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Promoting mental health in
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digital technology: a systematic
review and meta-analysis

Tianjiao Chen, Jingyi Ou, Gege Li and Heng Luo*

Faculty of Artificial Intelligence in Education, Central China Normal University, Wuhan, China

Background: The increasing prevalence of mental health issues among children
and adolescents has prompted a growing number of researchers and practitioners
to explore digital technology interventions, which offer convenience, diversity, and
proven effectiveness in addressing such problems. However, the existing literature
reveals a significant gap in comprehensive reviews that consolidate findings and
discuss the potential of digital technologies in enhancing mental health.

Methods: To clarify the latest research progress on digital technology to promote
mental health in the past decade (2013-2023), we conducted two studies: a
systematic review and meta-analysis. The systematic review is based on 59
empirical studies identified from three screening phases, with basic information,
types of technologies, types of mental health issues as key points of analysis
for synthesis and comparison. The meta-analysis is conducted with 10 qualified
experimental studies to determine the overall effect size of digital technology
interventions and possible moderating factors.

Results: The results revealed that (1) there is an upward trend in relevant
research, comprising mostly experimental and quasi-experimental designs; (2)
the common mental health issues include depression, anxiety, bullying, lack
of social emotional competence, and mental issues related to COVID-19; (3)
among the various technological interventions, mobile applications (apps) have
been used most frequently in the diagnosis and treatment of mental issues,
followed by virtual reality, serious games, and telemedicine services; and (4)
the meta-analysis results indicated that digital technology interventions have
a moderate and significant effect size (g = 0.43) for promoting mental health.

Conclusion: Based on these findings, this study provides guidance for future
practice and research on the promotion of adolescent mental health through
digital technology.

Systematic review registration: https://inplasy.com/inplasy-2023-12-0004/,
doi: 10.37766/inplasy2023.12.0004.
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1 Introduction

In recent years, the mental health status of children and
adolescents (6-18years old) has been a matter of wide societal
concern. The World Health Organization noted that one in seven
adolescents suffers from mental issues, accounting for 13% of the
global burden of disease in this age group (World Health
Organization, 2021). In particular, the emergence of COVID-19
has led to an increase in depression, anxiety, and other
psychological symptoms (Jones et al., 2021; Shah et al., 2021).
There is thus an urgent need to monitor and diagnose the mental
health of teenagers.

The development of digital technology has brought about
profound socio-economic changes; it also provides new opportunities
for mental health diagnosis and intervention (Goodyear and Armour,
2018; Giovanelli et al., 2020). First, digital technology breaks the
constraints of time and space. It not only provides adolescents with
mental health services at a distance but also enables real-time
behavioral monitoring for the timely acquisition of dynamic data on
adolescents’ mental health (Naslund et al., 2017). Second, due to the
still-developing stage of mental health resource building, traditional
intervention methods may not be able to meet the increasing demand
for mental health services among children and adolescents (Villarreal,
2018; Aschbrenner et al., 2019). In addition, as digital natives in the
information age, adolescents have the ability to use digital technology
proficiently, and social media, such as the internet, has long been
integrated into all aspects of adolescents’ lives (Uhlhaas and Torous,
2019). However, it is worth noting that excessive reliance on digital
technology (e.g., internet and smartphone addiction) are also
common triggers of mental problems among youth (Wacks and
Weinstein, 2021). Therefore, we must be aware of the risks posed by
digital technology to better utilize it for promoting the mental health
of young people.

Mental health, sometimes referred to as psychological health in
the literature, encompasses three different perspectives: pathological
orientation, positive orientation, and complete orientation (Keyes,
2009). Pathological orientation refers to whether patients exhibit
symptoms of mental issues, including internalized mental disorders
(e.g., depression and anxiety) and behavioral dysfunctions (e.g.,
aggression, self-harm) as well as other mental illnesses. Studies have
indicated that both internalizing and externalizing disorders belong
to different dimensions of mental disorders (Scott et al., 2020), and
internalizing symptoms often occur simultaneously with
externalizing behaviors (Essau and de la Torre-Luque, 2023). The
positive orientation suggests that mental health is a positive mental
state, characterized by a person’s ability to fully participate in
various activities and to express positive and negative emotions
(Kenny et al, 2016). The complete orientation integrates
pathological and positive orientation (Antaramian et al., 2010),
suggesting that mental health means the absence of mental issues
and the presence of subjective well-being (Suldo and Shaffer, 2008).
The development of social emotional abilities helps to promote
subjective well-being for adolescents during social, emotional, and
cognitive development (Cejudo et al., 2019). Adolescents with
mental health issues may thus exhibit pathological symptoms or
lack of subjective well-being due to a lack of social emotional
abilities. In this study, mental health is defined as a psychological
state advocated by the complete orientation.
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Promoting mental health using digital technology involves
providing help through digital tools such as computers, tablets, or
phones with internet-based programs (Hollis et al, 2017).
Currently, various digital technologies have been tested to address
mental health issues in young individuals, including apps, video
games, telemedicine, chatbots, and virtual reality (VR). However,
the impact of digital technology interventions is affected by various
factors (Piers et al., 2023). Efficacy varies based on the kind of
mental health issues. Individuals with mental illness related to
COVID-19 may profit more from digital interventions than those
experiencing depression and anxiety. Moreover, studies reveal that
several mental health conditions in young people deteriorate with
age, particularly anxiety and suicide attempts (Tang et al., 2019).
The impact of digital technology interventions may therefore differ
depending on the adolescent’s age. Having psychological problems
usually indicates that people are in an unhealthy mental state for a
long time, so an enduring intervention may have greater efficacy
than a short-term one. Earlier studies have also suggested that the
outcomes of treatment are linked to its duration, with patients
receiving long-term treatment experiencing better results (Grist
etal., 2019).

Although more digital technologies are being used to treat
mental health issues, the most important clinical findings have come
from strict randomized controlled trials (Mohr et al., 2018). It is still
unclear how these interventions affect long-term care or how they
would function in real-world settings (Folker et al., 2018). There is
much relevant empirical research, but it is scattered, and there is a
need for systematic reviews in this area. In previous studies about
technology for mental health, Grist et al. (2019) analyzed how digital
interventions affect teenagers with depression and anxiety, but their
study only considered mental disorders, without considering other
mental health issues. Cheng et al. (2019) examined serious games and
their application of gamification elements to enhance mental health;
however, they overlooked various technological approaches beyond
serious games and did not give adequate consideration to the diverse
types and features of technology. Eisenstadt et al. (2021) reviewed
how mobile apps can help adults between 18 and 45years of age
improve their emotional regulation, mental health, and overall well-
being; however, they did not investigate the potential benefits of apps
for teenagers.

The present study reviews research from the past decade on digital
technology for promoting adolescent mental health. A systematic
literature review and meta-analysis are used to explore which types
and features of technology can enhance mental health. We believe that
the present study makes a meaningful contribution to scholarship
because it is among the earliest to report on the impact of technology-
enhanced mental health interventions and has revealed crucial
influencing factors that merit careful consideration during both
research and practical implementation. The following three research
questions guided our systematic review and meta-analysis:

1. What is the current status of global research on digital technology
for promoting children and adolescent mental health?

2. What digital
development of mental health among children and adolescents?

technology characteristics support the

3. How effective is digital technology in promoting the mental

health of children and adolescents? What factors have an

impact on the effectiveness of digital technology interventions?
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2 Study 1: systematic literature review
2.1 Method

2.1.1 Study design

This study used the systematic literature review method to analyze
the relevant literature on the promotion of mental health through
digital technology. It followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis statement for the selection and
use of research methods. The protocol for this study was registered
with INPLASY (2023120004). Standardized systematic review
protocol is used to strictly identify, screen, analyze, and integrate
literature (Bearman et al., 2012). To clarify the research issues,
systematic literature reviews typically comprise the following six key
procedures: planning, literature search, literature assessment, data
extraction, data synthesis, and review composition (Lacey and
Matheson, 2011).

2.1.2 Literature search

To access high-quality empirical research literature from the past
decade, this study selected SCIE and SSCI index datasets from the
Web of Science core database and Springer Link. Abstracts containing
the English search terms “mental health or psychological health or
psychological wellbeing” AND “technology or technological or
technologies or digital media” AND “K-12 or teenager or children or
adolescents or youth” were retrieved. The search period spanned from
January 1, 2013, to July 1, 2023, and 1,032 studies were obtained. To
ensure the relevance of the studies to the research question, the
relevant inclusion and exclusion criteria were developed based on the
1,032 studies retrieved. The specific criteria are listed in Table 1.

In this study, we followed a systematic literature review approach
and screened the retrieved studies based on the above selection
criteria. We conducted three rounds of screening and supplemented
new studies through snowballing, ultimately including 59 effective
sample documents. The specific process is shown in Figure 1.

2.1.3 Coding protocol

To extract key information from the included papers,
we systematically analyzed 59 studies on the basis of reading the full
text. Our coding protocol encompassed the following aspects: (a) basic
information about the study, including the first author, publication
year, publication region, study type, study object, and intervention
duration; (b) the type of technology used in the study, including apps,
chatbots, serious games, VR/AR, short messaging service (SMS),

TABLE 1 Literature screening criteria.

10.3389/fpsyg.2024.1356554

telemedicine services, and others; (c) mental health issues, including
depression and anxiety, mental illness, bullying, lack of social and
emotional competence, mental health issues caused by COVID-19,
and other mental health issues; and (d) experimental data (mean,
sample size, standard deviation or p-value, t-value, etc.). By capturing
basic study information, we establish a foundation for comparing and
contextualizing the selected studies. The type of technology used is
crucial as it reflects the innovative approaches and their technical
affordances. Mental health issues are the core focus that dictates the
objectives of the technological interventions as well as their suitability
and relevance. Experimental data provides quantifiable evidence to
support the effectiveness claims and lays a foundation for the meta-
analysis. Together, these four coding aspects offer a holistic view for a
comprehensive understanding and analysis of the existing literature.
The document coding was completed jointly by the researchers after
confirming the coding rules and details through multiple rounds of
negotiation. Problems arising in the coding process were intensively
discussed to ensure consistency and accuracy of the coding.

2.2 Results and discussion

2.2.1 Study and sample characteristics

As shown in Figure 2, in terms of the time of publication, the
number of studies has gradually increased from 2013 to 2021 along
with the development of digital technology. The proportion of studies
published in the past 5 years (2019-2023) accounted for 76.3% of the
total (45/59), with a peak in 2021 with 15 papers. Social isolation,
school suspension, and reduced extracurricular activities caused by
COVID-19 may exacerbate mental health issues among children and
adolescents, which has attracted more researchers to explore the
application of digital technology to mental health treatment.

From the perspective of published journals, all of the studies were
published in 41 kinds of journals, but two fields were clear leaders: 46
studies (77.97%) were published in medical journals, followed by
psychological journals (13.56%). Table 2 shows the source distribution
and types of the sample studies. Looking at the country of the first
author, the largest number of articles came from the Americas,
including the United States and Canada, accounting for 40.7%,
followed by European countries, including the United Kingdom and
Finland. Only one article came from the African region. In terms of
the research types, experimental research was the main type, followed
by mixed research, and the number of investigation- and design-based
research was relatively small.

Screening criteria Inclusion Exclusion
1 Is the document duplicated? No Yes
2 Is the study available in full? Yes No
3 Is the document a journal article? Yes No
4 Is the study a review paper? No Yes
5 Is the study topic highly relevant to the promotion of mental health? Yes No
6 Does the study consider whether mental health interventions use digital technologies? Yes No
7 Are the subjects of the study adolescents (6-18 years old or mean age < 18 years)? Yes No

Digital technology refers to the technical means of utilizing computers and electronic devices to acquire, store, transmit, and process information through digitization, encoding, and data

processing methods.
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Number of initial papers(N=1032)

/ Read title and abstract ( N=863) \
« Standard 1 excluded 4 papers.
« Standard 3 excluded 39 papers.

« Standard 4 excluded 226 papers.
« Standard 5 excluded 194 papers.
» Standard 6 excluded 189 papers.

k. Standard 7 excluded 211 papersy

Qualified papers of first selection (N=174)+ Papers
Retrieved from Snowballing (N=15)

- B

ead method, result and conclusion
(N=79)
» Standard 2 excluded 13 papers.

» Standard 4 excluded 4 papers.
« Standard 5 excluded 35 papers.
» Standard 6 excluded 16 papers.
Standard 7 excluded 11 papcrsj

Qualified papers of second selection(N=110)

Read the full papers (N=51)
+ Standard 4 excluded 8 papers.

» Standard 5 excluded 6 papers.
» Standard 6 excluded 5 papers.
+ Standard 7 excluded 32 papers.

Finally included papers (N=59)

FIGURE 1
Screening process and results.

Looking more specifically at the research objects, the age range
varied from 6 to 18 years. Overall, adolescents aged 13-18 years
received more attention, while only six articles considered the
younger age group aged 6-12years. In addition, by coding the
sample size of the studies, we found that the quality and size of the
studies varied, ranging from small pilot studies or case studies to
large-scale cluster studies. For example, Orlowski et al. (2016)
conducted a qualitative study on adolescents with experience of
seeking help in mental health care institutions in rural Australia;
in their study, 10 adolescents with an average age of 18 years were
recruited for semi-structured interviews to determine their
attitudes and views on the use of technology as a mental health
care tool. Another large-scale, randomized controlled trial is
planned to enroll 10,000 eighth graders to investigate whether
cognitive behavioral therapy (CBT) provided by a smartphone app
can prevent depression (Werner-Seidler et al., 2020).

2.2.2 Mental health issues and technology
interventions

Based on the coding results, we present the total number of studies
that correspond to both mental health issues and technological
interventions in Figure 3. Our findings indicate that apps represent the
most prevalent form of digital technology, particularly in addressing
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depression and anxiety. Telemedicine services also rank highly in terms
of utilization. Contrarily, there are comparatively fewer apps involving
virtual reality (VR), augmented reality (AR), chatbots, and serious
games. Below, we delve into the specifics of digital technology application
and its unique affordances, tailored to distinct mental health issues.

2.2.2.1 Depression and anxiety

Depression and anxiety in adolescents have become increasingly
common, and their presence may signal the beginning of long-term
mental health issues, with approximately one in five people
experiencing a depressive episode before the age of 18 years (Lewinsohn
etal,, 1993). This has a range of adverse consequences, including social
dysfunction, substance abuse, and suicidal tendency. From the 59
articles considered here, 29 studies used digital technology to treat
depression- and anxiety-related symptoms in adolescents. Among the
many types of digital technology considered, 19 studies used apps or
educational websites as intervention tools, accounting for 76%,
followed by serious games, chatbots, and VR with two articles each.

Apps are a broad concept, but they typically refer to software that
can be downloaded from app stores to mobile devices such as phones
or tablets. Due to characteristics such as their clear structure, ease of
use, accessibility, strong privacy, interactivity, and multi-modularity,
apps and educational websites are commonly used as tools for
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2013 2014 2015 2016 2017

FIGURE 2
Trend in the number of studies published in the past decade.

2018 2019 2020 2021 2022 2023

TABLE 2 Coding results for sample studies.

Empirical research

Seciar Sample . o oL . L Design-
size Experimental Quantitative Qualitative Mixed Investigation based
research research research research research

research
Asia 6 4 1 0 1 0 0
Europe 19 11 1 1 2 2 2
America 24 12 3 2 5 1 1
Oceania 9 2 0 3 2 1 1
Africa 1 1 0 0 0 0 0
total 59 30 5 6 10 4 4

technological interventions. For example, Gladstone et al. (2015)
developed an interactive website called CATCH-IT to prevent
depression in adolescents; the site includes 14 optional modules. The
course design of each module applies educational design theories,
such as attracting learners’ attention, reviewing content, enhancing
memory, and maintaining transfer. Apps and websites can also
combine CBT with digital technology. The theoretical framework of
CBT is rooted in a core assumption that depression is caused and
maintained by unhelpful cognitions and behaviors. Treatment thus
focuses on improving the function of these areas by applying skill-
based behavioral strategies (Wenzel, 2017). Multiple studies have
incorporated CBT’s emphasis on reducing cognitive errors and
strengthening positive behavior into their designs by, for example,
using fictional storylines to help participants correct irrational thought
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patterns during reflective tasks, thereby improving patients’ depression
conditions (Stasiak et al, 2014; Topooco et al, 2019; Neumer
etal., 2021).

In addition to the intervention methods involving apps and
websites, serious games have also become a prospect for treating
depression due to their interesting and interactive characteristics.
Low-intensity human support combined with smartphone games may
potentially reduce the resource requirements of traditional face-to-face
counseling. Games contain complete storylines and competitive and
cooperative tasks between peers in the form of levels that encourage
adolescents to reflect on quizzes at the end of each challenge (Gonsalves
etal, 2019). Game designs tend to use flow theory, which emphasizes
the dynamic matching of game challenges and the user’s own skill level
(Csikszentmihalyi, 2014). During game design, it is necessary to
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provide users with an easy-to-use and interesting gaming experience,
as well as appropriate difficulty challenges, clear rules and goals, and
instant feedback, which will help them relax and relieve stress,
concentrate on changing cognitive processes, and improve their mood.

Two articles also consider the use of chatbots in interventions.
Chatbots act as a dialog agent (Mariamo et al., 2021), which makes the
intervention process more interactive. Establishing a relationship of
trust between adolescents and chatbots may also help lead to better
results in depression and anxiety treatment. Chatbot functions are
typically integrated into apps (Werner-Seidler et al., 2020) and tend to
be developed as part of the program rather than as a separate
technological tool.

In recent years, with the gradual marketization of head-mounted
VR devices, VR technology has been increasingly applied to mental
health interventions. Studies have shown that the effectiveness of VR
apps is often attributed to the distraction created by immersive
environments, which produce an illusion of being in a virtual world,
thus reducing users’ awareness of painful stimuli in the real world
(Ahmadpour et al,, 2020). In the treatment of depression and anxiety
for adolescents, active distraction supported by VR can engage users
in games or cognitive tasks to redirect their attention to virtual objects
and away from negative stimuli. Studies have also shown that, in
addition to providing immersion, VR should create a pleasant
emotional experience (e.g., the thrill of riding a roller coaster) and
embed narrative stories (e.g., adventure and exploration) to meet
adolescents’ need for achievement (Ahmadpour et al., 2019).
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2.2.2.2 Mental illness

In this study, we define mental illness as neurological developmental
problems other than depression and anxiety. Among the 59 reviewed
articles, 10 were coded as mental illness, including obsessive-compulsive
disorder, attention-deficit/hyperactivity disorder, conduct disorder,
oppositional defiant disorder, personality disorder, drug addiction,
bipolar disorder, and non-suicidal self-injury. For the treatment of
mental illness, mobile apps based on CBT appeared twice in 10 articles,
while other technology types included SMS intervention, serious
games, remote video conferencing, and mobile sensing technology.

Similar to apps for treating depression and anxiety, adolescent
patients believe that the apps have good usability and ease of use and
can encourage them to share their thoughts, feelings, and behavioral
information more openly and honestly while protecting their privacy
(Adams et al., 2021). However, due to the severe condition of patients
with mental illness, the apps not only are used independently by
patients but also serves as a bridge between therapists and patients.
Therapists can thus closely monitor treatment progress through
behavioral records, which can provide direct feedback to both patients
and therapists (Babiano-Espinosa et al., 2021).

SMS interventions send specific content text messages to patients.
As alongitudinal intervention method, it is convenient, easy to operate,
and low cost. For example, Owens and Charles (2016) sent text
messages to adolescents with non-suicidal self-injury behaviors in an
attempt to reduce their self-mutilation behaviors. The ultimate effect
seemed to be unsatisfactory, as interventions for adolescents with

frontiersin.org


https://doi.org/10.3389/fpsyg.2024.1356554
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org

Chen et al.

self-mutilation behaviors may be better applied in schools and
adolescents’ service agencies, which can help them control their self-
mutilation behaviors in the early stages and prevent such behaviors
from escalating.

There are also studies that have designed six serious games based
on CBT frameworks to treat typical developmental disorders in
adolescents, including attention-deficit/hyperactivity ~disorder,
conduct disorder, and oppositional defiant disorder (Ong et al., 2019).
In the safe environment provided by the game world, the research
subjects shape the behavior of the characters in the context through
rule learning and task repetition, which allows them to master
emotional management strategies and problem-solving skills. In
addition to interventions, digital technology can also be used to
evaluate treatment effectiveness and the type of disease. Orr et al.
(2023) used mobile sensing technology and digital phenotyping to
quantify people’s behavioral data in real time, thereby allowing
diagnosis and evaluation of diseases.

2.2.2.3 Bullying

Bullying generally includes traditional bullying and cyberbullying.
Traditional bullying usually manifests as direct physical violence or
threats of abuse against victims, as well as indirect methods such as
spreading rumors and social exclusion. Cyberbullying is defined as
intentional harm to others through computers, mobile phones, and
other electronic devices. Data show that, as of 2021, the proportion of
adolescents who have experienced cyberbullying in the United States
may be as high as 45.5% (Patchin, 2021), which indicates that it has
become a serious social problem. Among the nine articles on the topic
of bullying and cyberbullying, three used SMS intervention methods,
and two used mobile apps; chatbots, technology-supported courses,
and CBT-based telemedicine services were also used in the mental
health treatment for patients who had been bullied and cyberbullied.

The SMS intervention for bullying implemented personalized
customization, and the automatic SMS content can be customized
based on the subjects’ previous questionnaire or completed self-report
status (Ranney et al., 2019). The subjects are required to rate their
feelings at the end of the day and report whether they were bullied that
day. The psychotherapist then made adjustments based on their actual
situation, and if necessary, the psychotherapist would also contact
specific subjects to provide offline psychological counseling services
(Ranney et al,, 2019). In addition to having similar functions as the
SMS intervention (Kutok et al., 2021), mobile apps can provide
opportunities for personalized learning, where a variety of learning
methods can be applied (e.g., providing therapist guidance, conducting
meetings, and conducting family practice activities) to promote the
acquisition of mental health skills (Davidson et al, 2019).
Furthermore, for adolescents, touchscreen learning, interactive games,
and video demonstrations can enhance their enthusiasm for
participating in the treatment process.

Chatbots with specific names and images were also used to guide
research subjects through a series of online tasks in the form of
conversations, including watching videos involving bullying and
cyberbullying among adolescents, provoking self-reflection through
questions and suggestions, and providing constructive strategic advice
(Gabrielli et al., 2020). Digital technology-supported courses and
CBT-based telemedicine services both make full use of the
convenience of technology, effectively addressing the time- and
location-based limitations of traditional face-to-face treatment.
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Digital courses can be implemented on a large scale in schools through
teacher training, and compared with professional medical services,
such courses have a wider target audience and can play a scientific and
preventive role in bullying and cyberbullying. Telemedicine services
refer to the use of remote communication technology to provide
psychological services (Joint Task Force for the Development of
Telepsychology Guidelines for Psychologists, 2013). For families with
severely troubled adolescents, telemedicine allows parents and
children to meet together, increasing the flexibility of timing, and
one-on-one video services can help to build a closer relationship
between patients and therapists.

2.2.2.4 Lack of social emotional competence

In research, social emotional competence typically refers to the
development of emotional intelligence in adolescents (De la Barrera
etal., 2021), which also includes personal abilities (self-awareness and
self-management), interpersonal relationships (social awareness and
interpersonal skills), and cognitive abilities (responsible decision-
making) (Collaborative for Academic, Social, and Emotional Learning,
2020). It is an important indicator for measuring the mental health
level of adolescents. People with positive social emotional intelligence
are less likely to experience mental health issues such as depression,
anxiety, and behavioral disorders. Using digital technology to promote
social emotional development is becoming increasingly common, and
in six intervention studies on social emotional competence, apps,
serious games, VR technology, and SMS interventions were used.

The studies considered all emphasized the importance of interactive
design in digital technology to enhance social and emotional skills, as
interactive technology can increase students’ engagement, resulting in
positive learning experiences. For example, Cherewick et al. (2021)
designed a smartphone app that can be embedded with multimedia
learning materials, allowing adolescents to watch social and emotional
skill-related learning videos autonomously and complete topic
reflection activities with family/peers after school. The app also has rich
teaching interaction functions, allowing teachers to evaluate and share
course and learning materials, which can provide pleasant learning
experiences to students while also improving the flexibility of teaching.
In addition to teacher-student interaction, another paper also
mentioned the importance of human-computer interaction for
developing social emotional competence. The fun and interactivity of
the app are the key to attracting adolescents to download and use it, and
it can also have a positive effect on improving students’ self-
management and decision-making skills (Kenny et al., 2016).

Unlike the treatment of depression and anxiety, the application of
VR in the cultivation of social emotional competence not only relies
on its highly immersive characteristics but also emphasizes the
positive effects of multi-sensory experiences on emotional regulation.
By utilizing various sensor devices and visualization devices,
adolescents are provided with ideal visual, auditory, and tactile
guidance and regulation, which can enhance their emotional
regulation abilities and relieve psychological stress (Wu et al., 2022).
Existing studies have integrated dance and music into virtual scenes
(Liuetal., 2021), using virtual harmonic music therapy to allow users
to relax physically and mentally while enjoying music, thereby
reducing stress and anxiety. VR technology is also highly adaptable
and generalizable, which can help in building diverse scenes that meet
the psychological expectations of patients based on the characteristics
of the different treatment objects.
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2.2.2.5 Mental health issues caused by the COVID-19
pandemic

The global outbreak of COVID-19 created severe challenges for the
mental health of adolescents. Factors such as lack of social contact, lack
of personal space at home, separation from parents and relatives, and
concerns about academics and the future have exacerbated mental
health risks, leading to increased loneliness, pain, social isolation,
mental disorders, and symptoms of anxiety, depression, and stress. The
reports from five studies indicated that the COVID-19 pandemic has
exacerbated mental health issues in adolescents. During the pandemic,
technology—which is not limited by time and space—became the
preferred method of treatment. Apps, remote health services, and
online training courses were used in research. The apps were resource-
oriented and evidence-based interventions that allowed patients to
interact with therapists through remote conferencing and encouraged
patients to self-reflect and express themselves after the conference to
improve their mental condition (Gomez-Restrepo et al,, 2022). Remote
health services combined CBT and dialectical behavior therapy with
professional counselors engaging in online communication with
patients for several weeks. This was in line with research that indicates
that the establishment of a positive relationship between therapists and
patients is the foundation for obtaining good effect (Zepeda et al., 2021).

2.2.2.6 Other mental health issues

In addition to the common mental health issues mentioned above,
there were also interventions mentioned in the literature for improving
body image anxiety, mental issues caused by hospitalization, and
reading disabilities through digital technology means. Due to its high-
immersion and simulation characteristics, VR technology was selected
for improving mental health issues such as loneliness, disconnection
from peers, and academic anxiety caused by hospitalization (Thabrew
et al, 2022). Immersive VR experience technology used 360°
panoramic live broadcast and VR headphones to enable hospitalized
adolescents to indirectly participate in social activities through cameras
in school or home environments, as well as to contact peers and
teachers through methods such as text messages; such interventions
are conducive to improving social inclusion, social connectivity, and
happiness. Furthermore, two studies mentioned body image anxiety,
especially targeting female audiences, and the research integrated body
image CBT techniques into serious games and chatbots (Mariamo
et al, 2021; Matheson et al, 2021), using interesting interactive
exploration and free dialog forms to help adolescents gain a correct
understanding of body image and solve body image anxiety issues.

Another study used eye-tracking technology to treat children with
reading disabilities (Davidson et al., 2019). The researcher developed
areading evaluation platform called Lexplore, which used eye-tracking
technology to monitor children’s eye movements when reading to
determine the cognitive processes behind each child’s individual
reading style and then design appropriate strategies to improve their
reading difficulties.

3 Study 2: meta-analysis
3.1 Method

To explore the effect of digital technology in promoting mental
health, this study used a meta-analysis to assess 10 papers. It includes
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both experimental and quasi-experimental research studies. CMA3.0
(Comprehensive Meta-Analysis 3.0) was used, and the meta-analysis
process consisted of five phases.

Phase 1: Literature screening, based on the prior stage of literature
information coding. Relevant literature was filtered using the following
criteria for meta-analysis: (a) the study must compare “technical
intervention” and “traditional intervention”; (b) the study should report
complete data that can generate the effect amount (e.g., average, sample
size, standard deviation or t-values, p-values, etc.); and (c) the dependent
variables in the study should contain at least one aspect of mental health.

Phase 2: Effect size calculation. In the case of a large sample size,
there is little difference between Cohen’s d, Glass, and Hedges’ g
values, but Cohen’s d can significantly overestimate the effect size for
studies with a small sample (Hedges, 1981). Therefore, Hedges’ g was
used as the effect size indicator in this study.

Phase 3: Model selection. Meta-analyses include fixed- and
random-effects models. Different models may produce different effect
sizes. Due to the differences in sample size, experimental procedures,
and methods among the initial studies included in the meta-analysis,
the estimated average effect values may not be completely consistent
with the true population effect values, which results in sample
heterogeneity. This study used the method proposed by Borenstein
etal. (2009) to establish fixed- and random-effects models to eliminate
the influence of sample heterogeneity. When the heterogeneity test (Q
value) results were significant, the random-effects model was used;
otherwise, the fixed-effects model was used.

Phase 4: Testing of main effects and moderating effects. Based on
the selected model, a test of the main effects was conducted.
Meanwhile, if heterogeneity was present, a test of moderating effects
could be conducted.

Phase 5: Publication bias test. Publication bias is a common
systematic error in meta-analyses and refers to a tendency for
significantly significant research results to be more likely to
be published than non-significant results. This study used a funnel
plot to visually assess publication bias qualitatively and then further
quantitatively assessed publication bias using Begg’s rank correlation
method and the trim and fill method.

3.2 Results and discussion

3.2.1 Inclusion and coding results

For the studies that met the requirements of the meta-analysis,
detailed classification was carried out based on the following variables
one-by-one on the basis of the systematic review coding: (a) basic
information (authors, year, sample size); (b) age stage, which is divided
into three categories: primary school, junior high school, and senior
high school; (c) mental health issues, including depression, bullying,
and mental health issues caused by COVID-19; (d) technology type,
including app, telemedicine, and chatbots; (e) intervention duration,
coded as short-term for interventions less than a month and long-
term for intervention that lasted more than a month; and (f) effect
size. The coding results are shown in Table 3.

3.2.2 The overall effect of digital technology on
mental health outcomes

According to the results of the heterogeneity test in Table 4, the
Q test is significant (p<0.001), which indicates that there is
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TABLE 3 Research coding results included in meta-analysis.

Mental health

10.3389/fpsyg.2024.1356554

Intervention

Research Sample size Age stage problem Technology type duration g (95% Cl)
Anttila2021 82 J D A LI 0.045
Jones2020 35 S D A LI 0.192
kor2023 1,670 J M A LI 0.142
nicoll2022 17 S D C SI 0.005
Pavarini2023 100 S M T SI 1.316
Ruggiero2015 2,000 S D R LI 0.192
Stasiak2014 34 S D A LI 0.52
Stewart2017 15 P B T SI 0.786
Topooco2019 70 S D T LI 0.893
Zepeda2023 27 ] C T SI 0.379

A, App software; B, Bullying (including cyberbullying, school bullying); C, Chatbot; M, Mental health issues caused by COVID-19; D, Depression; ], Junior high school; P, Primary school; S,

Senior high school; T, Telemedicine; LI, Long-term intervention; SI, Short-term intervention.

TABLE 4 Overall effect of technology on mental health.

95% ClI

Hedges’' g

Heterogeneity test

Fixed model 4,050 0.231%%* 0.154-0.308

Random model 0.430%* 0.198-0.661

41.216 ‘ 9 ‘ 78.164 ‘

The significance level of 0.05 is adopted in all analyses.

significant heterogeneity among the samples. The random-effects
model was therefore selected as the more reasonable option. The
pooled effect size is 0.43. According to the criteria proposed by
Cohen (1992), 0.2, 0.5, and 0.8 are considered the boundaries of
small, medium, and large effect sizes, respectively. It can be seen
that the effect size for the promotion of mental health by digital
technology is moderate and significant. At the same time, the
lower limit of the 95% confidence interval is greater than 0 for each
study, which indicates that the probability of the effect size being
caused by chance is very small. In addition, the I* value is 78.164,
which indicates that the heterogeneity between studies is high.
Important moderating variables therefore may exist (Higgins and
Green, 2008), and additional moderating effect tests need to
be conducted.

3.2.3 Moderating effect test

Moderating effect tests were conducted on four variables: age
stage, mental health issues, technology type, and intervention
duration. As shown in Table 5, among the four moderating
variables, only the age stage has a significant moderating effect
(p<0.05). In particular, the effect size is the largest for the primary
school stage, followed by the senior high school stage with a
moderate promoting effect. In addition, although the effect size
for the junior high school stage is small, it is still significant, which
may be related to the limited number of studies considering this
population. The results also indicate that the moderating effects
of mental health issues, technology type, and intervention
duration are not significant. However, it can be seen that digital
technology methods have the largest effect size for treating
psychological problems caused by COVID-19, while compared
with apps and chatbots, remote medical services can achieve
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better effects. In terms of treatment duration, the effect size for
short-term interventions is greater than that for long-
term interventions.

3.2.4 Publication bias test

This study used funnel plots, Begg’s test, and the trim and fill
method for the publication bias test. As shown in Figure 4, the
distribution of effect values in the study shows uneven and asymmetric
distribution on both sides of the mean effect value, which initially
suggests the possibility of publication bias. Begg’s test was thus used
for further testing. Begg’s test is a method of quantitatively identifying
bias using a rank correlation test, and it applies to studies with a small
sample. The result of Begg’s test shows that t=0.267, p=0.283,
Z=1.01<1.96, which indicates that there is no obvious publication
bias. Finally, the censoring method was used to censor the literature
on both sides of the effect value, and this revealed that the effect value
was still significant. In summary, there is negligible publication bias.

4 Conclusion and implications
4.1 Summary of key findings

This study made a systematic review and meta-analysis of 59
studies on digital technology promoting adolescents’ mental health
over the past decade. Based on the investigation of current research,
the types and characteristics of the commonly used technology
interventions for different mental health issues were analyzed, and the
actual effects and potential regulatory variables of digital technology
in promoting mental health were investigated in the meta-analysis.
The main findings are outlined below.
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TABLE 5 Regulatory effect test of technology (random-effect model).

10.3389/fpsyg.2024.1356554

Heterogeneity

Variable Category 95% ClI
df

Age stage Primary school 1 15 0.786 0.231-0381%** 7.935 2 0.019*

Junior high school 3 1,779 0.151 0.060-0.242*

Senior high school 6 2,256 0.539 0.131-0.946*
Mental health = Depression 6 2,238 0.290 0.058-0.522* 3.023 2 0.221
issues Mental health issues caused by COVID-19 3 1,797 0.588 —0.059-1.235

Bullying 1 15 0.290 0.244-1.418%*
Technology Apps software 4 1,821 0.148 0.059-0.237* 5.791 2 0.055
type Telemedicine 5 2,212 0.690 0.253-1.127%%*

Chatbot 1 17 0.005 —0.912-0.921
Intervention Short-term intervention 4 159 0.681 0.138-1.224* 2.280 2 0.131
duration Long-term intervention 6 3,891 0.242 0.071-0.414%*

Funnel Plot of Standard Error by Hedges's g
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FIGURE 4
Distributions of effect sizes for mental health treatment outcomes.
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Over the past decade, especially between 2013 and 2021, the
number of studies on digital technology promoting adolescents’
mental health has generally shown an upward trend, with nearly
80% of the literature being published in medical journals.
Digital technology is most commonly used to intervene in the
mental health issues of adolescents aged 13-18years, and
children in the younger age group (6-12years old) receive
relatively less attention.

Depression and anxiety disorders are the mental health issues
that received the most research attention, followed by obsessive-
compulsive disorder, attention-deficit hyperactivity disorder,
conduct disorder, and other mental illnesses. There were also
studies on, in decreasing order of the number of studies, bullying,
social emotional competence deficiency, and mental health issues
caused by COVID-19, dyslexia, and adolescent body
image anxiety.

« Apps with convenience, ease of use, interactivity, and remote
communication were most commonly used to treat mental health
issues. Serious games, remote health services, and text message
intervention were less often used, and only three studies used VR,
which is difficult to realize for mental health treatment.

« Digital technology plays a significant role in promoting the
treatment of mental health issues of adolescents, especially in
primary and senior high school.

4.2 Interpretation and insights

The findings of this study highlight the nuanced role played by
digital technology in promoting mental health for children and
adolescents. While technology has broadened the scope of mental
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health interventions with innovative apps and programs, it should
be viewed as a complement to traditional face-to-face approaches, not
a replacement (Aguilera, 2015), as they cannot replicate the personal
connection and empathy provided by a trained mental health
professional. Moreover, different technologies vary in effectiveness for
specific mental health issues, emphasizing the need for careful
evaluation of their benefits and limitations. For instance, virtual
reality, cognitive behavioral therapy apps, and online support
platforms have shown promise for in addressing depression and
anxiety, but their effects vary depending on individual needs and
contexts, suggesting the non-uniform efficacy of digital technologies
across mental health conditions.

Furthermore, this study also draws attention to the limited
incorporation of digital technology in mental health education,
especially among children aged 6 to 12. Given the significance of this
developmental stage, where emotional management, relationships,
and mental health knowledge are crucial, innovative digital
approaches that draw upon the unique affordances of mobile apps,
online courses, and virtual reality are warranted to deliver interactive
and personalized learning experiences. Nevertheless, this innovation
poses challenges and risks, including addiction to virtual
environments and a reduction in social activities, which can also
negatively impact the mental health of youth (Taylor et al., 2020).
Therefore, striking a balance between harnessing technology’s
potential and mitigating its risks is essential, emphasizing the need for
responsible and targeted use of digital tools in mental healthcare
and education.

4.3 Implication for practice and future
research

Based on the results of the systematic review and meta-analysis, this
study puts forward the relevant implications for practice and research.
First, for mental health education service personnel, we suggest that the
first step is to fully utilize the characteristics of digital technology and
select the most appropriate digital intervention tools for different
mental health issues. For example, apps are more suitable for the
treatment of depression, anxiety, and mental illnesses. When facing
adolescents who have been bullied, text message interventions may be a
good choice. In addition, serious games and VR could play a greater
role in developing adolescents” social emotional competence.

Second, for mental health counselors or school mental health
workers, it is necessary to consider learner characteristics and
intervention duration, among other factors. In contrast to previous
research results (Tang et al., 2019), we found that the regulating effect of
age was significant, so therapists need to implement personalized
technical interventions for adolescents at different age stages. Short-term
interventions seem to induce a greater effect size, so lengthy
interventions should be avoided, as they are more likely to cause
marginal effect and develop technical immunity for the youth population.

Third, for technology intervention developers, it is important to
recognize that not all practitioners (e.g., psychologists, therapists) are
technology savvy. In the process of designing mental health apps and
VR interventions, it is necessary to provide sufficient technical
support, such as instructional manuals and tutorial videos, to reduce
the potential digital divide. It is also essential to arrange for appropriate
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technical personnel to provide safeguard services and training
continuously, ensuring the personal safety and cybersecurity of
practitioners and patients during intervention sessions.

For researchers, we suggest that, first, more empirical studies
are needed to report first-hand experimental results. Most of the
existing studies only described the experimental scheme and
lacked key research results. It is hoped that future research will
report the results as comprehensively as possible to improve the
credibility and reliability of meta-analytical results. Second, the
number of studies on moderating effects in the meta-analysis was
relatively small. For example, there was only one study on the
primary school population. Future research needs to focus on
people who have paid less attention to existing studies and thus
enhance the understanding of technology interventions in mental
health. Finally, there have been few studies that analyze cost-
effectiveness, which is key to determining whether technical
interventions can be normalized and sustainable. Future studies
need to conduct sufficient investigation and report on the cost-
effectiveness of digital technology interventions, including the
development and maintenance costs of VR (Kraft, 2020).

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Author contributions

TC: Data curation, Formal analysis, Investigation, Visualization,
Writing - original draft. JO: Formal analysis, Investigation, Writing
- original draft. GL: Formal analysis, Writing - review & editing. HL:
Conceptualization, Methodology, Supervision, Writing — review &
editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Conflict of interest

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

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fpsyg.2024.1356554
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org

Chen et al.

References

Adams, Z., Grant, M., Hupp, S., Scott, T., Feagans, A., Phillips, M. L., et al. (2021).
Acceptability of an mHealth app for youth with substance use and mental health needs:
iterative, mixed methods design. JMIR Form. Res. 5:€30268. doi: 10.2196/30268

Aguilera, A. (2015). Digital technology and mental health interventions: opportunities
and challenges. Arbor 191:a210. doi: 10.3989/arbor.2015.771n1012

Ahmadpour, N., Randall, H., Choksi, H., Gao, A., Vaughan, C., and Poronnik, P.
(2019). Virtual reality interventions for acute and chronic pain management. Int. J.
Biochem. Cell Biol. 114:105568. doi: 10.1016/j.biocel.2019.105568

Ahmadpour, N., Weatherall, A. D., Menezes, M., Yoo, S., Hong, H., and Wong, G.
(2020). Synthesizing multiple stakeholder perspectives on using virtual reality to
improve the periprocedural experience in children and adolescents: survey study. J. Med.
Internet Res. 22:¢19752. doi: 10.2196/19752

Antaramian, S. P, Huebner, E. S., Hills, K. J., and Valois, R. E (2010). A dual-factor
model of mental health: toward a more comprehensive understanding of youth
functioning. Am. J. Orthopsychiatry 80, 462-472. doi: 10.1111/j.1939-0025.2010.01049.x

Aschbrenner, K. A., Naslund, J. A., Tomlinson, E. E, Kinney, A., Pratt, S. I, and
Brunette, M. E. (2019). Adolescents' use of digital technologies and preferences for
mobile health coaching in public mental health settings. Front. Public Health 7:178. doi:
10.3389/fpubh.2019.00178

Babiano-Espinosa, L., Wolters, L. H., Weidle, B., Compton, S. N., Lydersen, S., and
Skokauskas, N. (2021). Acceptability and feasibility of enhanced cognitive behavioral
therapy (eCBT) for children and adolescents with obsessive-compulsive disorder. Child
Adolesc. Psychiatry Ment. Health 15:47. doi: 10.1186/s13034-021-00400-7

Bearman, M., Smith, C. D., Carbone, A., Slade, S., Baik, C., Hughes-Warrington, M.,
etal. (2012). Systematic review methodology in higher education. High. Educ. Res. Dev.
31, 625-640. doi: 10.1080/07294360.2012.702735

Borenstein, M., Hedges, L. V., Higgins, J. P. T., and Rothstein, H. R. (2009). Introduction
to meta-analysis Wiley.

Cejudo, J., Lopez-Delgado, M. L., and Losada, L. (2019). Effectiveness of the videogame
“Spock” for the improvement of the emotional intelligence on psychosocial adjustment
in adolescents. Comput. Hum. Behav. 101, 380-386. doi: 10.1016/j.chb.2018.09.028

Cheng, V. W. S,, Davenport, T., Johnson, D., Vella, K., and Hickie, I. B. (2019).
Gamification in apps and technologies for improving mental health and well-being:
systematic review. JMIR Mental Health 6:¢13717. doi: 10.2196/13717

Cherewick, M., Lebu, S., Su, C., Richards, L., Njau, P. E, and Dahl, R. E. (2021). Study
protocol of a distance learning intervention to support social emotional learning and
identity development for adolescents using interactive mobile technology. Front. Public
Health 9:623283. doi: 10.3389/fpubh.2021.623283

Cohen, J. (1992). A power primer. Psychol. Bull. 112, 155-159. doi: 10.1037/
0033-2909.112.1.155

Collaborative for Academic, Social, and Emotional Learning (2020), What is the
CASEL framework? A framework creates a foundation for applying evidence-based SEL
strategies to your community. Available at: https://casel.org/fundamentals-of-sel/what-
is-the-casel-framework/

Csikszentmihalyi, M. (2014). “Learning, “flow;,” and happiness” in Applications of flow
in human development and education (Dordrecht: Springer), 153-172.

Davidson, T. M., Bunnell, B. E., Saunders, B. E., Hanson, R. E, Danielson, C. K.,
Cook, D,, et al. (2019). Pilot evaluation of a tablet-based application to improve quality
of care in child mental health treatment. Behav. Ther. 50, 367-379. doi: 10.1016/j.
beth.2018.07.005

De la Barrera, U., Postigo-Zegarra, S., Monaco, E., Gil-Gémez, J.-A., and
Montoya-Castilla, I. (2021). Serious game to promote socioemotional learning and
mental health (emoTIC): a study protocol for randomised controlled trial. BMJ Open
11:€052491. doi: 10.1136/bmjopen-2021-052491

Eisenstadt, M., Liverpool, S., Infanti, E., Ciuvat, R. M., and Carlsson, C. (2021). Mobile
apps that promote emotion regulation, positive mental health, and well-being in the
general population: systematic review and meta-analysis. JMIR Mental Health 8:¢31170.
doi: 10.2196/31170

Essau, C. A., and de la Torre-Luque, A. (2023). Comorbidity between internalising
and externalising disorders among adolescents: symptom connectivity features and
psychosocial outcome. Child Psychiatry Hum. Dev. 54, 493-507. doi: 10.1007/
510578-021-01264-w

Folker, A. P, Mathiasen, K., Lauridsen, S. M., Stenderup, E., Dozeman, E., and
Folker, M. P. (2018). Implementing internet-delivered cognitive behavior therapy for
common mental health disorders: a comparative case study of implementation
challenges perceived by therapists and managers in five European internet services.
Internet Interv. 11, 60-70. doi: 10.1016/j.invent.2018.02.001

Gabrielli, S., Rizzi, S., Carbone, S., and Donisi, V. (2020). A chatbot-based coaching
intervention for adolescents to promote life skills: pilot study. JMIR Hum. Factors
7:¢16762. doi: 10.2196/16762

Giovanelli, A., Ozer, E. M., and Dahl, R. E. (2020). Leveraging technology to improve
health in adolescence: a developmental science perspective. J. Adolesc. Health 67, S7-
$13. doi: 10.1016/j.jadohealth.2020.02.020

Frontiers in Psychology

12

10.3389/fpsyg.2024.1356554

Gladstone, T. G., Marko-Holguin, M., Rothberg, P, Nidetz, J., Diehl, A., DeFrino, D. T.,
etal. (2015). An internet-based adolescent depression preventive intervention: study
protocol for a randomized control trial. Trials 16:203. doi: 10.1186/s13063-015-0705-2

Gomez-Restrepo, C., Sarmiento-Sudrez, M. ., Alba-Saavedra, M., Bird, V. J., Priebe, S.,
and van Loggerenberg, F. (2022). Adapting DIALOG+ in a school setting-a tool to
support well-being and resilience in adolescents living in postconflict areas during the
COVID-19 pandemic: protocol for a cluster randomized exploratory study. JMIR Res.
Protoc. 11:¢40286. doi: 10.2196/40286

Gonsalves, P. P, Hodgson, E. S., Kumar, A., Aurora, T., Chandak, Y., Sharma, R., et al.
(2019). Design and development of the "POD adventures" smartphone game: a blended
problem-solving intervention for adolescent mental health in India. Front. Public Health
7:238. doi: 10.3389/fpubh.2019.00238

Goodyear, V. A., and Armour, K. M. (2018). Young peoples perspectives on and
experiences of health-related social media, apps, and wearable health devices. Soc. Sci.
7:137. doi: 10.3390/socsci7080137

Grist, R., Croker, A., Denne, M., and Stallard, P. (2019). Technology delivered
interventions for depression and anxiety in children and adolescents: a systematic review
and meta-analysis. Clin. Child. Fam. Psychol. Rev. 22, 147-171. doi: 10.1007/
510567-018-0271-8

Hedges, L. V. (1981). Distribution theory for glass's estimator of effect size and related
estimators. J. Educ. Stat. 6, 107-128. doi: 10.3102/10769986006002107

Higgins, J. P, and Green, S. (2008). Cochrane handbook for systematic reviews of
interventions: Cochrane book series. Hoboken, New Jersey: Wiley.

Hollis, C., Falconer, C. J., Martin, J. L., Whittington, C., Stockton, S., Glazebrook, C.,
etal. (2017). Annual research review: digital health interventions for children and young
people with mental health problems - a systematic and meta-review. J. Child Psychol.
Psychiatry 58, 474-503. doi: 10.1111/jcpp.12663

Joint Task Force for the Development of Telepsychology Guidelines for Psychologists
(2013). Guidelines for the practice of telepsychology. Am. Psychol. 68, 791-800. doi:
10.1037/a0035001

Jones, E. A. K., Mitra, A. K, and Bhuiyan, A. R. (2021). Impact of COVID-19 on
mental health in adolescents: a systematic review. Int. J. Environ. Res. Public Health
18:2470. doi: 10.3390/ijerph18052470

Kenny, R., Dooley, B., and Fitzgerald, A. (2016). Developing mental health mobile
apps: exploring adolescents’ perspectives. Health Informatics J. 22, 265-275. doi:
10.1177/1460458214555041

Keyes, C. L. M. (2009). “Toward a science of mental health” in The Oxford handbook
of positive psychology (Oxford: Oxford University Press), 88-96.

Kraft, M. A. (2020). Interpreting effect sizes of education interventions. Educ. Res. 49,
241-253. doi: 10.3102/0013189x20912798

Kutok, E. R., Dunsiger, S., Patena, J. V., Nugent, N. R, Riese, A., Rosen, R. K., et al.
(2021). A cyberbullying media-based prevention intervention for adolescents on
instagram: pilot randomized controlled trial. JMIR Mental Health 8:¢26029. doi:
10.2196/26029

Lacey, E. M., and Matheson, L. (2011). Doing your literature review: Traditional and
systematic techniques. London: Sage.

Lewinsohn, P. M., Hops, H., Roberts, R. E., Seeley, J. R., and Andrews, J. A. (1993).
Adolescent psychopathology: I. Prevalence and incidence of depression and other DSM-
III—R disorders in high school students. J. Abnorm. Psychol. 102, 133-144. doi:
10.1037/0021-843x.102.1.133

Liu, T.-C,, Lin, Y.-C., Wang, T.-N,, Yeh, S.-C., and Kalyuga, S. (2021). Studying the
effect of redundancy in a virtual reality classroom. Educ. Technol. Res. Dev. 69,
1183-1200. doi: 10.1007/s11423-021-09991-6

Mariamo, A., Temcheff, C. E., Léger, P-M., Senecal, S., and Lau, M. A. (2021).
Emotional reactions and likelihood of response to questions designed for a mental
health chatbot among adolescents: experimental study. JMIR Hum. Factors 8:e24343.
doi: 10.2196/24343

Matheson, E. L., Smith, H. G., Amaral, A. C. S., Meireles, J. F. F,, Almeida, M. C.,
Mora, G., et al. (2021). Improving body image at scale among Brazilian adolescents:
study protocol for the co-creation and randomised trial evaluation of a chatbot
intervention. BMC Public Health 21:2135. doi: 10.1186/s12889-021-12129-1

Mohr, D. C,, Riper, H., and Schueller, S. M. (2018). A solution-focused research
approach to achieve an implementable revolution in digital mental health. JAMA
Psychiatry 75, 113-114. doi: 10.1001/jamapsychiatry.2017.3838

Naslund, J. A., Aschbrenner, K. A., Kim, S. J., McHugo, G. J., Uniitzer, J., Bartels, S. J., et al.
(2017). Health behavior models for informing digital technology interventions for
individuals with mental illness. Psychiatr. Rehabil. J. 40, 325-335. doi: 10.1037/prj0000246

Neumer, S.-P, Patras, J., Holen, S,, Lisoy, C., Askeland, A. L., Haug, I. M., et al. (2021).
Study protocol of a factorial trial ECHO: optimizing a group-based school intervention for
children with emotional problems. BMC Psychol. 9:97. doi: 10.1186/s40359-021-00581-y

Ong, J. G, Lim-Ashworth, N. S., Ooi, Y. P,, Boon, J. S., Ang, R. P,, Goh, D. H,, et al.
(2019). An interactive mobile app game to address aggression (regnatales): pilot
quantitative study. JMIR Ser Games 7:¢13242. doi: 10.2196/13242

frontiersin.org


https://doi.org/10.3389/fpsyg.2024.1356554
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.2196/30268
https://doi.org/10.3989/arbor.2015.771n1012
https://doi.org/10.1016/j.biocel.2019.105568
https://doi.org/10.2196/19752
https://doi.org/10.1111/j.1939-0025.2010.01049.x
https://doi.org/10.3389/fpubh.2019.00178
https://doi.org/10.1186/s13034-021-00400-7
https://doi.org/10.1080/07294360.2012.702735
https://doi.org/10.1016/j.chb.2018.09.028
https://doi.org/10.2196/13717
https://doi.org/10.3389/fpubh.2021.623283
https://doi.org/10.1037/0033-2909.112.1.155
https://doi.org/10.1037/0033-2909.112.1.155
https://casel.org/fundamentals-of-sel/what-is-the-casel-framework/
https://casel.org/fundamentals-of-sel/what-is-the-casel-framework/
https://doi.org/10.1016/j.beth.2018.07.005
https://doi.org/10.1016/j.beth.2018.07.005
https://doi.org/10.1136/bmjopen-2021-052491
https://doi.org/10.2196/31170
https://doi.org/10.1007/s10578-021-01264-w
https://doi.org/10.1007/s10578-021-01264-w
https://doi.org/10.1016/j.invent.2018.02.001
https://doi.org/10.2196/16762
https://doi.org/10.1016/j.jadohealth.2020.02.020
https://doi.org/10.1186/s13063-015-0705-2
https://doi.org/10.2196/40286
https://doi.org/10.3389/fpubh.2019.00238
https://doi.org/10.3390/socsci7080137
https://doi.org/10.1007/s10567-018-0271-8
https://doi.org/10.1007/s10567-018-0271-8
https://doi.org/10.3102/10769986006002107
https://doi.org/10.1111/jcpp.12663
https://doi.org/10.1037/a0035001
https://doi.org/10.3390/ijerph18052470
https://doi.org/10.1177/1460458214555041
https://doi.org/10.3102/0013189x20912798
https://doi.org/10.2196/26029
https://doi.org/10.1037/0021-843x.102.1.133
https://doi.org/10.1007/s11423-021-09991-6
https://doi.org/10.2196/24343
https://doi.org/10.1186/s12889-021-12129-1
https://doi.org/10.1001/jamapsychiatry.2017.3838
https://doi.org/10.1037/prj0000246
https://doi.org/10.1186/s40359-021-00581-y
https://doi.org/10.2196/13242

Chen et al.

Orlowski, S., Lawn, S., Antezana, G., Venning, A., Winsall, M., Bidargaddi, N, et al. (2016).
A rural youth consumer perspective of technology to enhance face-to-face mental health
services. J. Child Fam. Stud. 25, 3066-3075. doi: 10.1007/s10826-016-0472-z

Orr, M., MacLeod, L., Bagnell, A., McGrath, P, Wozney, L., and Meier, S. (2023). The
comfort of adolescent patients and their parents with mobile sensing and digital
phenotyping. Comput. Hum. Behav. 140:107603. doi: 10.1016/j.chb.2022.107603

Owens, C., and Charles, N. (2016). Implementation of a text-messaging intervention for
adolescents who self-harm (TeenTEXT): a feasibility study using normalisation process
theory. Child Adolesc. Psychiatry Ment. Health 10:14. doi: 10.1186/s13034-016-0101-z

Patchin, J. W. (2021). 2021 Cyberbullying Data. Available at: https://cyberbullying.

org/2021-cyberbullying-data

Piers, R., Williams, J. M., and Sharpe, H. (2023). Review: can digital mental health
interventions bridge the ‘digital divide’ for socioeconomically and digitally marginalised
youth? A systematic review. Child Adolesc. Ment. Health 28, 90-104. doi: 10.1111/camh.12620

Ranney, M. L,, Patena, J. V., Dunsiger, S., Spirito, A., Cunningham, R. M., Boyer, E., et al.
(2019). A technology-augmented intervention to prevent peer violence and depressive
symptoms among at-risk emergency department adolescents: protocol for a randomized
control trial. Contemp. Clin. Trials 82, 106-114. doi: 10.1016/j.cct.2019.05.009

Scott, L. N., Victor, S. E., Kaufman, E. A., Beeney, J. E., Byrd, A. L., Vine, V,, et al.
(2020). Affective dynamics across internalizing and externalizing dimensions of
psychopathology. Clin. Psychol. Sci. 8, 412-427. doi: 10.1177/2167702619898802

Shah, S. M. A., Mohammad, D., Qureshi, M. E H., Abbas, M. Z., and Aleem, S. (2021).
Prevalence, psychological responses and associated correlates of depression, anxiety and
stress in a global population, during the coronavirus disease (COVID-19) pandemic.
Community Ment. Health J. 57, 101-110. doi: 10.1007/s10597-020-00728-y

Stasiak, K., Hatcher, S., Frampton, C., and Merry, S. N. (2014). A pilot double blind
randomized placebo controlled trial of a prototype computer-based cognitive
behavioural therapy program for adolescents with symptoms of depression. Behav. Cogn.
Psychother. 42, 385-401. doi: 10.1017/s1352465812001087

Suldo, S. M., and Shaffer, E. J. (2008). Looking beyond psychopathology: the dual-
factor model of mental health in youth. School Psychol. Rev. 37, 52-68. doi:
10.1080/02796015.2008.12087908

Tang, X., Tang, S., Ren, Z., and Wong, D. E K. (2019). Prevalence of depressive
symptoms among adolescents in secondary school in mainland China: a systematic
review and meta-analysis. J. Affect. Disord. 245, 498-507. doi: 10.1016/j.jad.2018.11.043

Frontiers in Psychology

13

10.3389/fpsyg.2024.1356554

Taylor, C. B., Ruzek, J. I, Fitzsimmons-Craft, E. E., Sadeh-Sharvit, S., Topooco, N.,
Weissman, R. S, et al. (2020). Using digital technology to reduce the prevalence of
mental health disorders in populations: time for a new approach. . Med. Internet Res.
22:e17493. doi: 10.1177/2167702619859336

Thabrew, H., Chubb, L. A., Kumar, H., and Fouché, C. (2022). Immersive reality
experience technology for reducing social isolation and improving social connectedness
and well-being of children and young people who are hospitalized: open trial. JMIR
Pediatr. Parent. 5:¢29164. doi: 10.2196/29164

Topooco, N., Byléhn, S., Dahlstrom Nysiter, E., Holmlund, J., Lindegaard, J.,
Johansson, S., et al. (2019). Evaluating the efficacy of internet-delivered cognitive
behavioral therapy blended with synchronous chat sessions to treat adolescent
depression: randomized controlled trial. J. Med. Internet Res. 21:€13393. doi:
10.2196/13393

Uhlhaas, P, and Torous, J. (2019). Digital tools for youth mental health. NPJ Digit.
Med. 2:104. doi: 10.1038/s41746-019-0181-2

Villarreal, V. (2018). Mental health collaboration: a survey of practicing school
psychologists. J. Appl. Sch. Psychol. 34, 1-17. doi: 10.1080/15377903.2017.1328626

Wacks, Y., and Weinstein, A. M. (2021). Excessive smartphone use is associated with
health problems in adolescents and young adults. Front. Psych. 12:669042. doi: 10.3389/
fpsyt.2021.669042

Wenzel, A. (2017). Basic strategies of cognitive behavioral therapy. Psychiatr. Clin.
North Am. 40, 597-609. doi: 10.1016/j.psc.2017.07.001

‘Werner-Seidler, A., Huckvale, K., Larsen, M. E., Calear, A. L., Maston, K., Johnston, L.,
etal. (2020). A trial protocol for the effectiveness of digital interventions for preventing
depression in adolescents: the future proofing study. Trials 21:2. doi: 10.1186/
513063-019-3901-7

World Health Organization (2021). Mental health of adolescents. Available at: https://
www.who.int/news-room/fact-sheets/detail/adolescent-mental-health (Accessed
December 14, 2023).

Wu, B, Zheng, C., and Huang, B. (2022). Influence of science education on mental
health of adolescents based on virtual reality. Front. Psychol. 13:895196. doi: 10.3389/
fpsyg.2022.895196

Zepeda, M., Deighton, S., Markova, V., Madsen, J., and Racine, N. (2021). iCOPE with
COVID-19: A brief telemental health intervention for children and adolescents during
the COVID-19 pandemic. PsyArXiv. doi: 10.31234/0sf.io/jk32s

frontiersin.org


https://doi.org/10.3389/fpsyg.2024.1356554
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1007/s10826-016-0472-z
https://doi.org/10.1016/j.chb.2022.107603
https://doi.org/10.1186/s13034-016-0101-z
https://cyberbullying.org/2021-cyberbullying-data
https://cyberbullying.org/2021-cyberbullying-data
https://doi.org/10.1111/camh.12620
https://doi.org/10.1016/j.cct.2019.05.009
https://doi.org/10.1177/2167702619898802
https://doi.org/10.1007/s10597-020-00728-y
https://doi.org/10.1017/s1352465812001087
https://doi.org/10.1080/02796015.2008.12087908
https://doi.org/10.1016/j.jad.2018.11.043
https://doi.org/10.1177/2167702619859336
https://doi.org/10.2196/29164
https://doi.org/10.2196/13393
https://doi.org/10.1038/s41746-019-0181-2
https://doi.org/10.1080/15377903.2017.1328626
https://doi.org/10.3389/fpsyt.2021.669042
https://doi.org/10.3389/fpsyt.2021.669042
https://doi.org/10.1016/j.psc.2017.07.001
https://doi.org/10.1186/s13063-019-3901-7
https://doi.org/10.1186/s13063-019-3901-7
https://www.who.int/news-room/fact-sheets/detail/adolescent-mental-health
https://www.who.int/news-room/fact-sheets/detail/adolescent-mental-health
https://doi.org/10.3389/fpsyg.2022.895196
https://doi.org/10.3389/fpsyg.2022.895196
https://doi.org/10.31234/osf.io/jk32s

	Promoting mental health in children and adolescents through digital technology: a systematic review and meta-analysis
	1 Introduction
	2 Study 1: systematic literature review
	2.1 Method
	2.1.1 Study design
	2.1.2 Literature search
	2.1.3 Coding protocol
	2.2 Results and discussion
	2.2.1 Study and sample characteristics
	2.2.2 Mental health issues and technology interventions
	2.2.2.1 Depression and anxiety
	2.2.2.2 Mental illness
	2.2.2.3 Bullying
	2.2.2.4 Lack of social emotional competence
	2.2.2.5 Mental health issues caused by the COVID-19 pandemic
	2.2.2.6 Other mental health issues

	3 Study 2: meta-analysis
	3.1 Method
	3.2 Results and discussion
	3.2.1 Inclusion and coding results
	3.2.2 The overall effect of digital technology on mental health outcomes
	3.2.3 Moderating effect test
	3.2.4 Publication bias test

	4 Conclusion and implications
	4.1 Summary of key findings
	4.2 Interpretation and insights
	4.3 Implication for practice and future research

	Data availability statement
	Author contributions

	References

