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Working Memory Training and CBT
Reduces Anxiety Symptoms and
Attentional Biases to Threat: A
Preliminary Study

Julie A. Hadwin* and Helen J. Richards

Developmental Brain-Behaviour Laboratory, School of Psychology, University of Southampton, Southampton, UK

Research indicates that cognitive processes linked to the detection of threat stimuli are
associated with poor attentional control, placing children and adolescents at increased
risk for the development of anxious affect. The current study aimed to provide preliminary
data to assess whether an intervention designed to improve attentional control (via
working memory; WM) would lead to better performance in tests of WM and would
be associated with positive changes in symptoms of trait and test anxiety, increased
inhibitory control and reduced attention to threat. Forty adolescents aged 11-14 years
who reported elevated anxiety and low attentional control were randomly allocated
to a WM training or an active cognitive behavioural therapy (CBT) control group.
Post intervention, WM training was associated with greater improvements (versus.
CBT) in trained WM tasks. Both groups, however, reported fewer anxiety symptoms,
demonstrated increased inhibitory control and a reduction in attentional biases to threat
post intervention and these results were maintained at follow up. The study provides
indicative evidence which suggests that WM training has similar benefits to a more
traditional CBT intervention on reduced anxiety and attentional biases for threat. Future
research should aim to replicate the findings in a large sample size and explore the
broader impact of training on day-to-day functioning. In addition, further research is
needed to identify which participants benefit most from different interventions (using
baseline characteristics) on treatment compliance and outcome.

Keywords: anxiety, working memory, attentional control, intervention, attentional bias to threat, randomized
control trial

INTRODUCTION

Research suggests that clinical levels of anxiety are experienced by 2-15% of children and
adolescents (Rapee et al., 2009). Anxiety follows a chronic pathway through development and is
associated with several negative outcomes including lowered attendance at school (Richards and
Hadwin, 2011; Wood et al., 2012), educational underachievement (Owens et al., 2008), poor peer
relationships (Asendorpf et al., 2008) and increased risk for further mental and physical health
difficulties (Roza et al., 2003). Researchers recognize that increased recruitment of attentional
processes linked to regions of the prefrontal cortex (PFC) are important in the regulation of
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negative affect (e.g., Banks et al., 2007; Hare et al., 2008; review
by Graham and Milad, 2013). Theoretical frameworks of anxiety
have increasingly focused on poor attentional control as one
cognitive mechanism involved in the onset and maintenance of
anxious affect (Eysenck and Calvo, 1992; Eysenck et al., 2007).

Cognitive theories aim to understand the nature and
impact of anxiety-related impairments in attentional control on
performance in cognitive tasks and on attention in daily life.
Attentional Control Theory (Eysenck et al., 2007; Eysenck and
Derakshan, 2011) for example, proposes that anxiety impacts
core cognitive processes linked to inhibitory control (to resist
interference from non-relevant distractors), set shifting (to move
attention between relevant information or location) and updating
information in WM (to remember and revise material for
further processing). It suggests that the negative association
between anxiety and cognition is most evident when attentional
resources are directed toward external or internal threatening
stimuli. Related theories similarly propose that elevated anxiety
is associated with increased attention towards threat stimuli (e.g.,
Bar-Haim et al., 2007). Researchers have also argued that the
allocation of attention to threat in anxiety leads to subsequent
avoidance that works to help individuals regulate feelings of
negative affect in the short term (Mogg and Bradley, 1998).

A substantial body of research has shown that children
and adolescents with elevated anxiety rapidly focus attention
on threat stimuli and demonstrate difficulties inhibiting task-
irrelevant threat (Hare et al, 2008; Hadwin et al, 2009;
Nightingale et al., 2010; Waters et al., 2012; review by Dudeney
et al,, 2015). Further research has found evidence of threat
avoidance in childhood (Stirling et al., 2006) and adult anxiety
(Horley et al., 2004). Attention processes associated with anxious
affect have also been shown to predict anxiety over time in
development. For example, poor attentional control at 6 years
of age was associated with high stable and increasing anxiety
trajectories across middle to late childhood (Duchesne et al,
2010). In addition, threat biases to angry (versus happy faces;
as indicated in enhanced N170 amplitudes) were found to
predict increased anxiety over time in children aged 5-7 years
(O’Toole et al, 2013). Further studies have found that good
attentional control moderates threat biases in anxiety. Susa et al.
(2012), for example, found that a positive association between
anxiety and attentional bias to threat was only evident in 9-14-
year-old participants who reported low (versus high) levels of
attentional control (see also Lonigan and Vasey, 2009 for similar
results).

Attention bias modification (ABM) techniques were
developed to reduce attentional biases to threat in anxiety
using experimental paradigms that direct attention away from
threatening stimuli or toward positive stimuli and where the
overall aim is to reduce symptoms of anxious affect. Recent
studies have found that ABM leads to reductions in attentional
biases for threat and anxiety symptoms in children and
adolescents (e.g., Rozenman et al., 2011; Eldar et al., 2012). For
example, Eldar et al. (2012) conducted a randomised controlled
trial (RCT) where participants aged 8-14 years completed four
sessions of ABM (versus a placebo condition) over a 4 week
period. The results showed reductions in attentional threat bias

and clinician reported anxiety across the intervention period
in the ABM (versus the placebo) group. Although significant
reductions in parent and child report anxiety occurred across
both groups. While a recent review outlined that further research
is needed to understand the effectiveness of ABM in the reduction
of anxiety (Lowther and Newman, 2014), studies have provided
preliminary support for the development of interventions in
children and adolescents to target anxiety symptoms via reduced
attention to threat.

Further interventions have aimed to increase attentional
control to reduce symptoms of psychopathology in development.
These have largely focused on increasing WM capacity to impact
inattention symptoms in children and adolescents diagnosed
with attention deficit hyperactivity disorder (e.g., Beck et al,
2010; see review by Rabipour and Raz, 2012). WM is defined
as a limited capacity system made up of the phonological
loop, the visuospatial sketchpad (processing verbal versus visual
and spatial information respectively), the central executive and
the episodic buffer (suggested to act as an interface between
current cognitive processing with information stored in long
term memory; Baddeley, 2003). The central executive component
of WM is proposed to form part of prefrontal processes that
underpin attentional control (Baddeley, 2003; Kane and McVay,
2012). WM training has been linked to increased activation in
prefrontal and parietal brain regions when completing WM tasks
(Klingberg et al., 2002; Olesen et al., 2003; review by Bunge and
Wright, 2007).

A recent review of training studies highlighted their utility
in improving WM as well as attentional control more broadly
(Jaeggi and Buschkuehl, 2014). Consistently, a recent meta-
analysis reviewed 622 studies using one WM training programme
(CogMed) and found evidence of moderate benefits (compared to
passive control groups post intervention) and small to moderate
benefits (between groups at follow-up) in WM capacity and
inattention in daily life as reported by parents and teachers
(Spencer-Smith and Klingberg, 2015"). Similarly, a meta-analysis
of WM and executive function training more broadly (versus
passive control groups) were reported to have beneficial effects
in older adults on training tasks and wider executive attention
(Karbach and Verhaeghen, 2014). Despite broadly positive
outcomes for WM training, other reviews have highlighted some
challenges within this literature linked to the longevity of effects
and transfer to novel WM tasks or intelligence more broadly
(Melby-Lervag and Hulme, 2013).

Few studies have examined the impact of WM training on
symptoms of negative affect. Owens et al. (2013) showed that WM
training in adults who reported elevated symptoms of depression
was associated with increased WM capacity (compared to a low
level active control group). This improvement was reflected in
greater event related potential (ERP) amplitudes as measured
in contralateral delay activity following the intervention and
where this component occurs around 300 ms after stimulus
onset and is argued to reflect increased retention of remembered

'Note that a comment posted in the same journal and following the publication
and re-analysis of data in this article argued that there was little evidence of WM
training on positive change in daily life (Dovis et al., 2015).
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items in visuospatial WM (see Ikkai et al., 2010). Consistent
with this finding, an intervention study in 12- to 13-year-olds
who were recognized to have social, emotional and behavioral
difficulties demonstrated that a WM intervention (compared
with a passive control group) increased performance in WM tasks
and improved attentional control more broadly (as measured in
a behavioral inhibition task). In addition, young people reported
fewer symptoms of test anxiety following the intervention
(Roughan and Hadwin, 2011). The possibility that a WM
intervention can lower negative affect has significant implications
for the development of translational research that increases
attentional control to enable regulation of emotion and to allow
individuals to meet goals in day-to-day life (see Bishop, 2007).

The current study aimed to provide preliminary data to
test the proposition that interventions that work to increase
attentional control (via improved WM) will have a positive
effect on anxiety symptoms and attentional processes associated
with negative affect (poor attentional control and attentional
capture or avoidance of threat stimuli; Legerstee et al., 2010;
Waters et al., 2012). Specifically, it assessed the impact of a
WM intervention in adolescents who reported elevated anxiety
symptoms and low attentional control. Previous work has reliably
established that WM interventions show positive outcomes
compared to passive control groups (review by Spencer-Smith
and Klingberg, 2015). In addition, several researchers have
highlighted that wait-list groups can overestimate treatment
effects (e.g., Cunningham et al., 2013). Therefore, the current
study compared a WM intervention to an active control group
based on cognitive behavioural therapy (CBT); a widely accepted
treatment of choice for anxiety (review by Cowart and Ollendick,
2010). Following previous research we anticipated that the
CBT intervention would reduce anxiety symptoms in young
people. We expected that the WM intervention should increase
performance in WM tasks and that it would have a broader
positive impact on key measures of attention (i.e., inhibitory
control and attentional bias to threat), as well as feelings of
anxious affect.

MATERIALS AND METHODS

Participants

Participants were 11-14 year olds from four secondary schools in
the UK. One thousand, five hundred and sixty young people were
invited to complete screening questionnaires and 640 individuals
agreed to participate with parental consent. The only exclusion
criterion was the documented presence of special educational
needs, leading to the exclusion of 14 young people. Following
exclusions and based on the screening inclusion criteria (see
below), we identified and approached 146 young people who were
eligible to take part and 40 individuals provided written assent
and written parental consent to participate. Participants (mean
age = 13 years, 0 months; 10 males; N = 36 White, N = 1
Asian and N = 3 Mixed Race.) were randomized to receive
one of the two interventions. Appendix A in Supplementary
Material outlines the flow of participants through each phase of
the study.

Measures
Screening Measures
Participants completed two self-report questionnaires to assess
anxiety and attentional control. Anxiety was measured using the
6-item generalized anxiety subscale from the Spence Children’s
Anxiety Scale (SCAS; Spence, 1998), with possible scores ranging
from 0 to 18. Internal consistency in the screened sample was
good (a0 = 0.84). We screened attentional control using a 9-item
questionnaire with possible scores ranging from 9 to 45; this
measure included the seven items from the attention subscale on
the Early Adolescent Temperament Questionnaire Revised (Ellis
and Rothbart, 2001) and two additional items used to assess WM
ability in a school or homework setting. The internal consistency
of the scale in the screened sample was acceptable (o = 0.73).
Individuals eligible to take part in the interventions scored
above average (T-score > 50) on the anxiety questionnaire based
on age and gender appropriate norms (scores of 6 or more for
males and 7 or more for females) and scored at or below the
median for the screened sample (Median = 31, n = 640) on
the attentional control questionnaire. In the final sample, 27
participants scored in the ‘elevated anxiety’ range on the SCAS
(T-score > 60, corresponding to scores of 9 or more) and 13
participants scored above average but below the elevated anxiety
level (T-score > 50). The mean anxiety score in the screened
sample (n = 640) was 5.79 (SD = 3.92, range = 0-18) and in the
intervention group the mean was 11.15 (SD = 3.52, range = 6-
17). Considering attentional control, respective means in the
screened and the intervention samples were 5.32 (SD = 5.32,
range = 15-44) and 26.50 (SD = 26.50, range = 20-31).

Outcome Measures

Outcome measures were completed at three time points: prior
to the intervention (Time 1 - T1); within 3 weeks after the
intervention (Time 2 — T2); between 3 and 4 months after the
intervention (Time 3 - T3)?.

Working Memory

We measured near WM ability (tasks that were similar to taught
tasks within the intervention) and distant WM ability (tasks
that were not similar to taught tasks). Near tasks included a
percentage correct composite score from the backward digit
recall subtest and a modified (backward) version of the block
recall subtest from the Working Memory Test Battery for
Children (Pickering and Gathercole, 2001) to assess verbal and
spatial WM, respectively. Participants heard a list of digits or saw
a sequence of blocks of increasing length and were asked to repeat
them in the reverse order.

Distant WM was assessed using the verbal and spatial versions
of the computerized 2-n-back task (Shackman et al., 2006). In
each task, an array of 34 letters was presented continuously for
an entire block of trials. Each trial began with the appearance of a
small square highlighting a subsection of the letters for 500 ms,
followed by a 3500 ms interval in which the letter array was

ZParticipants also completed outcome measures for academic achievement,
depression, and state and anxiety. The results associated with these measures were
not a focus of the current paper and are therefore reported in Supplementary
Analyses.
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presented without the small square, followed immediately by the
next trial. In the spatial task, participants pressed a button on each
trial to indicate whether the location of the square was the same
(matched trials) or different (mismatched trials) to the location
of the square presented two trials earlier. In the verbal version,
they indicated whether the type of letters inside the square was the
same or different to the square presented two trials earlier. Each
task included 18 matched trials and 54 mismatched trials. We
calculated a composite score across tasks based on the percentage
of accurate responses in the matched and mismatched trials.

Anxiety

The total score from the Revised Children’s Manifest Anxiety
Scale (RCMAS 2nd Edition; Reynolds and Richmond, 2008) was
used to assess anxiety. The scale is made up of 40 items assessing
physiological anxiety, worry and social anxiety. Participants
answer each item with a yes/no response, generating possible
scores from 0 to 40. The internal consistency for the total scale
in the current sample was excellent (o = 0.90, n = 40 at T1).

We used the total score from the Child Test Anxiety Scales
to measure test anxiety (Wren and Benson, 2004). This scale
includes 30 items to measure worry, physiological change and
behaviors associated with taking tests. Participants are asked to
indicate for each item (e.g., “I think most of my answers are
wrong”) whether they “almost never” (1), “some of the time” (2),
“most of the time” (3) “to almost always” (4) show that behavior.
The total score ranges from 30 to 120.

Inhibitory Control

Participants completed a computerized Stroop paradigm (Stroop,
1935) with 108 experimental trials. A trial consisted of a fixation
cross for 500 ms, followed by a single word (BLUE, YELLOW,
RED, or GREEN) or a horizontal string of Xs that disappeared
upon response, followed by a blank screen for 1000 ms. The
stimuli were typed in blue, yellow, red, or green font and
participants pressed a button as quickly as possible to indicate
the color of the font. There were three trial conditions presented
with equal frequency and in a random order: (1) Congruent
trials in which the word content and font color were matched;
(2) Incongruent trials in which the word content and font color
were mismatched; (3) Neutral trials in which participants were
presented with a string of Xs in colored font. The dependent
variable was an interference score in which mean RTs in the
congruent condition were subtracted from mean RTs in the
incongruent condition; positive scores indicate interference from
incongruent information.

Attentional Bias to Threat

Participants completed a computerized dot probe task (MacLeod
et al., 1986) consisting of 72 experimental trials. A trial started
with a fixation cross for 500 ms, followed by a pair of faces
presented for 500 ms, followed by a probe stimulus (two small
dots) in the location of one of the previous faces until response,
followed by a blank screen for 1000 ms. Participants indicated the
orientation of the small dots (horizontal or vertical) as quickly as
possible with a button press. The task included angry or neutral
expressions portrayed by four models (two male, two female)

from the NimStim set of facial expressions (Tottenham et al.,
2009). The pair of faces in each trial was either angry-neutral
(48 trials) or neutral-neutral (24 trials). There were three trial
conditions that occurred with equal frequency and in a random
order, where the probe replaced: (1) the angry face in angry-
neutral pairs (congruent trials); (2) the neutral face in angry-
neutral pairs (incongruent trials); (3) either of the faces in the
neutral-neutral pairs (neutral trials). The dependent variable was
an attentional bias score, calculated by subtracting the mean RT
in the congruent condition from the mean RT in the incongruent
condition; a positive score indicates a bias toward threat and a
negative score indicates a bias away from threat. Scores that tend
toward 0 indicate less interference from facial stimuli to meet task
goals.

IQ

An estimate of full scale IQ was generated at T1 only using
the matrix reasoning and vocabulary subtests from the Wechsler
Abbreviated Scale of Intelligence (Wechsler, 1999). In the
vocabulary subtest, the participant simultaneously hears and
sees a word and is asked to explain its meaning. In the matrix
reasoning subtest, participants are shown a matrix of visual
stimuli with one piece missing; they are required to select the
missing visual stimulus from five response options.

Interventions

Working Memory Training (Cogmed RM, Pearson)
Twenty participants were randomly allocated to the WM
training, which consists of 25 sessions completed 5 days per week
for 5 weeks; participants completing at least 20 sessions over
8 weeks are regarded as complying with training. Each 30-45 min
session includes eight computerized tasks that require visuo-
spatial or verbal WM. Each activity includes 15 trials and the
difficulty level (number of items to be remembered) is adjusted
trial-by-trial. The program generates an ‘index of improvement’
which provides a measure of the progress made on one verbal
and one visuo-spatial task over the training period. Previous work
indicates that the mean index of improvement for children aged
7-17 years is 27 (SD = 13; Cogmed Coaching Manual).

Thirteen participants (Mean age = 13 years, 0 months; two
male) met criteria for training compliance, attending a mean of
22.77 sessions (SD = 2.52, Range = 20-25) and achieving a mean
index of improvement of 22.62 (SD = 14.18, Range = 6-49).
Seven participants (Mean age = 13 years, 1 month; two male)
did not complete training due to low motivation, attending a
mean of 7.00 sessions (SD = 4.16, range = 1-15). Completers and
non-completers were compared on T1 measures and significant
differences between groups were observed for 1Q, #(18) = 2.95,
p = 0.009; IQ scores were significantly greater in the completers
(M = 100.08, SD = 5.91, range = 88-108) compared with the
non-completers (M = 92.29, SD = 5.02; Range = 86-99).

FRIENDS for Life (Barrett, 2005)

Twenty participants were randomly allocated to the CBT
intervention, which consisted of 10 one-hour sessions conducted
twice per week for 5 weeks. The intervention followed a manual
which incorporates small group activities on feelings, thoughts,
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relaxation techniques, problem solving and coping strategies.
Nineteen participants (Mean age = 12 years, 11 months; six
males) complied with training and attended a mean of 9.37
sessions (SD = 0.83, range = 8-10); one female participant did
not comply with training due to scheduling difficulties and low
attendance (n = 4 sessions).

Procedure

All aspects of the study were reviewed and approved by
the internal university ethics and research governance
procedures and complied with the ethical principles of the
British Psychological Society. The screening questionnaires were
administered in groups of 20-30 individuals during the school
day supervised by teaching staff. Participants recruited into the
interventions completed the outcome measures in two sessions
during the school day at each time point. After completing T1
measures, participants were matched into pairs based on their
RCMAS total anxiety scores. Using a computerized random
number generator, one member of each pair was allocated to the
WM group and the other member allocated to the CBT group by
the second author who was blind to the identity or characteristics
of the participants.

The WM training sessions were completed on a school or
home computer; a trained Cogmed coach monitored progress
following every completed session using the online system
provided by Cogmed. The coach met with all participants who
complied with training at least twice per week to provide
motivation and feedback on progress. The CBT sessions were
completed in small groups (4-6 individuals) in a classroom at
school, led by a researcher trained to run the FRIENDS for Life
program. Monetary reward were provided for both groups with
£1 awarded for every session completed and an additional £5
awarded for participants completing all sessions.

Data Analysis

For each outcome measure (WM, anxiety, attentional control
and attention to threat) we analyzed data between groups (WM,
CBT) and over Time (T1, T2, T3) using repeated measures
ANOVAs, where a group by time interaction would indicate a
differential impact of the interventions over time. Exploratory
data at T1 showed that IQ was correlated with WM scores
(r=10.47, p=0.01 and r = 0.37, p = 0.037 for near and distant
WM tasks respectively); therefore IQ was entered as a covariate
in all WM analyses. For all analyses we report effect sizes and
95% confidence intervals around group means. The reported
analyses are based on the participants who complied with training
(completer analysis). For non-completers (N = 8), an intention-
to-treat (ITT) analysis was also conducted for each outcome
variable using the last-observation-carried-forward method (see
Streiner, 2002). Five non-completers provided a full set of
outcome measures at T'1 only and the scores for these participants
were carried forward to T2 and T3. Three non-completers
provided outcome measures at all time points and these were used
in the ITT analyses. All findings reported below for the completer
analysis were replicated in the ITT analysis and these results are
therefore not reported further. All statistical tests were two-tailed
with an alpha level of 0.05.

RESULTS

Analyses were carried out to consider group differences in IQ
and between IQ with outcome variables. There was no group
difference in IQ (f < 1 and p > 0.05). Table 1 presents the
characteristics of the WM (n = 13) and CBT (n = 19) group at all
three time points; there were no significant differences between
the WM and CBT groups on any of the T1 measures in the
completer or ITT samples (all s > 1.5; ps > 0.1).

Training Effects

Working Memory (Near)

Analyses were carried out separately for the composite (spatial
and verbal) WM near and distant scores. The repeated measures
ANCOVA (controlling for IQ) on the percentage of trials correct
in the near WM tasks showed a significant effect of group
[F(1,29) = 6.15, p = 0.019, n%) = 0.18]° . The percentage of trials
correct was higher in the WM group (M = 55.16, SD = 8.73,
CI: 50.07 - 60.24) compared with the CBT group (M = 47.14,
SD = 1043, CI: 42.94 - 51.34). The main effect of time
approached significance [F(2,29) = 2.85, p = 0.066, n%, = 0.09],
indicating a lower percentage of trials correct at T1 (M = 47.16,
SD = 8.99, CI: 44.17 - 50.15) compared with T2 (M = 52.72,
SD = 12.81, CI: 48.98 - 56.46) and T3 (M = 53.56, SD = 11.89,
CI: 49.70 - 57.42) (T2 T3 ns.). The interaction between time and
group was significant [F(1,29) = 5.82, p = 0.005, n%) = 0.17],
highlighting group differences at T2 (M = 57.96, SD = 10.08,
CI:52.19 - 63.75 and M = 47.47, SD = 12.50, CI: 42.69 - 52.25
for the WM and CBT groups respectively) and T3 (M = 58.58,
SD = 10.53, CI: 52.61 - 64.55 and M = 48.54, SD = 10.98, CI:
43.60 - 53.48 for the WM and CBT groups) respectively. The
group difference at T1 (respective means: M = 48.92, SD = 7.04,
CI: 44.29 - 53.54 and M = 45.40, SD = 9.92, CI: 41.58 - 49.23
was not significant; see Figure 1). Within group analyses for time
were not significant for the WM group (F < 2.5, p > 0.1) or the
CBT group (F < 1,p > 0.1).

Working Memory (Distant)

The repeated measures ANCOVA (controlling for IQ) on the
percentage of trials correct in the distant WM tasks showed no
main effect of group or time (Fs < 1, p > 0.1). In addition, the
interaction between time and group was not significant (F < 1.5,
p > 0.1); see Figure 2. The mean accuracy scores for the WM and
CBT groups at T1, T2, and T3 were: 58.70, 68.61, 67.61, and 6.42,
64.41, 68.07; see Figure 1.

Anxiety Symptoms

For total anxiety symptoms the repeated measures ANOVA
showed a main effect of time [F(2,30) = 16.71, p < 0.001, T]IZ)
= 0.36], the mean anxiety scores at T2 (M = 15.47, SD = 8.26,
CI: 12.83 - 18.84) and T3 (M = 14.00, SD = 8.30, CI:10.90 —
17.10) were significantly lower compared with T1 (M = 19.96,
SD = 31, CI: 16.94-22.98) (T2 T3 ns following Bonferroni
correction). There was no main effect of group and no interaction

3A post hoc power calculation for two independent samples and for a sample
size of 13 for near WM tasks (related to mean T1T2 change in the WM group
(mean = 9.29) versus the CBT group (mean = 1.90) indicated a power of 0.91.
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TABLE 1 | Mean (SD) and range of working memory (WM) (% near and distant correct), anxiety symptoms, stroop interference score (ms), attentional
bias score (ms) at measures at time 1 (T1- pre-intervention), time 2 (T2 - post-intervention) and time 3 (T3 - follow-up) in the WM and CBT groups.

WM group** CBT group?*
T1 T2 T3 T1 T2 T3
M SD M SD M SD M SD M SD M SD
Working memory tasks
Near 49.39 7.04 58.69 10.08 58.97 10.53 45.07 9.91 46.97 12.49 48.27 10.98
Distant 59.40 17.37 69.41 14.93 68.37 15.27 59.94 10.16 63.86 13.16 67.54 14.60
Anxiety measures
Trait anxiety 21.92 7.33 17.76 7.15 14.00 7.30 18.00 8.76 13.89 8.78 14.00 9.09
Test anxiety 74.54 15.14 70.77 19.25 61.77 19.00 74.37 19.13 68.79 19.42 70.79 2411
Attention measures
Interference* 97.55 19.46 57.13 16.86 57.39 14.87 85.96 16.54 66.83 37.51 42.76 12.64
Both groups (n = 32)
T1 T2 T3
Bias toward® 44.61 35.63 6.42 41.03 —24.46 —24.46
Bias away —38.53 30.44 15.15 59.23 12.89 12.89

**N = 13 participants; *N = 19 participants, *interference scores indicate the RT (ms) differences between incongruent versus congruent trial (increased positive scores
reflect greater interference) and N = 18 participants completed the stroop test in the CBT group because one participant reported color blindness. @|ndicates bias toward

threat and bias away from threat collapsed across groups.

between group and time (Fs < 2.5, p > 0.1; see Figure 2).
With respect to test anxiety, the analysis showed a main effect of
time [F(2,30) = 4.73, p = 0.012, nf, = 0.14], highlighting more
reported symptoms of test anxiety at T1 (M = 74.43, SD = 17.35,
CI: 67.97 - 80.93) compared with T3 (M = 66.28, SD = 22.30,
CI: 58.12 — 74.44). There was no difference between T1 and T2
(M = 69.78, SD = 19.06, CI: 62.67 - 76.89) or T2 and T3 test
anxiety scores. There was no main effect of group (F < 1,p > 0.1).
The interaction between group and time approached significance
[F(2,30) = 2.45, p = 0.095, nlzJ = 0.08]; indicating that there
were no significant differences between any time point for the
CBT group. However, for the WM group, time differences were
evident between T3 with both other time points (T1 T2 ns; see
Figure 2).

Inhibitory Control

Task performance

A one way (stimulus type: congruent, incongruent, neutral)
repeated measures ANOVA on RTs in the Stroop task at T1
revealed a typical congruency effect. There was a main effect of
stimulus type [F(1.36,40.81) = 36.60, p < 0.001, 13 = 0.55],
where RTs were significantly longer in the incongruent condition
(M = 806.12 ms, SD = 133.13, CI = 757 - 854) compared with
the congruent (M = 715.29 ms, SD = 106.42, CI = 676 — 754,
p < 0.001) and neutral conditions (M = 741.87 ms, SD = 111.27,
CI = 701 - 782, p < 0.001). RTs in the congruent conditions
were also significantly faster than the RTs in the neutral condition
(p < 0.001).

The repeated measures ANOVA on interference scores
revealed no significant main effect of group and no interaction
between group and time (Fs < 1, all ps > 0.1). There was a main
effect of time [F(2,60) = 51, p = 0.003, nf) = 0.18] showing

significantly higher interference scores at T1 (M = 90.82 ms,
SD = 69.25, CI = 65 - 116) compared with T2 (M = 62.76,
SD = 59.99, CI = 41 - 85) and T3 (M = 48.90 ms, SD = 53.23,
CI = 29 - 68); see Figure 3.

Threat Bias

Task performance

A one way (probe position: congruent, incongruent, neutral)
repeated measures ANOVA was conducted on RTs in the dot
probe paradigm at T1 in order to understand baseline task
performance. The results revealed no significant effect of probe
position on RTs (F < 1, p > 0.1; congruent: M = 715.71 ms,
SD = 163.63; incongruent: M = 716.25 ms, SD = 163.42; neutral:
M =722.15ms, SD = 162.57).

Considering group differences and attentional bias to threat,
the results showed no effect of group [F(1,30) = 2.14, p = 0.12,
n%) = 0.02]. In addition, there was no main effect of time and
the interaction between time and group was not significant (in
both cases F < 1 and p > 0.1). The respective mean bias scores
(and SD) for threat for the WM and CBT intervention groups
at each time point was 15.97, (SD = 64.90, CI = —14.43 -

46.37), 17.23 (SD = 5194, CI = —11.93 - 46.38), —2.26
(8D = 59.75, CI = —33.03 - 28.51) and —10.01 (SD = 44.65,
CI = —3516 - 15.13), 6.85 (SD = 51.17, CI = —17.27 -

30.97), —6.24 (SD = 50.39, CI = —31.70 - 19.21). Further
exploration of the T1 attentional bias scores showed that across
the two intervention groups there were two types of participant
at baseline; those that attended toward threat (bias score > 0,
n = 15) and those that attended away from threat (bias score < 0,
n = 17). Therefore, analyses were run separately for the two
types of threat bias. Because sample sizes were small analyses
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were collapsed across groups to explore the effect of time on bias
scores.*

For the participants who attended to threat at T1, the ANOVA
revealed a main effect of time [F(2,28) = 8.26, p = 0.002,
nf) = 0.37], highlighting significantly higher bias scores at T1
(M = 44.63 ms, SD = 35.64, CI: 24.89 - 64.36) compared with
T2 (M = 6.42, SD = 41.03, p = 0.082, CI:—16.29 - 29.14) and
T3 (M = —24.46 ms, SD = 52.96, p = 0.008, CI: —53.78 -
4.68). Considering each time point separately, one sample t-tests
showed a significant bias toward threat at T1 [#(14) = 4.85,
p < 0.001], no bias at T2 (t < 1, p > 0.1) and a marginal trend
for a bias away from threat at T3 [t(14) = 1.79, p = 0.095; see
Figure 3]. For participants who attended away from threat at T1,
the repeated measures ANOVA revealed a main effect of time
[F(2,32) = 6.75, p = 0.004, nf, = 0.30] with significantly higher
(avoidant) bias scores at T1 (M = —38.36 ms, SD = 34.44, CI:

“Note that the addition of the group in both analyses did not change the main effect
of time and in both cases the main effect of group and the interaction between
group and time was not significant (all Fs < 1 and all ps > 0.1).

—56.07 - —20.65) compared with T2 (M = 15.16, SD = 59.24,
CL.—15.29 - 45.61) and T3 (M = 12.88 ms, SD = 48.93,
CI:—12.28 - 38.03). One sample t-tests indicated that there was
a significant bias away from threat for this group of participants
at T1 [#(16) = 4.59, p < 0.001], and no bias at T2 or T3 (ts < 1.5,
p > 0.1); see Figure 3.

DISCUSSION

The current study provides preliminary evidence to demonstrate
reductions in self-report anxiety symptoms, anxiety-related
cognitive biases for threat and increased inhibitory control
following WM and CBT interventions for adolescents who
reported elevated anxious affect and low attentional control.
In addition, the WM group showed better performance post
intervention on tasks similar to those that were trained,
compared to the CBT group. The findings link to previous
intervention studies which have found that adults with elevated
depression symptoms benefitted from a WM intervention to
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show improved performance on WM tasks (Owens et al,
2013). In addition, they are consistent with research which has
shown that young people with social and emotional behavioral
difficulties who showed increased performance on WM tasks,
better inhibitory control and fewer symptoms of test anxiety
after completing a WM training intervention compared with
a passive control group (Roughan and Hadwin, 2011). The
current study extends previous research to show reduced
attentional biases to threat following CBT and WM interventions.
The findings fit with a broader literature highlighting the
effectiveness of a WM training intervention on the reduction
of symptoms associated with developmental psychopathology
including inattention, hyperactivity and oppositional behavior
(e.g., Klingberg et al., 2005; Beck et al., 2010).

Consistent with previous studies, the findings reported here
showed reduced anxiety symptoms following a CBT intervention
(e.g., Stallard et al., 2008). A recent meta-analysis highlighted that
CBT is an effective treatment for anxiety reduction in children
and adolescents compared to wait-list control groups (James
et al., 2015). These authors noted, however, that few studies have
compared CBT to active control groups receiving other forms of
psychological intervention. The current study showed that the
magnitude of the reduction in anxiety symptoms did not differ
between the WM training and CBT intervention groups. They
provide tentative evidence to suggest that attentional training
could be a viable alternative or complementary intervention for
children and adolescents with elevated anxious affect. Moreover,
they fit with current studies suggesting that interventions
that focus on attentional processes in anxiety might provide
an important supplement to CBT and where this alternative
approach could be most effective for individuals who are not
responsive to more traditional treatment approaches (e.g., Bechor
et al.,, 2014; review by Lowther and Newman, 2014).

The current study extends previous research to demonstrate
that WM training and CBT led to increased inhibitory control
post-intervention. In previous studies, wait-list control groups
have shown relative stability in inhibitory control over a

3 months period (Roughan and Hadwin, 2011). Past research
has not typically considered the impact of CBT on measures
of attentional control. The current findings link to one study
with adults with a clinical diagnosis of obsessive—compulsive
disorder and who completed a CBT intervention. This group
of adults showed cognitive deficits in set shifting, non-verbal
memory and flexible behavior prior to treatment and these
difficulties were no longer evident following CBT (Kuelz
et al., 2006). In addition to improved inhibitory control, the
current study found that across both groups adolescents showed
reductions in attentional biases (characterized as biases toward
or away from threat stimuli), indicating increased attention
on task goals post intervention. This finding extends the
previous literature (e.g., Waters et al., 2012) to indicate that
reductions in attentional bias were not restricted to individuals
completing CBT, but were also evident following a WM
intervention.

Despite the growing emphasis on attentional control deficits
in cognitive models of anxiety (e.g., Eysenck et al., 2007)
and related research (Susa et al., 2012), the focus of recent
interventions has been on modifying attentional biases to
threat via ABM (e.g., Pérez-Edgar et al., 2014), rather than
on improving attentional control more broadly. The results
in the current study represent an important first step in the
development of attention based interventions for adolescents
who experience elevated anxiety. They suggest that biases
for threat can be impacted via improved attentional control
and in the absence of moderating attentional threat biases
directly. Because improved attentional control and a reduction
in threat biases was evident in both intervention groups, the
results suggest that positive changes in anxiety symptoms can
result from improved attentional control, as well as following
more traditional CBT. Research with larger sample sizes would
allow further examination of pathways to change via different
interventions.

The proposition that increased attentional control (via
WM training) can impact positively on anxiety symptoms

Frontiers in Psychology | www.frontiersin.org

February 2016 | Volume 7 | Article 47


http://www.frontiersin.org/Psychology/
http://www.frontiersin.org/
http://www.frontiersin.org/Psychology/archive

Hadwin and Richards

Working Memory Training and Anxiety

is consistent with a broader literature that has highlighted
the role of the PFC in emotional regulation (e.g., Davidson
et al., 2000). It also links to related studies that have found a
negative association between PFC activation with brain regions
linked to fearful responding, including the amygdala (Etkin
et al., 2006; Hare et al, 2008). For example, research has
demonstrated that adults who report elevated anxiety show
reduced ability to utilize attentional processes associated with
the PFC (including the Anterior Cingulate Cortex and the lateral
PFC) and where this pattern of activation is argued to maintain
threat biases in anxiety (Ohman, 2005; reviews by Bishop,
2007).

Previous research also suggests that the reduction in anxiety
symptoms following CBT has been associated with increased
activation of the PFC and associated improvements in emotional
regulation when completing cognitive tasks. One goal of CBT
is positive re-framing (Cowart and Ollendick, 2010). The
reduction in attention biases in the current study following
CBT links to studies which have found that positive re-
appraisal of negative stimuli is associated with increased
activation in the PFC and reduced activation in the amygdala.
For example, Ochsner et al. (2002) asked participants to
attenuate emotional responses to negative picture stimuli (versus
inspect them as they typically would). They showed that
brain activation in the Dorsolateral PFC was associated with
stimulus reappraisal and where this process was inversely
linked to amygdala activation (Ochsner et al., 2002; see also
Banks et al., 2007). Consistent with this finding, Maslowsky
et al. (2010) showed that following a CBT intervention young
adolescents with a primary diagnosis of generalized anxiety
disorder showed increased activation in the right ventrolateral
PFC and the authors argued that this activation reflected top-
down regulation of negative emotion following treatment. To
understand mechanisms of change, future research using WM
and CBT interventions would benefit further from exploring
neurocognitive change following treatment (e.g., Owens et al.,
2013).

The current study had a number of further strengths.
The inclusion of a 3-months follow-up assessment was
important in highlighting that improvements on all outcome
measures were maintained over an extended period of time.
A further notable finding of the current study was to identify
baseline characteristics associated with drop-out from the WM
intervention. The results indicated that completion of the WM
intervention was particularly challenging for individuals with
lower 1Q, raising the possibility that a reduction in the intensity
of the intervention (i.e., the frequency and duration of sessions)
could be beneficial for some young people. While this finding
was important, the challenges associated with the WM group led
to the attrition rate being higher than the CBT group. Although
there were no differences on baseline measures between the
individuals completing each intervention, we cannot rule out
the possibility that the WM group represented a particularly
motivated group who were able to overcome the challenges of
the WM training (see Jaeggi and Buschkuehl, 2014). A further
limitation in the current study was the absence of a wait-
list control group. Previous research has consistently shown

benefits of WM and CBT training versus passive control groups
(James et al., 2015; Spencer-Smith and Klingberg, 2015) and
researchers have argued that their inclusion can exaggerate
treatment effects (Cunningham et al., 2013). However, the
inclusion of a passive control group in the context of scoping
trials does have some benefit in understanding the stability of
outcome attentional measures over time and in the absence of an
intervention. These limitations highlight the need for larger scale
studies with increased sample sizes to account for high attrition
rates and that include WM, active control and passive control
groups.

One further difficulty in the current study was the lack
of generalization of WM training to untrained WM tasks.
A recent meta-analysis concluded that there was evidence
of reliable near transfer effects on measures of verbal and
visuospatial WM in the short term after training; however,
there was no evidence of distant transfer effects on measures
of cognitive ability or educational achievement (Melby-Lervig
and Hulme, 2013). It is possible that the current distant
WM tasks utilized in the current study were not sensitive
to differences between interventions, therefore, future research
should aim to ensure that a range of untrained tasks is
included in the evaluation of WM interventions. In addition,
the current study focused on trait measurements of anxiety.
And Supplementary Analysis revealed a mixed profile on
outcomes linked to additional measures of negative affect and
educational achievement. Though preliminary, they showed
no effect of either intervention on self-report state anxiety,
though some positive change in symptoms of depression and
achievement scores in both groups. Consistent with theoretical
accounts of anxiety, a recent review argued that state anxiety
can moderate the impact of trait anxiety on attentional tasks,
making it an important index of treatment outcome (Robinson
et al.,, 2013). Moreover, it highlighted the complex association
between anxiety and performance on WM tasks and where
better performance can reflect increased individual effort and/or
task cognitive load (see also Eysenck and Derakshan, 2011).
Future research should aim to capture potential performance
moderators using objective measures of effort and emotional
regulation.

CONCLUSION

The current study outlines preliminary data which indicates
that both WM and CBT interventions were effective in
reducing anxiety symptoms in young people. While the
study reflects a small sample size, its findings support the
notion of a “proof of concept” in training WM (Gathercole
et al, 2012) that indicate a broader positive impact on
increased inhibitory control and attentional biases for threat.
The novel findings should encourage the use of larger scale
replication RCTs in clinical and educational settings that
place greater emphasis on understanding the key mechanisms
of change, as well the impact of baseline characteristics on
attrition and treatment outcomes (Jaeggi and Buschkuehl,
2014).

Frontiers in Psychology | www.frontiersin.org

February 2016 | Volume 7 | Article 47


http://www.frontiersin.org/Psychology/
http://www.frontiersin.org/
http://www.frontiersin.org/Psychology/archive

Hadwin and Richards

Working Memory Training and Anxiety

AUTHOR CONTRIBUTIONS

Both authors made substantial, direct and intellectual
contribution to the work, and approved it for publication.

ACKNOWLEDGMENTS

This research was supported by funding from Action Medical
Research (award number SP4598). We would like to thank
CogMed (Pearson) for access to training software and
training and members of the Developmental Brain-Behaviour

REFERENCES

Asendorpf, J. B., Denissen, J. J., and van Aken, M. A. (2008). Inhibited and
aggressive preschool children at 23 years of age: personality and social
transitions into adulthood. Dev. Psychol. 44, 997-1011. doi: 10.1037/0012-
1649.44.4.997

Baddeley, A. D. (2003). Working memory: looking back and looking forward. Nat.
Rev. Neurosci. 4, 829-839. doi: 10.1038/nrn1201

Banks, S. J., Eddy, K. T., Angstadt, M., Nathan, P. J., and Phan, K. L. (2007).
Amygdala—frontal connectivity during emotion regulation. Soc. Cogn. Affect.
Neurosci. 2, 303-312. doi: 10.1093/scan/nsm029

Bar-Haim, Y., Lamy, D., Pergamin, L., Bekermans-Kranenburg, M. J., and van
IJzendoorn, M. H. (2007). Threat-related attentional bias in anxious and
nonanxious individuals: a meta-analytic study. Psychol. Bull. 133, 1-24. doi:
10.1037/0033-2909/133.1.1

Barrett, P. (2005). FRIENDS for Life: Workbook for Youth. Bowen Hills: Australian
Academic Press.

Bechor, M., Pettit, ]. W, Silverman, W. K., Bar-Haim, Y., Abend, R., Pine, D. S.,
et al. (2014). Attention bias modification treatment for children with anxiety
disorders who do not respond to cognitive behavioural therapy: a case series.
J. Anxiety Disord. 28, 154-159. doi: 10.1016/j.janxdis.2013.09.001

Beck, S. J., Hanson, C. A., Puffenberger, S. S., Benninger, K. L., and Benninger,
W. B. (2010). A controlled trial of working memory training for children
and adolescents with ADHD. J. Clin. Child Adolesc. Psychol. 39, 825-836. doi:
10.1080/15374416.2010.517162

Bishop, S. J. (2007). Neurocognitive mechanisms of anxiety: an integrative
account. Trends Cogn. Neurosci. 11, 307-316. doi: 10.1016/j.tics.2007.
05.008

Bunge, S. A., and Wright, S. B. (2007). Neurodevelopmental changes in working
memory and cognitive control. Curr. Opin. Neurobiol. 17, 243-250. doi:
10.1016/j.conb.2007.02.005

Cowart, M. J. W., and Ollendick, T. H. (2010). “Attentional biases in children:
implications for treatment;” in Information Processing Biases and Anxiety: A
Developmental Perspective, eds J. A. Hadwin and A. P. Field (Chichester:
Wiley-Blackwell), 297-319.

Cunningham, J. A, Kypri, K, and McCambridge, J. (2013). Exploratory
randomized controlled trial evalutating the impact of a waiting list
control design. BMC Med. Res. Methodol. 13:150. doi: 10.1186/1471-228
8-13-150

Davidson, R. ., Jackson, D. C., and Kalin, N. H. (2000). Emotion, plasticity, context,
and regulation: Perspectives from affective neuroscience. Psychol. Bull. 126,
890-909. doi: 10.1037/0033-2909.126.6.890

Dovis, S., Agelink van Rentergem, J., and Huizenga, H. M. (2015). Does cogmed
working memory training really improve inattention in daily life? A reanalysis.
PLoS ONE 10:€85992.

Duchesne, S., Larose, S., Vitaro, F., and Tremblay, R. E. (2010). Trajectories of
anxiety in a population sample of children: clarifying the role of children’s
behavioral characteristics and maternal parenting. Dev. Psychopathol. 22, 361-
373. doi: 10.1017/S0954579410000118

Dudeney, J., Sharpe, L., and Hunt, C. (2015). Attentional bias towards threatening
stimuli in children with anxiety: a meta-analysis. Clin. Psychol. Rev. 40, 66-75.
doi: 10.1016/j.cpr.2015.05.007

Laboratory at the University of Southampton for comments
and advice on the development and analysis of this research.
The current trial was registered and assigned an ISRCTN:
http://www.isrctn.com/search?q=ISRCTN55164794

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: http://journal.frontiersin.org/article/10.3389/fpsyg.
2016.00047

Eldar, S., Apter, A, Lotan, D. Edgar, K. P, Naim, R, Fox, N. A,
et al. (2012). Attention bias modification treatment for pediatric anxiety
disorders: a randomized controlled trial. Am. J. Psychiatry 169, 213-220. doi:
10.1176/appi.ajp.2011.11060886

Ellis, L. K., and Rothbart, M. K. (2001). Revision of the Early Adolescent
Temperament Questionnaire. Poster presented at the 2001 Biennial Meeting of
the Society for Research in Child Development, Minneapolis, MN.

Etkin, A., Egner, T., Peraza, D. M., Kandel, E. R, and Hirsch, J. (2006).
Resolving emotional conflict: a role for the rostral anterior cingulate
cortex in modulating activity in the amygdala. Neuron 51, 871-882. doi:
10.1016/j.neuron.2006.07.029

Eysenck, M. W., and Calvo, M. G. (1992). Anxiety and performance: the processing
efficiency theory. Cogn. Emot. 6, 409-434. doi: 10.1080/026999392084
09696

Eysenck, M. W., and Derakshan, N. (2011). New perspectives in attentional control
theory. Pers. Individ. Dif. 50, 955-960. doi: 10.1016/j.paid.2010.08.019

Eysenck, M. W, Derakshan, N., Santos, R., and Calvo, M. G. (2007). Anxiety and
cognitive performance: attentional control theory. Emotion 7, 336-353. doi:
10.1037/1528-3542.7.2.336

Gathercole, S. E., Dunning, D. L., and Holmes, J. (2012). Cogmed training: let’s be
realistic about intervention research. J. Appl. Res. Mem. Cogn. 1, 201-203. doi:
10.1016/j.jarmac.2012.06.003

Graham, B. M., and Milad, M. R. (2013). “Prefrontal cortex regulation of emotion
and anxiety,” in Neurobiology of Mental Illness, 4th Edn, eds D. S. Charney,
P. Skar, J. D. Buxbaum, and E. J. Nestler (Oxford: Oxford University Press),
580-592.

Hadwin, J. A., Donnelly, N, Richards, A., French, C. C., and Patel, U. (2009).
Childhood anxiety and attention to emotion faces in a modified Stroop task.
Br. . Dev. Psychol. 27, 487-494. doi: 10.1348/026151008X315503

Hare, T. A., Tottenham, N., Galvan, A., Voss, H. U,, Glover, G. H., and Casey,
B. J. (2008). Biological substrates of emotional reactivity in adolescence during
a go-nogo task. Biol. Psychiatry 63, 927-934. doi: 10.1016/j.biopsych.2008.
03.015

Horley, K., Williams, L. M., Gonsalvez, C., and Gordon, E. (2004). Face to
face: visual scanpath evidence for abnormal processing of facial expressions
in social phobia. Psychiatry Res. 127, 43-53. doi: 10.1016/j.psychres.2004.
02.016

Ikkai, J., McCollough, A. W., and Vogel, E. K. (2010). Contralateral delay activity
provides a neural measure of the number of representations in visual working
memory. J. Neurophysiol. 103, 1963-1968. doi: 10.1152/jn.00978.2009

Jaeggi, S. M., and Buschkuehl, M. (2014). “Working memory training and transfer:
theoretical and practical considerations,” in New Frontiers of Multidisciplinary
Research in Steam-H, ed. B. Toni (Cham: Springer International Publishing),
19-43.

James, A. C., James, G., Cowdrey, F. A, Soler, A., and Choke, A. (2015). Cognitive
Behavioural Therapy for Anxiety Disorders in Children and Adolescents.
Hoboken, NJ: John Wiley & Sons Ltd.

Kane, M. J., and McVay, J. C. (2012). What mind wandering reveals about
executive-control abilities and failures. Curr. Dir. Psychol. Sci. 21, 348-354. doi:
10.1177/0963721412454875

Karbach, J., and Verhaeghen, P. (2014). Making working memory work:
a meta-analysis of executive-control and working memory training

Frontiers in Psychology | www.frontiersin.org

February 2016 | Volume 7 | Article 47


http://www.isrctn.com/search?q=ISRCTN55164794
http://journal.frontiersin.org/article/10.3389/fpsyg.2016.00047
http://journal.frontiersin.org/article/10.3389/fpsyg.2016.00047
http://www.frontiersin.org/Psychology/
http://www.frontiersin.org/
http://www.frontiersin.org/Psychology/archive

Hadwin and Richards

Working Memory Training and Anxiety

in older adults. Psychol. Sci. 25, 2027-2037. doi: 10.1177/09567976145
48725

Klingberg, T. Fernell, E, Olesen, P. ], Johnson, M. Gustafsson, P.,
Dahlstrom, K., et al. (2005). Computerized training of working memory
in children with ADHD: a randomized controlled trial. J. Am. Acad.
Child Adolesc. Psychiatry 44, 177-186. doi: 10.1097/00004583-20050200
0-00010

Klingberg, T., Forssberg, H., and Westerberg, H. (2002). Increased brain activity
in frontal and parietal cortex underlies the development of visuospatial
working memory capacity during childhood. J. Cogn. Neurosci. 14, 1-10. doi:
10.1162/089892902317205276

Kuelz, A. K., Riemann, D., Halsband, U., Vielhaber, K., Unterrainer, J., Kordon, A.,
et al. (2006). Neuropsychological impairment in obsessive compulsive
disorder: improvement over the course of cognitive behavioral treatment.
J. Clin. Exp. Neuropsychol. 28, 1273-1287. doi: 10.1080/138033905005
07246

Legerstee, J. S., Tulen, J. H., Dierckx, B., Treffers, P. D., Verhulst, F. C., and
Utens, E. M. (2010). CBT for childhood anxiety disorders: differential changes
in selective attention between treatment responders and non-responders.
J. Child Psychol. Psychiatry 51, 162-172. doi: 10.1111/j.1469-7610.2009.
02143.x

Lonigan, C. J., and Vasey, M. W. (2009). Negative affectivity, effortful control, and
attention to threat-relevant stimuli. J. Abnorm. Child Psychol. 37, 387-399. doi:
10.1007/510802-008-9284-y

Lowther, H., and Newman, E. (2014). Attention bias modification (ABM) as a
treatment for child and adolescent anxiety: a systematic review. J. Affect. Disord.
168, 125-135. doi: 10.1016/j.jad.2014.06.051

MacLeod, C., Mathews, A., and Tata, P. (1986). Attentional bias in emotional
disorders. J. Abnorm. Psychol. 95, 15-20. doi: 10.1037/0021-843X.9
5.1.15

Maslowsky, J., Mogg, K., Bradley, B. P., McClure-Tone, E., Ernst, M., Pine,
D. S, et al. (2010). A preliminary investigation of neural correlates of
treatment in adolescents with generalized anxiety disorder. J. Child Adolesc.
Psychopharmacol. 20, 105-111. doi: 10.1089/cap.2009.0049

Melby-Lervag, M., and Hulme, C. (2013). Is working memory training
effective? A meta-analytic review. Dev. Psychol. 49, 270-291. doi: 10.1037/a00
28228

Mogg, K., and Bradley, B. P. (1998). A cognitive-motivational analysis of anxiety.
Behav. Res. Ther. 36, 809-848. doi: 10.1016/S0005-7967(98)0g0063-1

Nightingale, Z. C., Field, A. P., and Kindt, M. (2010). “The emotional Stroop
task in anxious children,” in Information Processing Biases and Anxiety: A
Developmental Perspective, eds J. A. Hadwin and A. P. Field (Chichester:
Wiley-Blackwell), 47-75.

Ochsner, K. N, Bunge, S. A., Gross, J. J., and Gabrieli, J. D. E. (2002). Rethinking
feelings: an fMRI study of the cognitive regulation of emotion. J. Cogn. Neurosci.
14, 1215-1229. doi: 10.1162/089892902760807212

Ohman, A. (2005). The role of the amygdala in human fear: automatic
detection of threat.  Psychoneuroendocrinology 30, 953-958. doi:
10.1016/j.psyneuen.2005.03.019

Olesen, P., Westerberg, H., and Klingberg, T. (2003). Increased prefrontal and
parietal activity after training of working memory. Nat. Neurosci. 7, 75-79. doi:
10.1038/nn1165

O’Toole, L. J., DeCicco, J. M., Berthod, S., and Dennis, T. A. (2013). The
N170 to angryfaces predicts anxiety in typically developing children over
a two-year period. Dev. Neurosci. 38, 352-362. doi: 10.1080/87565641.2013.
802321

Owens, M., Koster, E. H. W., and Derakshan, N. (2013). Improving attention
control in dysphoria through cognitive training: transfer effects on working
memory capacity and filtering efficiency. Psychophysiology 50, 297-307. doi:
10.1111/psyp.12010

Owens, M., Stevenson, J., Norgate, R., and Hadwin, J. A. (2008). Processing
efficiency theory in children: working memory as a mediator between trait
anxiety and academic performance. Anxiety Stress Coping 21, 417-430. doi:
10.1080/10615800701847823

Pérez-Edgar, K., Taber-Thomas, B., Auday, E., and Morales, S. (2014).
Temperament and attention as core mechanisms in the early
emergence of anxiety. Contrib Hum Dev. 26, 42-56. doi: 10.1159/0003
54350

Pickering, S., and Gathercole, S. (2001). Working Memory Test Battery for Children
(WMTB-C). Harlow: Pearson Education Ltd.

Rabipour, S., and Raz, A. (2012). Training the brain: fact and fad in
cognitive and behavioural remediation. Brain Cogn. 79, 159-179. doi:
10.1016/j.bandc.2012.02.006

Rapee, R. M, Schniering, C. A., and Hudson, J. L. (2009). Anxiety disorders during
childhood and adolescence: origins and treatment. Annu. Rev. Clin. Psychol. 5,
311-341. doi: 10.1146/annurev.clinpsy.032408.153628

Reynolds, C. R., and Richmond, B. O. (2008). Revised Children’s Manifest Anxiety
Scale, 2nd Edn. North York, ON: Multi-Health Systems Inc.

Richards, H. J., and Hadwin, J. A. (2011). An exploration of the relationship
between trait anxiety and school attendance in young people. School Mental
Health 3, 236-244. doi: 10.1007/s12310-011-9054-9

Robinson, O. J., Vytal, K., Comwell, B. R., and Grillon, C. (2013). The impact of
anxiety upon cognition: perspectives from human threat of shock studies. Front.
Hum. Neurosci. 7:203. doi: 10.3389/fnhum.2013.00203

Roughan, L., and Hadwin, J. A. (2011). The impact of working memory training in
young people with social, emotional and behavioural difficulties. Learn. Individ.
Dif. 21, 759-764. doi: 10.1016/.1indif.2011.07.011

Roza, S. J., Hofstra, M. B., Van Der Ende, J., and Verhulst, F. C. (2003).
Stable prediction of mood and anxiety disorders based on behavioral and
emotional problems in childhood: a 14-year follow-up during childhood,
adolescence, and young adulthood. Am. J. Psychiatry 60, 2116-2121. doi:
10.1176/appi.ajp.160.12.2116

Rozenman, M., Weersing, V. R, and Amir, N. (2011). A case series of attention
modification in clinically anxious youths. Behav. Res. Ther. 49, 324-330. doi:
10.1016/j.brat.2011.02.007

Shackman, A. ], Sarinopoulos, I, Maxwell, J. S, Pizzagalli D. A,
Lavric, A., and Davidson, R. J. (2006). Anxiety selectively disrupts
visuospatial working memory. Emotion 6, 40-61. doi: 10.1037/1528-354
2.6.1.40

Spence, S. H. (1998). A measure of anxiety symptoms among children. Behav. Res.
Ther. 36, 545-566. doi: 10.1016/S0005-7967(98)00034-5

Spencer-Smith, M., and Klingberg, T. (2015). Benefits of a working memory
training programme for inattention in daily life: a systematic review
and metaanalysis. PLoS ONE 10:¢0119522. doi: 10.1371/journal.pone.0l
19522

Stallard, P., Simpson, N., Anderson, S., and Goddard, M. (2008). The FRIENDS
emotional health prevention programme: 12 month follow-up of a universal
UK school based trial. Eur. Child Adolesc. Psychiatry 17, 283-289. doi:
10.1007/500787-007-0665-5

Stirling, L. J., Eley, T. C., and Clark, D. M. (2006). Preliminary evidence for
an association between social anxiety symptoms and avoidance of negative
faces in school-age children. J. Clin. Child Adolesc. Psychol. 35, 440-445. doi:
10.1207/s15374424jccp3503_9

Streiner, D. L. (2002). The case of the missing data: methods of dealing with
dropouts and other research vagaries. Can. J. Psychiatry 47, 68-75.

Stroop, J. R. (1935). Studies of interference in serial verbal reactions. J. Exp. Psychol.
18, 643-662. doi: 10.1037/h0054651

Susa, G., Pitica, I., Benga, O., and Miclea, M. (2012). The self regulatory effect of
attentional control in modulating the relationship between attentional biases
toward threat and anxiety symptoms in children. Cogn. Emot. 26, 1069-1083.
doi: 10.1080/02699931.2011.638910

Tottenham, N., Tanaka, J. W., Leon, A. C.,, McCarry, T., Nurse, M., Hare,
T. A, et al. (2009). The NimStim set of facial expressions: judgments
from untrained research participants. Psychiatry Res. 168, 242-249. doi:
10.1016/j.psychres.2008.05.006

Waters, A. M., Mogg, K., and Bradley, B. P. (2012). Direction of threat
attention bias predicts treatment outcome in anxious children receiving
cognitive-behavioural therapy. Behav. Res. Ther. 50, 428-434. doi:
10.1016/j.brat.2012.03.006

Wechsler, D. (1999). Wechsler Abbreviated Scale of Intelligence. London: Pearson
Ltd.

Wood, J. J, Lynne, S. D., Langer, D. A, Wood, P. A, Clark, S. L,
Eddy, J. M. et al. (2012). School attendance problems, and youth
psychopathology: structural cross-lagged regression models in three
longitudinal datasets. Child Dev. 83, 351-366. doi: 10.1111/j.1467-8624.2011.0
1677 .x

Frontiers in Psychology | www.frontiersin.org

February 2016 | Volume 7 | Article 47


http://www.frontiersin.org/Psychology/
http://www.frontiersin.org/
http://www.frontiersin.org/Psychology/archive

Hadwin and Richards

Working Memory Training and Anxiety

Wren, D. J.,, and Benson, J. (2004). Measuring test anxiety in children: scale
development and internal construct validation. Anxiety Stress Coping 17, 227-
240. doi: 10.1080/10615800412331292606

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2016 Hadwin and Richards. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The
use, distribution or reproduction in other forums is permitted, provided the
original author(s) or licensor are credited and that the original publication in
this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Psychology | www.frontiersin.org

12

February 2016 | Volume 7 | Article 47


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://www.frontiersin.org/Psychology/
http://www.frontiersin.org/
http://www.frontiersin.org/Psychology/archive

	Working Memory Training and CBT Reduces Anxiety Symptoms and Attentional Biases to Threat: A Preliminary Study
	Introduction
	Materials And Methods
	Participants
	Measures
	Screening Measures
	Outcome Measures
	Working Memory
	Anxiety
	Inhibitory Control
	Attentional Bias to Threat
	IQ

	Interventions
	Working Memory Training (Cogmed RM, Pearson)
	FRIENDS for Life (Barrett, 2005)

	Procedure
	Data Analysis

	Results
	Training Effects
	Working Memory (Near)
	Working Memory (Distant)
	Anxiety Symptoms
	Inhibitory Control
	Task performance

	Threat Bias
	Task performance



	Discussion
	Conclusion
	Author Contributions
	Acknowledgments
	Supplementary Material
	References


