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Abstract

We conducted a meta-analysis on the effects of mobile technology on treatment outcome for
psychotherapy and other behavioral interventions. Our search of the literature resulted in 26
empirical articles describing 25 clinical trials testing the benefits of smartphone applications,
PDAs, or text messaging systems either to supplement treatment or substitute for direct contact
with a clinician. Overall, mobile technology use was associated with superior treatment outcome
across all study designs and control conditions, ES = .34, p < .0001. For the subset of 10 studies
that looked specifically at the added benefit of mobile technology using a rigorous “Treatment”
versus “Treatment + Mobile” design, effect sizes were only slightly more modest (ES = .27) and
still significant (p < .05). Overall, the results support the role of mobile technology for the delivery
of psychotherapy and other behavioral interventions.
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Technological innovations have been used to deliver and supplement psychotherapy and
other behavioral interventions for decades. Phone calls, for example, have been integrated
into treatment delivery for anxiety treatment and addictions since at least the 1960s (e.g.
Kahn & Baker, 1968; Koumans, Muller, & Miller, 1967). Since the advent of affordable
hand-held mobile devices, however, the integration of technology and treatment delivery has
become ubiquitous (Jones, 2014). Currently, there is a small but rapidly growing literature
describing clinical trials that have been conducted to test the benefits of mobile devices,
either as substitutes for regular contact with a clinician (e.g., Bauer, Okon, Meermann, &
Kordy, 2012; Watts, et al., 2013) or to supplement face-to-face time with a clinician (e.g.,
Gustafason, et al., 2014; Oerlemans, van Cranenburgh, Herremans, Spreeuwenberg, & van
Dulmen, 2011).
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eHealth and mHealth Interventions

Electronic health (eHealth) interventions include internet interventions, video-games, and
other computer-based interventions (e.g., Teachman, 2014). Mobile health (mHealth)
interventions, in contrast, are a subset of eHealth interventions that involve the use of mobile
devices such as personal digital assistants (PDA), text messaging systems, and smartphone
applications. mHealth technologies have tremendous potential to augment treatment
delivery, particularly to assist in the delivery of skills-based therapies such as cognitive-
behavioral treatments. Such approaches are beginning to be used successfully. Palmtop
computers have been effectively used to facilitate self-statements, breathing control practice,
and exposure exercises, as a supplement to CBT for panic disorder (Kenardy, Dow,
Johnston, Newman, Thomson, & Taylor, 2003). PDAs have been used to monitor daily
behaviors, mood, and symptom change, provide feedback, and schedule tasks and goals
(e.g., Burke et al., 2011; Gentry, Kriner, Sima, McDonough, & Wehman, 2014; Piasecki,
Hufford, Solhan, & Trull, 2007). Text messaging systems have been used to increase
medication compliance, provide encouragement to practice skills, and remind clients of
upcoming sessions. (e.g., de Niet et al., 2012; Louch, Dalking, Bodansky, & Conner, 2013;
Whittaker et al., 2011; Ybarra, Holtrop, Prescott, Rahbar, & Strong, 2012). More recently,
smartphone apps have been used to administer momentary assessments and diaries, monitor
medication use, model effective skill use through video and audio recordings, and provide
general diagnostic information. Information collected through smartphone apps is often
reviewable by treatment providers. (e.g., Jones, Forehand, McKee, Cuellar, & Kincaid,
2010; Gustafson, McTavish, Chih, Atwood, Johnson, & Boyle, 2014; Kirwan, Vandelanotte,
Fenning, & Duncan, 2013; Kristjansdottir et al., 2013; Pramana, Parmanto, Kendall, & Silk,
2014). As is evident from these examples, mHealth interventions are changing rapidly with
emerging technology.

Related Meta-analyses and Reviews

Few studies have tested the benefits of mobile devices using rigorous research designs. As a
result, most reviews of this literature are qualitative. The few meta-analyses and other
quantitative reviews include relatively low numbers of articles describing noticeably
heterogeneous studies. One of the earlier review articles identified only five studies that
tested mobile devices in the context of randomized controlled trials, and zero studies testing
the incremental benefit of mobile phones to improve psychotherapy outcome (Boschen,
2009). A meta-analysis (33 studies) on the benefit of pediatric eHealth interventions
estimated an overall weighted mean effect size of d = .12, but with slightly larger effects for
a subset of 20 studies that included behavioral techniques, d = .35 (Cushing & Steele, 2010).
Most of these studies in this meta-analysis, however, involved internet interventions and
other computer-based interventions (e.g., CD-ROM) and not the use of mobile technology.
A 2011 qualitative review identified eight randomized clinical trials evaluating the
effectiveness of mobile devices to enhance the delivery of mental and behavioral health care
(Ehrenreich, Righter, Rocke, Dixon, & Himelhoch, 2011). The review concluded that the
interventions appeared to be successful but effect sizes were not estimated. The study also
highlighted the limited number of rigorous studies that have evaluated interventions for
mental health problems using mobile phones, PDAs, or smartphones. Another 2011 review,
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specific to smartphone apps, reviewed the capabilities and potential benefits of integrating
smartphones into the delivery of behavioral healthcare (Luxton, McCann, Bush, Mishkind,
& Reger, 2011.) The review did not, however, review actual outcome data or attempt to
quantify any benefit. Instead, the review concluded that more studies were needed to
evaluate the clinical effectiveness of smartphones to enhance the delivery of behavioral
health interventions. A 2013 review, also focusing on smartphone technology, reached
similar conclusions (Fiordelli, Diviani, & Schulz, 2013). The review did not include any
outcome data on the effectiveness of smartphones to enhance treatment outcome. Rather, the
authors noted that while there is no shortage of health-related apps (15,000+ available in app
stores), few have been evaluated in terms of outcome. Another study from the same year,
described a meta-analysis of 19 text-messaging based clinical trials and estimated an overall
weighted mean effect size of d = .33 (Head, Noar, lannarino, & Harrington, 2013). The
study was specific to text-messaging and did not include any studies of PDAs or smartphone

apps.

Current Study

Method

Procedure

In the current study, our aim was to conduct a meta-analysis to estimate the benefits of
mobile technology for the delivery of psychotherapy and other behavioral interventions.
This meta-analysis differs from prior meta-analyses, described above, in several key ways.
First, this meta-analysis focuses exclusively on mobile technologies, including PDAs,
texting interventions, and smartphones applications. Second, we chose to examine only
clinical trials with at least two groups in order to estimate standardized mean differences at
post-treatment. We chose to exclude studies with single-group, pre-post designs which
produce significantly inflated effect sizes (e.g., Lindhiem, Higa, Trentacosta, Herschell, &
Kolko, 2014). Finally, we coded the studies by research design in order to identify a subset
of the most rigorous studies that looked specifically at the added benefit of mobile
technology using a rigorous “Treatment” versus “Treatment + Mobile” design.

Eligibility criteria—All articles included in this meta-analysis examined the influence of
mobile technology on clinical outcome. Inclusion criteria included, 1) a psychotherapy or
behavioral intervention outcome study, 2) a clinical trial with at least two groups, 3) at least
one group received mobile technology during (or in place of) treatment, 4) written in
English or translated into English, and 5) peer review or dissertation.

Study selection—A literature search of the PsycINFO database using the ProQuest search
engine was completed on December 8™, 2014. Search terms were text messaging,
smartphone, mHealth, eHealth, mobile, mobile phone, application, behavioral intervention,
short messaging services, mobile app treatment, and digital assistants. The publications of
authors identified through the initial search were then searched for additional articles. These
searches yielded 2,415 articles. Articles were excluded for one or more of the following
reasons: 1) not evaluating treatment outcome, 2) not including a mobile technology as a
supplement or substitute for an intervention, 3) not including a comparison group that did
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not receive mobile technology, 4) not written in English or translated into English, or 5) not
a peer reviewed article or dissertation. Of the 2,415 articles, 36 were examined in greater
detail. Ten additional articles were excluded due to not evaluating treatment outcome or not
featuring a control group. Overall, 26 articles met inclusion criteria. Two of the articles
described the same clinical trial so only one effect size was estimated for this single study.
For three studies, the authors were contacted to obtain the statistics needed to calculate the
effect sizes. All three authors provided the requested data. In summary, the current meta-
analysis included 25 studies (see Figure 1 and Table 1).

Coding—The following variables were coded:
1. Sample descriptors: age of sample (adults vs. children and adolescents).

2. Research design descriptors: Total sample size, treatment group sample size,
control group sample size, participant diagnosis (addiction, medical, or
psychological), research design (treatment with mobile technology vs. treatment,
mobile technology vs. treatment, or mobile technology vs. no treatment),
randomization (randomization vs. no randomization), and type of mobile
technology (smartphone app, text messaging/short message service, or personal
digital assistant).

Standardized mean difference effect sizes (ES) for clinical outcome were calculated
according to the procedures outlined in Lipsey and Wilson (2001). All effect sizes were
calculated from data collected at post-treatment. When possible, means and standard
deviations were used to calculate effect sizes. We use the formulas for calculating Hedges’

. Eszyl—YQ o — (711—1)3%—#(’112—1)5% _
g: sy P ny+ng—2 , where X represents the mean reported for
each group, s; is the pooled standard deviation, and n is the number of participants in each
condition. Hedges’ g was selected over Cohen’s d as it more accurately estimates effect
sizes with small samples. The statistic however, has essentially the same interpretation as
Cohen’s d (small = .2; medium = .5; large = .8). When means and standard deviations were
unavailable, odds-ratios and F-values were used to calculate effect sizes. Standardized mean
difference effect sizes were calculated by using the following formulas:

V3 F(ni+ng)

ES=In(OR) x —; ES= nin, - For four of the studies, failure of randomization

yielded groups with baseline scores that were nonequivalent. Consistent with the
methodology described in these studies, the effect sizes for these four studies were adjusted
to correct for baseline nonequivalence. We examined any outliers which we operationalized
as three or more standard deviations from the mean effect size. The current meta-analysis
included one outlier, which was “winsorized” to two standard deviations before analyzing
the data.

Primary measures, as indicated by the authors, were used to calculate effect sizes. Three
studies did not identify a primary measure for clinical outcome. For these studies, we
selected a primary outcome measure based on the aims of the study and the psychometrics
of each measure. Effect sizes for these three studies were estimated from The Eyberg Child

Behav Modif. Author manuscript; available in PMC 2016 November 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lindhiem et al.

Page 5

Behavior Inventory (Jones, et al., 2014), Liebowitz Social Anxiety Scale (Enock, Hofmann,
& McNally, 2014), and the Body Mass Index (de Niet et al., 2012).

Four studies included three treatment conditions. For these studies, the aims of each study
were considered when selecting the most appropriate experimental and control conditions.
In addition, groups most similar to the research design codes were selected. Specifically, the
monitoring and no monitoring groups (Pedersen, Kaysen, Lindgren, Blayney, & Simpson,
2014), the cognitive bias modification and wait-list groups (Enock, Hofmann, & McNally,
2014), the text messaging and the no text messaging groups (Park, Howie-Esquivel, Chung,
& Dracup, 2014), and the personal digital assistant and paper records groups (Burke et al.,
2011) were selected for calculating effect sizes. All effect sizes were coded by the second
and third authors. The inter-rater agreement was 93%. Discrepancies were resolved through
conferencing.

Data Analyses

Results

Analyses were conducted using Lipsey and Wilson’s (2001) macros for SPSS. An aggregate
effect sizes was estimated using a random effects model. The Q homogeneity statistic was
used to determine whether heterogeneity in effect sizes supported examination of
moderators of the overall effect. The Q statistic has a chi-square distribution based on k-1
degrees of freedom where k represents the number of effect sizes. A homogeneity Q statistic
that is statistically significant suggests that the distribution of effect sizes is heterogeneous.
We evaluated potential moderator variables individually with the Qperyeen Statistic using
maximum likelihood estimation. A statistically significant Qpenyeen SUppOrts the variable as
a moderator of effect size heterogeneity. We examined publication bias using the “fail safe
number” based on Orwin’s (1983) formula.

The results of the meta-analysis are summarized in Table 2 and Figure 2. Of the 25 studies,
six (24%) involved PDAs, 12 (48%) involved texting interventions, and seven (28%)
involved smartphone applications. Twenty-one (84%) of the studies described interventions
for adults and four (16%) described interventions for children and adolescents. Seven studies
(28%) targeted addictions (e.g., smoking, drinking), 11 (44%) targeted medical/physical
conditions (e.g., weight-loss, diabetes), and seven (28%) targeted psychological conditions
(e.g., depression, anxiety, PTSD). Ten studies (40%) specifically tested the incremental
benefit of mobile technology using a rigorous “Treatment” versus “Treatment + Mobile”
design. All but one of the studies used random assignment to treatment condition.

Across the 25 independent effect sizes, the aggregate effect size was ES = .34, p <.0001.
This falls within the small to medium range based on Cohen’s definitions of “small” (d = .
20) and “medium” (d = .50) effect sizes. The homogeneity Q statistic (Q = 125.15,p <.
0001) indicated statistically significant variability in the effect sizes between the 25 studies.
All but one of the studies used random assignment to treatment condition. The aggregate
effect size for these 24 studies was ES = .36, p < .0001. When we examined our study-level
variables as potential moderators, none were significant at p < .05. Effect sizes were
comparable for studies with children (ES = .43) and adults (ES = .33), between Q = .20, p
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=.65. Although effect sizes appeared to be substantially smaller for studies of behavioral
intervention for medical conditions (ES = .16) than for either treatments for addictions (ES
=.50) or psychological disorders (ES = .44), these group differences were not statistically
significant, between Q = 4.86, p = .09. Studies using smartphone apps had larger effects
effect sizes (ES = .57) than studies using PDAs (ES = .16) or text messaging systems (ES =.
31), but these group differences were also not statistically significant, between Q = 3.88, p
=.14. As expected, studies specifically testing the additive benefit of mobile technology
using a rigorous “Treatment vs. Treatment + Mobile” design had a more modest effect size
(ES = .27) relative to studies with other designs, but group differences were again not
statistically significant, between Q = 1.40, p = .50. The fail safe N using Orwin’s (1983)
formula indicated that 60 additional studies with null findings (ES = .0) would be necessary
to reduce the overall aggregate effect size (.34) down to ES = .10.

Discussion

The results of this meta-analysis suggest that mobile technologies benefit the delivery of
psychotherapy and other behavioral interventions. Specifically, patients who received
mobile technology either to supplement treatment or substitute for direct contact with a
clinician experienced better treatment outcome than patients who did not receive any form
of mobile technology. These treatment gains remained stable across several potential
moderators, including the age of the sample, diagnosis, study design, and the form of mobile
technology. These results are consistent with the findings from a meta-analysis that
examined the clinical benefit of text-messaging trials (d = .33; Head et al., 2013).
Importantly, the results from the current study support the added benefit of mobile
technology based on a subset of studies that used a rigorous “Treatment” versus “Treatment
+ Mobile” design. The results also support the possibility that mobile-only treatments (i.e.,
treatments that do not include regular, in-session meetings with a clinician) offer better
clinical outcome than no treatment at all. Overall, using mobile technology is a promising
method of providing mental health treatment to people who would otherwise go untreated.

Clinical Implications

These results support the integration of mHealth technologies into clinical care. Using
mobile technology as a supplement may enhance the delivery of treatments. Through the use
of digital behavioral diaries, assessments, and messaging, clinicians can utilize mobile
devices to observe and interact with their clients in real-world contexts. For example, one
study that used text messaging for the treatment of smoking cessation enabled treatment
providers to send motivational and behavioral change messages to participants. In addition,
participants were able to send text messages during times when they were experiencing
cravings for cigarettes (Free et al., 2011). Another study implemented a smartphone app that
was designed to supplement treatment for childrens’ behavior problems. The features of the
app included video demonstrations of skills, daily surveys, recordings of how families
practice skills in their homes, and text messages to remind parents of mid-week updates,
home practice, and upcoming sessions and calls (Jones et al., 2014).
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Mobile technologies offer tremendous potential to engage with youth, given children and
teens’ comfort with technology and the large amount of time they spend interacting with
technology (Rideout, Foehr, & Roberts, 2010). Smartphones, in particular, are small and
convenient to carry, have become widely available (Smith, 2012), enjoy widespread network
coverage, and have extensive computing abilities that allow them to run mHealth
applications. mHealth technologies may also help to improve youths’ engagement in
treatment by incorporating motivational messages from therapists, providing fun and
interactive ways to learn new skills (i.e. games), and incorporating digital rewards to
reinforce skill use and practice.

In addition to offering therapeutic benefits, mHealth technologies offer possibilities for
overcoming common barriers to psychological and behavioral health treatment. In a study
using data collected during the National Comorbidity Survey-Replication (NCS-R) study, a
number of barriers that prevented people with a perceived need for treatment from accessing
care were identified. Of particular relevance to this meta-analysis, common barriers that
were endorsed by respondents included financial limitations and the lack of availability,
transportation, and general inconvenience of accessing care (Mojtabai et al., 2011). For
individuals in need of treatment, smartphone apps, text messaging, and PDAs can overcome
many of these barriers. With about 90% of American adults owning a cell phone and 58% of
American adults owning a smartphone (Pew Research Center, 2014), text messaging and
app interventions are widely accessible and convenient. For people who are unable to obtain
transportation or live in rural areas with limited access to services, mHealth interventions
can provide care without the need for transportation or distant commutes to clinic sites.
Many of these interventions also do not impose further financial burden on clients, as many
people are already paying for their cell phone service.

Potential Mechanisms

The results of this meta-analysis highlight the need to explore possible mechanisms that may
explain how mobile technology can provide therapeutic benefits. One clue as to how
mHealth technologies improve clinical outcome is the finding that the largest effect sizes
were for smartphone app interventions. Common features of behavioral health apps include
clinical information (e.g., text, video, and audio files for skills), behavior diaries, discussion
boards (digital forums with which app users can communicate with one another), and pop-
up reminders (e.g., Gustafson et al., 2014; Jones et al., 2014; Kirwan, et al., 2013;
Kristjansdottir et al., 2013). Though speculative, these numerous features suggest multiple
possible mechanisms for how mobile technology improves clinical outcome.

Increased contact—Mobile technology can increase contact between client and treatment
provider. Text messaging can enable clinicians to send messages to clients between sessions
(e.g., reminders for upcoming sessions, encouragement to regularly practice skills) while
clients can use text messaging as an additional, convenient method for communicating
information to their clinician. Though not as widely used as text messaging, some apps
feature a HIPAA compliant messaging system with which clients can communicate with
treatment providers via messages (e.g., Pramana et al., 2014). These messages, which are
accessed and read through a secure online portal, allow clinicians to implement text
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messaging into treatment without disclosing personal contact information or requiring the
possession an additional cell phone service for professional use. Mobile technology provides
a convenient method of contact between client and clinician that may supply therapeutic
benefits through more frequent encouragement and aid between sessions.

Alarms and reminders—BY interacting with the various features of apps frequently,
clients receive regular encouragement and reminders to practice skills between sessions.
Furthermore, some apps contain an alarm feature that is specifically designed to send
reminders and notifications to clients. These apps let clinicians schedule times at which
various messages are automatically sent to clients’ mobile phones. The notifications will
often alert clients with a vibration, sound, or flashing light. Examples of prompts or
reminders include ecological momentary assessment and cues to encourage the frequent
practice of skills (e.g., Pramana et al., 2014; Jones et al., 2014). Text messaging can also
enable clinicians to schedule and send basic messages to clients. Along with increased
contact with the clinician, mobile technology may further improve client engagement
throughout the treatment process through the use of alarms and reminders.

Real-time assessment and data collection—When apps include assessments and
behavior diaries, clinicians can use these features to identify regular behavior patterns and
experiences for each client. This data can be clinically rich and help clinicians generate
hypotheses about factors that are facilitating or hindering change. For example, data can be
collected on between-session treatment adherence and skills practice. In one study, children
with ADHD and their caregivers were provided with PDAs to assess for daily contexts,
behaviors, and mood (Whalen, Henker, Ishikawa, et al., 2006; Whalen, Henker, Jamner, et
al., 2006). Such a methodology has the potential to provide very rich data about context,
stressors, and behaviors that differentiate treatment responders from non-responders outside
of treatment sessions. This information can then guide upcoming sessions to address
maladaptive behaviors and provide strategies for responding to difficult situations.

Skill acquisitions and utilization—Previous studies have identified the importance of
skill acquisition and utilization for positive treatment outcome for behavioral interventions
(e.g., Hundt, Mignogna, Underhill, & Cully, 2013; Lindhiem, Higa, Trentacosta, Herschell,
& Kolko, 2014). Although increased contact, motivation, prompts, reminders, and real-time
assessment and data collection all likely have independent effects, the combination of these
mechanisms may have a combined effect by enhancing skill acquisition and skill utilization.
Overall, apps may help clients learn and practice skills that promote healthy behaviors,
resulting in improved clinical outcome.

Limitations and Future Directions

The greatest limitation of the current meta-analysis is the relatively small number of studies
that met inclusion criteria. With only 25 studies, we lacked the power to analyze potential
moderators thoroughly. With moderator groups ranging anywhere from one study to 24
studies, no statistically significant differences were detected. Another limitation is that we
only examined the effects of mobile technology on treatment outcome at post-treatment. As
such, the results of this meta-analysis do not indicate whether or not there are long-term
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benefits to implementing mobile technology in psychotherapy and other behavior health
services. The present study also does not explore the use of mobile technologies as a method
for maintaining treatment gains after services have terminated. We hope that the promising
results reported in this meta-analysis will encourage the continued development and use of
mHealth interventions, which will allow for a more robust analysis of the benefits of mobile
technology.

Summary and Conclusions

In a meta-analysis of 25 studies, the use of mobile technology to deliver or supplement
treatment was associated with superior treatment outcome across all study designs and
control conditions. Overall, the results support the role of mobile technology for the delivery
of psychotherapy and other behavioral interventions. Mobile technology could become a
common resource for augmenting current clinical practices and overcoming common
barriers to treatment. The continued development of mobile health interventions will allow
for a more careful examination of moderators and a more thorough understanding of how
mobile technology can improve mental health treatment.
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e  Two methods used to search for articles: k= 2,415
o Search of PsychINFO database using key terms
= Text messaging, smartphone, mHealth, eHealth, mobile, mobile phone,
application, behavioral intervention, short messaging services, mobile app
treatment, digital assistants
o Search of the publications of authors utilizing mobile technology who were identified
through the search of key terms

e Excluded for one or more of the following reasons: £ = 2,379
o Did not include a comparison group

o Did not include mobile technology
o Did not evaluate treatment outcome
o Not written in English
o Books or chapters (not peer reviewed)
k =36 articles selected for a more
detailed examination
e Excluded
o No comparison group (two mobile intervention

groups): k=6
o Did not evaluate treatment outcome: £k = 4

A 4

k = 26 articles met inclusion criteria and were included in the meta-analysis.
These 26 articles described 25 studies.

Figure 1.
Study selection flow chart.
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