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Abstract: Behavioral Parent Training (BPT) traditionally occurs in face-to-face (FTF BPT). Recently,
Behavioral Intervention Technology (BIT) has been developed to deliver BPT in lieu of or as an
adjunct to FTF BPT using websites, computer software, smartphone applications, podcasts, pre-
recorded sessions, and teletherapy. The present meta-analysis reviews BIT BPT randomized control
and comparison studies to determine the overall efficacy of BITs, if the level of human support
significantly effects BIT BPT treatment outcomes, and which populations BIT BPT are effective for,
by analyzing the following study variables: socioeconomic status, race, and clinical population.
The analyses indicated that, overall, BIT BPT is an effective treatment (g = 0.62), and did not indicate a
significant difference between levels of human support (x? (3) = 4.94, p = 0.18). Analysis did indicate
a significant difference between studies that used waitlist or education control groups, compared to
studies that used active treatment controls (x2 (1) = 12.90, p = 0.00). The analyses did not indicate
a significant difference between clinical population, low socioeconomic status, and racial minority
studies. These findings provide preliminary evidence that BIT BPT is effective for treating child and
adolescent externalizing behavior in a variety of populations.

Keywords: Behavioral Intervention Technology; Behavioral Parent Training; child and adolescent

1. Introduction

Behavioral disorders are one of the most common reasons youth are referred to
psychotherapy (Egger and Angold 2006; Zisser and Eyberg 2010) and account 19.1% of
psychological disorders in youth, making it one of the most common youth psychological
disorders (Comer et al. 2013; Merikangas et al. 2010). These behaviors tend to occur in
adolescence (Fuentes et al. 2020) and may continue into young adulthood (Steinberg 2007).
If untreated, externalizing behavioral disorders lead to increased high school dropout rates,
higher rates of incarceration, increased unemployment, higher rates of substance abuse, and
lack of psychosocial maturity leading to increased emotional and interpersonal problems
(Able et al. 2007; Fuentes et al. 2020; Liu 2004; Steinberg 2007). Externalizing behavior
disorders account for significant medical and social financial costs. The cost per year, per
child is estimated to be $14,576 (Pelham et al. 2007) for attention deficit/hyperactivity
disorder and $12,547 and $6630 for conduct disorder and oppositional defiant disorder,
respectively (Foster et al. 2005).

Currently, the gold standard evidence-based treatment for externalizing disorders is
behavioral therapy conducted with the parents: Behavioral Parent Training (BPT) (Anil
Chacko et al. 2017; Chorpita et al. 2011; Farmer et al. 2002). Many children have primary
caregivers that are not their biological parents; however, based on the nomenclature utilized
in evidence-based treatment manuals and extant literature, all caregivers will be referred
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to as “parents”. Parenting and its relationship to child behavior is a long-researched topic.
BPT improves child behavior by providing parenting skills and knowledge to parents of
children, adolescents, and teenagers. BPT is based on the principle that parents are a main
source of influence on their children, particularly during childhood and adolescence, but
even once parent socialization is over (Gimenez-Serrano et al. 2021). Parenting research
has determined that factors, such as parental warmth versus strictness influence child
and adolescent behavior (Garcia et al. 2020; Musitu Ochoa et al. 2012). Parental warmth
is related to greater adjustment and competence (Garcia et al. 2020; Fuentes et al. 2015).
Subsequently, BPT interventions aim to increase parental warmth as a source of social
support for child (Desatnik et al. 2021; Grolnick et al. 2021), while also combining principles
of operant conditioning to promote desired behaviors.

There are a variety of existing face-to-face (FTF) BPT manuals with strong research
support, such as The Incredible Years (Webster-Stratton and Reid 2003), Parent Manage-
ment Training-Oregon Model (Forgatch and Patterson 2010), Parent-Child Interaction
Therapy (Eyberg et al. 1995), Triple-P Positive Parenting (Sanders 1999), and Helping the
Noncompliant Child (Forehand and McMahon 1981). Several meta-analyses on FTF BPT
for disruptive behavior disorders found effect sizes in the small to large range (e.g., Comer
et al. 2013; Lee et al. 2012; Leijten et al. 2013; Lundahl et al. 2006; Mingebach et al. 2018;
Maughan et al. 2005; Serketich and Dumas 1996).

Despite the strong evidence base and empirical evidence supporting BPT, there are
several barriers to accessing and participating in these interventions. Weisenmuller and
Hilton (2020) note that there are several systemic, cultural, and individual factors chal-
lenges that decrease access to BPT, particularly for underserved populations, such as low
socioeconomic status families and rural populations. Systemic barriers include both lack of
insurance that provides mental health care and an insufficient number of mental health
providers. Further, participants are reluctant to engage in treatment due to stigma and
conflicts with cultural and religious beliefs. Research found 25% of individuals referred to
BPT do not enroll; for those that do enroll, dropout rates are estimated to be 26%, result-
ing in an approximate attrition rate of 51% (Chacko et al. 2016; Nock and Ferriter 2005).
Research suggests that stigma (e.g., being perceived as a “bad parent”), gender factors
(e.g., being male in a primarily female group), low socioeconomic status, and lack of time
and resources are factors that contribute to higher rates of attrition (Chacko et al. 2016;
Mytton et al. 2014). Kazak et al.’s (2010) meta-systems analysis emphasized the importance
of developing evidence-based practices that are efficacious that are cost-effective and easy
to implement and disseminate. Therefore, while FTF BPTs are effective, there is a need
to evaluate evidence-based treatment delivered through technology to meet the needs of
mental health consumers, particularly for underserved groups.

Behavioral Intervention Technology (BITs) may mitigate these barriers to treatment
by providing BPT in a more accessible, engaging modality. BITs are technology designed
to treat psychopathology by modifying behavior (Mohr et al. 2013), and they include the
use of technology as a part of psychotherapy (e.g., smartphone applications, computer
programs, virtual reality, wearable technology, robots, video messaging, and electronic
messaging). There are several different types of BIT, which require varying levels of human
support and range from adjuncts to face-to-face (FTF) therapy to fully automated BIT. More
specifically, Munoz (2017) outlines the spectrum of BIT as traditional FTF therapy without
the use of technology, traditional FTF therapy with BIT as adjuncts, guided BIT with human
support as adjuncts, and fully automated BIT. Research suggests that BITs are used more
frequently, are more engaging, and have larger effect sizes when they have some level of
human support (Andersson and Cuijpers 2009; Baumeister et al. 2014; Day and Sanders
2017; Schueller et al. 2017). While human support may increase engagement and efficacy
of BITs, the level of human support impacts the cost and scalability of treatment (Schueller
et al. 2017).

Recently, BITs have been specifically designed to either complement or supplement
FTF BPT interventions. Both novel BIT BPT interventions have been created and FTF
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BPT have also been adapted to be delivered through BIT (e.g., Triple P was converted
to an online intervention, Triple P Online (TPOL); Sanders 1999). There are a variety of
randomized control trials evaluating Teletherapy, FTF BPT with BIT as adjuncts, BIT with
human support, and fully automated BIT: active and passive (Baker et al. 2017; Breitenstein
et al. 2016; Cefai et al. 2010; Comer et al. 2017; Dadds et al. 2019; Day and Sanders 2018;

DuPaul et al. 2018; Enebrink et al. 2012; Franke et al. 2016; Ghaderi et al. 2018; Irvine et al.

2015; Jones et al. 2014; Nixon et al. 2003; Porzig-Drummond et al. 2015; Rabbitt et al.

2016; Sanders et al. 2000, 2008, 2012, 2014; Sourander et al. 2016; Stormshak et al. 2019;

Wetterborg et al. 2019; Xie et al. 2013).

Additionally, several systematic reviews and meta-analysis have also provided sup-
port for the use of BITs BPT (Baumel et al. 2016; Corralejo and Rodriguez 2018; Nieuwboer
et al. 2013; Spencer et al. 2019; Thongseiratch et al. 2020), with effect sizes in the small
to large range (0.22 to 0.67). Previous analyses found that BIT BPT are more effective for
children whose disruptive behavior was in the clinical range (Baumel et al. 2016; Spencer
et al. 2019) and when the BIT is interactive (e.g., computer game versus video; Baumel et al.
2016). There were conflicting results on whether human support significantly increases
the efficacy of BIT BPT (Spencer et al. 2019; Thongseiratch et al. 2020). However, many
of these studies had small sample sizes or examined the effects of BIT BPT on multiple
psychological disorders (Nieuwboer et al. 2013; Spencer et al. 2019). Further, extant research
primarily validates BIT BPT in White American individuals. Thus, it is paramount that
future studies evaluate the efficacy in BIT BPT with racial and ethnic minorities (Corralejo
and Rodriguez 2018).

While current meta-analyses support the efficacy of BIT BPT, research largely does not
examine the moderating effects of human support, control group, socioeconomic status,
race, and clinical sample population. Additionally, previous meta-analysis study selection
criteria vary from including only studies that compare BIT BPT with waitlist, education,
or no treatment controls, while other meta-analyses also include studies that compare
BIT BPT with other FTF or BIT treatment; it is important to understand how a control
group impacts overall efficacy of BIT BPT. Further, it is important to understand how to
deliver BIT BPT in the most efficient manner (Schueller et al. 2017). Extant research largely
does not examine the effect of the level of human involvement in BIT, which is important
for developing future BIT and determining the cost-effectiveness of fully automated BIT
compared to BIT with human support. Additionally, it is important to not only measure
if BIT BPT are effective but also for whom (Comer and Myers 2016). Previous research
does not analyze how SES impacts the efficacy of BIT BPT (Baumel et al. 2016), which is
important given that low SES individuals have higher attrition rates in FTF BPT (Chacko
et al. 2016). Furthermore, BIT BPT literature largely excludes research on underserved
populations and lacks racial diversity; therefore, additional analysis of the effect of BIT
BPT with racial minorities is needed (Corralejo and Rodriguez 2018). Additionally, it is
important to determine if BIT BPT is effective interculturally. Moderation and subgroup
analysis should be conducted in order to determine what type of BIT is most effective.
Through this analysis, the gap between efficacy and effectiveness can be better understood.

The aims of the current meta-analysis are to: Aim 1: To examine if BIT BPT reduces
externalizing behavioral disorder symptoms by evaluating the pre- and post-effect sizes
of BIT BPT studies. Aim 2: To determine the effects of varying levels of human support
(i.e., teletherapy, FTF BPT with BIT as adjuncts, BIT BPT with human support, fully
automated active BIT, and fully automated passive BIT) on the efficacy of BIT BPT, and if
there is a moderating effect. Aim 3: To determine if study sample criteria for externalizing
behavior (i.e., clinical versus nonclinical studies) has a moderating effect on BIT BPT. Aim 5:
To determine if low socioeconomic (SES) status has a moderating effect on BIT BPT. Aim 6:
To determine if racial minority status has a moderating effect on BIT BPT.
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2. Materials and Methods
2.1. Selection Process of Articles

The articles included in this meta-analysis were found on an internet-based informa-
tion search conducted in April of 2020. Computer searches of PsycINFO, PsychARTICLES,
and SciELO databases were conducted for all published studies between 2000 and 2020.
The following Boolean search phrase was used to search by title or abstract: (behav* parent
training OR parent management training OR parent training OR parent-child interaction ther-
apy OR parent child interaction therapy OR parent* program* OR parent* intervention) AND
(technolog* OR video OR internet OR net OR web* OR virtual reality OR augmented reality OR
mobile OR text-messaging OR texting OR smartphone* OR app* OR comput* OR wearables OR
artificial intelligence OR bots OR robots OR chat OR online OR digital OR tele* OR eHealth
OR “e-Health” OR mhealth OR m-health). Additionally, this Boolean phrase was used to
narrow down the search through all text: (CBCL OR Child Behavior Checklist OR ECBI OR
Eyberg Child Behavior Inventory OR SNAP-IV OR Swanson, Nolan, and Pelham Questionnaire
OR Vanderbilt Assessment Scale OR NICHQ Vanderbilt Assessment Scale OR Conners 3 OR
Conners Comprehensive Behavior Rating Scales OR Conners CBRS OR CERS OR Conners Early
Childhood Rating Scale OR SDQ OR Strengths and Difficulties Questionnaire OR BASC OR
Behavior Assessment System for Children). See Figure 1 for the selection process of the articles.

search
(n=2912)

Records identified through database

Additional records identified
through other sources
(n=5)

D

Records after duplicates removed
(n=1519)

\ 4

Records excluded
(n=1433)

Records screened
(n=1519)

A 4

y Full text articles excluded

(n=100)

Not randomized with control or

Full text articles assessed for
eligibility
(n=124)

comparison group (1 = 18)
Not measuring
behavior (1 = 25)
Not BPT (n=9)

. Not BITs (1 = 30)

Child externalizing behavior is

externalizing

A

Articles included in meta-analysis

secondary to another condition
(n=24)

or disorder (1 = 6)

Figure 1. Selection process of articles.
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Criteria for inclusion of studies in this meta-analysis were studies that evaluated
behavioral parent training for parents of children 18 years old or younger with disrup-
tive/externalizing behaviors. The search included studies reporting on a parent training
intervention targeting their child’s disruptive behavior problems as measured by pre-/post-
intervention parent-report on a well-validated assessment measure. Only randomized control
or comparison trials published in English and peer-reviewed were included. Programs or
interventions needed to use technology as a primary mode of delivery to be included.

Studies were excluded if the primary intervention did not target externalizing be-
havior. Specifically, studies were excluded if the externalizing behavior was caused by a
medical condition or traumatic brain injury. Studies in which the externalizing behavior
was secondary to a physical, mental, or neurodevelopmental disability were excluded.
However, studies in which participants had comorbid psychological disorders (e.g., mood
disorders) were not excluded, as long as they were secondary to externalizing behavior and
the primary target of the intervention was child behavior. For articles that only included
technology as a component of in session, FTF treatment (i.e., brief video vignettes used in
session) were excluded. Studies that analyzed BPT with video vignettes as a minor compo-
nent to self-directed treatment (e.g., a brief skills video that accompanies a self-directed
treatment manual) were not considered BIT and, thus, not included in this study. Telephone
calls and self-directed treatment using manuals (i.e., bibliotherapy) were excluded.

This search yielded results with 2912 articles; five additional articles were included
that were cited in articles or previous BIT BPT meta-analyses. From the initial search,
1398 duplicate articles were removed. Of the remaining 1519 articles, 1433 were screened
and were removed due to inclusion and exclusion criteria. Lastly, 124 full text articles were
assessed for eligibility, and 100 were excluded due to inclusion and exclusion criteria, thus
resulting in 24 articles that met inclusion criteria. The final review included 24 randomized
control or comparison trials (RCTs) published between 2000 and 2020 (total n = 3957).

2.1.1. Classification of Behavioral Parent Trainings Programs

Based on the recommendations by Mufioz (2017), a BPT was considered a traditional
FTF with BIT as adjuncts when the primary source of treatment occurred FTF, and technol-
ogy was only a complement to FTF treatment (e.g., FTF sessions with videos or smartphone
applications accessed between FTF sessions). BPT were considered guided BIT with human
support as adjuncts when the intervention was primarily delivered through technology,
and humans were only supporting BIT in a facilitative capacity (e.g., self-directed treatment
delivered online with weekly telephone check-ins from a therapist). A BPT was categorized
as a fully automated BIT when the treatment occurred only online or via software without
any human support. Fully automated BIT was considered active when the intervention
included an interactive component (e.g., an interactive website), and it was considered passive
(fully automated passive BIT) when the intervention only included passive viewing or listening
(e.g., videos and podcasts). An article was considered telemental health when the treatment
was traditional FIF treatment but delivered using an online video-conferencing service.

Additionally, consistent with previous research on disadvantaged populations
(Chacko et al. 2016; Leijten et al. 2013; Lundahl et al. 2006), articles were dichotomously
categorized as low SES or non-low SES studies. Studies were considered low SES when they
indicated most of the participants were low SES, or when the majority of the participants
(i.e., over 50%) were below the poverty line (i.e., based on Federal Income Guidelines), had
a Hollingshead index of 30 or less, or had a National Statistics Socio-economic Classification
(NS-SEC) of five or less. Similarly, studies were considered racial minority studies when
the study indicated that the majority of participants were members of a racial minority
or based on the summed percentage (i.e., over 50%) of racial minorities included in the
study. Dichotomous categorization was also used to classify study samples as clinical or
nonclinical. Studies were considered clinical when their inclusion criteria required that par-
ticipants met clinical cut-offs for externalizing behavior on a well-validated externalizing
behavior measure or either DSM-IV or DSM-5 diagnosis. Lastly, studies were categorized
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as active control or waitlist or education control studies. Studies were considered active
control studies when the control group was another BIT or FTF BPT.

2.1.2. Methodological Quality

To ensure the 24 studies included in this meta-analysis were of sound quality, the
methodological quality of the articles were evaluated using the 26-item Single-Case Re-
porting Guideline in BEhavioral Interventions (SCRIBE; Tate et al. 2016) (Appendix A)
guidelines for study design. Due to the unique nature of BIT BPT, including that par-
ticipants cannot be blind to condition and high rates of attrition, SCRIBE was selected
as the methodological quality rating system because it is a comprehensive list of study
components with research support (Lobo et al. 2017). Two blinded, independent raters
assessed the methodological quality of each article (KB and ES). For each study, raters
assigned a score of one (yes) or zero (no) for each of the 26 SCRIBE items, and the total
score was summed for a numerical quality score.

2.2. Measures

This meta-analysis included studies that utilized well-validated measures of child
externalizing behavior. The following outcome measures use similar, parent-report ques-
tionnaires regarding child problem behaviors (i.e., defiant, aggressive, and oppositional
behavior). Measures that did not utilize parent-report of child behavior were not in-
cluded in order to minimize error. Further, only the externalizing behavior measure scales
were included. Measure scales that examined non-behavioral symptoms (e.g., inatten-
tion/hyperactivity, mood disorder symptoms) were not included in order to minimize
potential error introduced from including multiple constructs.

The Child Behavior Checklist (CBCL; Achenbach 1991; Achenbach and Rescorla 2000)
is a parent-, teacher-, and self-report measure that analyzes internalizing and externalizing
disorders and social functioning utilizing a 3-point Likert scale. The preschool age parent-
report form is a 100-item questionnaire for children between 1.5 years old to 5 years old,
and it has high test-retest reliability (CBCL Externalizing = 0.87; Achenbach and Rescorla
2000). The school-age parent-report is for parents of children between 6 and 18 years old
and is 120 items, and it also has excellent test-retest reliability (CBCL Externalizing = 0.94;
Achenbach and Rescorla 2000).

The Conners Early Childhood Rating Scale (CERs; EC-BEH; Conners 2009) is a 190-
item parent-report, 184-item teacher-report for children between the ages of 2 and 6 years
old. This form gathers information regarding developmental milestones in addition to
its behavior scales. The behavior scales include mood symptoms, social functioning,
inattention/hyperactivity, and defiant/aggressive behavior. A copy of the technical manual
was not accessible; thus, information regarding the reliability of each individual scale was
not able to be obtained. Instead, the median test-retest reliability of all the scales was
used for the Defiant/ Aggressive scale. The Conners Early Childhood Rating Scales have
excellent test-retest reliability (CERs = 0.92; Conners 2018).

The Conners’ Parent Rating Scale—Revised (CPRS-R; Conners et al. 1998) is a 27-item,
parent-report ADHD assessment tool for children between the ages of 3 and 17 years
old. It has four subscales: Oppositional, Cognitive Problems, Hyperactive-Impulsive, and
ADHD Index. The Oppositional subscale has questionable test-retest reliability (CPRS-R
Oppositional = 0.60; Conners et al. 1998).

The Eyberg Child Behavior Inventory (ECBI; Eyberg and Ross 1978; Eyberg and
Ross 1999) is a parent-report form that measures problem behavior and conduct and its
frequency in children and adolescents. It is a 36-item report for parents of children between
the age of 2 and 16 years old. Test-retest reliability is in the good range (ECBI Problem
Score = 0.88; Robinson et al. 1983).

The National Institute for Children’s Health Quality (NICHQ) Vanderbilt Assessment
Scales (Wolraich 2002) include a 55-item parent report and a 43-item teacher report to
assess children between 6 and 12 years old. This measure assesses ADHD symptoms
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and includes screening questions for ODD, CD, and mood disorders. This measure has
excellent test-retest reliability (Vanderbilt Oppositional Defiant Disorder/Conduct = 0.95;
Bard et al. 2013).

The Strengths and Difficulties Questionnaire (SDQ; Goodman 1997) is a 25-item parent-,
teacher-, and self-report assessment for children 4-17 years old that measures emotional
symptoms, conduct problems, hyperactivity-inattention, peer problems, and prosocial
behavior. The test-retest reliability on the parent measure is in the questionable range (SDQ
Conduct Problems = 0.64; Goodman 2001).

2.3. Data Synthesis

Comprehensive Meta-Analysis Version 3.3.07 (CMA; Borenstein et al. 2014) was used
to perform a pretest-posttest control group design (PPC; Morris 2008). The PPC compares
the pre- and post-test assessment scores for the treatment and control or comparison
conditions, allowing an evaluation of overall change compared to the non-treatment group.
In order to calculate overall effect size, the standardized mean difference between groups’
pre- and post-assessment difference with a corrected inverse-variance weighted effect size
was used (Hedges’s g; Hedges and Olkin 1985). Where possible, this was calculated using
the pre- and post-assessment means, standard deviations, and sample sizes reported in
the included articles (Hunter and Schmidt 2004). In articles that did not report standard
deviation (Baker et al. 2017; Ghaderi et al. 2018; Sourander et al. 2016; Wetterborg et al.
2019), it was calculated from the standard error as recommended by Higgins et al. (2019).
One article (Porzig-Drummond et al. 2015) did not report the pre- or post-test mean or
standard deviation; thus, the change statistic (F-value) and sample size was used.

Additionally, pre- and post-test correlations were used to address change due to mea-
surement reliability using the test-retest statistic for each measure. Five studies included
more than one report of the included measures for social skills and the grand mean was
used for each study. Specifically, two studies (Comer et al. 2017; Enebrink et al. 2012) in-
cluded more than one of the selected measures for problem behavior (ECBI and CBCL and
ECBI and SDQ), respectively). One study (Xie et al. 2013) included two outcome variables
from one measure (Vanderbilt ODD and Conduct subscales). Two studies (Sanders et al.
2012, 2014) collected parent-report data from both mothers and father and reported the
results separately. In these five cases, the mean effect size was combined into a grand mean,
so that each study only included one effect size. Mean effect size was calculated using
CMA and accounted for the test-retest performance of each measure and subscale.

Five studies (Cefai et al. 2010; Day and Sanders 2018; DuPaul et al. 2018; Nixon et al.
2003; Stormshak et al. 2019) included two treatment groups compared to one control group.
Of those studies, two (DuPaul et al. 2018; Nixon et al. 2003) included a BIT treatment
group and a FTF treatment group, and, due to meta-analysis inclusion criteria, only the
BIT treatment group was analyzed. Three studies (Cefai et al. 2010; Day and Sanders
2018; Stormshak et al. 2019) included two different BIT treatment groups compared to one
control group (e.g., Fully Automated BIT versus FTF with BIT as adjuncts versus WLC).
In order to include both BIT treatment groups to compare the difference between BIT
subgroups, the studies were analyzed independently, and the control group sample size
was divided into equal segments for each treatment group to account for the same control
group appearing more than once in the data (Borenstein et al. 2009, 2015). One study
(Dadds et al. 2019) reported the results of two independent studies (i.e., urban population
and rural population) that were evaluated with independent, matched control groups.
In this case, the groups were not pooled but were analyzed independently based on
Borenstein et al. (2009) recommendations.

Several moderation analyses were performed to investigate the potential effect of study
variables. In order to calculate subgroups effect size and perform moderation analysis on
human support, a subgroup analysis was conducted in CMA to evaluate the between group
effects of variables of interest using a random effects model, as recommended by Borenstein
et al. (2009). Moderation is present when the between subjects effects is significant (Aiken
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et al. 1991). Due to the number of studies that met inclusion criteria, there were not enough
studies present in each category to conduct subgroup analyses on all five levels of human
support (Fu et al. 2011). Therefore, traditional FTF with BIT as adjuncts and BIT with human
support were combined into the subgroup “Supported BIT”. This process was repeated for
the 19 observations that compared BIT BPT to waitlist or education controls and for the
nine observations that compared BIT BPT to active controls. In the 19 observations waitlist
control study analysis, similar to the 28 observations analysis, FTF with BIT as adjuncts
and BIT with human support were combined together into the subgroup Supported BIT
due to a paucity of studies that met criteria for FTF with BIT as adjuncts. Additionally, fully
automated active BIT and fully automated passive BIT were combined into the subgroup
“Fully Automated BIT” because there was not a sufficient number of fully automated
passive BIT studies to analyze on the subgroup level. In the nine observation active control
study analysis, fully automated active BIT, fully automated passive BIT, FTF with BIT as
adjunct, and BIT with human support were combined into the subgroup “BIT” due to
an insufficient number of studies; the teletherapy articles were combined into a separate
subgroup. For both the waitlist control and active control studies, subgroup analysis was
performed on CMA to evaluate the between group effects of subgroups using the same
process as previously described for the all studies analysis. Additionally, subgroup analysis
was also conducted on CMA to determine if study comparison group (i.e., waitlist control
or active comparison) had a moderating effect on BIT BPT.

The other moderation analyses were performed utilizing SPSS (IBM Corporation,
Armonk, NY, USA, 2019). One-way ANOVAs were performed for each moderation analysis,
and moderation was considered present when the between subjects effects were significant
(Aiken et al. 1991). For moderation analyses comparing the effect size of each study, the
corrected inverse-variance weighted effect size (Hedges’s g) calculated on CMA was used.
Moderation analysis were conducted for: levels of human support (Independent Variable
(IV) = Human support; Dependent Variable (DV) = Effect Size), racial minority group
membership (IV = racial minority group membership, DV = effect size), low SES group
membership (IV = low SES group membership, DV = effect size), and clinical sample
(IV = clinical sample, DV = effect size). For all moderation analysis, moderation was
deemed present when the between subjects effects were significant (Aiken et al. 1991).
All moderation analyses were performed using the 28 observations comparing BIT to both
active and waitlist controls, as well as the 19 observations that compared BIT to waitlist
controls and the nine observations that compared BIT to active controls. See Supplementary
Table S1 for a list of study variables included in the moderation analyses.

3. Results

A total of 24 studies were included in the analysis; see Table 1 for a full description
of the studies. Of these, 20 were entered as individual studies, and four studies included
multiple independent subgroups and were entered independently. This resulted in 28 ob-
servations with 3957 participants. Fully automated active BIT included nine observations
and 1756 participants, and fully automated passive BIT included four observations and
453 participants. BIT with Human support included eight observations and 1308 partic-
ipants, FTF with BIT as adjuncts included three observations and 194 participants, and
Teletherapy included four observations with 246 participants. The interventions ranged
from 2-12 sessions and were delivered in various formats, including Podcast, videos,
smartphone application, video-conferencing, computer software, and websites.
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Table 1. Selected Studies for Behavioral Parent Training for Youth With Externalizing Behavioral Disorders.
Methodological
o Primary Effect Size Quality
# Authors Asge % RCT Conditions n Components Follow-Up Outcome (Pre-Post Rating BITs Level
(Date) Range Male .
Measures Intervention) (Average
Score)
ECBI, CAPES,
PS, Behavior
Baker et al Pgle}zllteif_l;(;zltlr\;in TPOL Brief is a five-module interactive, Con;;;:rsltand
1 ¢ - 2-9 55 § 1108 200 self-directed computer program with video 9-month . - 20.5 FAA-BIT
(2017) (TPOL) Brief vs. modeline and downloadable resour Confidence
WLC odelmg ownioadable resources. Scale, PCPTOS,
PAI, PPC,
DASS-2, CSQ
L ezPARENT vs. The ezPARENT program is a 12-week, six
Breitenstein Attention Control module self-administered, tablet-based ECBI; TCQ; PQ; ECBI Problem
2 etal. 2-5 43 " 79 A . . 6-month Scale: 20.5 FAA-BIT
(2016) Condition (Health application. It is an adaptation of the PSI-SF d=—018
Promotion Group) Chicago Parent Program. ’
.. . One to three session self-administered ECBI Problem
Individual Parenting N . . . .
. individual intervention using the Parenting Scale:
Cefai et al Wisely CD-Rom vs. Wisely CD-Rom. The group condition Individual FAA-BIT
3 me 9415 5086 Group Parenting 125 y ;e sroup 3-month PSOC, ECBI 15 FTF with BITs
(2010) . completed Parenting Wisely program FTF d=0.45 .
Wisely CD-Rom . - - as adjuncts
v, WLC as a group during two-sessions with Group
’ clinician facilitated discussion. d=0.69
CBCL; ECBL;
Video teleconferencing with a therapist who K-DBDs ECBI Problem
Comer Internet Parent-Child provides live coaching through a webcam diagnostic Scale: d = —1.15
4 etal. 3-5 82.5 Interaction Training 40 and Bluetooth earpiece. On average, 6-month interview; CBCL 21 Teletherapy
(2017) (iPCIT) vs. FTF PCIT treatment length is 20 sessions and is CGI-S/I; CGAS; Externalizing:
titrated based on family needs. BTPS; CSQ-8; d=-1.10
TAI
AccessEl is an online intervention that
Dadds includes six to 10 60- to 70-min video
etal. conferencing sessions with a clinician Conners-
(2019) 3-9 79.7 AccessEI vs. 133 paired with six Vld.eo modgles (é total .O f CPRS-R; BSI; Oppositional:
5 Study 1: one-hour and 14-min). FTF is an intensive 3-month 2 20 Teletherapy
3-14 79.6 FTF BPT 73 SDQ 7= =0.579
Urban PMT. In study one, FTF took place over one 2 _ 0,569
Study 2: week (four 1.5-h sessions) with one =
Rural follow-up call. In study 2, FTF took place in

six-10 weekly 1-h sessions.
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Table 1. Cont.

Methodological
Primary Effect Size Quality
0,
# Authors Age o RCT Conditions n Components Follow-Up Outcome (Pre-Post Rating BITs Level
(Date) Range Male .
Measures Intervention) (Average
Score)
TPOL is an eight module parenting
1nt.erivlent10n that utilizes video, mteractlye ECBI Problem
activities, and downloadable resources with Scale:
optional text reminders. TPOLe included up ’ :
Day and TPOL vs. Telephone to eight practitioner support sessions in ECBIL PS; DASS; WLS YSO g6P OL ]lgsﬁ“?‘fll;
6 Sanders 1-8 46.5 Supported TPOL 183 which participants were able to ask 5-month PTC; PPC; RQI; e 21.5
. i . WLC vs. TPOLe Human
(2018) (TPOLe) vs. WLC questions, the practitioner reviewed module PAI d=093 Support
content and participant goals, and the o PP
o . TPOL vs. TPOLe
practitioners created adherence plans if the d=026
participant was not engaging with e
the program.
The online program was a 10 session
internet intervention. The first session in the
BIT BPT occurred in person, and parents
DuPaul . received an overview of the program. The CERS, PSI-SE, CERS Defi- BITs with
Online BPT vs. FTF rest of the intervention was delivered .
7 etal. 3-5 63.8 47 li . Kl call - Test of Parent ant/Aggressive: 19.5 Human
(2018) BPT vs. WLC online, and parents received weekly calls Knowledge " 22007 Support
from research assistants to check on P ’
intervention implementation and answer
any questions. FTF was a 10 session
therapist led manualized BPT program.
Internet Parent The internet-PMT is a seven-session ECBISE;C; t.’lem
Enebrink Management program that is delivered online with d=0 7'2 BITs with
8 etal. 3-13 57.7 yanag 104 feedback from research assistants. It is 6-month ECBI, SDQ, PPI P 21 Human
Training (PMT) vs. . SDQ Conduct
(2012) based off of the Swedish BPT program Support
WLC Comet (Kling et al. 2010) Problems:
mgetat : d=030
. . . EC-BEH;
— JTPOLiss st gt module,
9 etal. 34 - - Uelay 53 €t p pa g : 6-month SDQ; PS; PSDQ;  ance/Aggression: 20.5 Human
Intervention Participants received two telephone
(2016) . . K A DASS-21; PSOC; d=0.45 Support
consultations with Triple P facilitators. CsQ
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Table 1. Cont.
Methodological
Primary Effect Size Quality
0,
# Authors Age o RCT Conditions n Components Follow-Up Outcome (Pre-Post Rating BITs Level
(Date) Range Male .
Measures Intervention) (Average
Score)
Ghaderi Comet ve. Famil iComet (1:15 ?‘ sevecrl1t:;e551or}11 parent tramll)n% L-year SDQ Conduct
10 etal. 10-13 - t-omet vs. mamy 31 Program devered Furough a secure wensite. SDQ; DBD Problems: 21 FAA-BIT
Check-Up (FCU) FCU is a parent training model that is
(2018) , 2-years d=0.06
catered to the parent’s needs.
. . . Parenting Toolkit is a nine module online .
Irvine et al. Parenting Toolkit . . . ECBI, Parenting ECBI Problem
11 (2015) 11-14 52.9 vs. WLC 307 intervention completed entirely on - Scale Scale: 72 = 0.009 19.5 FAA-BIT
the computer.
Standard Helping
the Noncompliant TE-HNC consists of eight to 12 standard, ECBI Problem
Jones et al. Child (HNC) vs. in-person sessions and access to a phone ECBI; consumer FTF with BITs
12 3-8 53 15 e oy . - - . Scale: 18.5 .
(2014) Technology application with video examples, reminders, satisfaction scale d=159 as Adjuncts
Enhanced HNC surveys, and home practice. o
(TE-HNC)
N The TPOL podcast consists of seven
Morawska TPOL Podcast episodes that range from nine- to ECBI, CAPES, ECBI Problem
13 etal. 2-10 61.9 139 - 6-month Scale: 17 FAP-BIT
2014) vs. WLC 14-minutes. These podcasts present parent PS, PTC d=039
training topics in a conversational manner. ’
The modified PCIT condition included CBC.L.
. . - . . Externalizing:
Modified videotapes in which PCIT skills were
. . . o ECBI; CBCL; FTF PCIT vs.
Nixon Parent-Child discussed and modelled, along with five > .
R R X . HSQ-M; PSI; modified PCIT FTF with BITs
14 etal. 3-5 70.4 Interaction Therapy 54 face-to-face sessions and five 30-minute 6-month 17.5 .
. PSOC; PLOC; PS; d=0.01 as Adjuncts
(2003) (PCIT) vs. FTF PCIT telephone consultations. DPICS-TI Modified PCIT
vs. WLC The standard condition included 12 one- to
two-hour weekly PCIT sessions vs. WLC
’ d=0.59
1-2-3 Parenting is a self-directed, online
15 rummond o9 50 enung gy ~Pparentng straiegles by walching two viGeos ¢ month  ECBI, PSI, DASS Scale: 21 FAP-BIT
etal. vs. WLC (totaling four hours) and receive email d=070
(2015) reminders to complete the lesson o

and practice.
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Table 1. Cont.
Methodological
Primary Effect Size Quality
0,
# Authors Age o RCT Conditions n Components Follow-Up Outcome (Pre-Post Rating BITs Level
(Date) Range Male .
Measures Intervention) (Average
Score)
Full contact PMT included eight 50-minute
Fall Contct et cetherapy Reduod conuct T,
16 etal. 6-13 67.5 PMT vs. Reduced 60 ) Y pre - 4 ! CBCLd=0.79 18.5 Human
(2016) Contact PMT sessions and 15- to 20-minute phone calls CGAS; RDI Support
every 2 weeks with a therapist to address
questions or concerns.
TPOL is an eight-module self-directed,
interactive, internet intervention. It includes ECBI Problem
Sanders video modeling, personalized goal setting, ECBI, SDQ, PS, Scale:
17 etal. 2-9 67.2 E}igaLl Zirfﬁﬁré‘ifﬁs 116 content reviews and answer feedback, 6-month PTC, DASS-21, d=071 185 FAA-BIT
(2012) P interactive exercises, downloadable PAI, PPC, CSQ SDQ Conduct:
worksheets and podcasts, and automated d =058
text and email prompts.
Driving Mum and Dad Mad is a six-episode
Driving Mum and show about parents with young children.
Sanders Dad Mad with Triple The enhanced condition also included
18 etal. 29 649 P workbook and 174 Triple P self-directed workbook, weekly 6-month LoDV FPS DASSL,  ECBI Problem 15 FAP-BIT
) - - . ) PAI, PPC, RQI Scale d = 0.63
(2008) website vs. Driving emails on parenting topics,
Mum and Dad Mad reminders, access tip sheets, videos, and the
option to email for assistance.
TPOL is an eight-module self-directed,
interactive, internet intervention. It includes
video modeling, personalized goal setting,
content reviews and answer feedback, Mother Report
Sanders interactive exercises, downloadable ECBI Problem
¢ : TPOL vs. Self-Help worksheets and podcasts, and automated ECBI, DASS-21, d=144
19 (;z)ill) 38 67 Workbook 193 text and email prompts. The self-help 6-month PSQ Father Report 14 FAA-BIT
workbook consists of the same core content ECBI Problem
as TPOL, but is delivered through a d=0.73

workbook divided into 10 weekly sessions
with reading, activities, and
homework tasks.
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Table 1. Cont.
Methodological
Primary Effect Size Quality
0,
# Authors Age o RCT Conditions n Components Follow-Up Outcome (Pre-Post Rating BITs Level
(Date) Range Male .
Measures Intervention) (Average
Score)
Families consists of 12 20- to 30-minute
episodes which feature a story
Sanders Triple P Television regarding family ECBI; PS; PSOC; ECBI Problem
20 etal. 2-8 58.9 Series Families 56 issues along with Triple P guidelines and 6-month DASS; PPC; Scale: 17 FAP-BIT
(2000) vs. WLC instructions. Participants also had AARP p=0.09
12 written self-help Triple P
information sheets.
Strongest Families SFSW is a 11 session internet-assisted BPT
Sourander Smart Website with weekly telephone coaching. Education CBCL BITs with
21 etal. 4 61.9 (SFSW) vs. 464 control included access to a website on 12-month CBCL; SDQ Externalizing: 19 Human
(2016) Education Control positive parenting strategies with 45-minute d=034 Support
Group weekly coaching calls.
SDQ Conduct
Problems:
FCU online includes at least three online WLC vs.
Stormshak  6th—7th FCU Online (FCU) sessions and is adapted to fit participant web-only FAA-B.IT
. needs and goals. In the online only version, d=-0.13 BITs with
22 etal. grade 47.9 vs. FCU Online Plus 322 . . . - SDQ 18
(2019) students Coach vs. WLC feedback was provided online. In the online WLC vs. web + Human
’ plus coach version, feedback was provided coach d = —0.102 Support
over the telephone or video-conferencing. Web-only vs.
web + coach
d =0.020
Parent Web is a six- to nine-week parenting
intervention delivered through the internet
Wetterborg with five core modules and six optional . BITs with
23 etal. 12-17 41 Parent Web vs. WLC 75 modules. Each module has text, 6-month DBD, SDQ, APQ, SDQ Conduct: 19.5 Human
. . .. 7. 9-month PSS, HADS d=0.34
(2019) illustrations and movie clips. A practitioner Support

provides reminders, feedback, and
answers questions.
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Table 1. Cont.

Methodological
o Primary Effect Size Quality
# Authors Age o RCT Conditions n Components Follow-Up Outcome (Pre-Post Rating BITs Level
(Date) Range Male .
Measures Intervention) (Average
Score)
Ve il .
Xie et al Vid ference BPT Both groups received 10 weekly sessions A:SI;(:seIfér:t C r\llsndterbjlg 33
24 ootk 6-14 68.2 coconterence 22 manualized parent training; however, the - Scales, SSRS, onauctp = 18.5 Teletherapy
(2013) vs. FTF BPT . Vanderbilt ODD
videoconference group never met FTE. PRQ-CA; CGAS; ~0.66
CGl-s; CGIL p=5

Abbreviated Acceptability Rating Profile (AARP); Alabama Parenting Questionnaire (APQ); Barriers to Treatment Participation Scale (BTPS); Brief Symptom Inventory (BSI); Child Adjustment and Parent
Efficacy Scale (CAPES); Child Behavior Checklist (CBCL); Child Behavior Scale (CBS); Children’s Global Assessment Scale (CGAS); Client Satisfaction Questionnaire (CSQ); Clinical Global Impression-Severity
and Improvement Scales (CGI-S/1); Conners Early Childhood Behavior Scale (Conners EC-BEH); Conners Early Childhood Behavior Scale-Short Form (Conners EC-BEH-s); Conners Early Childhood Rating
Scale (CERS); Conners’ Parent Rating Scale—Revised (CPRS-R); Depression Anxiety Stress Scales (DASS); Depression Anxiety Stress Scales-21 (DASS-21); Disruptive Behavior Disorders Rating Scale (DBD);
Dyadic Parent-Interaction Coding Systems-1I (DPICS-II); Eyberg Child Behaviour Inventory (ECBI); Home Situations Questionnaire-Modified (HSQ-M); Hospital Anxiety and Depression Scale (HADS);
Kiddie-Disruptive Behavior Disorders Schedule (K-DBDS); Modified Parents” Consumer Satisfaction Questionnaire (PCSQ); Parent-Child Play Task Observation System (PCPTOS); Parent-Child Relationship
Inventory (PCRI); Parent Child Relationship Questionnaire for Child and Adolescents (PRQ-CA); Parent Locus of Control Scale (PLOC); Parent Problem Checklist (PPC); Parental Anger Inventory (PAI); Parenting
Questionnaire (PQ); Parenting Scale (PS); Parenting Sense of Competence (PSOC); Parenting Stress Index (PSI); Parenting Stress Index-Short Form (PSI-SF); Parenting Styles and Dimensions Questionnaire
(PSDQ); Parenting Tasks Checklist; Perceived Stress Scale (PSS); Relationship Quality Inventory (RQI); Strengths and Difficulties Questionnaire (SDQ); Social Skills Rating System (SSRS); Test of Parenting

Competence (TOPC); Therapy Attitude Inventory (TAI); Toddler Care Questionnaire (TCQ).
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3.1. Methodological Quality

Based on SCRIBE (Tate et al. 2016) study guidelines, the 24 included articles were
scored by two independent raters (KB and ES). Study scores ranged from 14 to 23, for an
average rating of 18.84 out of a possible total of 26. Interrater reliability was evaluated
utilizing Statistical Package for the Social Sciences (SPSS) version 26.0 (IBM Corporation
2019). A two-way mixed intraclass correlation was conducted using the recommendations
of Hallgren (2012). Results of these analyses indicated acceptable agreement (ICC = 0.74).

Figure 2 provides a forest plot of the effect sizes of each study, as well as the grand
mean effect sizes. The overall model had significant heterogeneity (x*(27) = 188.81, p <0.01),
indicating significant variability across study effect sizes. Additionally, all BIT subgroups
had significant heterogeneity: fully automated active BIT (x? (8) = 77.24, p < 0.01), fully
automated passive BIT (x% (3) = 8.38, p < 0.04), supported BIT (x? (10) = 68.28, p <0.01), and
teletherapy (x% (10) = 10.72, p <0.01). Due to the significant heterogeneity, a random effects
model was utilized to account for the variation in true effect size between the included
studies. The inconsistency estimate (I?) was calculated to examine how the heterogeneity
between studies contributed to the inconsistency in effect estimates (Borenstein et al. 2009;
Card 2012). The inconsistency estimate was high for the overall model, fully automated
active BIT, fully automated passive BIT, supported BIT, and teletherapy (I? = 85.7, 1> = 89.64,
12 = 64.18, 12 = 85.36, I? = 72.01; Higgins et al. 2003).

FAA-BITs

Supported BITs FAPBITs

Teletherapy

Study

Ghaderi, et al. (2018)
Stormshak et al. (2019)
Baker et al. (2016)
Sanders et al. (2014)
Breitenstein et al. (2016)
Trvine et al. (2015)
Sanders et al. (2012)
Day & Sanders (2018)
Cefai et al. (2010)
FAA-BITs Total Effect (Random)
Sanders et al. (2008)
Porzig- Drummond et al. (2015)
Morawksa et al. (2014)
Sanders et al. (2000)
FAP-BITS Total Effect (Random)
Rabbitt et al. (2016)
Stormshak et al. (2019)
Wetterborg et al. (2019)
Franke et al. (2016)
Sourander et al. (2016)
Nixon et al. (2003)
DuPaul etal. (2018)
Jones et al. (2014)
Cefai et al. (2010)
Enebrink et al. (2012)
Day & Sanders (2018)
Supported BITs Total Effect (Random)
Dadds et al. (2019): Urban Study
Dadds et al. (2019): Rural Study
Comer etal. (2017)
Xie et al. (2013)

Teletherapy Total Effect (Random)
Overall Effect (Random)
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Figure 2. Forest plot: All studies (active and waitlist control).

Risk of bias was analyzed by evaluating funnel plot symmetry and calculating Rosen-
thal’s Fail-Safe N (Rosenthal 1979). The funnel plot in Figure 3 displays the studies’ effect
estimates (Hedges’s g; x-axis) against their precision, as measured by their standard errors
(y-axis). Studies that are more precise with smaller standard errors cluster around the
central line, which represents the overall effect size of the studies (Hedges’s g; vertical
line). Studies without bias and between study heterogeneity form a symmetrical funnel
with studies clustered around the center line. After a collaborative review, the funnel
symmetry was determined to be asymmetric (Borenstein 2005; Sterne et al. 2011). For all
studies (i.e., BIT compared to active and waitlist controls), 14 of the studies fell within the
funnel plot and, thus, clustered around the overall effect size, but 14 studies pulled away
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from the mean effect size of the funnel plot. Eight studies with relatively low effect sizes
pulled away to the left, and six studies with relative high effect sizes pulled away to the
right. Egger’s regression (Egger et al. 1997; t (26) = 1.92, p < 0.05) confirmed asymmetry.
These results suggest that the effect may be biased. The studies that fell outside of the
funnel plot were evaluated for commonalities that may have introduced systematic error
(e.g., level of human support, participant characteristics) and explained the resultant bias.
Five of the studies (Dadds et al. 2019; Ghaderi et al. 2018; Rabbitt et al. 2016; Sanders
et al. 2014) that fell outside of the funnel plot pulling towards the left were studies that
compared BIT to active controls. Studies that compared BIT to active controls may have
introduced systematic error. Additionally, Rosenthal’s Fail-Safe N was calculated in order
to estimate risk of bias. The Fail-Safe N calculation resulted in 1492 “file drawer” studies,
i.e., 1492 studies with an effect size of zero would need to be added to the analysis to render
the overall effect insignificant (Borenstein et al. 2009).

Standard Error

0.0

0.1

0.2

0.3

0.4

0.5

0.6

Funnel Plot of Standard Error by Hedges's g
o P
o
o
o o ©
o 0 o o
o)
o © 5
o
o
e
2.0 15 -1.0 0.5 0.0 0.5 1.0 15 2.0
Hedges's g

Figure 3. Funnel plot: All studies.

3.2. Primary Comparison
3.2.1. All Studies

CMA (Borenstein et al. 2014) was used to perform a pre-post control design (Morris
2008) to calculate overall and subgroup effect size. The overall effect size for all studies
was in the medium range (g = 0.62, 95% CI (0.42, 0.81)) under the random effect model
(Cohen 1998). Subgroup effect sizes were compared using a mixed effects analysis. Both
the fully automated active BIT and fully automated passive BIT subgroups indicated a
medium effect size (g = 0.54, 95% CI (0.19, 0.88) and g = 0.71, 95% CI (0.36, 1.06), respectively),
and the Supported BIT subgroup demonstrated a large effect size (g = 0.81, 95% CI (0.45,
1.17)). This indicates that both fully automated BIT BPT (active and passive) and supported
BIT BPT significantly improve child externalizing behaviors when compared to active
(i.e., another BIT or FTF treatment) or waitlist control. Teletherapy did not indicate a
significant effect size (g = 0.19, 95% CI (—0.25, 0.64)). Of note, all four studies in the
teletherapy subgroup compared teletherapy to an active control (i.e., another BIT BPT
or FTF BPT), and two of the four study results favored the active control. The overall
between group heterogeneity in the mixed effects analysis did not indicate a significant
difference between fully automated active BIT, fully automated passive BIT, supported BIT,
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nor teletherapy (x? (3) = 4.94, p = 0.18). The primary comparison results for all studies are
displayed in Table 2.

In order to compare all five levels of human support (i.e., fully automated active BIT,
fully automated passive BIT, BIT with human support, FTF treatment with BIT as adjunct,
and teletherapy), a one-way ANOVA was performed on SPSS (IBM Corporation 2019).
There was no significant difference between effect size and BIT levels of human support
(F(4,23) = 0.947, p = 0.455).

Two additional moderation analyses were conducted using one-way ANOVAs on
SPSS (IBM Corporation 2019). The between group differences were examined to com-
pare studies where the majority of participants were members of a racial minority group
or low SES. Of note, there were only three studies where the majority of participants
were members of a racial minority group (racial minority studies; Breitenstein et al. 2016;
Jones et al. 2014; Irvine et al. 2015). Similarly, there were only three studies where the
majority of participants were low SES (low SES studies; Breitenstein et al. 2016; Jones et al.
2014; Stormshak et al. 2019). Therefore, the moderation analysis should be interpreted with
caution. The between group differences did not indicate a significant difference between
the results of racial minority studies and non-racial minority studies (F(1, 26) = 0.007,
p = 0.933). Additionally, results indicated that there was no significant difference between
low SES studies and non-low SES studies (F(1, 26) = 0.031, p = 0.861). Results of a one-way
ANOVA comparing clinical and nonclinical studies did not reveal a significant difference
between the groups (F(1, 26) = 1.130, p = 0.298).

Table 2. Effect size outcomes for BITs subgroups: all studies.

) " 95% Confidence Interval Test of
Problem Behavior Outcomes obs g Lower Upper V4 Homogeneity
Overall Effect 28 0.62 0.42 0.81 6.14 ** X2 (27) = 188.81 **
Subgroup: Treatment Type
Fully Automated o 2 o -
Active BIT 9 0.54 0.19 0.88 3.01 X (8)=77.23
Fully Automated o 2 iy o
Passive BIT 4 0.71 0.36 1.06 3.97 X~ (3) =8.38
Supported BITs 11 0.81 0.45 1.17 4.37 ** x2 (10) = 68.28 **
Teletherapy 4 0.19 —0.25 0.64 0.85 X2 (3) =10.72

Subgroup X2 (3) =4.94, p =0.18 (ns)

**p <0.01; g: Hedges’s g.

3.2.2. Waitlist Control Studies

The overall effect size for all waitlist control studies was in the large range (g = 0.82,
95% CI (0.61, 1.03)) under the random effect model (Cohen 1998). The fully automated BIT
subgroup indicated a medium effect size (g = 0.73, 95% CI (0.46, 1.01)), and the human
supported BIT subgroup demonstrated a large effect size (¢ = 0.92, 95% CI (0.58, 1.27))
when compared using a mixed effects analysis. This indicates that both fully automated
BIT BPT and supported BIT BPT significantly improve child externalizing behaviors when
compared to waitlist control. The overall between group heterogeneity in the mixed
effects analysis did not indicate a significant difference between fully automated BIT and
supported BIT (x? (1) = 0.72, p = 0.40). Primary comparison results for waitlist or education
control studies are displayed in Table 3.

Consistent with the moderation analyses conducted for all studies, there were no
significant differences between levels of human support for BIT BPT effect size. Further,
racial minority, low SES, and clinical study status did not affect the significance of dif-
ference (average Hedges’s ¢) between BIT BPT and waitlist control (p > 0.05). Please see
Supplementary Table S2 for the results of these moderation analyses.
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Table 3. Effect size outcomes for waitlist versus active control studies.

. " 95% Confidence Interval Test of
Problem Behavior Outcomes obs g Lower Upper VA Homogeneity
Overall Effect 28 0.62 0.42 0.81 6.14 ** X2 (27) = 188.81 **
Subgroup: Control Group Type
Active Control 9 0.14 —0.17 0.45 0.90 %2 (8) = 40.00 **
Waitlist or Education Control 19 0.82 0.61 1.03 7.68 ** x2 (18) = 94.80 **

Subgroup x? (1) = 12.90, p = 0.000 (s)

**p <0.01; g: Hedges’s g.

3.2.3. Active Control Studies

The overall effect size for active control studies was not significant (g = 0.14, 95% CI
(—0.17, 0.45)) under the random effect model (Cohen 1998). This suggests that BIT BPT
does not significantly improve child externalizing behavior when compared to an active
treatment control group (i.e., FTF BPT or another BIT BPT). When compared using a mixed
effects analysis, both the BIT (i.e., combined fully automated active BIT, fully automated
passive BIT, FTF with BIT as adjuncts, and BIT with human support) and teletherapy
subgroups did not indicate a significant effect size (g = 0.11, 95% CI (—0.35, 0.57) and
§=0.19,95% CI (—0.25, 0.64), respectively). The overall between group heterogeneity in the
mixed effects analysis did not indicate a significant difference between BIT and teletherapy
subgroups in active control studies (x> (1) = 0.067 p = 0.80). Primary comparison results for
active control studies are displayed in Table 3.

Consistent with the moderation analyses conducted for all studies, there were no
significant differences between levels of human support for BIT BPT effect size, racial
minority, low SES, and clinical study status did not affect the significance of difference
(average Hedges's ) between BIT BPT and active control (p > 0.05). Please see Supplemental
Table S2 for the results of these moderation analyses

4. Discussion

The most widely supported evidence-based treatment is BPT usually delivered in face-
to-face format (Anil Chacko et al. 2017; Chorpita et al. 2011). BPT uses behavioral principles
to change child behavior by teaching positive parenting strategies (e.g., one-on-one time,
positive reinforcement, timeout). There are several well-established FTF BPT manualized
interventions (e.g., Incredible Years, PMTO, PCIT, Triple P, HNC). Previous meta-analyses
on BPT found significant small to large effect sizes on child disruptive behavior (d = 0.42 to
0.88; Comer et al. 2013; Lee et al. 2012; Leijten et al. 2013; Lundahl et al. 2006; Mingebach
et al. 2018; Maughan et al. 2005; Serketich and Dumas 1996). Recently, researchers have
partially examined the effects of BIT BPT compared to FTF BPT. The present study examined
the efficacy of BIT BPT, the effect of different levels of human support, and for which
populations are BIT BPT effective.

In total, 24 studies met inclusion criteria to be included in the meta-analysis which
included 28 observations with a total of 3957 participants. The combined effect size of all
24 of the studies indicated that BIT BPT is effective in reducing child externalizing behavior
from pre- to post-treatment compared to control (i.e., both active and waitlist control;
g =0.62). Additionally, when BIT BPT was compared to waitlist control groups alone, there
was a large combined effect size of the 16 waitlist control studies (g = 0.82). These results
provide further support that BIT BPT is an effective intervention for treating externalizing
behavior in children and adolescents. These results are comparable to previous FTF meta-
analyses (ES = 0.42 to 0.88; Comer et al. 2013; Lee et al. 2012; Leijten et al. 2013; Lundahl
et al. 2006; Mingebach et al. 2018; Maughan et al. 2005; Serketich and Dumas 1996), as
well as slightly higher than previous BIT BPT meta-analyses (ES = 0.22 to 0.67; Baumel
et al. 2016; Corralejo and Rodriguez 2018; Nieuwboer et al. 2013; Spencer et al. 2019;
Thongseiratch et al. 2020). The results may be slightly higher than previous BIT BPT
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meta-analyses, because the present analysis limited error by only including studies that
specifically address child externalizing behavior as measured by the problem behavior
subscales of well validated measures. Overall, these findings show that parents of children
and adolescents with externalizing behaviors have a wider range of efficacious treatment
options for BPT beyond traditional FTF interventions.

The overall effect size of the nine observations that compared BIT BPT to active control
groups (i.e., other FTF or BIT interventions) did not indicate that BIT BPT is effective in
reducing child externalizing behavior from pre- to post-intervention compared to active
control (g = 0.14). Thus, BIT BPT interventions may not be more efficacious when compared
to other FTF or BIT interventions. When comparing these more rigorous active control
groups, three studies (Dadds et al. 2019; Ghaderi et al. 2018; Rabbitt et al. 2016) favored the
active control group. However, of these studies, only one (Ghaderi et al. 2018) reported a
significant between group difference between treatment and control. There was a significant
difference between studies that compared BIT to active controls and studies that compared
BIT to waitlist controls (x? (1) = 12.90, p < 0.05). In summary, while BPT are efficacious
compared to waitlist or education control, there was no significant difference with active
control groups that included evidence based interventions.

When comparing the levels of human support between BITs subgroups in all 28 ob-
servations, fully automated active BIT, fully automated passive BIT and supported BIT
demonstrated medium to large effect sizes (g = 0.54, g = 0.71, and g = 0.81, respectively).
Teletherapy approached a small effect size and was the only BIT that produced an effect
size that was not significant (¢ = 0.19, p > 0.05). It is of note that teletherapy was the only
BIT subgroup in which all studies compared BIT to an active control (i.e., another BIT
or FTF intervention), and two observations in that subgroup favored the active control,
FTF PMT. Therefore, the overall effect of teletherapy may be lower due to the fact that the
studies in this subgroup utilized more rigorous control groups, rather than the efficacy of
the intervention itself. Despite teletherapy’s trivial effect size, analysis of between group
differences indicated that there was no significant difference between fully automated
active BIT, fully automated passive BIT, supported BIT, and teletherapy (x? (3) = 4.94,
p = 0.18). In other words, there is no significant difference between BIT BPT by levels of
human support. These results provide preliminary evidence that human support does not
significantly impact the efficacy of BPT BIT. Furthermore, when looking at the intervention
itself, there is no significant difference between passive viewing and listening technology
(i.e., fully automated passive BITs), compared to interactive technology (fully automated
active BITs). This is promising as passive BIT BPT, such as podcasts, TV shows, and pre-
recorded sessions, are easily scalable, inexpensive once developed, and, thus, an option for
universal intervention. This helps address the question proposed by Schueller et al. (2017):
What level of human support is most efficient? While BITs that are supported have larger
effect size than fully automated BIT, the difference between levels of human support is not
significant. Fully automated BITs that do not require human support are less expensive
(Bolier et al. 2014; Mufioz 2017) and have wider reach. Therefore, fully automated BIT BPT
may be an efficient treatment option.

Additionally, when comparing levels of human support between BITs and waitlist
control (i.e., excluding active control studies), fully automated and supported BIT indicated
large effect sizes (g = 0.73 and g = 0.92, respectively) and no significant difference between
groups (x? (1) = 0.72, p = 0.40). When comparing levels of human support between
BITs subgroups in the nine observations that compared BIT to active control studies (i.e.,
excluding waitlist control studies), neither the BITs nor the teletherapy subgroups were
significant (g = 0.11 and g = 0.19, respectively). Additionally, there were no significant
differences between BITs and active control interventions (x? (1) = 0.067 p = 0.80). This
provides additional evidence that human support does not significantly impact the efficacy
of BIT BPT.

Moderation analyses comparing clinical and nonclinical studies did not indicate a
significant difference between the two group’s mean effect sizes; although the average
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mean was higher for clinical studies. While this finding was consistent with previous
research that clinical samples experience larger effect sizes of treatment (Baumel et al. 2016),
it was not at a significant level. This preliminarily suggests that BIT BPT are efficacious for
children whose disruptive behavior is at a clinical and non-clinical level and, thus, could
be a universal treatment. BIT BPT reduces child and adolescent externalizing behavior for
different levels of symptom severity and in different populations. The average effect size of
low-SES studies and racial minority studies were lower than in non-racial minority studies;
however, results did not indicate that there was a statistically significant difference. This
analysis should be interpreted with caution because there were only three studies that met
criteria for low SES study (Breitenstein et al. 2016; Jones et al. 2014; Stormshak et al. 2019)
or racial minority study (Breitenstein et al. 2016; Jones et al. 2014; Irvine et al. 2015). While
extant literature agrees that low SES and racial minority group membership are risk factors
for externalizing behavior disorders, it largely does not evaluate these issues. Apart from
these three articles, only one other article (Day and Sanders 2018) aimed to evaluate families
with socioeconomic or demographic risk factors for externalizing behaviors, although it
did not meet criteria to be included in the low SES or racial minority studies in the analyses.
The remaining articles” aims were all related to general efficacy of the intervention, rather
its efficacy in diverse, underserved, or at risk populations. These findings echo Corralejo
and Rodriguez’s (2018) conclusion that extant literature on BIT BPT is largely validated in
white populations, rather than underserved populations who may benefit most from the
increased accessibility that BIT BPT provides.

4.1. Limitations

There are several limitations of this study. First, there were only three articles that
evaluated FTF treatment with BIT as adjuncts, three low SES studies, and three racial
minority studies, which did not allow for meaningful analysis of those subgroups within
CMA. Additionally, the number of studies within the BIT levels of human support sub-
groups were not equal, ranging from four to 11 studies in each subgroup. Furthermore,
of the 24 studies, seven evaluated the same intervention (TPOL), which may impact the
generalizability of the meta-analysis results. Additionally, although most articles included
follow-up data (those that did are reported in Table 1, follow-up data was inconsistent and
did not meet the threshold for meaningful analysis. Therefore, there is not any analysis to
support the long term effect of BIT BPT.

Lastly, the articles included had high rates of attrition and measured treatment out-
come through parent report, thus, is not blind to condition. This may impact study quality;
however, these limitations are consistent throughout BPT studies. Despite these potential
threats to study quality, the average methodological rating for the included studies was
relatively high (18.84 out of 26), indicating that bias is minimal within the individual
studies. However, the funnel plot analysis and Egger’s regression indicated bias at the
study level. The funnel plot analyses revealed asymmetry, and five studies with relatively
low standard errors pulled to the left, and four studies with high effect sizes pulled to
the right. This suggests that the overall effect may be biased, and additional studies with
similar sample sizes should be performed to gain more precise overall effect estimates.

4.2. Future Directions

Future rigorous, evidence based research should be conducted to better understand
the impact of BIT BPT. First, studies should evaluate the long term effects of BIT BPT
to increase understanding of the impact and generalizability for BIT BPT. Additionally,
future studies should directly compare BIT BPT to their FTF BPT counterparts to fur-
ther understand the efficiency of BIT BPT. Network meta-analyses that evaluate multiple
treatments though direct comparisons between interventions and also across individual
study comparison groups would allow deeper understanding of various BIT BPT and
their efficacy relative to evidence-based (i.e., FTF, other BIT) and non-evidenced-based
comparisons (i.e., WLC, education control). Furthermore, while extant literature suggests
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that underserved populations may benefit more from efficacious BIT BPT, there is a dearth
of research that evaluates that efficacy in underserved populations. Additional BIT BPT
RCTs with more diverse participants are needed. Lastly, BIT BPT treatments are still
emerging, and are growing ever more important due to the reduced FTF contact associated
with COVID-19 and increase in telemental health services. Thus, it is vital that future
research analyzes the efficacy of BIT BPT, as well as which technology platform is most
efficient (e.g., smartphone applications, computer software, videos, etc.). As the trend in
psychotherapy moves towards less FTF contact and more telemental health, future research
should analyze the specific factors that make BIT BPT most efficacious.

5. Conclusions

Overall, BIT BPT significantly decreases externalizing behavior in children and ado-
lescents. All levels of human support, except for teletherapy, indicate a moderate to large
effect size, and there were no significant differences between levels of human support.
Additionally, analyses did not indicate significant differences between human support, low
SES studies, racial minority studies, nor studies with clinical levels of child externalizing
behavior. This provides preliminary support that BIT BPT are efficacious in multiple modal-
ities and across multiple populations. While results indicate that BIT BPT may be effective
for individuals in low SES or racial minority groups, there need to be rigorous empirical
evaluations that address treatment for externalizing behavior disorders in underserved
populations and in countries with different cultures.

This is promising because BIT BPT provides additional treatment options for parents
who are unable to participate in FTF BPT due to lack of access to a mental health provider,
finances, disabilities, or illness. While FTF BPT may not be accessible to every parent, many
parents have access to a smartphone, tablet, or computer and, thus, are able to engage
in BIT BPT. BIT BPT increases the portfolio of treatment options for child and adolescent
externalizing behavior, as well as can reduce the significant personal and financial costs
associated with untreated externalizing behavior disorders. BIT BPT offers a potential
solution to bridge the gap between efficacy and effectiveness.
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Appendix A. Methodological Quality Rating

Table A1. The Single-Case Reporting Guideline in BEhavioural Interventions (SCRIBE) 2016 Checklist.

Item Number Topic Item Description
TITLE and ABSTRACT
1 Title Identify the research as a single-case experimental design in the title
Summarize the research question, population, design, methods including intervention/s
2 Abstract (independent variable/s) and target behavior/s and any other outcome/s (dependent
variable/s), results, and conclusions
INTRODUCTION
3 Scientific Describe the scientific background to identify issue/s under analysis, current scientific
background knowledge, and gaps in that knowledge base
4 Aims State the purpose/aims of the study, research question/s, and, if applicable, hypotheses
METHOD
Identify the design (e.g., withdrawal/reversal, multiple-baseline, alternating-treatments,
5 Desien changing-criterion, some combination thereof, or adaptive design) and describe the
& phases and phase sequence (whether determined a priori or data-driven) and,
if applicable, criteria for phase change
6 Procedural Describe any procedural changes that occurred during the course of the investigation
Changes after the start of the study
7 Replication Describe any planned replication
. State whether randomization was used, and if so, describe the randomization method and
8 Randomization .
the elements of the study that were randomized
9 Blinding State whether blinding/masking was used, and if so, describe who was blinded /masked
PARTICIPANT/S or UNITS
10 Selection criteria State the inclusion and exclusion criteria, if applicable, and the method of recruitment
1 Participant For each participant, describe the demographic characteristics and clinical (or other)
characteristics features relevant to the research question, such that anonymity is ensured
CONTEXT
12 Setting Describe characteristics of the setting and location where the study was conducted
APPROVALS
. State whether ethics approval was obtained and indicate if and how informed consent
13 Ethics .
and/or assent were obtained
MEASURES and MATERIALS
14 Meastres Operationally define all target behaviors and outcome measures, describe reliability and
validity, state how they were selected, and how and when they were measured
Clearly describe any equipment and/or materials (e.g., technological aids, biofeedback,
15 Equipment computer programs, intervention manuals or other material resources) used to measure
target behavior/s and other outcome/s or deliver the interventions
INTERVENTIONS
Describe the intervention and control condition in each phase, including how and when
16 Intervention they were actually administered, with as much detail as possible to facilitate attempts
at replication
17 Procedural fidelity Describe how procedural fidelity was evaluated in each phase
ANALYSIS
18 Analyses Describe and justify all methods used to analyze data

RESULTS
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Table A1. Cont.

Item Number Topic Item Description
For each participant, report the sequence actually completed, including the number of
Sequence . . . .
19 trials for each session for each case. For participant/s who did not complete, state when
completed
they stopped and the reasons
20 Outcomes and For each participant, report results, including raw data, for each target behavior and other
estimation outcome/s
1 Adverse events State whether or not any adverse events occurred for any participant and the phase in
which they occurred
DISCUSSION
22 Interpretation Summarize findings and interpret the results in the context of current evidence
23 Limitations Discuss limitations, addressing sources of potential bias and imprecision
24 Applicability Discuss applicability and implications of the study findings
DOCUMENTATION
25 Protocol If available, state where a study protocol can be accessed
26 Funding Identify source/s of funding and other support; describe the role of funders
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