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Introduction

Cyber-aggression is typically defined as behaviors per-
formed through electronic communication devices that are 
intentionally offensive, or hurtful to people or institutions 
(Corcoran et al., 2015). Although some researchers sug-
gest differentiating cyber-aggression from cyberbullying 
because the latter is characterized by repetitiveness and 
power imbalance (Hosseinmardi., 2015), most studies have 
used these two terms interchangeably due to there is still a 
lack of consensus on their definitions (Chun et al., 2020). 
In the present study, we referred to literature on both terms 
simultaneously.

Cyber-aggression presents considerable prevalence 
among adolescents in all countries: approximately 
11.0–42.6% of adolescents have been bullied online; 
7.4–26.0% of them report cyberbullying behavior (Hamm 
et al., 2015). Cyber-aggression is linked with a host of 
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Abstract
Highly aggressive individuals tend to interpret others’ motives and intentions as hostile in both offline and online social 
situations. The current study examined whether hostile interpretation bias can be modified to influence cyber-aggression 
in Chinese middle school students using an interpretation bias modification program. Gender differences and the hetero-
geneity of cyber-aggression were also investigated since previous studies suggest that they play important roles in deter-
mining the intervention effect. One hundred and twenty-one middle school students were randomized to receive either an 
eight-session interpretation bias modification task (CBM-I; n = 61) or an eight-session placebo control task (PCT; n = 60) 
over four weeks. Measures of hostile attribution bias and cyber-aggression were administered at baseline, post-training, 
and at one week follow-up. Results showed that compared to PCT, participants in CBM-I showed a significant reduction 
in reactive cyber-aggression. However, contrary to our expectation, there was no significant difference between the two 
groups in the reduction of hostile attribution bias after training. The moderated mediation analysis revealed that the effect 
of CBM-I on hostile attribution bias and the mediating role of hostile attribution bias in the relationship between CBM-I 
condition and reactive cyber-aggression was only observed among females, but not among males. These findings provide 
initial evidence for the potential of CBM-I in reducing hostile attribution bias and cyber-aggression. However, for male 
students, CBM-I might not be effective enough as expected.
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serious psychosomatic consequences for both perpetrators 
(Brailovskaia et al., 2018) as well as victims (Martínez-
Monteagudo et al., 2020). To curb this phenomenon and 
minimize its serious consequences, researchers have devel-
oped several interventions programs and demonstrated their 
efficacy in reducing cyber-aggression (e.g., Gradinger, et 
al., 2016; Herkama & Salmivalli, 2018). However, these 
interventions were generally time- and cost-consuming 
(for a review, see Cantone et al., 2015). For example, The 
Social Competence Program, as one important component 
of the Austrian national strategy, aims to reduce both tra-
ditional aggression and cyber-aggression, takes at least one 
year to implement and needs the cooperation of scientists, 
professional teachers, and parents (Gradinger et al., 2016). 
Another intervention program, the KiVa antibullying pro-
gram, usually lasts for two consecutive school years and 
was found only effective for cyber-aggression in younger 
students, but not for older ones in a sample of over 10,000 
(Williford et al., 2013). Moreover, in a web-based interven-
tion program conducted by Menesini et al. (2012) that lasted 
about six months for 386 students, the program’s effect on 
the decrease of cyber-aggression was only found in male 
peer educators. Except for the characteristics of being time- 
and cost-intensive, most of these intervention programs are 
tied to school curricula and rely heavily on class-based les-
sons (for a review, see Ding et al. 2021b), which means that 
many well-trained professionals and mental health teachers 
as leader of classes are necessary. However, these school-
based intervention programs might be difficult to access 
in developing areas that lack professional mental health 
teachers in primary and secondary schools. Accordingly, 
developing alternative interventions that are time- and cost-
effective, easily disseminated, and effective for adolescents 
seems imperative.

Cognitive bias in cyber-aggression

Numerous studies showed that aggressive children tend 
to interpret an ambiguous social cue in a more negative or 
threatening manner, and consequently resulting in aggres-
sive behavior (for a review, see Martinelli et al., 2018). For 
example, an aggressive student who is walking down the 
corridor and bumped by classmates tends to interpret the 
action in a threatening light, “they hurt me intentionally”, 
compared to a less aggressive student who might interpret 
it as benign or accidental. This kind of maladaptive cogni-
tive style (termed “hostile attribution bias (HAB)”; Nasby 
et al., 1980) has been shown to associate positively with 
aggressive behavior and is considered as a contributor to 
the development and maintenance of aggressive behaviors 
in multiple areas of society and across a broad age range 
(Crick & Dodge, 1994).

Similar to traditional aggression, cyber-aggression is also 
found to be associated with HAB (Yoo & Park, 2019; Ding 
et al., 2021a), and individuals with higher levels of HAB 
are more likely to attribute a hostile intention to the action 
of others in an ambiguous cyber context. For instance, 
when receiving a comment on Twitter from others, “You 
are so funny”, an individual with higher levels of HAB is 
more likely to interpret this comment in a negative way, 
“They think I am foolish and laugh at me” rather than a 
positive way, “They think I am humorous and praise me”. 
In addition to that, studies suggest that communications on 
the internet lack non-verbal and intonational cues used to 
reduce ambiguity and the risk of hostile intent attributions 
in face-to-face communications, which would increase the 
likelihood of HAB and consequent cyber aggressive behav-
iors (Runions et al., 2013).

Cognitive Bias Modification (CBM) training

Research has demonstrated that this kind of problematic 
cognitive biases that are theorized to cause and maintain 
aggressive behaviors can be modified via a brief and effec-
tive computerized training program, cognitive bias modi-
fication (CBM) (Vassilopoulos et al., 2015; Vassilopoulos 
& Brouzos, 2022). CBM is a program that “directly targets 
negative distortions in attention, interpretation or mem-
ory by reinforcing more positive information processing” 
(MacLeod & Mathews, 2012). Research has focused on two 
types of CBM interventions primarily: CBM for attention 
bias (CBM-A) and CBM for interpretation bias (CBM-I) 
(MacLeod & Mathews, 2012). While the CBM-A teach 
participants to direct their attention away from negative or 
threatening stimuli and toward neutral or positive stimuli 
(usually pictures or words), CBM-I aims to train more 
benign interpretations of ambiguous stimuli (usually para-
graphs or sentences) (MacLeod & Mathews, 2012). As a 
widely used and effective program (Menne-Lothmann et al., 
2014), the CBM-I was found more effective than CBM-A in 
reducing negative cognitive bias (for a review, see Liu et al., 
2017). Therefore, we focus on CBM-I in the present study.

There are three main training methods for CBM-I: the 
word-sentence association task paradigm (WSAT), the 
homograph paradigm, and the ambiguous situations para-
digm (Menne-Lothmann et al., 2014). Among them, the 
WSAT will be described in detail and used in the current 
study due to the other two both involving homographs and 
words which need to be completed but are difficult to find in 
Chinese. In the original version of the paradigm of WSAT, 
each trial comprises four phases. First, a fixation cross to 
alert participants that a trial is starting. Second, a word rep-
resenting either a negative interpretation (e.g., “criticize”) 
or a positive interpretation (e.g., “praise”) is presented on 
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the screen for 500ms. Third, an ambiguous sentence (e.g., 
“Your boss wants to meet with you”) appeared and remained 
on the screen until participants press a key to indicate they 
have finished reading the sentence. Finally, participants are 
prompted to press a key if they think the word and sentence 
were related or press another key if they think the word 
and sentence were not related. Finally, participants receive 
positive feedback (“You are correct!”) when they responded 
with benign interpretations and negative feedback (“You are 
wrong!”) when they responded with hostile interpretations.

Similar paradigms have also been adopted to remediate 
HAB and reduce subsequent aggressive behaviors (Hawkins 
& Cougle, 2013; Vassilopoulos et al., 2015; Vassilopou-
los & Brouzos, 2022). Using this paradigm, Hawkins and 
Cougle (2013) trained college students in a single session 
to make positive interpretations of other’s ambiguous inten-
tions, and participants in the positive training group not only 
endorsed a more benign interpretation of other’s ambigu-
ous intentions but also reported less anger in response to 
provocation than those in the control group. A similar multi-
session training was conducted by Vassilopoulos and Brou-
zos (2022) in a sample of children. Compared to a control 
group, children in the intervention group were less likely 
to endorse hostile attributions and less self-reported aggres-
sive behaviors in response to ambiguous social situations. 
Findings of prior studies indicated that this computer-based 
CBM-I program is not only time-, cost- and effort-saving 
(Van Bockstaele et al., 2020), but also an effective interven-
tion for reducing aggression by modifying HAB (Hawkins 
& Cougle, 2013; Vassilopoulos et al., 2015; Vassilopoulos 
& Brouzos, 2022). Given cyber-aggression shares a lot of 
characteristics with traditional aggression (Olweus, 2013) 
that have been successfully targeted via CBM-I, it is pos-
sible that similar training techniques may also be a prom-
ising intervention for reducing cyber-aggression through 
remediating HAB. However, to the best of our knowledge, 
there were no studies that have attempted to use CBM-I to 
intervene cyber aggressive behaviors to date.

The heterogeneity of cyber-aggression

According to Dodge (1991), aggression can be classified as 
reactive and proactive based on the underlying motivation 
or function of the aggressive behavior. Reactive aggression 
is an impulsive and hostile response to a perceived threat 
and provocation, whereas proactive aggression is instru-
mental behaviors motivated by interest of pursuing positive 
outcomes (Polman et al., 2007). Although these two types 
of aggression can co-occur in the same person, research has 
shown that they are different phenomena undoubtedly (Pol-
man et al., 2007). Further, Social Information Processing 
Mode (SIP; Dodge, 1991) also proposes that reactive and 

proactive aggression are uniquely related to different steps 
in the social information processing procedure: HAB in the 
early steps involving encoding and interpretation of social 
cues leads to more reactive aggression, whereas response 
decision and evaluation in late steps is hypothesized to be 
uniquely related to proactive aggression. Consistent with 
this hypothesis, extensive studies have found that HAB is 
uniquely associated with reactive aggression (Lobbestael et 
al., 2013), and interventions on HAB can only reduce subse-
quent reactive but not proactive aggression (Van Bockstaele 
et al., 2020; Schmidt & Vereenooghe, 2021).

Similar to traditional aggression, there is also a distinc-
tion between proactive and reactive cyber-aggression based 
on the function and motivation of the cyber-aggressive 
behavior (Runions et al., 2017). The reactive cyber-aggres-
sion is defined as an online aggressive reaction to perceived 
threat or provocation, whereas proactive cyber-aggression 
is characterized as online aggressive behaviors motivated 
by the interest of pursuing positive consequences via con-
trolled, deliberated efforts (Runions et al., 2017). In order 
to improve and determine the intervention effect of CBM-I, 
the heterogeneity of cyber-aggression should be considered.

Gender differences

Prior studies have identified gender differences in the effect 
of CBM-I, and they found that women tend to benefit more 
from the CBM-I program (for a meta-analysis, see Menne-
Lothmann et al., 2014). Specifically, CBM-I with all-female 
samples showed a significant and larger effect, and this effect 
was significantly decreased when there were males in the 
sample (Menne-Lothmann et al., 2014). These findings may 
be driven by evolutionary and sociocultural forces. Firstly, 
from the perspective of evolutionary and developmental 
biology, males should be more competitive and aggres-
sive for securing resources and increasing their chances of 
attracting mates (Ellis, 2011), while as the primary care-
takers of offspring, females should be more empathic and 
nurturing because the ability to empathize with others may 
have helped them to better understand the respond to the 
needs of their infants (Christov-Moore et al., 2014), which 
suggests that males may innately have a higher inclination 
towards hostile and aggressive compared to females and 
this tendency may be more difficult to reduce. Secondly, 
from the perspective of gender stereotypes, women should 
be warm and kind, and men should be strong and aggressive 
(Prentice & Carranza, 2002), which may lead participants 
to respond in line with their gender-related social expec-
tations and thereby lead to a lower decrease in aggression 
after training among males. In light of previous research and 
theories regrading gender difference, we assume that gender 
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Methods

Participants

Participants were adolescents enrolled in 7th-grade classes 
from two middle schools in two cities (Xinyang & Jiaxing) 
of central China. Inclusion criteria were: (1) voluntary par-
ticipation; (2) familiar with the computer; (3) without mental 
disorder diagnosis or severe physical problems; (4) not cur-
rently receiving treatment with psychotherapy or psychotro-
pic medication. Participants’ recruitment progress through 
the study is presented in Fig. 1. A total of 121 middle school 
students were included in the final analysis (53.70% female, 
mean age = 13.89, SD = 1.09, range = 12–17; CBM-I group: 
57.38% female, mean age = 13.74, SD = 1.14; control group: 
50.00% female, mean age = 14.05, SD = 1.02), 61 of them 
were assigned to CBM-I group, 60 of them were assigned 
to control group.

A power analysis with G*Power 3.1.9.2 (Faul et al., 
2009) of repeated measures of ANOVA was used to calcu-
late the required sample size. The results indicated that 56 
participants for each condition were needed to yield statisti-
cal power of 1-β = 0.90 at α = 0.05 for a medium effect size 
(f = 0.25). That was to say, 112 participants in total were 
needed to be capable to detect an effect of this magnitude. 
The total sample size in the current study exceeded this 
minimum.

would moderate the effect of CBM-I condition on interested 
outcome variables.

The current study

In this study, we extended the use of CBM-I by examining 
its utility for reducing HAB and subsequent cyber-aggres-
sion in a middle school sample. Moreover, gender differ-
ences and the heterogeneity of cyber-aggression were also 
taken into account in order to determine the intervention 
effect of CBM-I. The intervention effect of a multi-session 
CBM-I training program in the current research was tested 
with the comparison between the outcome variables of a 
CBM-I group and a control group.

In light of previous research, we hypothesized that: (1) 
Following training, participants in the CBM-I group would 
show greater improvements in HAB relative to the control 
group; (2) participants in the CBM-I group would show a 
larger reduction in reactive but not proactive cyber-aggres-
sion compared to the control group; (3) the changes in HAB 
would mediate the relations between CBM-I condition and 
the changes in reactive cyber-aggression, while gender 
would moderate this mediation effect.

Fig. 1  CONSORT flowchart for 
participants’ recruitment
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generally considered as a valuable method with more real 
and detailed data about how people would act in particular 
situations can be collected (Collett & Childs, 2011). This 
self-made questionnaire consists of 9-items reactive cyber-
aggression subscales (e.g., “If someone posts an unflattering 
picture of me on the internet, I will attack her/him on the 
internet at once.”) and 7-items proactive cyber-aggression 
subscales (e.g., “If I got an unflattering picture of someone 
I don’t like, I will post it on the internet”). Participants were 
presented with these scenarios in sequence and required to 
indicate the possibility that they would do the same behav-
iors as that in these scenarios on a 5-point Likert scale of 
1(impossible) to 5(extremely possible).

To test its validity and reliability among Chinese middle 
school students, a pilot study was conducted. Two hundred 
and sixty-four middle school students who would not partic-
ipate in the subsequent training were asked to complete this 
self-made questionnaire and WSAP-H. Results showed that 
all model fit indices indicated generally acceptable fit for the 
two-factor model (RMSEA = 0.09, CFI = 0.92, TLI = 0.90) 
(Browne & Cudeck, 1992). Internal consistencies for the 
16-items scale were α = 0.90 for the reactive cyber-aggres-
sion and α = 0.89 for the proactive cyber-aggression, and 
α = 0.92 for the total scale. Zero-order correlations were 
computed to examine associations between reactive cyber-
aggression, proactive cyber-aggression, and HAB (r (WSAP & 

Reactive) = 0.415, p < .001; r (WSAP & Proactive) = 0.288, p < .001; r 
(Reactive & Proactive) = 0.671, p < .001). Partial correlations anal-
ysis subsequently revealed that HAB was associated with 
reactive cyber-aggression when covarying proactive cyber-
aggression (r = .312, p < .001), while not related to proactive 
cyber-aggression using reactive cyber-aggression as covari-
ate (r = .014, p = .816). These results provide support for the 
self-made scale as a reliable measure of proactive and reac-
tive cyber-aggression.

This measurement was implemented at each assessment 
point and showed good internal consistency in the present 
study (total scale: α’s = 0.90–0.93; proactive cyber-aggres-
sion subscale: α’s = 0.79–0.86; reactive cyber-aggression 
subscale: α’s = 0.88–0.90).

Computer-based intervention

Interpretation bias modification task (CBM-I)

CBM-I in the current study is based on the WSAT paradigm 
used in previous studies (Beard & Amir, 2008) and was pro-
grammed using E-prime software (Schneider et al., 2002). 
The original version of WSAT was slightly modified for tar-
geting HAB and cyber-aggression among adolescents. The 
main modifications made to the original WSAT paradigm 
included (1) Stimuli were modified to target HAB in the 

Self-reported measures

Word Sentence Association Paradigm-Hostility, WSAP-H

The Chinese version of the WSAP-H adapted from Dillon 
et al. (2016) was used to assess HAB (Zhang, 2019). Par-
ticipants were presented with 11 sentences each picturing an 
ambiguous scenario (e.g., “someone gets your stuff dirty.”) 
and there is a corresponding adjective word (e.g., “hostile”) 
for every sentence. The task of participants is to indicate 
how likely is it that they will associate those scenarios with 
the corresponding words if these things happen to them on 
a 5-point scale from 1(impossible) to 5(extremely possible). 
This measure was administered at each assessment point 
and showed good internal consistency in the present study 
(α’s = 0.90–0.97).

Cyber-aggression typology questionnaire, CATQ

To measure reactive and proactive cyber-aggression, we 
used the two subscales of the Chinese version of CATQ 
(Liu et al., 2021; Runions et al., 2017): the 9-items cyber-
rage aggression subscale (e.g., “If someone tries to hurt me, 
I will use an information and communications technology 
devices such as mobile phones and computers to immedi-
ately get back at them.”) and 6-items cyber-reward subscale 
(e.g., “Sometimes I’m mean to people online to get what I 
want.”). According to Runions et al. (2017), the construc-
tions of cyber-rage and cyber-reward aggression are thought 
to map onto the conceptualization of reactive and proactive 
cyber-aggression, respectively. Participants responded to 
these items on a 4-point Likert scale of 1 (not at all true of 
me) to 4 (very true of me). This measure was administered 
at each assessment point and showed good internal consis-
tency in the present study (total scale: α’s = 0.89–0.92; pro-
active cyber-aggression subscale: α’s = 0.74–0.86; reactive 
cyber-aggression subscale: α’s = 0.90–0.91).

Reactive and proactive cyber-aggression scenarios 
Questionnaire, RPSQ

CATQ tends to measure the relatively stable level of cyber-
aggression of participants over a long period of time (Run-
ions et al., 2017), while the intervention period in the current 
study spanned only one month. Therefore, a more sensitive 
questionnaire is needed as a complement to CATQ. A self-
made questionnaire was designed based on vignette meth-
odology and administered to measure proactive and reactive 
cyber-aggression for getting more stable and reliable results. 
In this method, participants will typically be asked to 
respond to scenarios designed for the research interests with 
what they would do in a particular social situation, which is 
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trials. They would receive negative feedback (‘Your answer 
is wrong!’) for pressing #L(‘Wrong’) in benign interpreta-
tion trials or pressing #A(‘Right’) in hostile interpretation 
trials. In short, they would receive positive feedback only 
when they endorsed benign interpretation and rejected hos-
tile interpretation.

The entire training consisted of 8 sessions, spread over 4 
weeks. Each session lasted about 15 min and consisted of 40 
training trials (320 total trials over 8 sessions). These trials 
were developed in our lab and presented randomly. Partici-
pants completed two sessions per week, and they had a short 
break between two sessions (about 5 min).

Placebo Control Task (PCT)

The PCT was identical to the CBM-I except that the second 
and third phases (see Fig. 3). Specifically, scenario sentences 
in the second phase of PCT are unambiguous in terms of the 
intentions and motives of others (e.g., “Your best friend post 
one picture of him/her standing in front of the Tian’anmen 
on WeChat moments.”). Interpretation sentences in the third 
phase were not hostile or benign, but right (e.g., “he/she is 
traveling in Beijing”) or wrong (e.g., “he/she is traveling in 
Hainan”) in terms of some superficial aspect of the scenario 
sentences. Similar to CBM-I, participants received positive 
or negative feedback based on their responses.

Stimulus materials

One hundred and sixty scenario sentences consisted of 80 
ambiguous cyber scenarios (the intentions of others in these 
scenarios could be interpreted as both hostile and benign) 
and 80 unambiguous cyber scenarios (the intentions of oth-
ers in these scenarios could be only interpreted as either 
hostile or benign) concerning daily life situations of middle 
school students were developed by the first author and other 
professionals in our lab. All of these scenarios were one 

cyber context, and also adapted for use with middle school 
students; (2) The order of the stimulus presentation was 
reversed (the ambiguous scenario sentences appeared first, 
followed by the word reflecting the hostile or benign inter-
pretation), as the shift order presenting ambiguous sentence 
first may better map on to the definition of interpretation bias 
as being the tendency to interpret ambiguous social cues in a 
negative manner (Gonsalves et al., 2019); (3) Similar to the 
stimuli used in studies of Vassilopoulos and Brouzos (2016, 
2022), the words reflecting the hostile or benign interpreta-
tion were replaced by sentences for helping the younger stu-
dents better understand the meaning of these interpretations.

Each CBM-I trial comprised four phases (see Fig.  2). 
First, a fixation cross (“+”) was displayed on the computer 
screen for 500 ms. The participants were informed that a trial 
was beginning when the fixation cross appeared, and their 
attention should be directed toward the middle of the screen. 
Second, one sentence describing an ambiguous cyber sce-
nario (e.g., “Your best friend posted one unflattering picture 
of you on WeChat moments.”) in which the intentions and 
motives of others could be interpreted both negatively and 
positively displayed and remained on the computer screen 
until the space bar was pressed by participants indicating 
they finished reading the sentence. Third, a sentence repre-
senting either a hostile interpretation (e.g., “he/she wants to 
make you look bad in front of others”) or a benign interpre-
tation (e.g., “he/she thinks you are cute in this picture and 
did not mean to embarrass you.”) about the former scenario 
appeared in the center of the screen until participants press 
the space bar. Fourth, participants responded regarding the 
question (“What’s your opinion about this interpretation? 
Right or Wrong?) appeared on the computer screen by press-
ing #A(‘Right’) or #L(‘Wrong’) on the keyboard. The com-
puter provided feedback about their response. Specifically, 
participants would receive positive feedback (‘Your answer 
is correct!’) for pressing #A(‘Right’) in benign interpreta-
tion trials or pressing #L(‘Wrong’) in hostile interpretation 

Fig. 2  Example trial of CBM-I 
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Procedure

Participant recruitment and baseline collection in Xinyang 
started in March 2021, and in Jiaxing in May 2021. This 
intervention study took place in the students’ school during 
their regular school hours over the course of about 4 weeks.

Participants who met inclusion criteria were gathered in 
their school computer labs before training and were asked 
to complete the computerized baseline assessments includ-
ing WSAP-H, CATQ, and RPSQ. Then they were random-
ized to receive either CBM-I training or PCT training via 
an online random sequence generator from www.random-
izer.org. The experimenters who randomly grouped the 
participants did not take part in the subsequent intervention 
implementation and data collection. Over the course of the 
following training month (4 weeks), participants received 
their assigned computer program trainings in the school 
computer labs individually once a week. After each train-
ing, students could play computer games or something else 
for a maximum of 10  min under the supervision of adult 
experimenters, to heighten their motivation to participate 
in the study. Following the completion of the final training 
session, participants were requested to complete the same 
baseline assessments as post-training outcome measures. 
One week after the post-assessment, follow-up data were 
collected for the same measurements as baseline assess-
ments. Additionally, participants assigned to the PCT were 
offered CBM-I after post-assessment.

Statistical analyses

All data analyses were conducted using the SPSS Statis-
tics (version 26.0). Differences between groups at baseline 
were analyzed using t-tests for continuous and Chi-square 
tests for dichotomous variables. Repeated-measures analy-
ses of variance (ANOVAs) were conducted to examine the 
effect of training. First, to test the training effect on HAB 
(Hypothesis 1), a 2 × 3 repeated-measure ANOVA was used 

sentence long, for instance, “Your best friend posted one 
unflattering picture of you on WeChat moments.”

To evaluate the adequacy of these stimulus materials, 
a pilot test was conducted. Thirty middle school students 
who would not participate in the subsequent training were 
asked to rate the scenarios on several characteristics on a 
5-point scale, including the difficulty to distinguish (to 
what extent you think to distinguish whether the person in 
the scenario is hostile or not is difficult? 1 = not difficult at 
all, 5 = very difficult), ambiguity (to what extent you think 
person’s motive in this scenario is ambiguous? 1 = not 
ambiguous at all, 5 = very ambiguous) and comprehension 
(to what extent you understand this sentence? 1 = totally do 
not understand, 5 = totally understand). There were signifi-
cant differences in difficulty of distinguishing (t(29) = 3.59, 
p = .001, d = 0.40 ) between ambiguous sentences (M = 2.43, 
SD = 0.91) and unambiguous sentences (M = 2.02, 
SD = 1.11); there were significant differences in ambiguity 
(t(29) = 5.44, p < .001, d = 0.73) between ambiguous sce-
narios (M = 2.28, SD = 0.81) and unambiguous scenarios 
(M = 1.70, SD = 0.78); there was no significant difference 
(t(29) = -1.10, p = .28, d = -0.09) in comprehension between 
ambiguous scenarios (M = 3.88, SD = 1.13) and unambigu-
ous scenarios (M = 3.98, SD = 1.18). The results showed that 
ambiguous scenarios were rated as more ambiguous than 
unambiguous scenarios.

Eighty ambiguous scenarios were used in CBM-I training 
and 80 unambiguous scenarios were used in PCT training. 
Among the CBM-I training, each of the ambiguous scenar-
ios was paired with two kinds of interpretation (hostile vs. 
benign), which consists of 160 unique trials. And each of 
the trials was presented twice (320 trials in total). Among 
the PCT training, each of the unambiguous scenarios was 
paired with two kinds of interpretation (right vs. wrong), 
which consists of 160 unique trials. And each of the trials 
was presented twice (320 trials in total).

Fig. 3  Example trial of PCT 
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Results

Descriptive analyses and baseline results

Chi-square tests and t-tests revealed that the CBM-I and 
PCT group did not differ by gender, χ2 = 0.66, p = .416, age, 
t (121) = -1.59, p = .114, d = 0.29, and any baseline assess-
ments (all ps > 0.05), which indicates that there were no sys-
tematic differences concerning distributions of gender, age, 
and other characteristics between the two groups. The corre-
lation matrix showing correlations among all study variables 
at baseline is presented in Table  1. As shown in Table  1, 
HAB was related positively to both reactive and proactive 
cyber-aggression of CATQ/RPSQ. To further examine these 
relationships, the test of the differences between two depen-
dent correlations with one variable in common were con-
ducted (Lee & Preacher, 2013). The results showed that the 
correlations between HAB and reactive cyber-aggression of 
CATQ/RPSQ were (marginal) significantly greater than the 
correlations between HAB and proactive cyber-aggression 
of CATQ/RPSQ (1-tail p = .021, 0.082, respectively). See 
Table 2 for descriptive statistics of all measurements at dif-
ferent time points separated by training condition.

Effect of training

Effect of training on HAB

To test the effect of training on HAB, we submitted WSAP-
H scores to a 2 (Group: CBM-I, PCT) × 3 (Time: Baseline, 
Post-training, Follow-up) repeated-measure ANOVA. In the 
repeated-measure ANOVA on HAB, only a main effect of 
time was revealed, but no other effects were significant (see 
Table 3).

Effect of training on reactive cyber-aggression

We entered the reactive subscales of CATQ (CATQ-R) 
and RPSQ (RPSQ-R) in two separate 2 (Group: CBM-
I, PCT) × 3 (Time: Baseline, Post-training, Follow-up) 

with Group (CBM-I, PCT) as the between-subjects fac-
tor and Time (Baseline, Post-training, Follow-up) as the 
within-subjects factor. Second, to examine the training 
effect on cyber-aggression (Hypothesis 2), we conducted 
similar repeated-measure ANOVAs with proactive cyber-
aggression as the covariate to explore the training effect 
on reactive cyber-aggression, and a subsequent repeated-
measure ANOVA was used to assess training effects on 
proactive cyber-aggression with reactive cyber-aggression 
as the covariate. The p-values were adjusted for sphericity 
using the Greenhouse–Geisser method. Post-hoc t-tests with 
Bonferroni adjustments were used for multiple compari-
sons. In addition, to explore whether gender moderated the 
mediation effects of HAB in the relations between training 
condition and cyber-aggression (Hypothesis 3), the moder-
ated mediation analyses were conducted using PROCESS 
macro (Hayes, 2012). Following Beard and Amir’s research 
(2008), the changes in HAB in the present study were cal-
culated as the values of HAB in post-training or follow-up 
minus the values of HAB in baseline.

Table 1  Correlations between participants’ outcome measures at base-
line
Measure 1 2 3 4 5
1 WSAP-H -
2 CATQ-R 0.348∗∗ -
3 CATQ-P 0.183∗ 0.569∗ -
4 RPSQ-R 0.430∗∗ 0.741∗∗ 0.329∗∗ -
5 RPSQ-P 0.339∗∗ 0.452∗∗ 0.419∗∗ 0.695∗∗ -
WSAP-H: Word Sentence Association Paradigm-Hostility, CATQ: 
The Impulsive-Reactive and Controlled-Appetitive Subscales of 
Cyber-aggression Typology Questionnaire, RPSQ: Reactive and Pro-
active cyber-aggression Scenarios Questionnaire, -R: reactive, -P: 
proactive.
∗p < .05; ∗∗p < .01(two-tailed)

Table 2  Results at baseline, post-training, and follow-up across conditions
M (SD)
Baseline Post-treatment Follow-up
CBM-I a PCT b CBM-I a PCT b CBM-I a PCT b

WSAP-H 23.85(9.58) 25.25(10.70) 16.90(8.58) 19.07(9.24) 16.80(8.42) 20.08(10.04)
CATQ-R 14.10(6.45) 12.57 (4.92) 10.64(3.37) 13.23(5.04) 10.33(2.84) 13.18(5.40)
CATQ-P 6.83(2.25) 6.77(1.77) 6.52(1.21) 7.25(1.85) 6.62(1.58) 7.65(2.44)
RPSQ-R 15.74(7.16) 14.18(6.73) 10.80 (3.34) 13.93(6.24) 11.18(4.17) 13.20(4.86)
RPSQ-P 8.39(2.45) 8.35(2.74) 7.98(2.17) 8.93(2.76) 8.20(2.59) 9.20(3.03)
CBM-I: Interpretation bias modification task; PCT: Placebo control task. WSAP-H: Word Sentence Association Paradigm-Hostility, CATQ: The 
Impulsive-Reactive and Controlled-Appetitive Subscales of Cyber-aggression Typology Questionnaire, RPSQ: Reactive and Proactive cyber-
aggression Scenarios Questionnaire, -R: reactive, -P: proactive. an = 61; bn = 60.
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repeated-measure ANOVAs with proactive subscales of 
CATQ (CATQ-P) and RPSQ (RPSQ-P) as the covariates 
respectively.

In the repeated-measure ANOVA on CATQ-R, the cru-
cial interaction of time with group was significant, F (1.5, 
182.6) = 17.60, p < .001, η2

p = 0.13, qualifying the main 
effects of time and group (see Table 3). Post hoc compar-
isons showed that the CBM-I group showed a significant 
reduction in CATQ-R (Baseline to Post-training: p < .001; 
Baseline to Follow-up: p < .001), whereas CATQ-R of the 
PCT group did not change significantly (Baseline to Post-
training: p = 1.000; Baseline to Follow-up: p = 1.000).

In the repeated-measure ANOVA on RPSQ-R, the main 
effects of time and group were qualified by a significant inter-
action of time with group, F (1.8, 211.4) = 11.38, p < .001, 
η2

p = 0.09 (see Table 3). Post hoc comparisons showed that 
the CBM-I group showed a significant reduction in RPSQ-R 
(Baseline to Post-training: p < .001; Baseline to Follow-up: 
p < .001), whereas RPSQ-R of the PCT group did not change 
significantly (Baseline to Post-training: p = 1.000; Baseline 
to Follow-up: p = .601).

Effect of training on proactive cyber-aggression

We entered CATQ-P and RPSQ-P in two separate 2 (Group: 
CBM-I, PCT) × 3 (Time: Baseline, Post-training, Follow-
up) repeated-measure ANOVAs with CATQ-R and RPSQ-R 
as the covariates respectively.

In the repeated-measure ANOVA on CATQ-P, the cru-
cial interaction of time with group was not significant, F 
(1.8, 214.1) = 2.77, p = .070, η2

p = 0.02. There were only 
significant main effects of time and group (see Table  3). 
Follow-up analyses of the main effects revealed that there 
was no significant change of CATQ-P across time (Baseline 
to Post-training: p = 1.000; Baseline to Follow-up: p = .432), 
whereas participants in CBM-I group reported lower CATQ-
P than PCT group (p < .001).

In the repeated-measure ANOVA on RPSQ-P, the cru-
cial interaction of time with group was also not significant, 
F (2.0, 230.8) = 1.79, p = .170, η2

p = 0.02. There were only 
significant main effects of time and group (see Table  3). 
Follow-up analyses of the main effects revealed that there 
was no significant change of RPSQ-P across time (Baseline 
to Post-training: p = 1.000; Baseline to Follow-up: p = .603), 
whereas participants in CBM-I group reported lower RPSQ-
P than PCT group (p = .009).
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on CATQ-R was also significant (b = 4.02, 95% CI = [2.01, 
6.04]).

In the moderated-mediation analysis of RPSQ-R, the 
interaction of group with gender significantly predicted 
changes in HAB from baseline to post-training (β = − 9.04, 
p = .013) (same to the results of CATQ-R; see above), index 
of moderated mediation = -1.63, 95% CI = [-3.56, -0.25]. 
Specifically, this mediated effect of changes in HAB on 
changes in RPSQ-R was only observed among females 
(b = 0.89, 95% CI = [0.12, 1.90]), but not among males (b = 
-0.74, 95% CI = [-2.18, 0.28]) during the period from base-
line to post-training. In addition, the direct effect of group 
on changes in RPSQ-R was also significant (b = 4.55, 95% 
CI = [2.26, 6.83]).

Moderated mediation during the period from baseline to 
follow-up

To explore whether gender moderated the effect of training 
on changes in reactive cyber-aggression through changes in 
HAB during the period from baseline to follow-up, similar 
moderated mediation analyses were conducted with changes 
in HAB from baseline to follow-up as the mediating variable 
and changes in CATQ-R/RPSQ-R from baseline to follow-
up as the outcome variables respectively. Results showed 
that gender did not moderate the effect of group on either 
changes in CATQ-R (index of moderated mediation = -0.97, 
95% CI = [-2.13, 0.06]) or RPSQ-R (index of moderated 
mediation = -1.08, 95% CI = [-2.84 to 0.05]) via changes in 
HAB during period from baseline to follow-up.

Discussion

The goal of the current study was to test the efficacy of 
CBM-I on HAB and cyber-aggression in a sample of 
Chinese middle school students. We also investigated the 
influences of gender differences and the heterogeneity of 
cyber-aggression on the intervention effect of CBM-I.

The efficacy of CBM-I on HAB

Inconsistent with our hypothesis 1, repeated-measure 
ANOVA found that there were no significant interaction 
effects between group condition and time. But there are 
intriguing findings in subsequent moderated mediation 
analysis. Results in moderated mediation analysis showed 
that the interaction of group with gender significantly pre-
dicted changes in HAB from baseline to post-training: spe-
cifically, the effect of CBM-I on HAB after training was 
only observed among females, but not among males. These 
findings were in agreement with the previous meta-analysis 

Testing for moderated mediation

Moderated Mediation during the period from baseline to 
post-training

To explore whether gender moderated the effect of training 
on changes in reactive cyber-aggression through changes 
in HAB during the period from baseline to post-training, 
we adopted PROCESS (Model 7; Hayes, 2012) with group 
as the independent variable, gender as the moderating vari-
able, changes in HAB from baseline to post-training as the 
mediating variable, and changes in CATQ-R/RPSQ-R from 
baseline to post-training as the outcome variables respec-
tively (see Fig. 4).

In the moderated mediation analysis of CATQ-R, the 
interaction of group with gender significantly predicted 
changes in HAB from baseline to post-training (β = − 9.04, 
p = .013), index of moderated mediation = -1.23, 95% CI = 
[-2.62, -0.17]. Specifically, the effect of group on changes 
in HAB from baseline to post-training was observed among 
female (b = 4.94, 95% CI = [0.12, 9.77]), but not among 
male (b = -4.10, 95% CI = [-9.29, 1.10]) (see Fig. 5). Mean-
while, the mediated effect of changes in HAB on changes 
in CATQ-R was only observed among females (b = 0.67, 
95% CI = [0.09, 1.39]), but not among males (b = -0.56, 
CI = [-1.67, 0.21]) during the period from baseline to post-
training. In addition, the direct effect of group changes in 

Fig. 5  Interaction effect of group and gender on changes in HAB from 
baseline to post-training

 

Fig. 4  The moderated mediation model during the period from base-
line to post-training
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findings in support of the indirect effect of these cognitive 
bias modification programs on mental health symptoms 
through the changes in interpretation bias (Beard & Amir, 
2008; Cougle et al., 2017) and gender differences in the 
intervention effect of CBM-I (Menne-Lothmann et al., 
2014). These results may suggest that the intervention effect 
differed across participants and there might be other mediat-
ing factors among males, which needs to be further explored 
in future studies.

It is worth noting that the mediated effect of HAB was not 
significant during the baseline to follow-up period, although 
it was significant during the baseline to post-training period. 
This finding may indicate that there is a distinction between 
effective mechanisms and maintenance mechanisms in 
CBM-I intervention on reactive cyber-aggression. At the 
beginning of the intervention, CBM-I led to a reduction in 
reactive cyber-aggression by modifying the interpretation 
bias of participants. The change in HAB plays a mediating 
role at the onset of the effect of the CBM-I intervention. 
However, late in the intervention, the HAB may not change 
much anymore, and then there may appear some other fac-
tors such as emotional sensitivity as a mediator to maintain 
the effect of interventions. For instance, after repeated train-
ing tasks, some “desensitization” over time may appear, that 
is, people were likely to experience fewer negative emotions 
such as anger in an ambiguous even obvious aggressive sce-
nario. However, people with higher emotional sensitivity 
may maintain relatively high sensitivity to these negative 
stimuli and then might show higher anger and aggression. 
Therefore, emotional sensitivity may play a mediating role 
in the relationship between CBM-I and changes in reactive 
cyber-aggression and maintain the effectiveness of the inter-
vention at the late stage of CBM-I. More exploratory studies 
should be conducted to identify the maintenance mechanism 
of CBM-I interventions to enhance the intervention effects 
on the reduction of cyber-aggression. In addition, we have 
evaluated the floor and ceiling effects for all questionnaires 
used in the present study. According to McHorney and Tar-
lov (1995), Floor effects were considered present if > 15% of 
participants achieved the worst score. Results showed that 
floor effects occurred in all questionnaires with the lowest 
floor effect being 17.4%. The presence of floor effects might 
indicate that the questionnaires we used in the current study 
lack the ability to detect changes in scores over time, which 
may also partly explain the discrepancy between the medi-
ating role of HAB during baseline to post-treatment period 
and baseline to follow-up period.

Strengths

The CBM-I program has been demonstrated by numerous 
studies to be effective in reducing aggression, especially 

of CBM-I (Menne-Lothmann et al., 2014), which showed 
that studies that included more female samples tended to 
show larger effect size for the increase in positive interpreta-
tion bias. There are several possible explanations for these 
results. Firstly, as we have mentioned before, evolutionary 
and sociocultural forces lead to both inherent and acquired 
higher levels of hostility and aggression in males compared 
to females (Christov-Moore et al., 2014; Prentice & Car-
ranza, 2002), which may make hostility in males more 
resistant to change. In addition, research on reading com-
prehension consistently suggests that females outperform 
males in reading comprehension and other language-based 
processing tasks (Wassenburg et al., 2017), while reading 
sentences is an indispensable part of CBM-I tasks. Gender 
differences in reading comprehension may also provide cer-
tain clues to explain the gender difference in intervention 
effects of CBM-I, although some studies found that girls 
have more positive self-concepts in reading (Upadyaya 
& Eccles, 2015). These results suggest that gender differ-
ences should be taken into consideration in future CBM-I 
interventions to ensure more obvious treatment efficacy. For 
example, researchers might adopt more sessions of training 
for males to reinforce the effect of CBM-I. Moreover, add-
ing emojis to the text materials could be considered as a way 
to improve the participants’ comprehension of the materi-
als. For example, Garcia et al. (2022) found that elderly 
individuals would have a better understanding of sarcastic 
intent when the messages were paired with the winking face 
emoji.

The efficacy of CBM-I on cyber-aggression

As expected in hypothesis 2, participants in CBM-I group 
showed greater reductions in reactive cyber-aggression than 
PCT, whereas no change in proactive cyber-aggression in 
both groups after training. These findings are consistent with 
previous studies targeting traditional aggression (Van Bock-
staele et al., 2020; Schmidt & Vereenooghe, 2021). Accord-
ing to SIP (Dodge, 1991), HAB in the early processing steps 
is hypothesized to be uniquely related to reactive but not 
proactive form of aggression. The present study indicate 
that this assumption works also for cyber-aggression.

The mediating role of HAB

Moreover, consistent with hypothesis 3, we found that gen-
der moderates the effect of CBM-I training on changes in 
reactive cyber-aggression through changes in HAB. Spe-
cifically, the mediating role of changes in HAB in the rela-
tionship between CBM-I condition and changes in reactive 
cyber-aggression was only observed among females, but not 
among males. These results are in agreement with previous 
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semester. Future studies are needed to evaluate the long-
term durability of the eight-session short-term CBM-I’s 
intervention effects for determining whether long-term 
changes require more repeated administration of CBM-I or 
whether the short-term CBM-I is effective enough.

Finally, although the results showed that CBM-I could 
significantly reduce reactive cyber-aggression, it could not 
reduce HAB among females. This reminds us that the inter-
vention effect of CBM-I on cyber-aggression may not be as 
ideal as expected. In future research, we still need to develop 
intervention program with stronger and more gender-stable 
intervention effects.

Conclusion

The present study expands the use of CBM-I training target-
ing HAB and subsequent cyber-aggression in Chinese ado-
lescents. However, the finding indicated gender differences 
in the intervention effect of CBM-I with females benefit-
ing more from this treatment. These findings suggest that 
CBM-I did not achieve the desired effect in reducing HAB 
and cyber-aggression, especially among male students, and 
it needs further empirical scrutiny.
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