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Abstract Adolescent anxiety is common, impairing and
costly. Given the scale of adolescent anxiety and its impact,
fresh innovations for therapy are in demand. Cognitive Bias
Modification of Interpretations (CBM-I) studies of adults
show that by training individuals to endorse benign interpre-
tations of ambiguous situations can improve anxious mood-
states particularly in response towards stress. While, these
investigations have been partially extended to adolescents
with success, inconsistent training effects on anxious mood-
states have been found. The present study investigated whe-
ther positive versus negative CBM-I training influenced
appraisals of stress, in forty-nine adolescents, aged 15-18.
Data supported the plasticity of interpretational styles,
with positively-trained adolescents selecting more benign
resolutions of new ambiguous situations, than negatively-
trained adolescents. Positively-trained adolescents also rated
recent stressors as having less impact on their lives than
negatively-trained adolescents. Thus, while negative styles
may increase negative responses towards stress, positive
styles may boost resilience.
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Introduction

Anxiety conditions are common [1]; disabling for individuals
and families; and pose huge costs for society [2]. Adults with
life-long, persistent anxiety disorders often report emergence
of these problems in adolescence [3]. Indeed, early-emerging
anxious problems predict greater risk for later anxiety disor-
ders [4], as well as more serious mental health outcomes, such
as substance misuse [5, 6] and suicide [7]. Treatments for early
anxiety problems may prevent the persistence of primary and
secondary disorders. Yet many current frontline treatments for
adolescent anxiety either yield variable outcomes or raise
concerns about long-term viability. Moreover, these are
financially costly and difficult to access. Recent work from
adults has highlighted the potential of Cognitive Bias Modi-
fication of Interpretations (CBM-I) training techniques in
anxiety reduction. CBM-I targets biases in interpretational
style that may be causally linked to anxiety disorders [8], by
shaping the tendency to draw positive (or benign) interpreta-
tions of ambiguous social situations, through training.

This work, while generating much excitement, has only
recently been extended to children [9-14] and adolescents [ 15—
17]. Although at present little is known about how interpreta-
tional biases to threatening information develop [18], these
biases appear susceptible to experimental modification in
children as young as 6 years old [12]. However, we believe it is
important to extend the work to adolescents for two reasons.
First, many anxiety problems onset in the transition to adoles-
cence, and developmental immaturities in cognitive and
neurobiological functioning have raised questions over whether
current psychological and pharmacological therapies are
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suitable in these age groups [19, 20]. In contrast, CBM-I,
which relies on simple reinforcement-learning mechanisms
(pairing a positive outcome/explanation with an ambiguous
event), may be similar to the social learning mechanisms
by which cognitive biases are first acquired (pairing a
negative outcome/explanation with an ambiguous event—
often through verbal report from parents) [21]. Second, the
capacity to acquire more adaptive interpretative styles may
be stronger in adolescence, as this age range overlaps with
critical periods of protracted brain maturation and associated
plasticity [22]. Indeed, cognitive styles become increasingly
stable, cohesive and trait-like in the transition to adolescence
[23], flagging this as a developmentally-opportune period for
training-facilitated learning.

Drawing on CBM-I training methods used in adults [24,
25], we and others have tried to experimentally manipulate
adolescent interpretational styles using computerized para-
digms to assess their effects on changes in various mood-states
including anxiety, low mood, negative affect (a combination
of the two) and positive affect [15-17]. As with the original
adult studies, adolescent participants were given short emo-
tional but age-appropriate ambiguous scenarios to read. These
scenarios were disambiguated by completing a word frag-
ment. There was only one correct solution to each word
fragment: in the positive CBM-I condition, word completion
always resulted in a positive interpretation of the situation
while, in a comparison, negative CBM-I condition, this
resulted in a negative interpretation. After a series of training
trials, participants were administered an interpretation bias
test, which measured endorsement of positive and negative
interpretations of new ambiguous situations. Participants also
completed pre- and post-training measures of the different
mood-states to assess training-linked changes.

Paralleling adult findings, we and others have found in three
independent samples that adolescents who received positive
CBM-I endorsed more positive interpretations and fewer neg-
ative interpretations of new ambiguous material than those who
received negative CBM-I [15-17]. These data clearly demon-
strate that positive interpretational styles can be shaped in
adolescents. However, more problematically, was the lack of
consistency with which training also induced changes on mood-
states. In only one of these studies, was a significant reduction in
negative affect found in those who had received positive
training [16]. In the second and third study, changes in affect
were either only found in negatively-trained individuals (those
with low self-efficacy) [15], or not at all [17]. Thus the effect of
shaping positive interpretational style on adolescent mood-
states linked to anxiety remains to be clarified, an important
issue for establishing whether positive interpretations can be
used to protect against negative outcomes.

Adult data also reveals conflicting results. While some find
training effects on anxious, low mood or a combination of
both [26, 27], others do not [28-31]. Still others report mixed

results [32-34]. One explanation why effects of CBM-I
training on mood-states are inconsistent pertains to the role of
cognitive biases as stress-diathesis factors [35]: negative
interpretations may contribute to anxiety by negatively dis-
torting emotional responses to stress, while positive inter-
pretations may protect against these outcomes by boosting
resilience towards stress [36]. Thus one does not expect these
differential changes in mood-states after training unless the
bias is deployed during a stressful situation [37]. To test these
ideas, studies have measured emotional responses to stressful
situations following CBM-I training. A wide range of stressors
has been used, from insolvable anagrams [36], emotional
videos [30], imagined feared situations [38, 39] and negative
mood inductions [40]. Not all of these attempts have been
successful [34, 41, 42], calling into question the ecological
validity of many of these ‘stressors’. While these experi-
mentally manipulated ‘lab stressors’ are informative, an
interesting alternative would be to ask participants about their
perception of real-world stressors, a method deployed here.

Although the selection of appropriate outcome measures
in which to assess the effects of training is crucial, other
methodological factors may also enhance the effects of
CBM-I training on interpretational style, and associated
changes in mood-states. A growing area of focus is the
active deployment of mental imagery during training.
Encouraging participants to mentally simulate the inter-
pretation scenarios using mental imagery compared to just
focusing on verbal processing of scenarios has been shown
to facilitate the effects of training on mood change in
laboratory studies in adults [26, 33, 40, 43, 44] though
effects in children is less clear [14] and requires further
exploration. In adults at least, imagery processing of
ambiguous scenarios is associated with the amplification of
both positive and negative emotions, evoking emotion by
directly influencing sensory signals, and by activating
memories and reactivating associated feelings with these
memories [for a review, see 45].

Because CBM-I studies have great clinical potential—
through the use of positive training to treat symptoms—the
extent to which training is equally effective across indi-
viduals is also a crucial question. Adult studies have
addressed these questions by assessing whether differences
in anxiety proneness facilitates or increases resistance to
the effects of positive CBM-1. However evidence is mixed.
A recent meta-analysis of CBM-I studies suggested that
clinical symptoms did not moderate the effects of CBM-I
efficacy on changes in mood-states [25]. However another
meta-analysis, albeit on another form of cognitive bias
modification training—that of atfention—pointed to a
somewhat larger effect size in symptomatic individuals
[46]. In children, attempts to modify interpretational biases
using computerised games also pointed to larger effects in
high trait-anxious participants [10], although this was not
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replicated in a subsequent study [13]. Thus, it is unclear
whether baseline levels of symptoms enhance or attenuate
the effects of CBM-I in adolescents.

The primary aim of this study was to determine whether
CBM-I training influenced emotional responses to recent,
real-world stress. We compared effects of training on
appraisals of recent stressful events, hypothesising that
negatively-trained adolescents would provide more nega-
tive appraisals while positively-trained adolescents would
report more positive appraisals. Given the growing evi-
dence of the importance of mental imagery in bias modifi-
cation, we adapted our training procedure in line with these
more powerful procedures [26, 33, 40]. We also tentatively
assessed the role of trait anxiety in moderating the effects of
CBM-I training on subsequent interpretational style, chan-
ges in negative affect, and on appraisals of recent stressors.

Methods
Participants and Procedures

Forty-nine adolescents aged 15-18 years old were recrui-
ted from secondary schools around Oxfordshire. All par-
ticipants were fluent in English. Participants were asked if
they had a current or a past diagnosis of a mood or anxiety
disorder, with those responding in the affirmative being
excluded from the study. Adolescents were randomly
assigned to receive either positive CBM-I (N = 25) or
negative CBM-I (N = 24) training. Three participants were
excluded from the final analysis because of technical dif-
ficulties with the task (N = 1) and failure to understand the
training instructions (N = 2). After removal of these par-
ticipants, a sample of N = 46 (N = 23 in each training
condition) remained with no between-group differences on
gender, age, race, or trait anxiety (all p > .33, Table 1).

Study procedures are presented in Fig. 1. These were
approved by the Central University Research Ethics
Committee of the University of Oxford. Participants were
not informed of the purpose of the bias modification par-
adigm until after the study. Participants aged 16 years or
above provided informed written consent. Participants
under the age of 16 provided written assent and a parent or
legal guardian gave informed consent. Subsequently,
assessment of trait anxiety was taken using the Trait
Anxiety Inventory for Children (STAI-T-C).

Prior to training, participants were taught to use mental
imagery through two ‘imagery’ exercises. These involved
describing the sensations of biting into a lemon and coming
home from school while being prompted with questions by
the researcher (‘How does it taste/smell/sound?’, ‘What
can you see/hear/smell?’). Participants were further
instructed to use mental imagery during CBM-I training by
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Table 1 Participant characteristics and training performance

Positive training ~ Negative training

Demographics

Sample size 23 23

Mean Age (SD) 16.48 (0.99) 16.55 (0.74)

Gender (%) 17 female 19 female
(73.9 %) (82.6 %)

6 male (26.1 %)
65.2 % Caucasian
34.8 % other

4 male (17.4 %)
82.6 % Caucasian
17.4 % other

Ethnicity (%)

Mean Trait anxiety (SD) 36.74 (7.35) 38.92 (7.65)
Training performance
Mean CQ?* RT® (SD) 2610.31 ms 2646.30 ms
(838.23) (945.36)
Mean Word fragment RT®  1720.23 ms 1902.28 ms
(SD) (828.48) (895.14)
% CQ? correct 91.1 % 87 %

* CQ Comprehension questions

® RT Reaction time

reading and imagining each scenario as if it was happening
to themselves.

Assessments of negative and positive affect were taken
immediately before (T1) and after training (T2) using visual
analogue scales (VASs) that contained items from the
Positive and Negative Affect Scale for Children [PANAS-
C; 47]. Following training, participants completed a 10-min
filler task, to allow groups differences in negative or posi-
tive affect that emerged because of training to dissipate
[24]. While we were interested in exploring differences in
mood-states after training, we did not want these to con-
found performance on the interpretation bias measure. In
other words, it was important to demonstrate changes in
interpretational style there were independent from current
mood-state. To ensure that the filler task effectively
removed differences in mood-state, a third set of VASs
measured negative and positive affect after the filler task
(T3). Participants then completed the computerized CBM-I
test and a Recent Events Checklist to assess training effects
on subsequent interpretational style and appraisals of recent
stressful events. A final VAS (T4) was then used to assess
negative and positive affect. To examine whether partici-
pants had inferred the objectives of the study, participants
were asked to write down their thoughts on what the study
was about. Computerised training was carried out on a
laptop computer using E-Prime 2.0.

CBM-I Training Task
We used a previously developed version of the CBM-I

training task for adolescents [16]. The training task consisted
of one practice trial followed by 60 trials, presented over 5
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Fig. 1 Overview of
experimental procedure. CBM-1
cognitive bias modification

Positive Filler

Recognition Stress

Imagination

interpretation training, STAI-T-C

State Trait Anxiety Inventory— task
Trait Subscale for Children,
VAS visual analogue scale

Negative Filler

CBM task test

CBM task test ‘ Appraisals

Recognition Stress

Appraisals

Consent VAS1
STAI-T-C

blocks. Each trial consisted of a short description of an
everyday scenario which remained emotionally ambiguous
until the final word, which was presented as a word fragment
on the following screen. Participants had to identify the final
word as quickly as possible by typing the first missing letter
only. Participants could only continue the training task once
the word fragment was correctly completed. This word
resolved the ambiguity of the scenario, leading to a positive
interpretation for most trials in the positive condition, and a
negative interpretation for most trials in the negative con-
dition. In each condition, 5 of the scenarios (1 in each block
of 12 trials) resolved with the opposite valence (negative in
the positive condition and vice versa) and 5 of the scenarios
(again 1 in each block of 12 trials) resolved neutrally. These
items obscured the purpose of the training.

After a participant had completed the first missing letter,
he/she was asked to answer a comprehension question for
which the correct answer (‘Yes’ or ‘No’) was based on the
intended emotional interpretation of the training scenario.
All comprehension questions were followed by feedback:
“Correct” or “Wrong”. Therefore both the word fragment
completion and comprehension question reinforced the
intended emotional valence of the scenario. Participants
were asked to respond to the comprehension questions as
quickly and accurately as possible.

To illustrate, an example of a training item is: During
maths, you are asked by the teacher to write the homework
on the board. When you have finished, your teacher looks at
it with an expression of agr-m-nt (positive training condi-
tion) or disagr-m-nt (negative training condition). In both
cases, the correct letter to type in is ‘e’. The comprehension
question following completion of this word with the letter
‘e’ is: Does your teacher approve of your work? The correct
response for those in the positive training is Yes and for
those in the negative training, No. The order of scenarios
within each block was randomised across participants.

Filler Task

The filler task comprised a picture rating task in which
participants rated 60 emotionally neutral pictures on a VAS

v

VAS2 VAS3 VAS4 Manipulation

check

between ‘very unpleasant’ (0 cm) and ‘very pleasant’
(9.8 cm).

Assessment of CBM-I Training Effects
on Interpretational Style

The measure of subsequent interpretational style post-
training consisted of two phases [16, 24]. First, ten
ambiguous scenarios were presented, each with a title.
Participants were given the same instructions as in the
training phase. This time, completing word fragments did
not disambiguate the emotional valence of the scenarios
and the comprehension questions had no emotional con-
tent. In the second phase, participants viewed the title of
each scenario, followed by four statements relating to that
scenario. Participants were informed that these differed in
their resemblance to the scenario, but none would be an
exact match. They had to rate statements on their similarity
to the scenarios viewed in the first phase on a scale from 1
to 4 (1: not similar at all; 2: not so similar; 3: similar; 4:
very similar). These statements, ordered randomly, inclu-
ded one positive and one negative interpretation of the
scenario (targets). The other two statements were also
positive and negative but were not interpretations (foils).
Bias induction was successful if the negative bias induction
group rated the negative targets as more similar to the
original ambiguous scenarios, and the positive induction
group rated the positive targets as more similar [24].
Similarity of foils assessed the degree to which the training
induced a general affective bias towards items of a par-
ticular valence.

Assessment of CBM-I Training Effects on Changes
in Negative and Positive Affect

Negative and positive affect was assessed at four time-
points during the study (T1-T4) using VAS versions of
items drawn from the PANAS-C [PANAS-C; 47]. Eight
emotions formed the negative affect VAS and contained
items relating to anxious and low mood (nervous, sad,
upset, worried, anxious, miserable, scared, gloomy) while
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four items formed a positive affect scale (happy, calm,
cheerful, energetic). Participants indicated on a line how
much of that emotion they were feeling at that moment
between “not [emotion] at all” (0 cm) and “very [emo-
tion]” (9.8 cm). VASs can be effective in detecting the
influence of an intervention on a dependent variable [48].

Assessment of CBM-I Training Effects on Appraisals
of Recent Stressors

Participants completed an adapted recent life events scale,
which also assessed appraisals of events in terms of per-
ceived impact, coping and controllability. Fifteen items
with high face validity were taken from the Adolescent
Perceived Events Scale [49] and the Child Life Events
Checklist [50] to reflect several domains of stress: family
relationships, peer relationships, academic achievements,
and uncertainty about the future. For every item, partici-
pants indicated whether or not a particular event had hap-
pened in the past 6 months. If they answered ‘YES’,
participants had to answer the following three questions
using a 4-point Likert scale: (a) “How much impact did
this event have on your life”’; (b) “How able were you to
cope with this event” and (c) “How much did you think
you could control this event?”. The total number of events
experienced was summed for each participant. In addition,
mean ‘impact’, ‘coping’ and ‘controllability’ scores were
calculated for events experienced for each participant.

Trait Anxiety

All participants completed the Trait Anxiety Inventory for
Children [STAI-T-C; 51] prior to computerized training.
This is a self-report measure of 20 items, in which par-
ticipants rate how frequently anxiety symptoms apply to
them. Items are summed to create a total anxiety score.
This measure has high internal reliability (Cronbach’s
o = .91) and correlates well with other measures of child
and adolescent anxiety [52]. A median split on this mea-
sure (median = 38.5) yielded low and high anxious
groups.

Statistical Analyses

All statistical analyses were performed in SPSS 17.0
(Chicago, IL, UAS). All paired—and independent—sample
t tests were two-tailed. Wherever assumptions of normality
were violated, log transforms were used in the analysis.
First, independent sample t tests were carried out to assess
group differences in training-related task performance
including Reaction Times (RTs) to completion of word
fragments and comprehension questions and the percentage
of correctly answered comprehension questions. Second, to
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examine training effects on interpretations of new ambig-
uous material, we first conducted a 2 x 2 x 2 x 2 mixed
measures analysis of variance (ANOVA) to assess the
effects of two within-subjects factor (recognition statement
type: target versus foil; recognition statement valence:
positive vs. negative) and two between-subjects factors
(training group: positive vs. negative and trait anxiety: high
vs. low defined by a median split variable) on similarity
ratings. As preliminary analysis confirmed a significant
main effect of recognition statement type (p < 0.001) and a
significant 3-way interaction between recognition state-
ment type, recognition statement valence and training
group (p < 0.001), we conducted separate 2 x 2 x 2
ANOVAs for target and foil ratings. As preliminary anal-
ysis showed no main effects of age and gender on simi-
larity ratings, these variables were not included in the final
models.

Third, independent sample t tests were used to assess
differences in negative and positive affect at T1 to assess
for group differences at baseline; at T3 to assess for group
differences before the interpretation bias measure; and at
T4, to assess residual mood differences towards the end of
testing. Finally, two 2 x 2 x 2 mixed measures ANOVASs
were performed on the data on negative and positive affect
with time as a within subjects-factor (T1 vs. T2); training
group (positive vs. negative) and trait anxiety (high vs.
low) as between-subjects factors. No main effects of age
and gender precluded these variables from being entered in
final analyses. Appraisals of real-world stressors were
assessed using a series of 2-way ANOVAs with training
condition and trait anxiety as the between-groups factors.
The main dependent variables were total reported events
and the three stress appraisals: impact, coping, and
controllability.

Results
Task Performance During CBM-I Training

No significant differences were found between the training
conditions on average RTs to word fragments [t(44) = .72,
p =n.s.] or to comprehension questions [t(44) = .14,
p = n.s.]. There were also no training differences on
comprehension question accuracy [t(44) = 1.67, p = n.s.]
(Table 1), suggesting similar task performance across
training groups.

Effects of CBM-I on Interpretation Style
As our first mixed-measures ANOVA analysis showed a

significant 3-way interaction between recognition state-
ment type, recognition statement valence and training
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group [F(1,42) = 15.67, p < .001], we conducted separate
2 x 2 x 2 ANOVAs for target and foil ratings. Specifi-
cally, we assessed the effects of training-group (positive,
negative) on statement-valence (positive, negative) across
anxiety-group (high, low). The mixed-measures ANOVA
for targets showed only a significant training-group-by-
statement-valence interaction [F(1,42) = 30.18, p < .001,
1112, = .42] (Fig. 2). To decompose this we assessed training
differences on positive targets and negative targets sepa-
rately. All between-group and within-group comparisons
were significant. The positive training group gave higher
similarity ratings to positive targets than the negative
training group [#(42) = 3.83, p < .001, cohen’s d = 1.15]
but negatively-trained participants gave higher similarity
ratings to negative targets than the positively-trained par-
ticipants [#(42) = 3.52, p < .001, cohen’s d = 1.07]. The
positive CBM-I group also rated positive targets more
similar to the ambiguous situations than negative targets
[1(20) = 4.72, p < .001, cohen’s d = 1.41]. For the
negative CBM-I group the opposite effect emerged
[1(22) = 3.11, p < .01, cohen’s d = .85]. None of the
differential effects of training were moderated by anxiety
group. Nor were there main effects of trait anxiety.

For foils a significant training group-by-statement-
valence interaction was also found [F(1,42) = 8.45,
p < .01, 17,2, = .17] (Fig. 2). Further analysis showed that
participants who received positive training reported higher
similarity ratings for positive foils than negatively-trained
adolescents [#(42) = 3.99, p < .001, cohen’s d = 1.20] but
this between-group difference did not emerge for negative
foils. The positive training group also rated positive foils as
more similar to the ambiguous situations than negative
foils [#20) = 4.43, p < .001, cohen’s d = 1.30] but
within-group effects did not emerge for the negative group.
Positive foils were more generally endorsed, reflected in a

4,04
3,5 —
" . .
301 =% — —i
251 ¢
2,04 1_ [mnegative item|

positive item

1,51

Similarity ratings

1,04

pos training neg training | pos training neg training

targets

Fig. 2 Effects of training on interpretation style. Similarity ratings
for positive and negative targets and foils across training groups in the
testing phase. Higher similarity ratings reflect greater resemblance of
the item to the ambiguous situation.*p < .01; **p < .001

main effect of foils [F(1,42) = 11.52, p < .01, n,z, = .22].
Again, there were no main or interaction effects of trait
anxiety group.

Effects of CBM-I on Changes in Negative and Positive
Affect

Raw means and standard deviations of the negative and
positive affect ratings pre- and post-training across each
training condition are shown in Table 2. As the negative
affect ratings at T1-T4 were skewed, log transformations
were used for this outcome at all time-points prior to
analysis.

ANOVAs showed a significant training group-by-time
interaction [F(1,44) = 9.82, p < 0.01, nf, = .18] for neg-
ative affect. Negative mood increased for the negative
training group from T1 to T2 [#(22) = 2.51, p < .05,
cohen’s d = .42] but this did not change for positively-
trained adolescents. Critically, there were no differences in
negative and positive affect between training groups at
T1 (baseline) and T3 (prior to interpretation bias test)
(Table 2). Unexpectedly, however, a comparison of
negative affect at T4 yielded significant differences
[t(43) = 2.18, p < .05, cohen’s d = .65], such that those in
the negative training condition reported more negative
affect than those in the positive condition.

For positive affect, no significant interaction effect was
found [F(1,44) = 1,99, p = n.s.]. Instead, a significant
main effect of time emerged [F(1,44) = 8.73, p < 0.01,
1112, = .17], reflecting a decrease in positive affect over time
across everyone (T1 =159, SD = 1.54; T2 =5.28,
SD = 1.88).

Trait anxiety group did not exert main effects on neg-
ative and positive affect, nor were there significant effects

Table 2 Mood ratings

Tl T2 T3 T4
Positive Positive mood
training 5 97 (1.77) 559 (1.95) 5.77 (1.67) 5.58 (1.81)
Negative mood
1.97 (1.67) 1.68 (147) 1.67 (1.76) 1.47 (1.57)"
Negative  Positive mood
training 589 (1.31) 497 (1.80) 5.50 (2.02) 4.96 (2.08)
Negative mood
242 (1.82)* 3.8 (1.82)* 2.43(1.80) 2.65 (2.02)

Means and SDs of negative and positive mood before training (T1),
after training (T2), before recognition test (T3) and after recognition
test (T4). All values are given in cm on visual analogue scales. Higher
values indicate greater intensity of the emotion experienced

Bold values indicate significant differences in mood
* Within-group comparison across time, p < 0.05

" Between-group comparison within a time-point, p < 0.05
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on changes in these mood-states pre- to post-training
(p’s > .21).

Effects of CBM-I on Appraisals of Recent Stressors

There were no differences between training groups in the
total number of events reported. The number of recent life
events varied between 4 and 12, with a mean of 8.33
(SD = 2.00). Analyses showed a main effect of training on
impact ratings [F(1,39) = 5.39, p < .05, 17,2, = .12] with
negatively-trained individuals rating events as having a
greater impact than positively-trained adolescents [#(41) =
2.23, p < .05, cohen’s d = .69; means = 2.69(.49) and
2.38(.40) for negative and positive groups respectively].
Training did not influence appraisals of controllability and
coping (p’s > .10).

Trait anxiety influenced ratings of impact [F(1,39) =
6.89, p < .05, ;712, = .15]; coping [F(1,39) = 9.40, p < .01,
175 = .19] and controllability [F(1,39) = 13.03, p < .01,
nﬁ = .25]. Compared to low-trait anxious participants,
those with high-trait anxiety perceived events as having
more impact [means = 2.72(.46) and 2.37(.42) for high
and low groups respectively, #(41) = 2.58, p < .05,
cohen’s d = .79]; were less able to cope with events
[means = 2.61(.43) and 2.97(.34) for high and low groups
respectively, #(41) = 3.06, p < .01, cohen’s d = .93] and
found them less controllable [means = 2.32(.31) and
2.76(.46) for high and low groups respectively, ¢ (41) =
3.71, p < .01, cohen’s d = 1.12]. Interactions between
training and anxiety group on all three appraisal indices
were not significant (all p’s > .27).

Discussion

The present study assessed the effectiveness of an adoles-
cent version of a CBM-I training task in producing alter-
ations in interpretation biases, changes in negative affect,
and emotional responses to real-life stressors. This task
drew on adult CBM-I studies that deployed mental imagery
to enhance the effects of negative and positive training [26,
33, 40]. A secondary aim was to explore the role of trait
anxiety in moderating the effects of training. This study
yielded several new findings. First, we provided clear
support for our previous findings [15, 16], that negative and
positive interpretation biases can be induced in adolescents
by current computerized training methods. Second, differ-
ential effects of training on negative affect emerged: neg-
ative CBM-I training predicted elevations in negative
affect across participants, while positively-trained indi-
viduals showed no change on this measure. Neither training
shifted positive affect. However, negative and positive
CBM-I training differentially altered appraisals of recent
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stressors, with positively-trained adolescents rating these as
being less impacting. Crucially, no difference in the num-
ber of recent stressors was reported across groups. Training
effects on interpretation bias, negative affect, and emo-
tional responses to stress did not vary by trait anxiety.

While some exciting implications can be drawn from
these data, they should also be interpreted in light of some
limitations. First, we included no baseline measure of
interpretation bias. Thus one cannot discount the possibility
that the two training groups were not matched on inter-
pretation bias prior to training, confounding subsequent
group differences. Moreover, including baseline assess-
ments would allow one to explore whether changes asso-
ciated with training were due to: (1) positive training
elevating positive interpretative styles; (2) positive training
reducing access to negative interpretative styles; (3) neg-
ative training increasing availability of negative interpre-
tational styles; or (4) negative training reducing access to
positive interpretational styles. As the measure of inter-
pretation bias used here involves a recognition test,
administering this before and after training would have
influenced participants’ performance on the second test
occasion. A suggestion for future research would be to use
a different measure of interpretation bias, or to include a
no-training or neutral-training control group.

Second, because of time constraints, we only used brief
self-reported instruments to assess negative and positive
affect, and emotional responses towards stress. Moreover,
measures of stress appraisal were retrospective, adminis-
tered at one time-point only. Even though the two groups
did not differ in the number of recent events encountered,
we cannot discount the possibility that life events experi-
enced by the negatively-trained group of adolescents were
in fact more severe in nature. Nor can we ignore the pos-
sibility that negatively-trained adolescents were more
likely to retrieve mood-congruent information when asked
to appraise recent life events particularly as these adoles-
cents reported more negative affect immediately before the
reappraisal exercise. Nevertheless, as our data provides
preliminary support for this hypothesis—that CBM-I
training may alter stress responding—albeit using retro-
spective measures as a cruder proxy, the next step of this
research will be to use ‘prospective’ psychophysiological
indicators of affectivity and emotional reactivity. One
would ideally assess these stress indices before, during and
after real-life stressful events [e.g., 53] and compare the
rates of change across training conditions.

Finally, while we have shown that CBM-I training can
produce post-training differences in interpretational style,
changes in negative affect, and appraisals of the impact of
stressors, we cannot make inferences about the long-term
duration of these effects or their generalizability to clinical
samples. Before clinical implementation of CBM-I are
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considered, future studies need to follow up these group
differences, perhaps in the first instance 24 h later [31].
Also, while we explored the moderating effects of trait
anxiety on training effects, these effects are nevertheless
studied in a community sample, with ‘normally-varying’
anxiety levels. Examining these hypotheses in clinical
groups of either anxiety is a prerequisite to examining
whether CBM-I training is a feasible therapeutic tool.

In spite of these caveats, taken in the context of our
previous results, these data are promising in showing that
CBM tasks can produce different negative and positive
interpretational styles in adolescents through training.
These differences were evident on a well-used test of
interpretation bias [24] where, positively-trained adoles-
cents endorsed more positive but fewer negative interpre-
tations of new ambiguous material than adolescents in the
negative training condition. Within-group differences were
also apparent: positive CBM-I training produced more
positive interpretations than negative interpretations, with
the reverse being true for negative CBM-I training. Induced
biases in the positive CBM-I condition were sufficiently
powerful that they transferred to a greater endorsement of
positive ‘foils’, statements that were of a general positive
valence. Training findings were not explained by group
differences in negative or positive mood-states, as no sig-
nificant differences emerged in ratings between training
groups at the time of bias testing (i.e., T3). Nor were there
differences in training ability, as indicated by reaction
times to completing word fragments and accuracy on
comprehension questions.

Our findings also provide tentative support to cognitive
theories proposing a causal link between negative inter-
pretational style and symptoms of anxiety. Trained inter-
pretational styles had differential effects on changes in
negative affect in the short-term: following negative
training, we found the predicted elevations in negative
affect. While these group differences were deliberately
‘normalised’ by the neutral filler task, to avoid confounding
performance on the interpretation bias test, the elevation in
negative affect had returned at T4, after the test, reflecting
some persistence in their effects. In contrast, reductions on
the VAS for positive affect were not significant; nor did
positive training reduce negative affect. It may be that
among non-clinical samples with a higher baseline positive
mood, it is easier to induce a deterioration rather than an
elevation in mood.

These inconsistencies in results for negative and positive
affect, in addition to mixed results reported in prior data in
both adolescents and adults, have led others to examine
whether differential effects of training on mood are better
captured during provocation by a stressor [30, 38, 39, 54].
Indeed, strikingly, we found that training influenced emo-
tional responses to stress through participants’ appraisals of

recent stressful events. Participants who were trained to
interpret events in a negative manner reported greater
perceived impact of experienced real-world stressful events
than those receiving positive CBM-I. These effects
occurred in the absence of a group difference in the overall
number of events reported. However as they did occur in
the context of training-related differences in negative
affect, speculatively these differences may have served to
influence cognitive appraisals of recent stressors, explain-
ing the group differences in impact ratings between train-
ing conditions. As trait anxiety also significantly but
independently affected impact ratings, this appraisal mea-
sure may well probe aspects of vulnerability associated
with anxiety. Although we found an influence of training
on perceived impact of stressful events, it is important to
note that training effects did not generalise to perceived
controllability or coping to these reported events. Given
that the goals of training were to resolve ambiguous situ-
ations either in a positive or negative direction, it may be
that appraisals of coping and uncontrollability involved
bringing to mind the presence of more specific event-
related behaviours (e.g., I remember going out more with
my friends to cope with my parents’ divorce), which
reduced the effects of training on these measures. In con-
trast, appraisals of impact may form a more global
appraisal of stressful life events, which resonated more
strongly with training goals. However, these interpretations
are highly speculative and require further replication with
more refined measures of stress appraisal to tease these
differences in results apart.

While these data may speak tentatively to the role of
negative interpretative biases preceding anxiety, findings
that trained positive interpretative styles attenuate stress
appraisals are a useful starting point for the development of
new clinical initiatives. As anxiety appears to increase in
the adolescent years and many adult forms of these disor-
ders start early in life [55], adolescence is an important
target for early clinical interventions, particularly with an
increasing focus on prevention rather than simply treat-
ment. While psychological treatments are commonly used
in young people, there are also issues with access [56].
Moreover, there may be reluctance among some adoles-
cents to engage in face-to-face talking therapy. Developing
new tools that utilise new technologies such as interactive,
online computer games, as a ‘cognitive vaccine’ against
stress [40] may be an alternative worth pursuing. In this
study, high levels of trait anxiety did not affect resistance
to these training methods. In considering additional factors
that may enhance the effects of training, adult data point to
training tasks that incorporate the use of mental imagery.
Specifically, these may help to increase the personal sal-
ience of the training scenarios. While we did not compare
training with and without mental imagery in this study,
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future CBM-I studies of adolescents may wish to investi-
gate benefits (or costs) associated with this additional
manipulation.

Summary

Our findings contribute to a growing body of evidence that
suggest the plasticity of cognitive biases in youth. This
malleability can be achieved through a computerised pro-
cedure involving repeated exposure to the reinforced
positive and negative resolution of imagined ambiguous
situations. Given the scale of adolescent anxiety and its
impact, fresh innovations for therapy are in demand.
However future research first needs to address the potential
long-term clinical benefits of CBM-I training more
rigorously.
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