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Abstract

Background: Anxiety disorders are the most common mental health problem among youth, contribute to reduced
quality of daily life, and are associated with high rates of comorbidity. However, treatment rates for anxiety are very
low, causing a sizeable treatment gap. There is an immediate need to identify treatment interventions that are
effective, affordable, and can be delivered easily to the youth population. Cognitive Bias Modification (CBM) is one
potentially effective intervention that could reach youth on a large scale, especially when self-administered at
home. Thus, we aim to assess the benefit of CBM to treat youth anxiety. Further, we aim to test whether adding an
adherence promotion (AP) component to the CBM intervention can improve outcomes, and whether CBM
delivered both with and without the AP component is cost effective.

Methods: This is a 12-month randomized controlled trial (RCT) conducted within an existing healthcare system.
Potentially eligible youth (ages 12 to 17) will be identified by reviewing the electronic health record (EHR) for
clinical anxiety diagnoses, which are then confirmed via research interview. We aim to enroll 498 participants and
randomize them 1:1:1 to one of three arms: Arm 1 is a Low-Ratio version of the CBM program (nearly identical to
the other CBM versions, but minimally effective); Arm 2 is a High-Ratio “active” CBM program; and Arm 3 is the
High-Ratio CBM program with an added AP component. Participants will complete assessments at baseline, 1-, 3-,
6- and 12-months post-baseline. Youth in all three arms will self-administer the CBM program at home and will be
asked to complete twelve intervention sessions over a four-week period. Arm 3 participants (High-Ratio CBM + AP)
will also receive up to four telephone calls from phone coaches during the intervention period to provide technical
assistance, encouragement, and motivational enhancement to increase adherence. The primary clinical outcome
will be anxiety remission at 6-month follow-up.

Discussion: This study protocol describes the method and design for an RCT to test whether self-administered
CBM both with and without adherence promotion can be an effective at-home treatment for anxious youth.

Trial registration: ClinicalTrials.gov: NCT02156531, First Posted June 5, 2014.
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Background
Approximately 1 in 3 adolescents meet criteria for an anx-
iety disorder by age 18, making anxiety disorders the most
common mental health problem among youth [1]. These
disorders interfere with daily life, have high rates of med-
ical and psychiatric comorbidity [1, 2], are associated with
high health care costs [3, 4], and are comorbid with sub-
stance abuse, depression and functional impairment in
adulthood [5]. Additionally, anxiety has the lowest treat-
ment rate of any mental disorder in childhood and adoles-
cence [6, 7]; less than one-third of youth identified with
anxiety received any intervention [8]. This disparity be-
tween high prevalence and low treatment makes address-
ing this “care gap” a significant public health priority.
What treatments are known to be effective for youth

anxiety disorder? While there is a large body of evidence
supporting the efficacy of both cognitive behavioral ther-
apy (CBT) and medications such as selective serotonin re-
uptake inhibitors (SSRIs) for anxiety disorders, there are
significant patient, intervention, and organizational bar-
riers to youth receiving these evidence-based treatments
(EBTs). Youth experiencing anxiety disorders typically
have multiple psychosocial stressors and comorbidities [9]
that inhibit active engagement in CBT. CBT demands a
substantial time commitment on the part of both patient
and therapist, is expensive to deliver, and is not a widely
available treatment option due to the lack of qualified
therapists available (particularly in rural areas). Although
antidepressant (AD) medications are accessible and easier
to administer, significant barriers leading to treatment
nonadherence have been well documented, such as con-
cerns about adverse effects, fears of dependence, and the
often weeks- or months-long delay before therapeutic re-
sponse [10]. As a result, there is an immediate, unmet
need to identify and disseminate effective treatment inter-
ventions that are accessible, affordable, have few or no
negative side effects, and can be delivered easily to the
youth population.
One potentially effective anxiety intervention that

could reach affected youth on a large scale is computer-
ized Cognitive Bias Modification (CBM). The role of
cognitive bias in the development and maintenance of
anxiety has been well established from basic cognitive
research [11, 12]. Biased attention towards real or per-
ceived threat is associated with anxiety due to hypervigi-
lance, rumination, and inaccurate appraisal of risks. Past
research has shown that this biased attention towards
negative rather than positive or neutral stimuli increases
anxiety, and is related to generalized anxiety, social pho-
bia, and trait and state anxiety [13, 14]. CBM is one of
several related treatments that aim to retrain individuals
to focus attention on positive or neutral stimuli, rather
than negative or threatening stimuli. CBM is designed to
adjust attentional bias at this early stage of processing,

when patients are engaged in hypervigilance and over-
attention to threatening cues. At this early information
processing stage, training to focus attention away from
threat has been shown in early studies to reduce anxiety
symptoms [15–18]. The effects of CBM delivered under
optimal conditions have been shown to be similar in
magnitude to CBT and SSRI treatment for anxiety [15],
and shows promising results in reducing anxiety in adult
populations [18–22].
In youth populations, prior studies of CBM have

shown significant symptom improvement in both anx-
iety and depression when delivered in a lab-based or
residential treatment facility setting [15, 23–25]. How-
ever, because CBM is a self-administered computerized
program, one advantage is the ability to disseminate it to
patients at home, as it has a lower cost and time burden
to implement than in-person administration. However,
few studies have examined the effect of CBM in a real-
world setting. Therefore, it is critical to test this promis-
ing treatment in conditions similar to those in which it
could be eventually disseminated, as it is sometime the
case that intervention effects observed in highly con-
trolled trials diminish when evaluated in real world cir-
cumstances [26].
At least one study examined the efficacy of CBM deliv-

ered at home [22]. In that study, Carlbring and col-
leagues examined self-administered internet-based CBM
in a home setting in 79 adults with social anxiety. These
researchers did not find a significant difference between
groups at post-treatment and 4-month follow-up. Neu-
bauer and colleagues [27] also failed to find a benefit of
Internet, home-delivered CBM versus the control condi-
tion at 4-month follow-up among their study of individ-
uals with social phobia (n = 56).
One explanation for the weaker effects in self-administered

CBM may be poor patient adherence when the intervention
is delivered at home when compared to staff-facilitated lab
settings. As a higher number of completed training
sessions is associated with larger effect sizes [28], and
in some studies, explicit staff-administered instructions
for completing the CBM sessions may improve efficacy
[29], another possible explanation for the lower efficacy
of self-administered CBM may be reduced dose.
While most previous research of self-administered CBM

has been conducted with adults, a number of studies have
examined self-administered CBM among anxious youth
[23, 24]. However, the effectiveness of self-administered
CBM among youth remains to be tested on a large-scale
basis. Therefore, to address these gaps in the literature, we
aim to conduct a large efficacy-effectiveness trial within
an existing health-care system to assess the benefit of
computerized CBM to treat youth (ages 12–17) with one
or more clinical and research-confirmed anxiety diagnosis.
We identify this trial as having an efficacy-effectiveness
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design because we implement rigorous research inclusion
criteria and outcome assessment, and will examine CBM
mediational mechanisms (efficacy features), but at the
same time we enroll participants who are seeking routine
clinical care for anxiety in a large active healthcare system,
have clinical anxiety diagnoses, and the intervention is
self-administered (effectiveness features). We aim to test
whether a telephone-based adherence promotion (AP)
program can improve adherence and CBM dose to
the levels obtained when CBM is delivered in labora-
tories. To our knowledge, this study will be the first
to test this added component. The AP protocol con-
sists of 1 to 4 brief telephone calls to provide explicit
instructions to complete the sessions, offering add-
itional support and motivational enhancement tech-
niques [30–32] when warranted, and problem-solving
barriers to completing the sessions.
We will conduct a randomized controlled trial of three

arms, each corresponding to different versions of the
CBM program: Low-Ratio CBM (Arm 1; a control/low
dose version of CBM), High-Ratio “conventional” CBM
(Arm 2), and High-Ratio CBM with AP (Arm 3). Ratio
refers to the proportion of CBM trials in each session
that are intended to retrain negative bias (details below).
All versions of the intervention will be self-administered
on participants’ home computers, as this would be the
setting of eventual dissemination of this intervention.
We hypothesize that the two High-Ratio CBM arms
(Arms 2 and 3) will lead to greater rates of remission for
anxiety diagnoses and greater improvement of symptoms
and functioning, compared to the Low-Ratio CBM condi-
tion (Arm 1). Additionally, we hypothesize that the High-
Ratio CBM with AP arm (Arm 3) will result in greater
rates of anxiety remission and symptom improvement,
compared to the High-Ratio CBM-only arm (Arm 2).
If we find that self-administered computerized CBM is

an effective treatment option in real world settings, it will
be important to consider whether broad dissemination
and implementation is feasible. To evaluate this, we will
compare the costs and outcomes of delivering High-Ratio
CBM both with and without the adherence promotion
component in an incremental cost effectiveness analysis.
Specifically, we will examine whether High-Ratio CBM
with AP will have benefits that warrant the additional cost
of implementation (i.e., the additional labor costs associ-
ated with the AP portion of the intervention).

Methods
Design
This study is approved by the Kaiser Permanente North-
west (KPNW) Internal Review Board (IRB) in Portland,
Oregon. This study is a randomized controlled trial
(RCT), with participants blinded to the type of CBM they
receive (low vs. high ratio) but not blinded regarding

receipt of AP contacts. All evaluators are blinded to
participant study condition.
Participants will be randomized via computer-programming

to one of three arms in a 1:1:1 ratio, stratified by age
at recruitment (< age 15 vs. > = age 15) and minority
status (white non-Hispanic vs. all others). Assignment
will be conducted with computer-generated random
block sizes of 6 or 9, masked from study staff.
Arm 1 is a Low-Ratio version of the CBM interven-

tion, nearly indistinguishable from the other CBM ver-
sion but with a lower proportion of trials that shift
attention to the neutral stimuli (details below). Arm 2 is
a High-Ratio CBM program, with a higher proportion of
trials shifting attention to the neutral stimuli. Arm 3 is
the same High-Ratio CBM program but with a compo-
nent consisting of adherence promoting (AP) telephone
calls from a study phone coach, from 1 to 4 total as
needed. All CBM programs are self-administered on par-
ticipants’ home computers.
The primary clinical outcome will be diagnostic remis-

sion at 6-month follow-up from all anxiety diagnoses
present at baseline, as confirmed by the Anxiety Disor-
ders Interview Schedule (ADIS) (see below). The second-
ary clinical outcomes will be the PARS, SCARED,
attention bias, depression (PHQ-9), psychopathology se-
verity (CGI-S), and psychosocial functioning (CGAS).
We will also determine whether there are differences in
treatment acceptability (PAQ) and satisfaction (CSQ-8).
Another secondary outcome will be cost-effectiveness of
the CBM intervention, as measured in incremental cost
per anxiety-free-day (AFD) and cost per quality adjusted
life year (QALY). Additional analyses will test whether
baseline CGI-S, PHQ-9 (depression), severity of cogni-
tive bias (ADP), gender, socio-economic status, and
race/ethnicity moderate the effect of the intervention on
the primary outcome. Additionally, we will test whether
attention bias mediates the effect of the intervention on
the 6-month remission rate and anxiety outcomes
(PARS and SCARED). Lastly, we will examine whether
CBM process variables (i.e., number of trials [dose], ac-
ceptable error rates, reaction time) is associated with
CBM outcomes.

Population and recruitment
Youth between the ages 12 to 17 years old will be en-
rolled from the KPNW healthcare organization, a large,
non-profit health maintenance organization in the Pa-
cific Northwest region of the USA. We aim to enroll a
total of 498 participants in the study.
Potentially eligible youth will be identified by review-

ing the healthcare organization electronic health record
(EHR) for anxiety diagnoses (general anxiety disorder
[GAD], anxiety disorder unspecified, or social phobia
[SP], and/or separation anxiety). These are not qualifying
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criteria themselves, but a preliminary case-finding stage
that identifies youth who are likely study eligible whom
we will approach for recruitment. This initial EHR stage is
meant to improve case-finding efficiency. Teen and parent
participants will be recruited by mail, with a follow-up
telephone call. Interested families will complete a brief,
initial phone screening interview to determine if they meet
preliminary inclusion and exclusion criteria. If preliminary
eligibility criteria are met, parents and youth will give con-
sent to participate in the full baseline assessment.
Inclusion criteria for this study include: age between

12 and 17 years old at enrollment; a research anxiety
diagnosis confirmed by the ADIS at the baseline inter-
view (see below); youth and parent able to complete as-
sessments in English; youth access to a Windows home
computer with Internet access. Exclusion criteria in-
clude: youth diagnosis of psychotic disorder; significantly
impairing learning disorder or processing problem, such
that completion of study procedures would be difficult;
ADHD (except if symptoms are stable and controlled by
medication for at least one month prior to enrollment);
or youth primary complaint of condition other than anx-
iety. Comorbid diagnoses leading to study exclusion will
be confirmed by reviewing the EHR.
We considered whether to require a minimum level of

cognitive bias at baseline as an inclusion criterion. Based
on the literature at the time of our proposal, higher pre-
treatment levels of negative bias were associated with
improved outcomes [33], although this question has
been little tested in anxious youth. Ultimately, we
elected to not require a minimum bias level, for several
reasons. First, the literature on this issue is suggestive
but not definitive, especially for youth. Second, the ef-
fectiveness nature of this trial argues for the broadest
inclusion possible with the most representative sample.
Third, including all youth regardless of baseline bias pro-
vided an opportunity to test this relationship in a very
large sample.

Assessments
After the preliminary screening call, interested and poten-
tially eligible participants will complete a baseline inter-
view where final eligibility is determined. All measures at
baseline will be administered to parent and youth partici-
pants over the phone, prior to randomization. See Table 1
for the assessment schedule.
Each assessment wave will take between 1 and 2 h each

for youth and parents to complete. Youth and parent
participants will complete four follow-up assessments:
“post-treatment” at the end of the active intervention
period one month after enrollment; and 3-month follow-
up, 6-month follow-up, and 12-month follow-up. Youth
will be asked to complete a single CBM session on their
home computer at the time of each follow-up assessment,

to measure negative bias rather than to reactivate the
intervention. Details on the study design and participant
flow are displayed in Fig. 1. Some measures (ADIS, PARS,
CSSRS, CGAS, CGI-S/CGI-I, and demographics) will be
administered by research evaluation staff over the phone,
while the remaining self-report measures will be com-
pleted online by the parent and/or youth through a study
web portal. In some cases when participants are unable or
unwilling to complete the phone interview or online as-
sessment, they may be mailed a survey packet to complete
at home instead.
To promote adherence and follow-up completion par-

ticipants receive Amazon gift certificates for completing
baseline and each planned follow-up. Assessment staff
made multiple calls to ppts to schedule or follow-up on
any missed assessments.
Research evaluation staff will be blinded to CBM allo-

cation and whether they receive AP calls. We have pro-
cedures to reduce the chance that research evaluation
staff are made aware of subjects’ status (i.e., data sent
from the participant’s performance on the CBM pro-
gram will be sent directly to the programmers’ server
and kept separate from the rest of the study data).

Measures
Youth anxiety
The Anxiety Disorders Interview Schedule for Chil-
dren (ADIS-C) [34, 35] is a semi-structured interview
developed to identify the presence, severity, and level of
interference of anxiety disorders in children aged 6–18
years old. It will be administered to youth and parents to
yield Diagnostic and Statistical Manual of Mental Disor-
ders (DSM) diagnoses of generalized anxiety disorder
(GAD), social phobia (SP), and/or separation anxiety
diagnoses needed to qualify for participation in the
study. The trial primary outcome was also derived from
this ADIS assessment: anxiety diagnosis remission at the
6-month follow-up. The ADIS will only be administered
at the baseline, 6-month, and 12-month interviews. Be-
fore conducting ADIS interviews, staff must reach a cri-
terion of 100% diagnostic correspondence with a senior
staff on two consecutive interviews. All interviews will
be digitally recorded; a random 10% of baseline assess-
ments completed by each evaluation staff will be re-
rated by a senior staff member.
The Pediatric Anxiety Rating Scale (PARS) [36] is a

secondary outcome measure. This 50-item measure inte-
grates youth and parent report of the severity of anxiety
symptoms, as well as related functional impairment. Sev-
eral versions of PARS scoring are available and used in
the literature. To allow for comparison with other simi-
lar studies, we will calculate a total PARS score as the
sum of items 2–7, with a total score ranging from 0 to
30 [37]. The PARS has high inter-rater reliability, fair
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internal consistency and test-retest reliability, conver-
gent and divergent validity, and sensitivity to treat-
ment effects [36, 38].
The Screen for Child Anxiety Related Emotional Dis-

orders (SCARED) [39] is a 41-item measure of anxiety
symptoms with youth- and parent-reported versions, with
scores of > 25 indicating significant anxiety (total range 0 to
82). The SCARED has been validated in diverse clinical and
community samples, with good internal consistency, and
has detected clinical improvement in randomized clinical
trials of treatment for youth anxiety [38]. We will examine
the SCARED as a secondary outcome in this trial.

The child avoidance measure – self (CAMS) and
parent (CAMP) [40] is an 8-item measure of a
child’s tendency to avoid behavior that may cause
fear, worry, or anxiety. Children are prompted with
“When I feel scared or worried about something …”
(or parents “When my child is faced with something
that makes him/her feel scared or worried …” ) and
asked to indicate their responses on each item using
a 4-point Likert-type scale (0 = almost never; 1 =
sometimes; 2 = often; 3 = almost always). Items are
intended to cover passive avoidance, delay, and ac-
tive refusal.

Table 1 Assessment Schedule

Measures Administration
time (mins)

Respondent Youth
or
Parent
Sx

Timepoints*

S T0 T1 T2 T3 T4

Phone eligibility screen 15 Y P Y x

Youth Anxiety measures

Anxiety Dx Interview Schedule-Child (ADIS-C)** 50 Y P Y x x x

Pediatric Anxiety Rating Scale (PARS) 15 Y P Y x x x x x

Screen Child Anxiety Relate Emotional Dx (SCARED) 10 Y P Y x x x x x

Child Avoidance Measure–Self Report (CAMS) 5 Y Y x x x x x

Child Avoidance Measure–Parent Report (CAMP) 5 P P x x x x x

Depression measures

Patient Health Questionnaire (PHQ-9) 10 P Y x x x x x

Patient Health Questionnaire (PHQ-9) (Parent self-report) 5 P P x x x x x

Other psychopathology, improvement measures

Clinical Global Improvement –Severity (CGI-S) 5 Y Y x

Clinical Global Improvement –Improvement (CGI-I) – Y Y x x x x

Psychosocial functioning, quality of life measures

Children’s Global Adjustment Scale (CGAS) – Y Y x x x x x

Healthcare services, economic measures

Child & Adolescent Services Assessment (CASA) 5–10 Y P Y x x x x

EQ5D 5 Y P Y x x x x x

Other measures

Demographics 5 P – x

State Trait Anxiety Inventory (STAI) – State 5 P P x x x x x

Peterson Pubertal Development Scale (PDS) 5 Y Y x

Insomnia Severity Index (ISI) 5 Y Y x x x x x

Participant Acceptability Questionnaire (PAQ) 5 Y P – x

Client Satisfaction Questionnaire (CSQ-8) 5 Y P Y x

U Rhode Island Change Assessment (URICA-S) 5 Y Y x x

Instrumental Variables (IV) 5 Y Y x

CBM session review 5 Y Y x

Treatment adherence and process data – – x x x x x

*Timepoints: S = Screening; T0 = Baseline; T1 = 1-month follow-up; T2 = 3-month follow-up; T3 = 6-month follow-up; T4 = 12-month follow-up
** Primary outcome, ADIS anxiety and depression modules only
**health care utilization data obtained from the HMO administrative data system
Dx = diagnoses/disorders, Sx = symptoms, Y=Youth, P=Parent, I=Interviewer
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Depression
Youth and parents will both report on youth depression
symptomatology on the Patient Health Questionnaire
(PHQ-9) [41, 42] which yields depression symptom totals
and a provisional DSM diagnosis. Parents will also
complete the PHQ-9 to report on their own symptoms of
depression. The PHQ-9 will be investigated as a secondary
outcome and as a potential moderator of CBM effects.

Other psychopathology, improvement
We will assess overall clinical status with the 7-point
Clinical Global Impression (CGI) Severity and CGI-
Improvement scales [42]. The CGI provides a brief

assessment of the patient’s overall psychiatric illness be-
fore and after initiating a medication or treatment. The
CGI-S measures the severity of illness and will be
assessed at baseline. At follow-up, the CGI-I will be used
as a complementary measure to assess improvement in
psychiatric illness after initiating treatment. A CGI-I
score of < 2 (very much or much improved) is consid-
ered a response to treatment.

Psychosocial functioning, quality of life
The Children’s Global Adjustment Scale (CGAS) [43]
is an adaptation of the Global Assessment Scale (GAS)
and will be used to assess psychosocial functioning.

Fig. 1 Participant Flow Diagram
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Research evaluation staff will rate the 100-point CGAS
where scores above 70 indicate normal functioning, and
scores less than 60 typically indicate the need for treatment.

Healthcare services, economic measures
Health Maintenance Organization (HMO) TAU health-
care services, including medications, will be obtained
from the HMO Electronic Health Record (EHR) sys-
tem through 12-month follow-up.
In order to capture any services youth may receive

outside the HMO, we will administer the Child and
Adolescent Services Assessment (CASA) [44]. The
CASA is a youth- and parent-report instrument de-
signed to assess the use of services by children ages 8
years to 18 years. The CASA includes 31 settings cover-
ing inpatient/outpatient visits, medications, and informal
services provided by a variety of child-serving providers
and sectors, and will be administered to collect data re-
garding non-HMO services. This instrument collects in-
formation on whether a service was ever used and more
detailed information (length of stay/number of visits,
focus of treatment) on services used in the recent past.
The EQ-5D [45, 46] is a 5-item measure that provides

a single index value for health-related quality of life. Re-
spondents rate their health state in five domains: mobil-
ity, self-care, usual activities, pain/discomfort, and
anxiety/depression. It has good performance properties
with anxiety disorders [47–49] and with children with a
variety of health conditions [50]. The EQ-5D will be ad-
ministered to parents and youth, to report on youth
symptoms.

Other measures
Demographic information will be obtained at baseline:
youth and parent age, birthdate, sex, race, ethnicity, reli-
gion, school status, health status, parent marital status,
family composition (i.e., parent’s marital status), and
socio-economic status (i.e., family income).
The State Trait Anxiety Inventory (STAI) [51] is a

40-item measure that assesses current and general feel-
ings of anxiety, completed by parents about their own
anxiety. There are two subscales, the State Anxiety Scale
(STAI-S), and the Trait Anxiety Scale (STAI-T). The
STAI-S will be administered to parents and asks how
they feel “right now” or “at this moment.” The 20 items
include measures of apprehension, tension, worry, and
nervousness, as well as measures of calmness, security,
and confidence. Each item is scored on a 1–4 scale and
all items are scored such that higher values indicate
greater anxiety. A total score ranging from 20 to 80 is
created by summing all 20 items.
The Peterson Pubertal Development Scale (PDS)

[52–54] is a self-administered, validated scale for puber-
tal development, including growth, changes in body hair,

skin, and voice (for boys) or breast development (for girls).
We will administer the abbreviated 5-item version. Each
item is scored from 1 (developmental characteristic/sign
not yet begun) to 4 (characteristic seems complete).
The Insomnia Severity Index (ISI) [55, 56] is a brief

7-item instrument that measures insomnia perception
over the last month. It will be administered to the youth
participants. The items comprise severity (difficulty fall-
ing asleep, staying asleep, and waking), satisfaction with
current sleep pattern, interference of daily function,
noticeability to others, and worry/distress caused by the
sleep problems. Each item is scored on a 5-point Likert
scale (range 0 to 4), with total score ranges from 0 to 28.
The Participant Acceptability Questionnaire (PAQ)

is a youth- and parent-reported measure of the interven-
tion acceptability and credibility, adapted from similar
scales used by the Research Units on Pediatric Psycho-
pharmacology. The PAQ asks about burden (e.g., bore-
dom), beliefs and expectations about the intervention,
and task comprehension.
The Client Satisfaction Questionnaire (CSQ-8) [57]

is a measure of healthcare satisfaction with services re-
ceived. Each item is scored from 1 to 4, for a total score
ranging from 8 to 32, with higher scores indicating
greater satisfaction with services. The CSQ will be given
to youth and parents and will be a secondary outcome.
The University of Rhode Island Change Assessment

(URICA) [58] is a 32-item readiness for change ques-
tionnaire. For this study, we used a shorter 12-item ver-
sion, with statements describing how a person might feel
when starting therapy or approaching problems in their
lives. Youth participants indicate the extent to which
they tend to agree or disagree with each statement. The
URICA will be administered to youth participants.
Instrumental Variables (IVs) are measures that may

permit an estimate of dose effect that is less biased than
raw dose-outcome analyses [59, 60]. Candidate IVs need
to be highly predictive of CBM dose but unrelated to
unobservable characteristics that would confound esti-
mates of the effect of CBM on outcomes. IVs will be col-
lected at baseline and will include the characteristics of
environment (e.g. privacy, location) where the youth
plans to use the computer for the intervention, and the
current use of electronic devices (e.g. hours of video
games played per day).

Interventions
Youth in all three arms will download one of two ver-
sions of the CBM program, depending on their study
condition, and install it on their home computers. Nei-
ther youth, parent or assessment staff will know what
CBM version is installed; all versions appear indistin-
guishable to users. Youth are asked to ideally complete
three intervention sessions per week over a four-week
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period (a goal of 12 sessions total). Youth in all three
study arms may receive non-research Treatment as Usual
(TAU) for anxiety and other conditions, as delivered by
the HMO or other healthcare providers. TAU may include
CBT, other psychotherapies, and/or medications. We will
collect data on receipt of TAU from the HMO’s EHR at
the study conclusion, augmented with information about
any services the youth may have received outside of the
HMO during the follow-up assessments.
CBM procedures. The Low-Ratio CBM condition

(Arm 1), and the two High-Ratio CBM conditions (Arms
2 and 3) share a common protocol for the delivery of the
intervention. After eligibility is determined from the base-
line assessment and the participant is randomized, they will
be given a link and unique code to install the internet-based
CBM program on their home computer. After registering
with the program, the youth will complete a practice session
over the phone with a study staff member. The same set of
stimuli will be used for all three conditions, making the
downloaded program appear identical to all users. Each
youth will be instructed to complete three 15-min sessions
per week for four weeks (12 sessions total). In each session,
youth view 160 trials of a computerized probe detection

task (simulated screenshots in Fig. 2). In each trial, two faces
are briefly displayed one above the other, from a standard-
ized set of 8 individuals. For all three CBM conditions, 80%
of trials consist of neutral and negative (disgusted) face
pairs, while the remaining 20% of trials consist of two neu-
tral faces. Following a 500ms presentation, the images dis-
appear and a letter probe (either “E” or “F”) is displayed in
the location where either the top or bottom face had just
been. Youth are instructed to decide whether the letter was
an “E” or an “F” with a left or right click of a mouse button.
Youth do not receive feedback indicating the accuracy of
their responses. In the 80% of High Ratio CBM trials (Arms
2, 3) where a neutral and disgusted face are present, the
probe (E or F) always replaces the neutral face. In this man-
ner, youth are trained to disengage their attention from
threat. In the Low-Ratio condition (Arm 1), the probe re-
places the neutral and disgusted faces with equal frequency
(50–50%) in the trials containing both types of faces, and
thus only minimal threat retraining occurs. The same li-
brary of stimuli is used for all training sessions. Images of
faces will be used, rather than emotional words, because fa-
cial stimuli have been used in previous CBM studies with
youths [24, 25, 61] and may control for differences in

Fig. 2 Cognitive Bias Modification (CBM) program screenshots
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youths’ reading ability. Moreover, faces are the most com-
mon stimuli in CBM, across disorder type [62].
Phone Coach Adherence Promotion (AP) (Arm 3

Only). AP procedures are intended to mimic the effects
of the nonspecific, yet likely important, support and in-
struction provided by research staff when CBM has been
traditionally delivered in laboratories. This includes
technical assistance with use of the program, support/
encouragement, motivational enhancement, and brain-
storming solutions to barriers to regular sessions. We
hypothesize that the addition of AP will lead to greater
participant adherence to the program and therefore bet-
ter clinical outcomes. In the first 4 weeks of each youth’s
enrollment, phone coaches will make between one and
four brief, 10–30min AP telephone calls to youth en-
rolled in the High-Ratio CBM +AP condition (Arm 3).
Coaches may also involve parents as appropriate. Call
frequency will be determined by need, primarily based
on the participant’s level of adherence to the CBM pro-
gram. Participants who complete at least 80% of required
sessions with a accuracy rate of 80% or higher will be
considered adherent to the program. Youth who are
most adherent to the protocol may receive only one or
two AP calls from their coach, whereas youth with in-
consistent or suboptimal use of the CBM program will
receive more calls, up to a total of four. Phone coaches
will receive automated adherence reports by logging into
the server that stores the session data (e.g., number of
trials, accuracy, reaction time). Phone coaches will use
these reports to determine the need for AP calls, and the
type of coaching they will provide (e.g., low accuracy rate
and short reaction time might suggest that youth should
slow down slightly to be more accurate). Calls do not
need to be once weekly, but may be concentrated (e.g.,
twice weekly for the first few weeks) in order to facilitate
participant engagement and maximize exposure to the
CBM program. Coaches will record the date, duration,
and content addressed in each call.
The phone coaches will provide the explicit rationale

and instructions for the CBM intervention [29], as well
as the “fear priming” instructions which encourage youth
to activate anxiety fears prior to each CBM session to
potentiate the effectiveness of CBM skills training [63].
The remaining content of phone coach calls will be indi-
vidualized to the needs/issues of each participant, but
will typically address: technical assistance (difficulty
downloading CBM program, registering, creating a user
account); encouragement and reinforcement for appro-
priate use; problem solving to overcome barriers and ob-
stacles to use; using brief motivational enhancement
techniques to encourage participants to use the program
[30–32]; and/or coaching and advice to ensure high
quality CBM sessions (e.g., conducting sessions at times/
locations where participants will not be interrupted). If

needed, phone coaches will also provide case-
management and referrals for emergent clinical issues
not addressed by CBM program (e.g., suicidality), al-
though they will explicitly not themselves provide any
psychosocial therapy for anxiety or any other issues.
CBM Session review questions will be asked of youth

at 1-month follow-up. Questions ask about the number
and length of sessions completed, which device was
used, and interruptions during session completion.

Treatment adherence and process data
CBM adherence data is also recorded automatically by
the CBM program as part of its delivery across all arms.
Number of sessions is calculated as the number of ses-
sions completed from baseline to the 1-month follow-
up. A session is defined as at least 160 completed trials.
Quality of participation includes: missing data due to
non-response, inaccurate responses (pressing random
buttons), and probe response latencies outside of the
task window (< 200ms, > 3500 ms). As a check on the
adequacy of our overall CBM implementation, we will
benchmark the quality of participant performance
against the CBM literature, for the total sample and by
arm. Number of trainings and participation quality are
also secondary outcomes, with the hypothesis that the
Adherence Promotion arm (Arm 3) will show superior
effects on anxiety due to an expected higher number of
CBM sessions.

Reliability ratings
Analysis plan

Data collection At each telephone assessment research
evaluation staff directly enter participant responses to in-
terviews (e.g., the ADIS) or clinician rating forms (e.g.,
the PARS) into a RedCap data entry system. For later
follow-up assessments, participants are given an oppor-
tunity to complete self-report measures directly on a
RedCap survey page. Entered data values are limited to
permitted ranges. This RedCap system is installed on the
research Center data servers and receives daily backup
along with all other research documents/databases.

Preliminary data evaluation Prior to conducting data
analyses, we will audit the data for completeness and
quality, including missing data. We will evaluate distri-
butions to ensure that they meet assumptions of planned
analyses (see below), including the detection of outliers.
We will use a two-tailed α = .05 for the analyses of the

primary outcomes. For the secondary outcomes, we will
account for multiple testing by controlling the false dis-
covery rate (10%) using the Benjamini–Hochberg pro-
cedure. All analyses will be carried out using the intent-
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to-treat principle by including all participants in analyses
and their original arm assignments.

Statistical analysis For each continuous outcome (anx-
iety symptoms [PARS, SCARED], depression [PHQ-9],
psychopathology severity [CGI-S], psychosocial function-
ing [CGAS]) we will test whether there are differences
between arms in the trajectories across time by fitting
growth curve models in a nested two-level hierarchical
linear model (HLM [64–66];).We will test the primary
outcome (anxiety remission based on ADIS-C) and the
CGI-I with a generalized form of HLM, using a logit link
and the binomial distribution. For all HLM models, the
first level of the model represents within-person vari-
ation and will include time as a predictor (3–5 time-
points, depending on the measure). The second model
level represents between-person variation and includes
dummy indicators for arm as the predictor variables.
A significant coefficient for arm on the slope of time
indicates (i.e., the cross-level interaction of arm by
time) that there are different trajectories across time
for each arm and will be followed with a graph to in-
terpret the interaction(s). Assuming that the trajector-
ies are nonlinear as is common in clinical trials (e.g.,
initial intervention effect upon completing the inter-
vention and maintenance period), we will use frac-
tional polynomials to estimate the most appropriate
function for time [67, 68]. We will test our primary
hypotheses using linear contrasts of the dummy vec-
tors representing treatment arm to determine whether
both High-Ratio CBM arms (2 and 3) have a different
trajectory than the Low-Ratio arm, and whether
High-Ratio CBM + AP (Arm 3) has a different trajec-
tory than High-Ratio CBM Only (Arm 2). Differences
at 1 month in acceptability (PAQ) and client satisfac-
tion (CSQ-8) will be tested with a one-way ANOVA
with treatment arm as the independent variable and
the same a priori contrasts described above.
We will conduct the moderator analyses by adding the

moderator and moderatorXarm product in the level-two
HLM equation discussed above. A significant coefficient
for the interaction term on the slope of time would indi-
cate a moderator effect and will be followed up with
graphs of the simple effects to determine the nature of
the effect modification.
We will test whether attention bias mediates between

treatment and the primary outcome (remission status),
by regressing Wk 2 attention bias on attention bias at
baseline and study arm indicators, and by regressing re-
mission status (using logistic regression) at one month
on attention bias at 2 weeks and study arm indicators.
Using the product coefficients approach to mediation
[69–71], we will use the resulting regression coefficients
and standard errors (SEs) to estimate the indirect effect.

Because SEs of the products of regression coefficients
are not normal, we will use bias-corrected bootstrapping
to estimate the SEs for the indirect effect [72].

Missing data Despite best efforts, we expect attrition
of ~ 10% by 1 month and ~ 15% by 12 months. We
will handle missing panel data using direct maximum like-
lihood (ML) [73–75], which uses all available data pro-
vided by a given participant. ML, like multiple imputation,
can provide valid inferences when data are “missing at
random” and are superior to other methods which are
limited to a more stringent assumption of “missing com-
pletely at random.”

Power analyses Preliminary to calculations, we con-
ducted a review of the adult and youth CBM anxiety lit-
erature to estimate plausible effect sizes. This included
the five adult RCTs [18–22], two youth RCTs, [23, 25]
and one youth case series [24]. To increase comparabil-
ity across studies, we calculated within-condition effect
sizes (ESs) for anxiety reduction associated with the vari-
ants of CBM most relevant for this proposal. For Low-
Ratio CBM, we found a mean ES of d = 0.52. For self-
administered CBM (often Internet delivered), we found
a mean ES of 0.82. Lab-administered CBM yielded a
mean ES of 1.39. Finally, CBM with a mix of lab and
self-administered sessions yielded a mean ES similar to
lab-based studies (mean d = 1.56). From this review we
(a) projected the within- and between-condition ES dif-
ferences we might expect in our proposed design and (b)
calculated the effective ES for each of our hypotheses of
clinical outcomes. For the comparison of the two High-
Ratio CBM conditions vs. Low-Ratio CBM, our review
suggests an estimated difference (Δ) ES of d = 0.73. We
conservatively powered this analysis for an ES Δ of 0.59,
approximately equivalent to an odds ratio of 2.90 [76].
To estimate the ES for the comparison of CBM+AP
and High-Ratio CBM, we looked to the literature for
estimates of the comparison of lab-administered vs. self-
administered CBM. This review suggests an estimated
ES Δ of d = 0.57. We chose to power the analysis for this
hypothesis with a conservative ES Δ of d = 0.37, which is
approximately equivalent to an odds ratio of 1.94 [76].
We conducted power analyses for the primary out-

come (via PASS software [77]) to generate the sample
required to detect the hypothesized contrasts in a logis-
tic regression model. For our main comparison of the
two High-Ratio CBM conditions versus Low-Ratio CBM,
with α = .05, we would have 80% power to detect a 20%
greater remission (odds ratio = 2.90) in arms 2 + 3 com-
pared to the Low-Ratio arm with 187 participants (n~ 63
per arm) at the 6-month follow-up. For the comparison
of the two High-Ratio CBM conditions, at an alpha level
of .05, we would have 80% power to detect a 16% greater
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remission (odds ratio = 1.94) in the CBM +AP arm com-
pared to the CBM only arm with 148 participants per
arm (N = 444 total) at the 6-month follow-up. We based
our target sample on the larger N needed to adequately
test this latter hypothesis (Arm 2 vs. Arm 3). To com-
pensate for the loss in precision from imputing data for
those lost to follow-up, we inflated the target sample size
based on an attrition rate of ~ 10% (N = 498, or n = 166
per arm). This is a conservative adjustment, as the SEs
from imputed data results will be less than the SEs from
a complete case analysis.

Economic analyses We will conduct incremental cost-
effectiveness analyses (CEA) following the methodology
recommended by the Panel on Cost-Effectiveness in
Health & Medicine [78] and methods used in prior CEAs
[79, 80]. For our primary CEA, we will take the health-
care organization perspective for 12months following
randomization, calculated from the EQ-5D as the clinical
outcome because this allows the broadest comparison to
other medical interventions, and is recommended by ex-
perts [78]. Although other perspectives, such as the
societal perspective, may be important to understand, the
healthcare perspective is particularly relevant when the
focus is on the healthcare system implementing the
intervention. The EQ-5D has been used in numerous
previous CEAs, including several with anxiety inter-
ventions [81–83]. However, QALYs may not capture
all relevant mental health clinical impacts [84–86].
Thus, we will also calculate incremental CEAs using
anxiety-free days (AFD) similar to previous anxiety
treatment CEAs [81–83, 87–89]. AFDs are one of the
most commonly employed outcomes in economic
analyses of anxiety treatments [87, 90–93], enabling
us to compare our economic results with the rest of
the field. As part of the economic evaluation, we will
also use instrumental variable methods to attempt to
better estimate the effect of CBM dose on QALYs
and cost, using potential instruments collected as part
of the baseline assessment.

Discussion
This paper describes the study protocol of a randomized
controlled trial (RCT) to assess the benefit of computer-
ized CBM to treat youth with anxiety. This RCT is con-
sidered a blended efficacy-effectiveness trial, in that it is
highly controlled with detailed, blinded assessments and
has a focus on possible treatment mechanisms, but is
also conducted in a real-life setting with youth who have
sought usual care services for anxiety and who have re-
ceived a clinical anxiety diagnosis. The primary aim of
this study is to assess whether self-administered CBM
can be successfully delivered as a self-administered treat-
ment at home, and whether High-Ratio CBM will

demonstrate clinical effectiveness. Further, we aim to as-
sess whether High-Ratio CBM with the AP component
will result in greater rates of anxiety remission than
High-Ratio CBM without AP. Finally, we aim to assess
whether self-administered CBM is cost effective to de-
liver to youth seeking anxiety treatment in a real-world
health-care setting.

Strengths
The study uses a rigorous control condition with a Low-
Ratio CBM design, which controls for the effects of time
and attention. The youth in all three arms will be asked
to complete the same number of sessions over the inter-
vention period, and in each session the youth view the
same number of trials. These features bring the rigor of
a classic efficacy design and permit confident attribu-
tions of outcome effects.
This study will have “effectiveness” elements (such as

recruitment via electronic medical records and self-
administration of CBM), which will allow us to enroll a
sample that is 10 times larger than other published CBM
trials. This study will be large enough to have the statis-
tical power to pursue a wide variety of substantive,
mechanistic, and economic analyses that smaller lab-
based studies could not address. However, the sample
will not be so large that we are unable to pursue a de-
tailed evaluation of clinical outcomes.

Limitations
Although self-administered CBM promises to be an eas-
ily disseminated treatment for anxiety, past results have
been mixed when CBM has been delivered outside of
the lab. It is possible that without any in-person staff
support, participants will not adhere to the protocol as
closely as if they were in the lab. However, the design of
the current study has attempted to address this potential
limitation by adding the telephone-based adherence pro-
motion arm to address these potential issues, which will
be the first to test the importance of this component. This
added component will add additional support provided by
research staff to give technical assistance with the use of
the program, support/encouragement, motivational en-
hancement, and brainstorming solutions to barriers. The
addition of AP in this trial will attempt to recreate some
of the support of in-person lab-based interventions, which
we hypothesize will lead to greater clinical effectiveness of
the self-administered CBM program.
Another potential limitation is that the control condi-

tion is itself an active treatment, albeit of a lower “dose”
of negative bias retraining opportunities. While this con-
trols for expectation bias and treatment exposure, it also
may prove to be a more a more difficult control condi-
tion for the High-Ratio CBM to overcome.
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The study is a mixed-blind design, where participants
are unaware whether they are being administered the
High- or Low-Ratio version of the CBM program. How-
ever, with the addition of the AP component in Arm 3,
it is impossible for the participants and phone coaches
in this arm to be blind to their condition. To address
this, we have taken measures to ensure that the research
evaluation staff remain blinded to participant condition
and complete assessments without knowledge of their
assignment, including whether a given participant is
receiving AP.
Our planned sample will have approximately 141 par-

ticipants in each arm at 12-month follow-up, accounting
for an expected attrition rate of 10%. A sample this size
is sufficient to detect expected clinical differences, but
will give us a less than optimal level of power to detect
differences in the cost effectiveness analyses which
ideally compare hundreds or thousands of cases per con-
dition. Although this is a limitation, the economic evalu-
ation will still provide useful information about the
likely effect size related to cost effectiveness for the
intervention and this information could help refine the
intervention in order to increase its potential for imple-
mentation in other health-care settings.
This self-administered CBM intervention overcomes

barriers to EBTs for anxiety such as cognitive behavioral
therapy and SSRI medication, as well as limitations to pre-
vious studies that require participants to attend a centrally
located clinic and complete sessions in a lab. The at-home
format of this intervention makes it uniquely easy to dis-
seminate, and this study will fill a gap in the literature by
comparing the costs and outcomes of delivering CBM
both with and without an adherence promotion compo-
nent. This will provide the information needed to consider
whether broad dissemination and implementation of this
intervention is feasible.
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