et al., 2012).

Working Alliance. To measure potential carry-over effects of
CBM-I on working alliance in subsequent psychotherapy we
administered the Working Alliance Inventory (WAI), client version
(Horvath & Greenberg, 1989), which measures the quality of the
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Study 2—Sample Characteristics
Condition

This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.

Variable
Population sample, n (%)
Inpatient
Outpatient
Community
Primary DSM-5 classiﬁcation
Major depressive disorder
Anxiety disorder
Addiction
Post-traumatic stress disorder
Personality disorder
Intermittent explosive disorder
ADHD
None
Age in years, M (SD)
Gender, n (%)
Male
Female
Education, n (%)
Low
Middle
High
Work situation, n (%)
Employed
Unemployed
Student
Retired
Medication
AD, SSRI, n (%)
AD, SNRI, n (%)
AD, TCA, n (%)
Mood stabilizer, n (%)
Addiction, n (%)
AP, classic, n (%)
AP, atypical, n (%)
Anxiolytic, n (%)
Stimulant, n (%)
Aggression, n (%)
Alcohol abuse, n (%)
Low
Moderate
High
Cannabis abuse, n (%)
Low
Moderate
High

Statistical dif.

Total sample
(N = 135)

CBM-I
(n = 61)

AC
(n = 74)

21 (16)
30 (22)
84 (62)

7 (11)
14 (23)
40 (66)

14 (19)
16 (22)
44 (59)

χ2/F (p)
3.14 (.370)

11.16 (.132)
16
2
8
5
15
3
1
85
39.24

(12)
(1)
(6)
(4)
(11)
(2)
(1)
(63)
(11.80)

6
0
2
1
11
1
0
40
39.74

(2)
(0)
(3)
(2)
(18)
(2)
(0)
(66)
(12.37)

10
2
6
4
4
2
1
45
38.82

(14)
(3)
(8)
(5)
(5)
(3)
(1)
(61)
(11.37)

82 (61)
53 (39)

36 (59)
25 (41)

46 (62)
28 (38)

14 (10)
58 (43)
63 (47)

7 (11)
27 (44)
27 (44)

7 (9)
31 (42)
36 (49)

89
37
7
2

(66)
(27)
(5)
(1)

41
16
3
1

(67)
(26)
(5)
(2)

48
21
4
1

(65)
(28)
(5)
(1)

17
4
5
2
1
3
5
10
5
1

(13)
(3)
(4)
(1)
(1)
(2)
(4)
(7)
(4)
(1)

6
1
3
1
0
2
0
3
2
0

(10)
(2)
(5)
(2)
(0)
(3)
(0)
(5)
(3)
(0)

11
3
2
1
1
1
5
7
3
1

(15)
(4)
(3)
(1)
(1)
(1)
(7)
(9)
(4)
(1)

.45 (.656)
.14 (.710)
.31 (.855)

.12 (.990)

5 (4)
5 (4)
9 (7)

4 (7)
3 (5)
4 (7)

1 (1)
2 (3)
5 (7)

2 (1)
3 (2)
2 (1)

2 (3)
2 (3)
1 (2)

0 (0)
1 (1)
1 (1)

.77
.68
.46
.02
.83
.57
4.28
1.41
.06
.83
11.14

(.381)
(.410)
(.498)
(.890)
(.362)
(.450)
(.039)
(.494)
(.812)
(.362)
(.347)

4.55 (.473)

Note. CBM-I = cognitive bias modiﬁcation for interpretation; AC = active control condition; AD = antidepressant medication; AP = antipsychotic
medication; SSRI = selective serotonin reuptake inhibitor; SNRI = selective serotonin and noradrenaline reuptake inhibitor; TCA = tricyclic
antidepressant; ADHD = attention deﬁcit-hyperactivity disorder.

therapeutic working alliance between patient and therapist. The
36-item WAI was scored on a 5-point Likert scale ranging from 1
(never) to 5 (always). The WAI shows adequate reliability—in the
present study α = .93- and adequate criterion validity (Horvath &
Greenberg, 1989).

Procedure
The Ethical Review Committee Psychology and Neuroscience
at Maastricht University provided ethical approval to carry out
the study (ERCPN_ 170_09_11_2014_A6). This study was

preregistered at https://osf.io/r46jn. The study was registered
semi-retrospectively, after seven participants were recruited.
Recruitment took place from September 3, 2018 until May 11,
2020. The procedure was similar to Study 1, except for four notable
differences. First, the ﬁrst session from this study was carried out at
home instead of in our lab. Second, Study 2 was conducted as a
double-blind study, instead of a single-blind study, implying that
both patients and experimenters were blind for allocated condition.
Third, we administered benign and hostile interpretation bias, state,
and trait measures instead of solely benign and hostile interpretation
bias and state affect measures. All instruments were measured
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Study 2—Descriptives
CBM-I
(n = 61)
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Variable
Bias
SIP-AEQ hostile interpretation bias
SIP-AEQ benign interpretation bias
WSAP-H hostile interpretation bias
WSAP-H benign interpretation bias
State measures
Hostile thoughts (AQ-HS)a
Anger (STAXI-2S)a
Aggressive behavior (FOAS)a
General symptoms (K10)a,c
Trait hostility
Overall trait hostility (PID-5 H)
Hostile intent (AQ-H)
SR Trait aggression (FOA)a
Aggressive behavior (VDT)a
Working alliance (WAI)b

Pre

AC
(n = 74)
Post

Pre

Post

15.90
11.56
3.43
3.81

(9.17)
(4.42)
(.81)
(.99)

11.37
14.90
2.40
4.36

(8.67)
(4.46)
(1.04)
(.84)

15.51
11.37
3.41
3.63

(8.15)
(4.07)
(.92)
(.93)

14.65
11.73
3.15
3.67

(8.68)
(4.46)
(.88)
(.72)

16.68
29.27
15.93
34.95

(8.24)
(10.87)
(3.81)
(10.75)

16.05
24.32
14.20
37.56

(9.01)
(8.82)
(3.74)
(12.21)

19.02
28.00
14.82
34.78

(8.50)
(10.45)
(3.43)
(11.07)

15.20
23.59
14.18
40.67

(8.48)
(11.67)
(4.02)
(10.34)

1.74 (.50)
23.24 (6.72)
71.73 (19.88)
10.17 (10.93)
—

1.52
15.66
53.73
7.00
157.13

(.55)
(7.66)
(13.69)
(8.99)
(11.10)

1.71 (.58)
23.76 (6.60)
66.41 (13.60)
11.08 (12.14)
—

1.57
15.51
51.06
11.22
146.70

(.68)
(8.19)
(13.95)
(13.35)
(20.34)

Note. CBM-I = cognitive bias modiﬁcation for interpretation; AC = active control condition; SIP-AEQ = social information processing-attribution and
emotional processing questionnaire; WSAP-H = word-sentence association paradigm hostility questionnaire; AQ-HS = aggression questionnaire-hostility
subscale, state version; STAXI-2S = state-trait anger expression inventory-2; FOAS = forms of aggression questionnaire, state version; K10 = Kessler
psychological distress scale-10; PID-5 H = personality inventory for DSM-5—hostility subscale; AQ-H = aggression questionnaire, hostility subscale;
FOA = forms of aggression questionnaire; VDT = voodoo-doll task; WAI = working alliance inventory; SR = self-reported.
a
Non-normally distributed. b FU measurement for people who engaged in therapy, n CBM-I = 8, n AC = 9. c Higher scores indicate less psychiatric
symptoms.

pre- and post-intervention. Fourth, we monitored if participants
would enter therapy after our intervention. When this occurred, we
offered one additional “booster” CBM-I or AC intervention session
to account for variability in time between the end of the interventions and the start of therapy. The booster sessions consisted of 33
additional scenario training and 38 additional WSAP trials. Five
weeks after start of therapy, we administered the WAI once. To
examine perceived usefulness, we asked participants at the end of
the experiment whether they found the intervention useful (i.e., yes
or no).

ﬁve pooled imputations.10 Moreover, we calculated a reliable
change index (RCI) for outcome variables that showed statistically
signiﬁcant training effects (WSAP-H and SIP-AEQ; Jacobson &
Truax, 1991). Second, to examine effects of intervention on working
alliance in subsequent psychotherapy one independent samples
t-test on working alliance was run to test intervention differences.
Analyses were conducted following the intent-to-treat principle
(i.e., including participants who dropped out). Missing data were
handled using maximum likelihood estimation. Multiple testing was
corrected for by using the Benjamini and Hochberg (1995)
procedure.11

Statistical Analyses
Statistical analyses were similar to Study 1, except for a few
notable differences. First, the hypotheses that CBM-I relates to
greater increases in benign interpretation bias and greater reductions
in hostile interpretation bias, state hostility, general psychiatric
symptoms, and trait hostility were assessed using 11 mixed regression models. Condition, time (pre- and post-intervention), and
condition (intervention and AC) by time interaction indicators
were entered as predictors. Within each regression model, repeated
measures were clustered in participants. AR1 was selected as
covariance structure, as −2 log likelihood testing showed that it
was most parsimonious. As VDT scores were highly skewed, we
used Poisson regression.9 This is in line with analytic practices in de
VDT literature (DeWall et al., 2013). VDT post-score was entered
as dependent variable. VDT pre-score and condition were entered as
independent variables. For this speciﬁc analysis, VDT pins were
imputed following the multiple imputation method. Speciﬁcally,
pre-test VDT scores were used to predict post-test VDT scores in

Results
Means and standard deviations of study variables are presented in
Table 3. Tests of baseline differences showed that variables did not
differ signiﬁcantly at baseline between conditions, except of atypical
antipsychotic use. Overall, this indicates that random allocation was
successful. Comparing our baseline values to other studies showed
that hostility levels in this sample are comparable to or larger than
other studies using clinical samples (Bach et al., 2016; Coccaro
et al., 2017; Dillon et al., 2016; Hornsveld et al., 2009; Lievaart
9
Pre-registration ﬁle stated that we would analyze VDT scores using
mixed regression. However, VDT-scores were extremely skewed.
10
This method involves the use of regression modeling to predict postVDT scores based on pre-VDT scores. This prediction is made a number of
times (in our case: ﬁve times, similar to common imputation practice). These
ﬁve imputations are then pooled into one to reduce prediction error.
11
Applying a multiple testing-correction was not stated in the preregistration.
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et al., 2016). In total, 14.32% of values were missing. Missed
sessions per conditions are shown in Figure 1. Number of missed
sessions did not differ per condition χ2 = .03, p = .871 and Little’s
MCAR test indicated that they were missing completely at random
χ2 = .49, p = .975. At post-test, within the CBM-I and AC conditions, respectively 72.5% and 40.0% of participants indicated they
found the intervention useful. Participants in the CBM-I condition
perceived the intervention as more useful than participants in the AC
condition (χ2 = 11.80, p < .001), and the indicated usefulness per
condition (i.e., interaction) did not depend on hostility level
(OR = .32, p = .171). To test if our results were robust to expectancy effects, analyses were run with and without covarying for
perceived usefulness. As perceived usefulness did not inﬂuence the
pattern of ﬁndings, results are presented without covarying for
perceived usefulness. We present the results for benign and hostile
interpretation, state hostility, general psychiatric symptoms, trait
hostility, and working alliance below.

were run with overall hostility (PID5-H), cognitive aspects of
hostility (AQ-H), and self-reported aggression traits (FOA) as
dependent variables and time, condition, and condition by time
as independent variables. Results are shown in Table 4. For the selfreported hostility measures (PID-5 H, AQ-H, and FOA), ﬁndings
showed no signiﬁcant interaction effects ( p > .244). Next, a Poisson regression model was run with behavioral aggression (VDT) at
post-intervention as dependent variable and condition and behavioral aggression at baseline as independent variables. Results
showed that CBM-I was associated with greater reductions in
behavioral aggression from pre- to post-intervention (B = −.28,
SE = .08, d = −0.29, 95% CI = −.47 to −.10) compared to AC
(see Figure 4). On the VDT, 9.7% of participants in the CBM-I
group and 13.8% of participants in the AC group showed signiﬁcant
reliable change (χ2 = .57, p = .452).

Benign and Hostile Interpretation Bias

Given that men express aggression more physically than
women (Björkqvist et al., 1992), we explored CBM-I effects
on behavioral aggression for men. Results showed that the effect
of CBM-I increased (d = −0.41, 95% CI = −1.10 to −0.20)
compared to AC.

To test the main hypothesis that CBM-I is related to a larger
increase in benign interpretation bias and a larger decrease in hostile
interpretation bias four mixed regression models were run. Fixed
(i.e., reference-coded) effects of benign and hostile interpretation
bias are presented in Table 4. The effects of WSAP-H benign and
hostile interpretation bias are shown in and Figures 2 and 3. In
Table 4, time and condition variables were reference coded using
the AC condition as reference. Hence, ﬁxed effects presented in
Table 4 are estimated using AC as reference category. As the
interaction effects in Table 4 show, ﬁndings showed that CBM-I
led to a greater increase in SIP-AEQ (d = 0.29, 95% CI = 0.12 to
0.46) and WSAP-H (d = 0.26, 95% CI = 0.09 to 0.43) benign
interpretation bias from pre- to post-intervention compared to AC.
Results also showed that CBM-I led to a greater decrease in WSAPH (d = −0.33, 95% CI = −0.83 to −0.17), but not in SIP-AEQ
hostile interpretation bias from pre- to post-intervention compared
to AC. On the SIP-AEQ, 23.0% of participants in the CBM-I group
and 6.8% of participants in the AC group showed signiﬁcant reliable
change (χ2 = 7.25, p = .007). On the WSAP-H, 57.4% of participants in the CBM-I group and 32.4% of participants in the AC group
showed signiﬁcant reliable change (χ2 = 8.46, p = .004).

State Hostility and General Psychiatric Symptom Measure
To test the hypothesis that CBM-I would lead to larger reductions
in state hostility and general psychiatric symptoms than AC, four
separate mixed regression models were run with cognitive aspects of
hostility (AQ-H), state anger (STAXI-2S), self-reported aggression
(FOAS), and general psychiatric symptoms (K10) as dependent
variables and time, condition, and condition by time as independent
variables. Findings are shown in Table 4. Results on self-reported
state aspects of hostility (AQ-H, STAXI-2S, and FOAS) and general
psychiatric symptoms showed that none of the interaction effects of
condition with time were signiﬁcant ( p > .088).

Trait Hostility Measures
To test the prediction that CBM-I was related to larger reductions
in hostility traits than AC, four separate mixed regression models

Explorative Analyses

Carry-Over Effects on Working Alliance in Subsequent
Psychotherapy
To test the hypothesis that CBM-I relates to beneﬁcial carry-over
effects on working alliance in subsequent psychotherapy we
explored the data of n = 17 (n = 8 for CBM-I and n = 9 for
AC) participants who engaged in psychotherapy after the experiment. First, an independent samples t-test was run on working
alliance as dependent variable. Results demonstrated that the two
conditions did not differ signiﬁcantly in terms of working alliance in
psychotherapy, F(1, 96.09) = .33, p = .671.

Study 2—Discussion
In Study 2 we tested the efﬁcacy of CBM-I intervention versus
AC in a larger double-blind, sham-controlled clinical study in
people with clinical levels of hostility where the additional impact
on hostility outcomes and general psychiatric symptoms was assessed. Study 2 showed that compared to AC, CBM-I increased
benign interpretation bias, and partially reduced hostile interpretation bias and aggressive behavior (but not self-reported aggression).
Also, ﬁndings showed no condition differences on self-reported
state and trait hostility, and general psychiatric symptom measures.
Moreover, explorative ﬁndings showed no difference between
conditions in working alliance for people who went into psychotherapy after our interventions.

General Discussion
The present work investigated the effects of a CBM-I intervention
for hostility. We ﬁrst tested its feasibility in a single-blind randomized sham-controlled feasibility study using a mixed clinicalcommunity male sample (N = 29, Study 1) and then tested its
efﬁcacy in a double-blind, randomized sham-controlled clinical
study in a mix-gender sample of people with clinical levels of
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Table 4
Study 2—Fixed Effects of Mixed Regression on Study Variables
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Variable
Bias
SIP-AEQ Benign interpretation bias
Intercept
Time
Condition
Condition by time
SIP-AEQ Hostile interpretation bias
Intercept
Time
Condition
Condition by time
WSAP-H Benign interpretation bias
Intercept
Time
Condition
Condition by time
WSAP-H Hostile interpretation bias
Intercept
Time
Condition
Condition by time
State measures
AQ-HS
Intercept
Time
Condition
Condition by time
STAXI-2S
Intercept
Time
Condition
Condition by time
FOAS
Intercept
Time
Condition
Condition by time
K10
Intercept
Time
Condition
Condition by time
Trait hostility
PID-5 H
Intercept
Time
Condition
Condition by time
AQ-H
Intercept
Time
Condition
Condition by time
FOA
Intercept
Time
Condition
Condition by time

b

SE

t

p

10.64
−.58
−2.87
2.87

.91
.57
1.37
.86

11.68
1.02
−2.09
3.34

<.001***
.370
.076
<.001***

17.47
−1.56
2.99
−2.94

1.65
.98
2.49
1.48

10.60
−1.61
1.20
−1.99

<.001***
.163
.290
.088

3.87
−.12
−.61
.64

.21
.14
.32
.21

18.09
−.88
−1.88
3.05

<.001***
.432
.101
.007**

3.73
−.31
.77
−.73

.20
.12
.29
.19

19.07
−2.53
2.60
−3.95

<.001***
.027*
.022*
<.001***

23.14
−3.90
−4.28
2.85

1.61
.99
2.41
1.46

14.34
−3.95
−1.77
1.95

<.001***
<.001***
.118
.091

35.07
−5.26
.37
−.08

2.31
1.47
3.45
2.18

15.19
−3.59
.11
−.04

<.001***
.002**
.935
.970

16.77
−.97
1.70
−.97

.80
.49
1.20
.72

20.91
−2.00
−2.00
−1.34

<.001***
.088
.226
.183

27.28
6.20
2.77
−3.16

1.89
1.07
2.83
1.58

14.42
5.81
.98
−1.99

<.001***
<.001***
.381
.088

1.83
−.08
.14
−.11

.11
.06
.16
.09

16.77
−1.31
.83
−1.17

<.001***
.247
.451
.297

32.81
−8.37
−.30
.56

1.37
.79
2.05
1.20

23.96
−10.56
−.15
.47

<.001***
<.001***
.925
.688

84.51
−14.94
8.71
−3.90

3.24
1.90
4.88
2.89

26.05
−7.85
1.79
−1.35

<.001***
<.001***
.118
.244

Note. In all models the active control condition was chosen as reference category. SIP-AEQ = social information processing-attribution and emotional
processing questionnaire; WSAP-H = word-sentence association paradigm hostility questionnaire; AQ-HS = aggression questionnaire-hostility subscale,
state version; STAXI-2S = state-trait anger expression inventory-2; FOAS = forms of aggression questionnaire, state version; K10 = Kessler psychological
distress scale-10; PID-5 H = personality inventory for DSM-5—hostility subscale; AQ-H = aggression questionnaire, hostility subscale; FOA = forms of
aggression questionnaire.
* p < .050. ** p < .010. *** p < .001.
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Figure 2
Study 2—Estimates of WSAP-H Benign Interpretation Bias Over
Time Per Condition

Note. Error bars represent standard errors of the estimates. We chose one
outcome (WSAP) to depict as this strongly resembles the SIP-AEQ pattern.
N = 135.

hostility (N = 135, Study 2). Overall, we found that eight sessions
of CBM-I across 4 weeks increased benign interpretation bias.
Study 1 indicated moderate to good feasibility but showed no
signiﬁcant effects on hostile interpretation bias. In Study 2,
CBM-I increased benign interpretation bias with small effect sizes.
The hypothesis that CBM-I reduces hostile interpretation bias and
aggression found only partial support. However, we observed
no differential changes in self-reported hostility measures and
general psychiatric symptoms. Furthermore, we did not observe a

Figure 3
Study 2—Estimates of WSAP-H Hostile Interpretation Bias Over
Time Per Condition

Note. Error bars represent standard errors of the estimates. N = 135.
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differential impact of CBM-I on working alliance in subsequent
psychotherapy; however, this analysis was very underpowered.
The strength of therapy effects on benign and hostile interpretation bias in the present study (i.e., d = 0.29 and d = 0.26 for benign
interpretation bias, and d = −0.33 for hostile interpretation bias),
are smaller than those in a number of previous studies mentioned in
the introduction. To compare, the study that compared one CBM-I
session to a sham condition in students and found medium effect
sizes (d = 0.44 for benign interpretation bias and d = 0.66 for
hostile interpretation bias; Hawkins & Cougle, 2013). The two
studies that compared an eight-session CBM-I training to a sham
condition and demonstrated medium to large effect sizes (d = 1.17
for benign interpretation bias and d = 0.65 for hostile interpretation
bias) in non-treatment seeking people with alcohol use disorder
(Cougle et al., 2017) and major depressive disorder (d = 1.06 for
benign interpretation bias and d = 0.64 for hostile interpretation
bias; Smith et al., 2018). The study that compared an eight CBM-I
sessions to a waiting list condition in aggressive boys found large
effect sizes (d = 1.40 for benign interpretation bias and d = 2.21 for
hostile interpretation bias; Vassilopoulos et al., 2015). Last, the
study that compared one session of CBM-I benign training to a
negative training condition showed a large effect size (approximate
d = 0.85 for benign interpretation bias; AlMoghrabi et al., 2018).
However, the effect size on aggression in the current study does
converge with ﬁndings of the recent meta-analysis across 85 studies
showing that CBM-I for anxiety (SMD = −0.30) and depression
(SMD = −0.26) demonstrates small effects on symptoms compared
to a sham condition (Fodor et al., 2020). Importantly, this metaanalysis showed that studies with lower methodological quality and
therefore higher risk of bias generally found higher effect sizes.
Accordingly, an explanation for the smaller effect size in our study
may be that it fulﬁlls criteria for high methodological quality and
low risk of bias (e.g., intention to treat analysis, random sequence
generation, allocation concealment, blinding).
Contrary to predictions, we observed no effect of CBM-I on
hostile interpretation bias in Study 1 and only partial efﬁcacy of
CBM-I on hostile interpretation bias in Study 2. One explanation for
this ﬁnding is the smaller sample size in Study 1, which had lower
power. Another explanation is that the observed effects in CBM-I
studies depend on the speciﬁcity of the included measurement
instruments. In essence, CBM-I intends to train more benign interpretations. Changes in interpretation bias are then more likely to be
observed in instruments that measure benign, as opposed to nonbenign interpretation tendencies. For example, one study in patients
with major depressive disorder showed that two sessions of CBM-I
across 7 days increased positive interpretation bias, but had no
signiﬁcant effect on depressive interpretation bias compared to
healthy control participants (Joormann et al., 2015).
Next to an observed efﬁcacy on interpretation bias, Study 2
showed only partial efﬁcacy of CBM-I on aggression. Speciﬁcally,
we observed a small effect of CBM-I on aggressive behavior, but
not on self-reported aggression. One explanation for the observed
pattern of ﬁndings is that we have found a false-positive effect of
behavioral aggression, and that CBM-I has no beneﬁcial effect on
aggression. That being said, human aggression is difﬁcult to measure, and it is not uncommon for self-reported and behavioral
aggression to correlate differentially with outcome measures
(Brugman et al., 2015; Giancola & Parrott, 2008; Hyatt et al.,
2019). Alternatively, the ﬁnding that CBM-I reduces behavioral
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Figure 4
Study 2—VDT Pins Over Time Per Condition

Note. Error bars represent standard errors of the estimates. VDT = Voodoo Doll Task. N = 135.

hostility may suggest an information processing pathway towards
aggressive behavior that operates distinctly from non-behavioral
aspects of hostility. This is in line with the Social Information
Processing model of aggression (Crick & Dodge, 1994), which
implies that the hostile interpretation of external (i.e., situational)
and internal (e.g., emotional) cues results in a narrowing of potential
behavioral response patterns. This, in turn, increases the likelihood
of aggressive response patterns.
The explorative ﬁnding that working alliance levels in subsequent psychotherapy did not differ signiﬁcantly between conditions could indicate a true negative ﬁnding. That is, the effects of
CBM-I on bias levels may be too small to instigate a carryover
effect. Notwithstanding, statistical power in the present explorative
sample was simply too small to conclude that there is no true effect
of CBM-I on the perceived quality of the working alliance in
subsequent psychotherapy. We cannot rule out that CBM-I may
have augmenting effects when provided prior to treatment, but this
issue is largely neglected in the ﬁeld and requires further experimental evidence.
Several important limitations impact the present ﬁndings. First,
the samples included participants with clinical levels of hostility that
were both treatment- and non-treatment-seeking people. Although
most people were screened in a treatment-seeking population (80%),
treatment-seeking people made up (only) 38% of the ﬁnal sample. It
could be argued that people with clinical levels of hostility are more
likely to decline participation, but Figure 1 shows that our sample
composition is more likely due to treatment-seeking people that did
not meet our inclusion criteria. However, this still implies that our
results may not generalize to a treatment-seeking sample that for
instance shows increased numbers of experienced psychosocial
stressors, comorbidity, tendencies for interpersonal conﬂict, and
premature treatment discontinuation. As a related issue, the present
sample included more men than women. Given that men express
aggression more physically than women (Björkqvist et al., 1992;

Genovese et al., 2017) this could have ampliﬁed the strength of the
present ﬁndings. When we explored CBM-I effects on behavioral
aggression for men only, its effect slightly increased from
d = 0.28 using the complete sample to d = 0.41. A second
limitation of the present study is that it did not include a
follow-up measurement. We therefore do not know whether the
results sustain over time. Third, there is currently no consensus in
the CBM-I literature in terms of dose-response effects. We opted
for eight 20-min sessions, but we urge future studies to investigate
the optimal dose-response effect. A fourth drawback of the study
was that we omitted to deﬁne interpretation bias as a main
outcome prior to the study, while we did base the a priori power
analysis on interpretation bias only. Fifth, the present study
contained an active and a control condition. Perhaps, the observed
ﬁndings were impacted by the fact that people who score high on
hostility do not like to randomly allocated to experimental groups.
However, participants were explicitly told they were going to be
randomly allocated to an intervention study for hostility with
active or control condition. We also asked the participants whether
or not they thought the interventions were beneﬁcial for them.
Within the CBM-I and AC conditions, respectively 72.5% and
40.0% of participants indicated they found the intervention useful.
However, outcomes were not affected when we covaried for
perceived usefulness. Last, we originally intended to exclude
people who actively used alcohol or drugs. After additional
scrutiny of the literature, however, we could not ﬁnd convincing
evidence that supported this criterion. On the contrary, literature
showed that bias modiﬁcation studies are conducted and shown to
be efﬁcacious in samples that are on active alcohol use (Wiers
et al., 2015). The latter study showed for example that the alcohol
approach bias signiﬁcantly reduced, but non-differentially from
active control training. We recommend future studies on CBM-I to
further disentangle the inﬂuence of alcohol and substance consumption on CBM-I efﬁcacy.
The present work holds several clinical implications. First, the
ﬁnding that CBM-I for hostility increased benign interpretation bias
and partly reduced hostile interpretation bias and aggression implies
that people with clinical hostility levels experience small but
signiﬁcant improvements after the repeated stimulation of benign
interpretations in random ambiguous scenarios. This shows that
CBM-I holds promise as a prevention or intervention strategy for
hostility at relatively low cost. In addition, explorative analysis of
CBM-I effects on (physical) aggressive behavior suggests that the
effect is slightly stronger for men. Evidently, this ﬁnding suggestion
requires replication. Our ﬁndings also suggest that CBM-I could be
implemented in both treatment- and non-treatment-seeking settings.
However, research is still in its’ early stages as a number of
important questions remain unanswered at this point: Does efﬁcacy
sustain over time? What is the optimal dose-response effect? Can
CBM-I serve as an add-on to standard treatment, for example when
people are on waiting list? And, is the intervention effective in
everyday clinical practice? The questions require further research
prior to further implementation.
Overall, we found modest support for CBM-I as an intervention
for hostility, with some evidence of its efﬁcacy for hostile interpretation bias and aggression. We discuss study limitations as well as
directions for future research.
The data in this study has not been published before and is
currently not in press or under review.
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