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Abstract

Background/Objective:  The  social  information  processing  model  holds  that  aggressive  behavior
is closely  related  to  the  hostile  interpretation  of  ambiguous  social  cues,  suggesting  the  possi-
bility that  an  intervention  that  reduces  hostile  interpretations  could  reduce  aggression.  This
study in Mainland  China  evaluated  the remediating  effects  of  cognitive  bias  modification  for
interpretation  (CBM-I)  on  the  hostile  interpretation  bias  and  self-reported  aggressive  behaviors
of male  juvenile  delinquents,  taking  into  account  initial  hostile  interpretation  bias  as  a  possible
moderator  of  the  intervention  effect.
Method:  Fifty-six  male  juvenile  delinquents  aged  16-18  were  recruited  and  randomly  assigned
to the  CBM-I  group  (n  =  28)  or  the Waiting-List  group  (n = 28).  Interpretation  bias  and  self-
reported aggressive  behavior  were  assessed  at  pre-test  and post-test.
Results: The  positive  interpretations  of participants  in the CBM-I  group  were  significantly
increased compared  with  participants  in the  Waiting-List  group.  The  intervention  effect  of
CBM-I  on self-reported  physical  aggression  was  significant  only  for  juvenile  delinquents  with
high pre-test  hostile  interpretation  bias.
Conclusions:  CBM-I  can  significantly  improve  the  positive  interpretation  bias  of  juvenile  delin-
quents, and  reduce  the  self-reported  physical  aggression  for  some  male  juvenile  delinquents.
The results  have  implications  for  providing  low-cost  and  high-efficiency  intervention  for  juvenile
delinquents’  self-reported  aggression  behavior.
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Modificación  del sesgo  de interpretación  hostil  y agresión  autoinformada  en

delincuentes  juveniles:  un  ensayo  controlado  aleatorio

Resumen

Antecedentes/Objetivo:  El modelo  de  procesamiento  de información  social  sostiene  que  el
comportamiento  agresivo  está  relacionado  con  la  interpretación  hostil  de señales  sociales
ambiguas, lo que  sugiere  que  una intervención  que  reduzca  las  interpretaciones  hostiles  podría
reducir la  agresión.  Se evaluaron  los  efectos  de la  modificación  del  sesgo  cognitivo  para  la
interpretación  (CBM-I,  por  sus  siglas  en  inglés)  sobre  el sesgo  de interpretación  hostil  y  con-
ductas agresivas  autoinformadas  de  delincuentes  juveniles,  teniendo  en  cuenta  el  sesgo  de
interpretación  hostil  inicial  como  posible  moderador  del  efecto  de la  intervención.
Método:  Cincuenta  y  seis  delincuentes  juveniles  varones  (16-18  años)  se  asignaron  al  azar
al grupo  CBM-I  (n  =  28) o al  grupo  lista  de espera  (n  = 28).  El sesgo  de interpretación  y  el
comportamiento  agresivo  autoinformado  se  evaluaron  en  pretest  y  postest.
Resultados:  Las  interpretaciones  positivas  de los participantes  en  el  grupo  CBM-I  aumentaron
significativamente  en  comparación  con  el  grupo  Lista  de espera.  El efecto  de la  intervención
de CBM-I  sobre  la  agresión  autoinformada  fue  significativo  solo  para  delincuentes  con  un  alto
sesgo de  interpretación  hostil  en  el pretest.
Conclusiones:  CBM-I  puede  mejorar  significativamente  el sesgo  de  interpretación  positiva  de
delincuentes  juveniles  y  reducir  la  agresión  física  autoinformada  en  algunos  delincuentes  juve-
niles masculinos.
© 2021  Asociación  Española  de  Psicoloǵıa  Conductual.  Publicado  por  Elsevier  España,  S.L.U.
Este es  un  art́ıculo  Open  Access  bajo  la  licencia  CC BY-NC-ND  (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

As  a  prominent  problem  worldwide,  violent  crimes  com-
mitted  by  juveniles  create  a large  economic  burden  and
general  destruction  of  the fabric  of  society  (Krug  et al.,
2002).  A  survey  by  the  Office  of  Juvenile  Justice  and  Delin-
quency  Prevention  of the United  States  found that  juveniles
(ages  12-17)  were  involved  in about  16%  of  serious  violent
crimes  annually  between  2007  and  2017,  with  the rate  fluc-
tuating  between  9.70%  and  22.30%.  The  number  of  juvenile
homicide  offenders  in the  U.S.  who  used a firearm  increased
by  82%  from  2013  to 2018.  According  to  the  Chinese  National
Bureau  of  Statistics,  there  were  34  thousand  youth  classified
as  juvenile  delinquents  in  2018,  and  juvenile  delinquents
(ages  14-17)  accounted  for  2.41%  to  6.78%  of  the  total  num-
ber of  criminals  between  2010  and  2018. Violent  crime,
including  aggravated  assault,  rape,  and robbery,  is  the  main
form  of juvenile  crime  in China  and  accounts  for  73.38%  of  all
types  of  juvenile  crime  in 2017  (Lu  et al.,  2018).  Aggressive
behavior  represents  an important  risk  factor  for  criminal-
ity  in  adulthood  (Assink  et  al.,  2015).  Existing  research  on
aggressive  behavior  has  focused  mostly  on  adult  criminals
or  general  adolescents,  and  empirical  evidence  on  inter-
ventions  targeting  aggression  in high-risk  youths,  namely
juvenile  delinquents,  is  still  lacking.  In  China,  juvenile  delin-
quents  refer  to  criminals  aged  between  14  and 18  years-old
who  are  considered  old enough  to be  responsible  for  their
criminal  behaviors.  Because  of their  young  age,  they  won’t
be sent  to prison  but  juvenile  correctional  institutions.  That
is,  instead  of  incarceration,  they  receive  educational  reha-
bilitation  in juvenile  correctional  institutions.  Considering
the  severity  of  the  status  quo  of juvenile  violent  crime  and
the scarcity  of previous  research,  it is  necessary  to  develop
interventions  to  reduce  aggression  in this  population.

The  generation  and  development  of  aggressive  behavior
both  are associated  with  biased  social  cognitive  pro-
cesses,  especially  the hostile  interpretation  of  ambiguous
social  cues (Lochman  & Dodge,  1994). The  Social  Informa-
tion  Processing  (SIP) model  maintains  that  the  encoding
and  interpretation  of  social  cues  are the basis  of  sub-
sequent  emotional  and  behavioral  responses.  The  hostile
interpretation  bias  can  lead  to  an unwarranted  sense  of
being  threatened,  leading  to negative  emotions  and finally
aggressive  behavior  (Crick  & Dodge,  1994). Similarly,  the
Integrative  Cognitive  Model  maintains  that  hostile  inter-
pretation  bias  can  increase  aggression  by  inducing  anger
(Wilkowski  &  Robinson,  2008). Consistent  with  these  models,
two  recent  meta-analyses  showed  that  the  hostility  bias
when  interpreting  facial expressions  and  ambiguous  situa-
tions  is  significantly  associated  with  aggression  in  samples
of  both  children  (Verhoef  et  al.,  2019) and adults  (Tuente
et  al.,  2019).

Taking  into  account  the  positive  association  between  hos-
tile  interpretation  bias  and  aggressive  behavior,  correcting
this  bias  has the  potential  to reduce  aggression.  Cogni-
tive  bias  modification  for interpretation  (CBM-I)  is  such an
intervention  aimed  at the interpretation  process  (Koster
et al.,  2009).  Unlike  traditional  therapies  that rely on  con-
scious  introspection  and reflection,  CBM-I  aims  to  directly
change  interpretations  with  a down-top  approach.  The  ther-
apy  guides  the individual  to  use  a  positive  interpretation
style  repeatedly  and  to  make  benign  attributions  in ambigu-
ous  situations,  to  reduce  hostile  interpretation  bias  in  turn
(Jones  &  Sharpe,  2017).  Furthermore,  CBM-I  can  also  be
well  combined  with  a  computer,  providing  a  low-cost  and
high-efficiency  intervention.  Studies  have  shown  that  CBM-I
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was  effective  in reducing  body  dissatisfaction  in a commu-
nity  sample  (Dietel  et al.,  2020),  remedying  appearance
and  self-worth  biases  in eating  disorder  (Matheson  et al.,
2019),  and  reducing  negative  interpretation  bias  in people
with  state  social  anxiety  (Yeung  & Sharpe,  2019),  but no
research  has  been  conducted  to intervene  the juvenile  delin-
quents’  aggressive  behaviors  with  CBM-I.  Given  the close
relationship  between  hostile  interpretation  bias  and  aggres-
sive  behavior,  we  believe  that  the CBM-I  can  reduce  the
aggression  level  by  remediating  the hostile  interpretation
bias  of  juvenile  delinquents.

Previous  studies  have  explored  the training  effect  of  CBM-
I  on  negative  interpretation  bias, but  the  results  were  not
consistent.  One  study  showed  that  CBM-I  could  effectively
reduce  the  negative  interpretation  bias  in individuals  with
social  anxiety  (Yeung  &  Sharpe,  2019); the other  reported
that  CBM-I  has  no  significant  effect  on  the interpretation
bias  of  individuals  with  anxiety  disorders  (MacDonald  et al.,
2020).  In  this  regard,  it has  been  pointed  out  that  the
consistency/inconsistency  of  the materials  and  tasks  used
in the  intervention  and  outcome  evaluation  may  have  a
confounding  effect  (Hertel  & Mathews,  2011),  the  more
similar  the two  sets  of  materials  and tasks,  the larger  the
estimated  effect  size  (Gonsalves  et al.,  2019). This  study
extended  previous  studies  by  evaluating  the  effectiveness  of
CBM-I  intervention  across  paradigms  and  materials,  includ-
ing  several  different  tasks  to  measuring  the  effectiveness
of  CBM-I  in reducing  hostility  bias  in the  interpretation
of  ambiguous  situations,  facial  expressions,  and  inten-
tions.

What’s  more,  the participants’  baseline  hostile  interpre-
tation  bias  might  affect  the training  effects  of  CBM-I.  CBM-I
requires  two  premises  for  its  effectiveness:  the maladap-
tive  interpretation  bias  exhibited  by  individuals,  and  the
close  relationship  between  maladaptive  interpretation  pat-
tern  and  the  follow  up  maladaptive  emotion  and  behavior
(Jones  &  Sharpe,  2017).  According  to  the  premises,  com-
paring  with  the  individuals  with  low levels  of  initial  hostile
interpretation  bias,  those  with  high  levels  of  initial  hostile
interpretation  bias may  be  more  consistent  with  the  theoret-
ical  premises  of  CBM-I,  and  obtain  greater  benefits  from  the
intervention.  Consistent  with  this  view,  researchers  found
that  the  effect  of  CBM-I  was  enhanced  for  participants  with
a  severe  baseline  level of  interpretation  bias  (Beard  et  al.,
2019;  Micco  et  al.,  2014; Salemink  &  Wiers,  2011).

The  present  study  tested  the  effect  of  CBM-I  on  hostile
interpretation  bias  and  self-reported  aggressive  behavior  in
a  sample  of  youth  who  had  been  labeled  juvenile  delin-
quents.  The  participants’  baseline  hostile  interpretation
bias  was  also  taken  into  account  as  a  moderator  of  the
treatment  effect.  We  hypothesized  that  at the end  of  the
study,  participants  in the CBM-I  group  would show  less  hos-
tile  interpretation  bias,  higher  positive  interpretation  bias,
and  lower  self-reported  aggression  than  those  in  the  Waiting-
List  group.  In  addition,  a larger intervention  effect  would  be
found  among  individuals  with  high  initial hostile  interpreta-
tion  scores.

Table  1 Demographic  and  crime  information  of
participants.

Variables  CBM-I  group
(n  =  27)

Waiting-List
group
(n =  25)

Age  (years)  17.52  (0.75)  17.56  (0.58)
Education  (years)  8.89  (1.55)  8.64  (1.32)
Type  of  crime

Property  crime  17  (63.00%)  14  (56%)
Violent  crime  9 (33.30%)  11  (44%)
Other  1 (3.70%)  0 (0%)

Assigned  time  in
correctional
institution
Within  one  year  2 (7.40%)  1 (4%)
One to  three  years
(including  three  years)

21  (77.80%)  19  (76%)

Three to ten years
(including  ten  years)

4  (14.80%)  5 (20%)

Method

Participants

Fifty-six male  adolescents  (aged  16-18  years;  M =  17.52,
SD  =  0.57)  who  had  been  identified  as  juvenile  delinquents
were  recruited  from  a juvenile  correctional  institution  in an
urban  area  of South  China.  Exclusion  criteria  were  juvenile
delinquents  with  (a)  history  of mental  illness  or  atten-
tion  disorders;  (b)  current  treatment  with  psychotherapy  or
psychotropic  medication;  (c)  difficulty  in reading  or  color
recognition;  (d)  intellectual  disabilities.  The  demographic
and crime  information  of  participants  was  presented  in
Table 1.

Instruments

The  Chinese  version  of  the  Buss  and  Perry  Aggression  Ques-
tionnaire  (AQCV)  was  used  to measure  the  participants’
aggressiveness  (Li  et  al.,  2011). This  scale  consists  of thirty
items  constituting  five  subscales:  Physical  Aggression  (AQCV-
PA;  e.g.,  ‘‘Once  in a  while,  I can’t  control  the urge  to  strike
another  person’’),  Verbal  Aggression  (AQCV-VA;  e.g.,  ‘‘I
can’t  help  getting  into  arguments  when people  disagree  with
me’’),  Anger  (AQCV-A;  e.g.,  ‘‘I flare  up quickly  but  get  over
it  quickly’’),  Hostility  (AQCV-H;  e.g.,  ‘‘I am  suspicious  of
overly  friendly  strangers’’),  Self-Directed  Aggression  (AQCV-
SA;  e.g.,  ‘‘When  I’m upset,  I  think  about  hurting  myself’’).
Participants  were instructed  to  rate  each  item  from  1
(completely  untrue)  to  5 (completely  true).  AQCV  has  satis-
factory  reliability  in Chinese  adolescents  (Liu  et  al.,  2009).
In  the present  study,  the  Cronbach’s  �  of  the questionnaire
was  .94  in the pre-test  session,  and  .93  in the post-test
session.
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The  Chinese  version  of  the  Ambiguous  Intentions  Hostil-
ity  Questionnaire  (AIHQ)  was  used to  measure  interpretation
biases  when  others’  intentions  are ambiguous  (Chen  et al.,
2012).  The  questionnaire  includes  fifteen  short  vignettes
that  describe  negative  interpersonal  events  in which  the
motives  of  one  character  are  not clear.  Participants  were
asked  to  read  each vignette  and  imagine  the scenario  hap-
pening  to  themselves  (e.g.,  ‘‘You  walk  past  a  bunch  of
teenagers  at  a  mall  and  you  hear  them  start  to  laugh’’).
After  each  vignette,  the participants  were  asked  to  respond
to  an  open-ended  question,  three  Likert-scale  items,  and
then  another  open-ended  question.  For the first  open-ended
question,  participants  were  asked  to  write  down  the  reason
why the  other  person  (or persons)  behaved  the way  they
did,  which  was  later  coded  by  raters  to  compute  the  Hos-
tile  Index  (AIHQ-H).  For  the  Likert  scale  items,  participants
were  asked  to  rate  whether  the other  person  (or  persons)
performed  the action  on  purpose  (1 =  definitely  no  to  6  =
definitely  yes),  how  angry  it would  make  them  feel  (1 =
not  at  all  angry  to  5  = very  angry), and how  much  they
would  blame  the other  person  (or  persons)  (1  =  not  at all

to  5  =  very  much). The  ratings  on  the  Likert  scale  items
were  summed  to  create  the  Blame  Index  (AIHQ-B).  Finally,
the  participants  were  asked  to  respond  to  the  second  open-
ended  question  by  writing  down  how  he/she  would  respond
to  the  situation,  which  was  later  coded  by raters  to com-
pute  an  Aggression  Index  (AIHQ-A).  Four  graduate  students
majoring  in psychology  independently  rated  the responses
to  the  two  open-ended  questions  on  the  AIHQ.  The  raters
were  trained  by  providing  examples  of responses  that  would
receive  high  and  low  scores  on  hostility  and  aggression.  The
raters  used  a  5-point  Likert  scale  to  evaluate  the  hostile
level  for  open-response  question  1  (1  =  not at all hostile  to
5  =  very  hostile), and  the aggressive  level  for  open-response
question  2 (1  = not  at  all  aggressive  to  5 =  very  aggressive).
The ratings  were  averaged  to  create  the  Hostility  Index  and
the Aggression  Index  (Combs  et  al.,  2007).  In  this study,  the
Cronbach’s  � for  the  self-reported  Blame  Index  (AIHQ-B)  was
.89  at  pre-test  and  .97  at post-test  session.  The  average  intr-
aclass  correlation  coefficients  (ICCs)  were  high  for both  the
Hostility  Index  (AIHQ-H;  .81  at pre-test  and  .83  at post-test)
and  the  Aggression  Index  (AIHQ-A;  .84  at pre-test  and .85  at
post-test).

The  Word Sentence  Association  Paradigm-Hostility
(WSAP)  task  was  utilized  to  measure  the participants’  hos-
tile  interpretation  bias  in evaluating  ambiguous  situations
(Dillon  et  al.,  2016). E-Prime  2.0  (Psychology  Software
Tools,  Sharpsburg,  PA,  USA)  was  used  to  program  and
administer  the  task.  Ten  practice  trials  preceded  the formal
experiment,  which consisted  of sixty-six  trials.  First,  a
gaze  point  was  displayed  in the  center  of  the screen,  then
an  ambiguous  sentence  (such  as S̈omeone  is  in your  waÿ),
and  an  interpretation  for  the  sentence,  positive  (Ḧe/She
is  unaware)̈  or  hostile  (Ḧe/She  is  inconsiderate)̈,  were
presented.  The  participants  were  asked  to  indicate  the sim-
ilarity  of the  interpretation  with  their  own  interpretation
of  the  sentence  (1 = not  similar  at all  to  6  =  completely

similar).  This  task  had  16  ambiguous  sentences  and  32
interpretation  phrases  (16  positive,  16  hostile)  in total.
Some  changes  were  made  to  the  task  items  so  they  better
reflected  the  juvenile  delinquents’  daily  life.  For example,
ẗhe  boss  asks  you to  do  some extra  workẅas replaced  with

ẗhe  institution  guard  asks  you  to  do some  extra  work.T̈he
average  similarity  rating  for  all  positive  interpretations  was
used  as the  Positive  Interpretation  score  (WSAP-P),  and  the
average  similarity  rating  for  all  hostile  interpretations  was
used  as  the  Hostile  Interpretation  score (WSAP-H).

The  Hostile  Interpretation  Bias  Task (HIBT)  was
used  to  measure  hostile  interpretation  bias  towards
facial  expressions  (Smeijers  et  al.,  2017).  FaceGen3.4
(http://FaceGen.com; Singular  Inversions,  2009)  provided
photographs  of  four  males  and  four  females  expressing  six
emotional  facial  expressions  (anger,  fear,  disgust,  happi-
ness,  surprise,  sadness),  and  a neutral  facial  expression
used  as  a  benchmark.  In addition,  each emotional  expres-
sion  was  deformed  five  times  using WinMorph  3.01  to  alter
its  emotional  intensity:  of 20%,  40%,  60%, 80%,  and 100%
intense.  In  all  there  were 240  facial  expression  pictures.
The  experimental  program  was  compiled  using  E-Prime  2.0
(Psychology  Software  Tools,  Pittsburgh),  including  the  prac-
tice  stage  (16  trials  only with  happy  faces and  angry  faces
with  100%  intensity)  and  formal experiment  (240  trials).  A
gaze  point was  firstly  displayed  in  the center  of  the screen,
then  a  face  picture  was  presented,  and the participant
was  asked  to  judge  whether  the facial  expression  was
hostile  or  not, and  to  register  their judgment  by  pushing  a
corresponding  button  as  soon as  possible.  The  percentage
of  the  participant’s  ‘‘hostile’’  reactions  towards  facial
expressions  was  calculated  as  the hostile  interpretation
bias  score.

Procedure

A randomized  controlled  trial  was  set  up  to investigate  the
effect  of  CBM-I.  The  participants  firstly  completed  the  pre-
test  questionnaire  assessments  and  pre-test  behavioral  tasks
on  the  computer.  The  pre-test  assessments  took  about  thirty
minutes  to  complete.  The  participants  were  then  randomly
assigned  to  the  CBM-I  group  or  the Waiting-List  group,  with
28  persons in each  group.  The  CBM-I group  completed  four
intervention  tasks  that  took  place  once  a  week  with  an
interval  of  seven  days  over  the  course  of  one  month;  the
Waiting-List  group  did not receive  any  intervention.  After
the  intervention,  all  participants  in both  groups  completed
the  same  pre-test  assessments  as  post-test  outcome  mea-
sures.  As  all participants  were  recruited  from  the same
juvenile  correctional  institution.  Given  the possibility  that
the  participants  would  share information  about  the  task,  the
purpose  of  the  study  was  disguised.  Participants  were  told
that  the experiment  was  aimed  at recording  changes  in men-
tal  status,  and  that  test intervals  could  be one  week  or  one
month  respectively  for  the  two  groups, and the tests  might
differ  to  some  extent  for  participants  in different  groups.

This  project  was  approved  by  the  Ethics  Committee  for
the  Humanities  and Social  Sciences  at  Fuzhou  University
(EC2018021)  and has  been  registered  (osf.io/gyq35).  All par-
ticipants  participated  in the  study  voluntarily  and  were  told
that  they  could  withdraw  from  the study  at any time  for  any
reason.  In  addition,  we  promised  the participants  that  the
relevant  research  data  and  results  would not  be disclosed  to
the  juvenile  correctional  institution.  Informed  consent  was
obtained  from  all  participants  and  their  guard  unit  (juvenile
correctional  institution).

4

http://FaceGen.com


International  Journal  of Clinical  and  Health  Psychology  21  (2021)  100226

Intervention

An  adapted  version  of  the  computerized  CBM-I  was  employed
to  modify  the  hostile  interpretation  bias  of  juvenile  delin-
quents  (Brettschneider  et  al.,  2015).  The  intervention
materials  were  36  ambiguous  scenarios,  three  options  for
how  to  interpret  the scenario,  and corresponding  feedback
about  which  option  the  participant  chose.  The  screen  first
presented  an ambiguous  scenario  and  three  interpretations
of  the  scenario  (a positive,  a  neutral,  and a hostile  inter-
pretation),  and  the participant  was  asked  to  choose the
option  most  similar  to  his/her  interpretation,  and  then  the
feedback  was  given  based  on  the  participant’s  option.  The
feedback  corresponding  to  the  positive  or  neutral  interpre-
tation  included  words  of encouragement  and  reinforcement,
while  the  feedback  corresponding  to  the hostile  option
included  information  about  another  way  to  interpret  the
scenario  from  a different  perspective.  The  scene  materi-
als  and  feedback  used  in  the intervention  were  compiled  by
four  graduate  students  majoring  in  psychology  and  reviewed
by  the  management  staff  of  the juvenile  correctional  insti-
tution  to  ensure  that  they  were  in line  with  the  life  scenes
of  the  juvenile  delinquents.

The  treatment  was  programmed  using  E-prime  2.0
(Psychology  Software  Tools,  Pittsburgh).  There  were  four
treatment  sessions.  The  first  two  sessions  (ten  scenes  each)
provided  feedback  to  the participants’  choice  of  how  to
respond  to  the scenario  in  the  vignette.  The  feedback  was
presented  on  the screen  for  20  seconds.  The  other  two  treat-
ment  sessions  (eight  scenes  each)  presented  guidelines  for
20  seconds  to ask  the participants  to think  of  the  reason
for  their  choice  and  its  consequence,  and to  think  of  the
ambiguous  scenarios  from  multiple  perspectives.

Statistical  analyses

For  the  WSAP,  two  participants  did  not  complete  the pre-
test,  and  another  two  did  not  finish  the  post-test.  For
the  HIBT,  three  participants  did  not  complete  the  pre-test
task,  and  one  evaluated  all stimuli  as ḧostilëin  the  pre-test
task  and  did  not  complete  the  post-test.  Three participants
with  missing  data  in the  pre-test  and one  participant  with
extreme  reaction  were  excluded.  Finally,  27  participants  in
the  CBM-I  group  and  25 participants  in the Waiting-List  group
were included  in the final  data  analysis.  Figure 1 presents
the  CONSORT  (Consolidated  Standards  of Reporting  Trials)
diagram  of  the  current  research.

Intention  to  treat  analysis  (ITT)  was  applied  to  keep  all
the  participants  in  the randomly  assigned  groups.  For par-
ticipants  with missing  post-test  data,  their  pre-test  data
was  used  to  fill  in. Mixed  Linear Modeling  (MLM)  was
employed  to analyze  the  influence  of the  intervention  on  the
main  variables  (hostile  interpretation  bias  scores,  positive
interpretation  bias  scores,  and  self-reported  aggression).
MLM  is  suitable  for  repeated  measures  and fits  random-
ized  controlled  trial research  well.  Age and education  were
controlled,  then  time  (pre-test,  post-test),  group (CBM-I
group,  Waiting-List  group),  and  their  interaction  effect  were
set  as  fixed  effects,  the  participant  was  set  as  a  random
effect.  Interpretation  bias  scores  (WSAP,  AIHQ,  HIBT)  and
self-reported  aggression  (AQCV  and its  five  subscales)  were

set  as  dependent  variables.  The  restricted  maximum  like-
lihood  method  was  used to  fit the model  data,  and the
autoregressive  covariance  structure  (AR1)  was  chosen  for
model  analysis.  In addition,  the hierarchical  regression  anal-
ysis  was  utilized  to  explore  the moderating  effect  of  pre-test
interpretation  bias scores  on  the  intervention  effect.  Both
the  MLM  and  the moderating  effect  analysis  were  conducted
with  SPSS  20.0.

Results

Group  differences  at pre-test

Independent  sample  t-tests  were  used to  compare  the two
groups  at pre-test  on  the  demographic  variables  and  main
outcome  variables  (Table  2). At  pre-test  the  CBM-I  group  had
significantly  higher  scores  on  the AIHQ-H  than  the Waiting-
List  group,  t  (50)  = -2.44,  p  = .018,  Cohen’d  =  0.68,  95%
CI  [-8.64,  -0.85].  At  pre-test  the Waiting-List  group  made
hostile  judgments  of  the high  intensity  fear  expressions  (80%
fear  intensity,  pre-HIBT-80-F;  100%  fear  intensity,  pre-HIBT-
100-F)  that  were  significantly  higher  than  those  of  the  CBM-I
group  (pre-HIBT-80-F:  t  (50) =  2.29,  p  =  .027,  Cohen’d  =  -
0.64,  95%  CI  [0.02,  0.34];  pre-HIBT-100-F:  t  (50) =  2.14,  p

=  .036,  Cohen’d  = -0.60,  95%  CI [0.01,  0.34]).  At  pre-test
there  were  no  significant  group  differences  on  any  of  the
other  measures.

Treatment effects  on  hostile  interpretation  bias

An MLM  was  constructed  to test  the effect  of  the CBM-I  inter-
vention  on  the interpretation  bias  of  juvenile  delinquents,
the  results  of  which  are shown  in Table  3.  In between-group
analyses,  MLM  on  the  WSAP-P  revealed  a significant  effect  of
the  Time  ×  Group  interaction.  Follow-up  analyses  showed
that  there  was  no  significant  difference  between  the  two
groups  before the intervention,  t  (50) =  1.18,  p = .244;  after
the  intervention,  the  CBM-I  group’s  WSAP-P  score was  sig-
nificantly  higher  than  that  of  the Waiting-List  group,  t  (50)
= -2.24,  p =  .030,  Cohen’d  = 0.62,  95%  CI  [-1.41,  -0.08].  In
within-group  analyses,  there  was  significant  improvement
from  pre-  to  post-test  WSAP-P  scores  in the  CBM-I  group,  t

(50)  =  -2.85,  p = .008,  Cohen’d  = 0.50,  95%  CI  [-0.91,  -0.15],
but  not for  the Waiting-List  group,  t (50) = 2.06,  p = .050,
Cohen’d  =  -0.48,  95%  CI  [-0.001,  1.05].

MLM  on  the  WSAP-H  also  revealed  a significant  effect  of
the  Time  × Group  interaction.  For the WSAP-H  scores,  the
difference  between  the two  groups  before  the  intervention
was  not  significant,  t  (50)  = -0.27,  p = .789;  after  the inter-
vention,  the WSAP-H  of  the  CBM-I  group  was  significantly
higher  than  that of  the  Waiting-List  group,  t (50)  =  -2.32,  p

=  .024,  Cohen’d  =  0.64,  95%  CI  [-1.58,  -0.11];  the  analysis
of  the difference  between  the  pre-  and post-test  within  the
group  indicated  that,  for  the  CBM-I  group,  the difference
between  the pre-  and  post-test  WSAP-H  was  not significant,
t  (50) = -1.18,  p =  .248,  Cohen’d = -0.16,  95%  CI  [-0.57,  0.15];
for  the  Waiting-List  group,  the post-test  WSAP-H  score  was
significantly  lower  than  the  pre-test  score,  t  (50)  = 2.41,  p

=  .024,  Cohen’d  =  -0.45,  95%  CI [0.07,  1.01].  The  treatment
effects  on  AIHQ  and HIBT  were  not  significant.
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Figure  1  CONSORT  diagram  illustrating  the  research  process.
Note. CONSORT:  Consolidated  Standards  of  Reporting  Trials.  CBM-I:  CBM-I  group;  AQCV:  Buss-Perry  Aggression  Questionnaire;  AIHQ:
Ambiguous Intentions  Hostility  Questionnaire;  WSAP:  Word  Sentence  Association  Paradigm;  HIBT:  The  Hostile  Interpretation  Bias
Task.

Treatment  effects  on  self-reported  aggressive

behavior  and the  moderating  effect  of initial

interpretation bias

The  results  of  MLM  indicated  that  the intervention  did not
significantly  reduce  self-reported  aggression  (Table  3). Con-
sidering  that the  intervention  effect  on the  self-reported

aggression  level  may  have  been  affected  by  the individual’s
initial  interpretation  bias,  and  the  Time  ×  Group  interaction
term  had  a  significant  effect  on WSAP-P  and  WSAP-H,  step-
wise  regression  analysis  was  employed  to  further  investigate
the  moderating  effects  of  initial  scores  on  the WSAP-P  and
WSAP-H  on the intervention  effect  for  self-reported  aggres-
sion.
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Table  2  Descriptive  statistics  for  pre-test  measures.

Variables  Waiting-List  group  (n  = 25)  CBM-I  group  (n  =  27)  Difference

M  SD  M SD t  p

WSAP
WSAP-P  4.23  0.76  3.91  1.11  1.19  .24
WSAP-H 2.95  1.26  3.05  1.25  −0.27  .79

AIHQ
AIHQ-B 101.68  25.52  113.04  24.24  −1.65  .11
AIHQ-A 33.84  8.50  33.89  7.59  −0.02  .98
AIHQ-H 28.56  7.22  33.48  7.27  −2.45 .02

HIBT
Angry (20%  -  100%)  0.14-0.84  0.17-0.27  0.10-0.89  0.12-0.24  0.38-1.84  .07-.71
Disgusted (20%  -  100%)  0.15-0.83  0.18-0.25  0.09-0.82  0.12-0.29  0.04-1.30  .20-.96
Happy (20%  -  100%)  0.10-0.20  0.13-0.24  0.09-0.14  0.16-0.20  0.10-1.45  .15-.92
Surprised (20%  -  100%) 0.11-0.20  0.15-0.22  0.06-0.13  0.12-0.20  1.30-1.73  .09-.20
Sad (20%  -  100%) 0.12-0.16  0.15-0.17  0.08-0.14  0.12-0.19  0.13-1.58  .30-.91
Fear (20%  -  60%) 0.14-0.28  0.23-0.30  0.07-0.15  0.12-0.22  1.40-1.77  .08-.17
Fear 80% 0.39  0.33  0.21  0.23  2.29  .03
Fear 100% 0.45  0.32  0.27  0.28  2.14  .04

AQCV
AQCV 73.80  22.18  76.33  24.37  −0.39  .70
AQCV-PA 20.00  7.08  21.07  7.69  −0.52  .60
AQCV-VA  12.28  3.86  12.56  4.11  −0.25  .80
AQCV-A 14.68  5.82  15.56  6.30  −0.52  .61
AQCV-H 15.84  5.98  15.48  5.87  0.22  .83
AQCV-SA 11.00  4.18  11.67  4.07  −0.58  .56

Note. t in HIBT (The Hostile Interpretation Bias Task) is absolute value. WSAP: Word  Sentence Association Paradigm-Hostility; WSAP-P:
Word Sentence Association Paradigm-Positive Interpretation; WSAP-H: Word  Sentence Association Paradigm-Hostile Interpretation; AIHQ:
Ambiguous Intentions Hostility Questionnaire; AIHQ-B: blame bias score of  AIHQ; AIHQ-A: aggression bias score of  AIHQ; AIHQ-H: hostile
bias score of AIHQ; HIBT: The Hostile Interpretation Bias Task; AQCV: Buss-Perry Aggression Questionnaire, The AQCV subscale scores
are as follows. AQCV-PA: physical aggression; AQCV-VA: verbal aggression; AQCV-A: anger; AQCV-H: hostility; AQCV-SA: self-directed
aggression. The same below.

To  prevent  multicollinearity,  the  control  variables  and
the  moderating  variables  were  first  centralized,  and  the
groups  were  dummy  encoded  (Waiting-List  group  =  0, CBM-
I  group  =  1).  The  changes  in the AQCV  total  score  and its
five  subscale  scores  were  entered  as  dependent  variables;
age  and  education  level were  entered  as  covariates;  group,
pre-test  scores  on  the  WSAP-P  /  WSAP-H,  and the  interac-
tions  between  group  and each pre-test  score,  were  entered
as  predictor  variables.  The  multicollinearity  test  found  that
the  tolerance  of  each  model was  greater  than 0.431,  and
each  variance  expansion  factor  was  less  than 2.318,  which
showed  that  there  was  no  serious  multicollinearity  problem.

The  correlation  matrix  showing  correlations  among  all
study  variables  is  presented  in Table  4.  The  results  showed
that  the  interaction  between  the  Group  and  WSAP-H  signi-
ficantly  predicted  changes  in  AQCV-PA  (Table  5).  The  simple
slopes  test  was  used to  further  investigate  the interaction
(Figure  2).  For participants  with  a  low level  of  pre-test  hos-
tile  interpretation  on  the  WSAP-H,  the �AQCV-PA  in  the
CBM-I  group  was  not  significantly  different  from  that  of  the
Waiting-List  group  (simple  slope  =  1.62,  t  =  0.96,  p  = .342);
for  participants  with  a  high  level  of  pre-test  hostile  inter-
pretation  on  the WSAP-H,  the  �AQCV-PA  in the  CBM-I  group
was  significantly  smaller  than  that of  the Waiting-List  group
(simple  slope  = -3.95,  t  = -2.32,  p =  .024).

Discussion

The  present  study  tested  the  intervention  effects  of  CBM-I  on
the  hostile  interpretation  bias  and  self-reported  aggression
in  a  sample  of  Chinese  youth  who  had  been  labeled  juvenile
delinquents.  The  results  indicated  that  CBM-I  can  effec-
tively  improve  the  positive  interpretation  scores  (WSAP-P)  of
juvenile  delinquents  for  ambiguous  situations.  The  interven-
tion  effect  on  self-reported  aggression  was  more  complex.
The  benefit  of  treatment  for  reducing  self-reported  aggres-
sion  was  moderated  by  baseline  hostile  interpretation  bias.
Specifically,  for  individuals  with  high  initial  hostile  interpre-
tation  scores,  the intervention  program  effectively  reduced
their  self-reported  physical  aggression  level;  for  individuals
with  low initial  hostile  interpretation  scores,  the  differ-
ence  in  self-reported  physical  aggression  level  between  the
CBM-I  group  and  the  Waiting-List  group  was  not  significant.
This  is  the first  study  to  evaluate  the remediating  effects
of  cognitive  bias  modification  for  interpretation  (CBM-I)  on
the  hostile  interpretation  bias and  self-reported  aggressive
behaviors  of  male  juvenile  delinquents,  taking  into  account
initial  hostile  interpretation  bias  as  a possible  moderator  of
the  intervention  effect.

This  study  found  that  CBM-I  can  prompt  juvenile  delin-
quents  to make  more  positive  interpretations  of  ambiguous
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Table  3  Descriptive  statistics  for  post-test  measures  and  mixed  linear  model.

Variables  Waiting-List  group  (n  = 25)  CBM-I  group  (n  = 27)  Mixed  Linear  Model

M SD  M SD  Time  Group  Time  × Group

WSAP
WSAP-P  3.70  1.36  4.30  1.10  0.00  0.70  11.46***
WSAP-H 2.41  1.17  3.25  1.43  1.40  2.06  6.99**

AIHQ
AIHQ-B 99.44  31.97  116.89  44.77  0.03  3.37  0.44
AIHQ-A 32.64  8.91  34.48  9.57  0.07  0.20  0.62
AIHQ-H 27.52  7.32  32.26  9.29  1.39  6.11*  0.01

HIBT
Angry (20%  -  100%)  0.22-0.80  0.21-0.31  0.17-0.86  0.23-0.31  0.06-2.86  0.09-2.85  0.01-0.47
Disgust (20%  -  100%)  0.16-0.79  0.24-0.31  0.16-0.82  0.24-0.39  0.07-0.96  0.03-0.31  0.23-2.22
Happy (20%  -  100%)  0.13-0.19  0.17-0.23  0.11-0.17  0.27-0.32  0.07-1.20  0.01-0.92  0.01-1.03
Surprise (20%  -  100%) 0.14-0.22  0.24-0.63  0.12-0.17  0.28-0.33  0.05-1.55  0.61-1.56  0.17-1.84
Sad (20%  -  100%) 0.71-1.00  0.19-0.27  0.13-0.16  0.28-0.33  0.26-3.05  0.05-0.71  0.01-0.97
Fear (20%  -  80%) 0.18-0.31  0.27-0.32  0.13-0.19  0.29-0.36  0.02-2.94  1.16-3.89  0.01-0.82
Fear 100% 0.42  0.36  0.25  0.34  0.59  4.42*  0.71

AQCV
AQCV 72.68  21.90  77.22  26.12  0.01  0.30  0.45
AQCV-PA 19.64  7.20  19.48  7.31  2.37  0.06  0.95
AQCV-VA 11.76  3.56  13.81  7.41  0.39  0.85  2.24
AQCV-A 15.08  5.41  15.85  5.72  0.46  0.29  0.01
AQCV-H 15.36  5.99  16.04  6.48  0.01  0.01  2.05
AQCV-SA 10.84  4.02  12.04  4.54  0.05  0.76  0.31

Note. ***p  < .001, **p < .01, *p < .05.

Table  4  Correlations  among  all  study  variables  in the  full  sample  at  pre-test  and post-test.

Variable  1 2  3  4  5  6 7  8 9  10

1  Age  -  -.11  .18  -.16  -.07  -.16  .05  -.18  .04  .07
2 Education  -.11  -  -.16  -.05  .00  -.08  -.04  .05  .06  .02
3 WSAP-P  .02  .00  -  -.01  .00  .00  .11  .00  -.04  -.03
4 WSAP-H  -.21  -.01  .24  -  .43**  .33*  .38**  .34*  .46**  .29*
5 AQCV  -.10  .01  -.06  .24  -  .89**  .83**  .87**  .82**  .80**
6 AQCV-PA  -.17  .01  -.17  .06  .86**  -  .75**  .76**  .57**  .58**
7 AQCV-VA  -.20  .05  .05  .34*  .75**  .54**  -  .73**  .56**  .52**
8 AQCV-A  -.07  .07  -.07  .05  .85**  .75**  .50**  - .58**  .57**
9 AQCV-H  .09  -.01  -.11  .27  .84**  .56**  .55**  .62**  -  .78**
10 AQCV-SA  -.07  -.11  .10  .34*  .83**  .60**  .49**  .66**  .77**  -

Note. N = 52. Correlation coefficients of the post-test variables are below the diagonal line; correlation coefficients of pre-test variables
are above the diagonal line. WSAP-P: Word Sentence Association Paradigm-Positive Interpretation; WSAP-H: Word Sentence Association
Paradigm-Hostile Interpretation; AQCV: Buss-Perry Aggression Questionnaire. The AQCV subscale scores are as follows. AQCV-PA: physical
aggression; AQCV-VA: verbal aggression; AQCV-A: anger; AQCV-H: hostility; AQCV-SA: self-directed aggression. ***p  < .001, **p < .01, *p
< .05.

situations,  which  is consistent  with  previous  CBM-I  stud-
ies  focused  on  undergraduate  students  (Hawkins  &  Cougle,
2013),  adults  (Almoghrabi  et  al.,  2018),  and  aggressive  chil-
dren  (Vassilopoulos  et  al.,  2015). Furthermore,  this  study
supports  the  effectiveness  of the CBM-I  intervention  when
applied  with  juvenile  delinquents.  Providing  immediate
positive  reinforcement  for juvenile  delinquents’  positive
interpretations  helped  them  to interpret  ambiguous  social
cues  more  positively.

The  intervention  effect  of CBM-I  on hostile  interpreta-
tion  was  not significant,  which  may  be  affected  by  the

characteristics  of  juvenile  delinquents  and  the  CBM-I  tasks.
Firstly,  the  impulsivity,  irritability,  lower  punishment  sen-
sitivity,  and  existing  hostile  beliefs  (Guan  et  al.,  2015;
Morgan  et al.,  2014)  might  impair  the  juvenile  delinquents’
readiness  for  intervention,  elicit  ambivalent  reactions  and
greater  treatment  resistance  and  thus  impede  their  engage-
ment  in therapy,  which thereby  can  diminish  therapeutic
change  (Howells  & Day, 2003). Secondly,  the CBM-I  tasks,
during  which  different  feedback  was  given  for  positive  and
hostile  interpretations  of  ambiguous  situations,  might  be
helpful  to  encourage  juvenile  delinquents  to adopt  positive
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Table  5  Stepwise  regression  analysis  of  aggression  level  on  group  and  pre-test  WSAP-H.

Predictors  �  AQCV-PA

B �  t  95%  CI �R2

Step1  .00
Education  −0.50  -.07  −0.55  [-2.33,  1.33]

Step2 .10
Group −1.08  -.12  −0.90  [-3.47,  1.32]
T1-WSAP-H 0.11  .03  0.15  [-1.29,  1.50]

Step 3  .09*

Group × T1-WSAP-H  -2.23  -.44  -2.31*  [-4,18,  -0.29]

Note. N = 52. The first step included two control variables: Age and Education, and Age was excluded because of its weak predicting
power for the model. Group: Treatment Group (Waiting-List = 0, CBM-I = 1). T1-WSAP-H: pre-test Word Sentence Association Paradigm-
Hostile Interpretation; �AQCV-PA: change of physical aggression score (post-test AQCV-PA minus pre-test AQCV-PA). ***p <  .001, **p <
.01, *p < .05.

Figure  2  Interaction  between  Group  and Initial  WSAP-HS
Score in  Predicting  �AQCV-PA.
Note.  n  for  Waiting-List  group  = 25;  n  for  CBM-I  group  = 27;
WSAP-H =  Word  Sentence  Association  Paradigm-Hostile  Inter-
pretation.  For  participants  with  a  low  level  of  pre-test  WSAP-H,
the �AQCV-PA  in  the  CBM-I  group  was  not  significantly  differ-
ent from  that  of  the  Waiting-List  group  (simple  slope  =  1.62,
t =  0.96,  p  =  .342);  for  participants  with  a  high  level of  pre-
test WSAP-H,  the  �AQCV-PA  in the  CBM-I  group  was  significantly
smaller  than  that  of the Waiting-List  group  (simple  slope  =  -3.95,
t =  -2.32,  p  = .024).

interpretations,  but  less effective  in helping  them  reject
hostile  interpretations  (Gonsalves  et al.,  2019). Presenting
the  hostile  interpretation  option  may  somehow  prompt  and
amplify  the  hostile  cues  that  may  be  implied  in ambigu-
ous  situations,  and  therefore  might activate  the hostile
schemas  of juvenile  delinquents,  leading  them  to  expect  to
be  threatened  or  provoked  and  thus, think  in hostile  ways
(Gilbert  &  Daffern,  2010). Lastly,  there  were  only  four treat-
ment  sessions,  the relatively  short-term  interventions  might
have  a  limited  effect  on reducing  hostile  interpretation  bias
(Menne-Lothmann  et al.,  2014).

The  intervention  effects  on  HIBT  and AIHQ  were  not  sig-
nificant,  which  suggests  that  CBM-I  as  used in this study
increased  a positive  interpretation  bias  towards  ambigu-
ous  scenario,  but  did not  reduce  a  hostile  interpretation
bias  toward  others’  intentions  and  facial expressions.  We
believe  that  differences  between  the  intervention  materi-
als  and  some  of the outcome  measures  may  have  affected
these  results  (Gonsalves  et  al.,  2019;  Hertel  &  Mathews,
2011). For  example,  the  CBM-I  materials  were quite  dif-
ferent  from  the  HIBT  task  employed  to  measure  bias  in
interpreting  facial  expressions.  Indeed,  related  empirical
studies  (LeMoult  et al.,  2018; Podina,  Cosmoiu,  Rusu,  &
Chivu,  2020;  Salemink,  Woud,  Roos,  Wiers,  &  Lindgren,
2019) and meta-analysis  research  (Gonsalves  et  al.,  2019;
Hertel  & Mathews,  2011)  have  reported  that  inconsistency
between  the  intervention  materials and  outcome  indica-
tors  can  reduce  the estimated  treatment  effect  and raise
concerns  about  whether  CBM-I  generalizable  to  other  mate-
rials  and situations.  Another  possible  explanation  for  the
results  is  that  HIBT  and AIHQ  did not  include a  positive
condition  and failed  to  provide  estimations  of  changes  in
positive  interpretation  bias  (Chen  et al.,  2012;  Smeijers
et  al.,  2017).  Positive  interpretations  and  negative/hostile
interpretations  are on  two  distinct  continuums,  instead  of
the  opposite  ends of  a  single  continuum  (Beard & Amir,
2009;  Dillon  et  al.,  2016;  Huppert  et  al.,  2003),  and  the
present  study  provides  supportive  evidence  regarding  the
distinctiveness  of the  intervention  effects  on  positive  inter-
pretation  and  hostile  interpretation.

It  is  worth  noting  that  hostile  interpretation  bias  and
positive  interpretation  bias  were  also  reduced  significantly
among  the  Waiting-List  group,  which  suggests  the  existence
of  confounding  factors.  Specifically,  the  reduction  of  the
hostile  interpretation  bias  might  be related  to  daily  edu-
cational  programs  in the  juvenile  correctional  institution.  In
China’s  judicial  system,  educational  programs,  such  as  social
skills  and  interpersonal  communication  training,  are used to
guide  the discipline  of  juvenile  delinquents.  Previous  stud-
ies  have revealed  that  education  programs  regarding  social
interaction  skills  could  reduce  the level  of hostile  interpre-
tation  bias  in juvenile  delinquents  (van  der  Stouwe  et  al.,
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2016). Although  the Waiting-List  group  did  not receive  CBM-
I,  the  daily  education  programs  may  have  reduced  their
interpretation  bias.  Participants  in the CBM-I  group  also
attended  these  educational  programs,  but  as  mentioned
above,  the  beneficial  effect  of  which  may  offset  by  the hos-
tile  interpretation  options  in the  intervention  program  that
might  reinforce  their  hostile  interpretation  bias  (Gilbert  &
Daffern,  2010). However,  the  reason for  the reduction  of
positive  interpretation  bias in the Waiting-List  group is  not
clear.  A  combination  of  individual,  situational,  and  orga-
nizational  factors  might  have  produced  a  change  in the
Waiting-List  group  (Howells  & Day, 2003).  This  should  be
investigated  in further  research  on  involvement  in more  than
one  program  at a  time.

The  moderation  analysis  showed  that  the intervention
effect  of  CBM-I  on  self-reported  aggressive  behavior  was
affected  by  the participants’  initial  hostile  interpretation
bias.  Only  for  the  juvenile  delinquents  with  high  initial
hostile  interpretation  scores,  the intervention  effect  on
self-reported  physical  aggressive  behavior  was  significant.
One  explanation  may  be  the limited  variability  in the  hos-
tile  interpretation  bias  scores.  According  to the premises
of  CBM-I,  the  decline  in aggression  occurs  as  a function  of
decreases  in  the level  of  hostile  interpretation  bias  (Jones
&  Sharpe,  2017), and  for  individuals  with  low  initial  hostile
interpretation  scores,  there  is  not  much  room  to  improve
(Gonsalves  et al.,  2019). This  may  limit  the  intervention
effect  of  CBM-I  on  the self-reported  aggression  of  youth  with
relatively  low  hostile  interpretation  bias.

Furthermore,  we  found that  CBM-I  reduced  self-reported
physically  aggressive  behavior  but  not the  other  forms  of
aggression,  namely  self-reported  verbal  aggression,  angry,
hostile  and  self-directed  aggression.  This  pattern  might  be
explained  by  the characteristics  of  the CBM-I  intervention
and  of  the  participants.  Firstly,  there  is  evidence  that  cog-
nitive  therapy,  which  is  the  basis  of  CBM-I,  is  more  effective
for  physically  aggressive  behavior  than  for  other  types  of
aggression  (Cristea  et  al.,  2015;  Menne-Lothmann  et  al.,
2014;  Ross  et  al.,  2013).  Secondly,  the scores  for  physical
aggression  in  the  current  sample  were  higher  than  the  scores
for  the  other  types  of  aggression,  which  allowed  for  greater
improvement  in  treatment.  Moreover,  physically  aggressive
behavior  may  be  more  easily detected  and thus  more  often
punished  in  juvenile  correctional  institutions.  Therefore,
juvenile  delinquents  may  be  more  motived  to  reduce  their
physical  aggressive  behavior,  and may  be  more  amenable  to
treatment  (Howells  & Day, 2003).  For  these  reasons,  we  con-
clude  that  in this population,  CBM-I  is  more  likely  to  have  an
impact  on  self-reported  physical  aggression  than  on  other
forms  of  aggression.

The present  study  has  some limitations.  The  sample  size
was  relatively  small,  with  only  52  valid  participants.  The
small  sample  was  related  to  heterogeneity  on  the pre-test
and  post-test  scores,  and  this variability  might  limit  the  gen-
eralization  of  the  results  (Well  et al.,  1990). It is  necessary  to
increase  the  sample  size  in future  studies.  In  addition,  male
juvenile  delinquents  were the participants  in this  study.
Male  and  female  juvenile  delinquents  have  been  shown  to
differ  in  the  cognitive  and  emotional  processing  of  anger,
and  they  might  benefit  from  different  training  programs
(Suter  et  al.,  2002).  Indeed,  whether  the current  results
can be  extrapolated  to  the  sample  of female  juvenile  delin-

quents  needs  to  be addressed  in  future  research.  The  study
was  conducted  within  a  juvenile  correctional  institution  and
participants  in the  treatment  group and  the  Waiting-List
group  may  share the  information  about  the intervention.
To  avoid  the confounding  effect,  a  placebo-group  should
be  included  in  further  studies.  Another  limitation  is  what
aggressive  behavior  was  estimated  with  self-reported  mea-
sures,  which  might  be  affected  by  response  bias  and  social
desirability.  A tendency  toward  deception  has  been  reported
in the forensic  population  (Mayorga-Sierra,  Novo,  Fariña,
&  Seijo,  2020;  Novo,  Fariña, Seijo,  & Arce,  2012).  Future
researchers  are encouraged  to  use  multi-method  assess-
ment  to  circumvent  subjectivity  and  mono-method  biases.
Considering  the  characteristics  of juvenile  delinquents  and
the  particularity  of the environment  of  the  juvenile  correc-
tional  institution,  there  may  be some  confounding  variables
that  affect  the  current  results,  such  as  the  total  detention
time  imposed  on  different  youth,  the detention  time  partici-
pants  had  met,  whether  participants  had previously  carried
out  other  educational  programs,  the supervision  orders  or
parole  conditions  of the institution  and the  institution’s
educational  programs.  In  the  future,  researchers  need  to
fully  consider  the roles  of  these  possible  confounding  varia-
bles.

This present  findings  have  implications  for  future
research  and  clinical  practice.  Firstly,  the moderation  anal-
yses  indicated  that  the intervention  effect  differed  across
participants,  suggesting  the  importance  of  selecting  or
matching  participants  based  on the initial  level  of  hostile
interpretation  bias  (Cantos  et al.,  2019;  Jones  &  Sharpe,
2017).  It  is  necessary  to  further  explore  the  influence  of
individual  characteristics  on  the intervention  effect  and
conduct  corresponding  intervention-population  matching  to
maximize  the intervention  effect  and  saving  resources.  In
clinical  practice,  the  intervention  tasks,  materials,  and
presentation  of  materials  should  also  be  evaluated.  As dis-
cussed  above,  for  juvenile  delinquents,  tasks  that provide
the  option  to  make  a  hostile  interpretation  about a stimu-
lus  may  to  some  extent  inadvertently  maintain  their  hostile
interpretation  mode  (Gilbert  & Daffern,  2010).  In the future,
researchers  must  compare  the intervention  effects  of  dif-
ferent  CBM-I  programs  and  combine  them  to  harness  the
strengths  of different  approaches  (Gonsalves  et  al.,  2019).
Thirdly,  consistent  with  previous  research,  the  present  study
also  found  a  limited  generalization  of  intervention  effects
(LeMoult  et  al.,  2018;  Podina  et  al.,  2020; Salemink  et  al.,
2019).  The  effects  of  CBM-I  based  on  specific  materials  (such
as  ambiguous  situations)  may  be difficult  to  generalize  to
another  materials  (such  as  facial  expressions),  which  limit
the  large-scale  application  of CBM-I  in clinical  settings.  It  is
necessary  for  future  research  to  further  explore  the  factors
that  affect  the generalization  of  the effect  of  CBM-I  inter-
vention,  and try to  improve  the  ecological  validity  of  this
treatment.

Finally,  in  addition  to  paying  attention  to  the cognitive
factors  that trigger  aggression,  it is necessary  to  consider
the  roles  of  broader  physiological-psychological-social  fac-
tors  related  to  aggression,  especially  the  criminogenic  and
non-criminogenic  needs  of  offenders  (Bonta  & Andrews,
2017).  On  the one hand,  intervention  should target  crim-
inogenic  needs  (e.g.,  antisocial  cognitions  and  other  factors
that  increase  the  risk  of  recidivism)  of  juvenile  offend-
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ers.  On  the other  hand,  non-criminogenic  needs,  including
personal,  social,  and  psychological  needs  that  are not  neces-
sarily  associated  with  recidivism  can  be  tested  as  protective
factors  in  this population  (Arias  et  al.,  2020).  Aside  from
delivering  CBM-I,  future  intervention  programs  should  also
meet  the  non-criminogenic  needs  of  juvenile  delinquents,
such  as improving  psychological  adjustment  and social
skills.
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