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Abstract

Resilience is learnable and broadly described as an individual's adaptive coping

ability, its potential value for stress reduction must be explored. With a global

coronavirus pandemic, innovative ways to deliver resilience training amidst

heightened mental health concerns must be urgently examined. This systematic

review aimed to (1) evaluate the effectiveness of digital training for building resil-

ience and reducing anxiety, depressive and stress symptoms and (2) to identify

essential features for designing future digital training. A three‐step search was

conducted in eight electronic databases, trial registries and grey literature to locate

eligible studies. Randomised controlled trials examining the effects of digital

training aimed at enhancing resilience were included. Data analysis was conducted

using the Stata version 17. Twenty‐two randomised controlled trials involving 2876
participants were included. Meta‐analysis revealed that digital training significantly
enhanced the participants' resilience with moderate to large effect (g = 0.54–1.09)

at post‐intervention and follow‐up. Subgroup analyses suggested that training

delivered via the Internet with a flexible programme schedule was more effective

than its counterparts. This review supports the use of digital training in improving

resilience. Further high‐quality randomised controlled trials with large sample size

are needed.
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1 | INTRODUCTION

Stress is an inherent part of everyday life (Schwarzer & Luszczyn-

ska, 2013) and having chronic stress can lead to deleterious impacts

on one's health and well‐being (Bliese et al., 2017; García‐León
et al., 2019). Theoretically, stress may be understood from two ap-

proaches, systemic or psychological stress. The systemic stress

approach based on the general adaptation syndrome (Selye, 1965),

defines stress as a state brought upon by changes in the physiological

systems. On the other hand, the transactional model of stress

(Lazarus & Folkman, 1984) adopts a psychological stance and de-

scribes how stress arises when individuals perceive that they are

unable to adequately cope with the situation or are experiencing

threats to their well‐being. While different in their approaches, both
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models depict an individual's response to stress as a process, and

without adequate coping mechanisms, humans will falter from

excessive stress (Krohne, 2002).

In 2019, the world experienced a global coronavirus pandemic

(COVID‐19). Pandemic measures such as social isolation has inevi-

tably led to more individuals experiencing mental health‐related is-

sues, stress, and burnout (Droit‐Volet et al., 2020; Park et al., 2019).
Reviews have reported that the prevalence rates of mental health

issues such as anxiety (25.8%–31.9%), depression (24.3%–33.7%),

and stress (29.6%–45%) during the COVID‐19 pandemic (Salari,

Hosseinian‐Far, et al., 2020; Salari, Khazaie, et al., 2020). Further, a
meta‐analysis concluded that up to 26% of healthcare professionals

have low resilience which increased to 31% during the COVID‐19
pandemic (Cheng et al., 2022). Under these circumstances, reducing

the prevalence of low resilience and building one's resistance to

stress and adversity is necessary.

1.1 | Significance of resilience

Resilience can be understood from a trait, process or outcome

perspective and has been broadly defined as an ability to overcome

or ‘bounce back’ from adversity (Rutter, 2012; Southwick et al., 2005;

Van Breda, 2018). Consequently, this leads to either maintenance or

a better than before physiological and psychological status (Van

Breda, 2018). Being resilient has numerous benefits; resilient in-

dividuals have better mental well‐being and health (Gheshlagh

et al., 2017; Joyce et al., 2018; Leppin et al., 2014), enjoy greater

productivity (Zehir & Narcıkara, 2016) and obtain better academic

outcomes then non‐resilient people (Van Hoek et al., 2019). Among

individuals with mental health issues such as post‐traumatic stress

disorders, resilience is negatively correlated with high levels of

distress (Hébert et al., 2014).

Given the significance of resilience, appreciating how resilience

may be measured is important. Due to different conceptualizations of

resilience (Van Breda, 2018), numerous indicators of resilience have

subjectively measured from a trait, process, or outcome perspective

(Windle et al., 2011). For instance, the Connor Davidson resilience

scale (Connor & Davidson, 2003) and dispositional resilience scale

(Bartone, 2007) measures resilience as a trait, while the current

experience scale (Tedeschi & Calhoun, 1996) evaluates resilience as a

process, and the brief resilience scale (Smith et al., 2008) considers

resilience as an ability to bounce back (outcome perspective).

Although self‐reported scales are easy to administer, they may be

limited due to several reasons such as social desirability or recall

biases (Althubaiti, 2016). Therefore, it is worthy to investigate

objective measures to indicate levels of resilience. Objective mea-

sures include biomarkers such as salivary cortisol which have been

used to measure resilience (Petros et al., 2013). However, costs

associated with the collection, processing and storage of specimens

may be a barrier for wide adaptation (Grizzle et al., 2011).

Recent reviews have identified that an individual's resilience is

malleable with resilience improving following resilience training

(Ang et al., 2022; Linz et al., 2019). While this provides an insight

into one's abilities to cope with adversity, it does not explain how

one may recover or bounce back from adversity. Instead, it may be

useful to draw connections with other indicators of health such as

anxiety, depressive and stress symptoms to examine how individuals

bounce back and recover from adversity (Southwick et al., 2005;

Taylor & Carr, 2021). Aforementioned, prevalence rates for anxiety,

depressive and stress symptoms are increasing exponentially due to

the COVID‐19 pandemic. This will be a good starting point to

examine one's resilience, by looking beyond resilience but other

indicators of health such as reduced anxiety, depressive and stress

symptoms, to demonstrate how one copes and bounces back from

adversity.

1.2 | Mechanism of digital resilience training

Resilience training has been primarily developed as therapeutic for

individuals with clinical symptoms or preventive for healthy or at‐risk
populations (Alvord et al., 2016). Based on the resilience theory

(Szanton & Gill, 2010), a conceptual framework was developed, and

Figure 1 depicts the numerous domains, components and mecha-

nisms entailed by resilience training to enhance resilience (Alvord

et al., 2016).

According to the resilience theory, resilience is influenced by

numerous domains, ranging from cellular to environmental levels

(Alvord et al., 2016; Lee & Stewart, 2013; Szanton & Gill, 2010). The

majority of the existing resilience interventions have largely situated

their training on psychosocial factors, targeting the personal and

relational levels (Ang et al., 2022; Joyce et al., 2018). At the individual

level, several techniques aimed at improving one's ability to over-

come challenges and adversities are used (Alvord et al., 2016; Carr

et al., 2013). Cognitive flexibility refers to one's ability to consider

alternative solutions and build resilience in stressful circumstances

(Ionescu, 2012). Fostering an individual with an optimistic and real-

istic mindset can allow individuals to hold favourable expectancies

while maximising their adaptive responses towards adversity (Alvord

et al., 2016; Carver et al., 2010). Equipping one with problem‐solving
skills may also lead to generating and evaluating a list of possible

solutions and taking action to address the challenge (Tenhula

et al., 2014). Advancing self‐regulation and coping strategies are also
central to being resilient by acquiring skills to modulate and cope

with challenges (Alvord et al., 2016). From a relational perspective,

building one's relationships through access to strong social support

and meaningful relationships can foster resilience (Hill et al., 2020; Li

et al., 2021). Cumulatively, it is postulated that these individual and

relational protective factors may result in one becoming resilient and

demonstrating recovery from adversity through reductions in anxi-

ety, depressive and stress symptoms. Evidence from existing resil-

ience training focussing on these components has concluded positive

effects on resilience and mental health issues and symptoms (Ang

et al., 2022; Brewer et al., 2019; Chmitorz et al., 2018; Joyce

et al., 2018). Given that more conclusive evidence and links can be
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drawn between psychosocial factors and resilience, this review fo-

cuses on how these psychosocial factors can enhance resilience.

1.3 | Digital training for building resilience

The positive benefits of these resilience trainings largely refer to

trainings conducted using delivered face‐to‐face methods (Ang

et al., 2022; Brewer et al., 2019; Chmitorz et al., 2018; Joyce

et al., 2018). With advancements in the telecommunications infra-

structure due to additional funding (Harb, 2017), there is greater

access and availability (Organization for Economic Cooperation and

Development, 2022). Supported by the rise of digital literacy,

emphasis on curating digital content and the COVID‐19 pandemic

(Schwarz et al., 2020; Torous et al., 2020), digital platforms have

gained traction and interest for the dissemination of psychological

interventions (Lattie et al., 2019; Torous et al., 2020).

This review scopes digital platforms as computers, the Internet,

and mobile devices such as smartphones and mobile software appli-

cations (Fairburn & Patel, 2017; Fu et al., 2020). The enormous reach

of the Internet, remote access, anonymity, and diversity of the formats

improve the scalability of digital training (Fraser et al., 2011). Digital

training can be delivered in autonomous through asynchronous

learning or supported through blendedmodes or synchronous learning

(Fairburn & Patel, 2017). Depending on their format, training can be

delivered through various mediums such as audio (e.g., mindfulness

audio clips), visual (e.g., animations, interactive videos) or kinaesthetic

(e.g., practical tasks) (Fairburn & Patel, 2017; Fraser et al., 2011).

1.4 | Gaps in existing review

Numerous reviews have reported the effectiveness of digital

training among various populations, including, college students

(Ang et al., 2022; Lattie et al., 2019), employees (Armaou et al., 2020;

Carolan et al., 2017) and individuals with mental health problems (Fu

et al., 2020) or at risk of suicide (Torok et al., 2020). However, the

majority of the reviews were not aimed at building resilience, and

most were limited by high heterogeneity (Armaou et al., 2020;

Carolan et al., 2017; Fu et al., 2020), and the use of mixed study

designs and narrative synthesis (Lattie et al., 2019). Two reviews

(Armaou et al., 2020; Carolan et al., 2017) did not use Hedges' g as an

effect measure. Hedges' g was shown to have greater precision than

other effect measures when trials had small sample sizes (Borenstein

et al., 2010). In addition, the majority of the reviews did not adopt

meta‐regression techniques to examine the effects of trial or training
characteristics on the outcome. Given that trials characteristics

possibly differ due to context, meta‐regression techniques are

particularly useful in detecting the presence of potential impact of

between‐study variations on outcomes (Higgins et al., 2020).

Collectively, the use of Hedges' g and meta‐regression techniques

may improve the confidence of a review's findings.

The effectiveness of digital training has been largely evaluated

from a psychotherapeutic stance (Armaou et al., 2020; Carolan

et al., 2017; Fu et al., 2020). With stigma towards mental health and

its treatment, a preventive approach might be advantageous and

necessary because individuals may be highly receptive to receive a

training that focuses on building strengths (Angermeyer et al., 2017;

Griffith & West, 2013). Studies on interventions to promote mental

well‐being were all directed at students (Ang et al., 2022; Lattie

et al., 2019) or workplace‐specific training for employees (Carolan

et al., 2017). Hence, additional work is needed to evaluate the effects

of resilience training in improving mental well‐being (e.g., anxiety and
depressive symptoms) for the general population. Although face‐to‐
face resilience training is favourable (Ang et al., 2022; Angelopou-

lou & Panagopoulou, 2021; Dray et al., 2017; Joyce et al., 2018),

whether these benefits persist in a digital platform remains unclear.

While both platforms (face‐to‐face and digital) offer the possibility of

F I G U R E 1 Mechanism of resilience training for building resilience

850 - ANG ET AL.



synchronous communication, the core difference is its physical

presence. The lack of physical presence in an online platform has

been found to negatively influence a learner's interest and motiva-

tion in active participation (Car et al., 2021; Chen & Jang, 2010).

Further, in order to receive training via a digital platform, one has to

have access to a device and a certain degree of digital literacy

(Martínez‐Alcalá et al., 2018). These aforementioned factors highlight
the distinctions between face‐to‐face and digital offered trainings.

In light of the improvements in the digital infrastructure, digital

literacy, the occurrence of coronavirus pandemic and the increasing

prevalence of mental health‐related issues, it is timely to evaluate the
use of digital platforms to host resilience training. Therefore, this

current review seeks to (1) evaluate the effectiveness of digital

resilience training and (2) identify the essential features for designing

future training.

2 | METHODS

This review was prepared in accordance with the Preferred Report-

ing Items for Systematic Reviews and Meta‐Analyses (PRISMA)

statement (Moher et al., 2009) (Table S1) and prospectively regis-

tered in the PROSPERO database at the Centre of Reviews and

Dissemination in the United Kingdom (CRD42021258993).

2.1 | Eligibility criteria

Randomised controlled trials that evaluated the effects of digital

training to build resilience compared with usual care or active control

or waitlist control groups were included. The resilience training had

to be delivered over a digital platform either over a computer,

Internet, or mobile application for eligibility. The primary outcome

was resilience using either objective or subjective measures. The

components of digital training that build resilience were derived with

reference from the American Psychological Association (Alvord

et al., 2016) and include the following: (1) cognitive flexibility, (2)

optimism and cognitive appraisal, (3) problem solving, (4) relation-

ships, (5) self‐efficacy, (6) self‐esteem and (7) self‐regulation and

coping. This review was limited to studies published in the English

language. No restriction was imposed on population and publication

date and published, and publication trials were included to prevent

publication bias (McMaster University, 2015; Rothstein et al., 2005).

The details of the eligibility criteria can be found in Table S2.

2.2 | Search strategy

A scoping search for similar reviews was conducted in the Cochrane

Database of Systematic Reviews, Joanna Briggs Institute and PROS-

PERO international register of systematic reviews to prevent dupli-

cation. Preliminary screening was performed by initially searching the

terms ‘training’, ‘digital’, ‘Internet’, ‘mobile’ and ‘resilience’. The

keywords from articles retrieved during the preliminary screen

contributed to the development of the search terms. The final search

terms were developed iteratively in consultation with a university

librarian. The final search terms can be found in Table S3.

A three‐step search (Higgins et al., 2020) was conducted from

inception to 12 February 2022, to search for articles based on the

eligibility criteria. First, one reviewer (DA) conducted a systematic

search in eight electronic databases: (1) Cochrane library, (2) Cu-

mulative Index for Nursing and Allied Health, (3) Embase, (4) Psy-

cINFO, (5) PubMed, (6) Scopus, (7) Web of Science and (8) ProQuest

Dissertations and Theses Global. Second, clinical trial registries such

as ClinicalTrials.gov, Cochrane Central Register and EU Clinical Trials

Registers were searched for ongoing trials. Authors were sent an

email to obtain information such as completion status and availability

of preliminary data from their study. Finally, a snowball search of the

reference lists of existing reviews, included studies and grey litera-

ture such as Google Scholar and CogPrints was performed to maxi-

mise the comprehensiveness of this work. Authors were sent a

follow‐up email, to gather data (e.g., mean, and standard deviation

scores) when the information provided in their publications do not

provide sufficient details.

2.3 | Study selection

Studies retrieved from the search were imported and managed using

Endnote X20. Following the removal of duplicates, two reviewers

(DA and LY) screened all records by their titles and abstracts ac-

cording to the eligibility criteria. When disagreements occurred, the

eligibility criteria and another reviewer (JC) was consulted for reso-

lution. Inter‐rater reliability was measured using Cohen's kappa, k

with −1 (absence of an agreement) to 1 (perfect agreement)

(Cohen, 1960). Values greater than 0.75 were quantified as excellent

agreement, and values between 0.40 and 0.75 as good agreement

(Marston, 2010).

2.4 | Data management and extraction

Microsoft Word and Excel were used to manage the extracted data.

The data extraction form was designed based on the Cochrane

Handbook (Higgins et al., 2020). One reviewer (DA) extracted all the

data, and another reviewer (LY) reviewed the data for accuracy. The

following three main components were retrieved from the studies: (1)

trial characteristics, (2) intervention description and (3) outcomes.

Trial characteristics included author, year of publication country,

design, participant characteristics, age, sample size, intervention,

control, attrition rate, intention‐to‐treat (ITT) analysis, missing data

management, protocol, trial registration and grant support. Charac-

teristics of the digital training that were extracted included theoretical

basis, platform (Internet or mobile application), communication mode

(asynchronous or synchronous), pedagogical consideration (didactic or

dialectic), approach (individual or group), frequency, duration of
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sessions and intervention and follow‐up. All trial reported outcomes

(mean and standard deviation) were extracted.

2.5 | Quality assessment

Quality assessment was conducted independently by two reviewers

(DA, JC). The Cochrane Collaboration's risk of bias tool (Higgins

et al., 2011) via Review Manager version 5.3 was used to appraise the

methodological quality of included studies. Any disagreements were

resolved through discussion and resolution with a third reviewer (LY).

Risk of bias was examined on the following conditions: (1) selection

bias, (2) performance bias, (3) detection bias, (4) attrition bias, (5)

reporting bias and (5) other sources of biases such as baseline im-

balances or contamination of intervention (Higgins et al., 2011).

Based on the information from the studies, the risk of bias was

classified as high risk, low risk or unclear risk when information is

insufficient (Higgins et al., 2011).

The Grading of Recommendations, Assessments, Development

and Evaluation criteria was used by two reviewers (DA, JC) to

independently assess the overall certainty of evidence and strength

of the recommendations (Guyatt et al., 2011). Risk of bias, inconsis-

tency, indirectness, imprecision, and effect was used to determine the

certainty of evidence. The rating was classified as very low, low,

moderate, or high and was determined when justifications can sup-

port the decision (Guyatt et al., 2011). Publication bias was deter-

mined using Egger regression test (Egger et al., 1997) and funnel plot

of precision with a standardized mean difference (Zwetsloot

et al., 2017). Publication bias was established using a p‐value of less
than 0.05 from the Egger test (Egger et al., 1997) and the asymmetry

in the funnel plot (Sterne et al., 2011).

2.6 | Data synthesis

Stata version 17 (StataCorp, 2021) was used to conduct the meta‐
analyses, subgroup analyses, and meta‐regression. Mean and stan-

dard deviation with 95% confidence intervals was applied to report

continuous outcomes. Hedges' g was employed as an effect size

measure because of its precision for studies with small sample sizes

(Hedges & Olkin, 2014; Lakens, 2013). Inverse‐variance method

and random‐effects model were utilised to analyse continuous

outcomes (Higgins et al., 2020). Dichotomous outcomes were

expressed as relative measures, and the Mantel–Haenszel method

(Mantel & Haenszel, 1959) was used to obtain the pooled inter-

vention effect.

Heterogeneity was examined using the Cochran Q test, with a

p‐value of less than 0.01 indicating heterogeneity, and its extent was
quantified using I2 values and between‐study variance tau2 (Higgins
et al., 2020). Heterogeneity was classified based on I2 values as

follows: unimportant (<40%), moderate (30%–60%), substantial

(50%–90%) and considerable (75%–100%) (Higgins et al., 2020).

Sensitivity analyses were conducted by removing outliers or

heterogeneous trials to ensure homogeneity as indicated by an I2

value of less than 40% (Higgins et al., 2020).

Subgroup analyses were conducted based on pre‐determined
groups sorted by trial and training characteristics. The test of sub-

group differences using Q statistic is statistically significant if the

subgroup effect is p < 0.1 (Richardson et al., 2019). Finally, meta‐
regression analysis was conducted to examine the effect of a co-

variate on resilience outcome. Relationships were expressed using

coefficient β which represents the change in the value of the

dependent variable relative to the unit change in the covariates

(Bring, 1994). Q‐value for the model, degree of freedom df and p‐
value were used (Higgins et al., 2020). A p‐value of less than 0.05 was
used to conclude an association between the covariate and depen-

dent variable based on the effect size (Higgins et al., 2020). A

narrative synthesis was performed when studies did not provide

sufficient information or when a meta‐analysis cannot be conducted.

3 | RESULTS

The search results are shown in Figure 2. A total of 28,816 records

were identified from eight electronic databases and 6 records were

retrieved from Google Scholar. After 5490 duplicates were removed,

1392 records were screened by their title and abstract based on the

eligibility criteria. One hundrend six articles were screened in full text,

and 84 articles were further excluded. Finally, 22 randomised

controlled trials were included in this review, 21 were published pa-

pers (Aiken et al., 2014; Anderson et al., 2017; Barry et al., 2019; Bekki

et al., 2013; Brog et al., 2022; Ebert et al., 2021; Flett et al., 2019, 2020;

Harrer et al., 2018; Heckendorf et al., 2019; Hoorelbeke et al., 2015;

Litvin et al., 2020; Morrison et al., 2017; Park et al., 2020; Raevuori

et al., 2021; Roig et al., 2020; Shaygan et al., 2021; Suranata

et al., 2020; Zhou et al., 2019) and 1 unpublished doctoral dissertation

(Baqai, 2020). The reviewer agreement on the selection of eligible

studies was good (k = 0.74). Two studies (Joyce et al., 2019; Smyth

et al., 2018) did not provide sufficient information in their publication

and were excluded from the meta‐analysis.

3.1 | Study characteristics

Table 1 presents the characteristics of 22 trials among 2876 partic-

ipants published from 2013 (Bekki et al., 2013) to 2022 (Brog

et al., 2022). Countries included Australia (18.2%), Belgium (4.5%),

Finland (4.5%), Germany (13.6%), Indonesia (4.5%), Iran (4.5%),

Ireland (4.5%), New Zealand (9.1%), Switzerland (4.5%), the United

Kingdom (9.1%) and the United States of America (18.2%). 18 trials

adopted a two‐arm randomised controlled trial design, and four (Flett

et al., 2019; Litvin et al., 2020; Roig et al., 2020; Suranata et al., 2020)

used a three‐arm randomised controlled trial. The sample size ranged

from 5 (Baqai, 2020) to 709 (Litvin et al., 2020). All studies adopted

subjective measures to evaluate resilience with the majority using

scales with a trait orientation (77.3%) of resilience (Table S4).
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3.2 | Description of digital training

The description of digital training that builds resilience is detailed in

Table S4. Digital training was delivered over three modes, namely,

audio disc (4.5%), Internet (54.5%) and mobile/tablet application

(31.2%) or a combination of Internet and mobile applications (9.1%).

The majority of the studies (68.2%) used an asynchronous communi-

cation style and a didactic pedagogy. All training were delivered using

an individual approach except for two studies (Aiken et al., 2014; Park

et al., 2020). The types of media varied among audio clips, discussions,

lectures, videos, and practical exercises. The frequency of the training

ranged from daily sessions (Barry et al., 2019) to once every 2 weeks

(Hoorelbeke et al., 2015) with a duration lasting 10 min (Flett

et al., 2020) to 100 min (Bekki et al., 2013). The number of sessions

began from 1 (Harrer et al., 2018) to 84 (Flett et al., 2020) and lasted

between7 (Morrison&Pidgeon, 2017) and168days (Baqai, 2020). The

training was delivered by a provider (18.2%), self‐help (59.1%) or a

combination of provider and self‐help (22.7%). The components of

universal and selectiveprevention strategiesused in thedigital training

can be found in Table S5. Different combinations of the strategieswere

adopted. The imparted skills include cognitive flexibility (27.3%),

optimism and cognitive appraisal (54.5%), problem‐solving (9.1%) and
relationships (9.1%). All but one study (Smyth et al., 2018) comprised

self‐regulation and coping skills in their digital training programme.

3.3 | Risk of bias assessment

Figure 3 presents the risk of bias assessment for 22 studies. All

studies (100%) had adequate random sequence generation.

F I G U R E 2 Preferred Reporting Items for Systematic Reviews and Meta‐Analyses (PRISMA) flow diagram
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Six trials (27.3%) managed to conceal the allocation. Owing to the

nature of the intervention, the researchers were not able to blind

participants and personnel, leading to serious concerns relating to

performance bias. Only three studies were able to overcome

performance bias (13.6%). The majority of the studies successfully

addressed issues relating to incomplete outcome data and

were rated low risk for attrition bias. 13 trials (59.1%) had a

protocol for comparison and were rated low risk for selective

reporting.

3.4 | Resilience outcome

A meta‐analysis was conducted on 20 trials assessing resilience

among 2663 participants at the post‐intervention time point

(Figure 4). The results suggest that digital training can enhance

resilience (Z = 4.09, p < 0.05) with a moderate effect size (g = 0.54;

95% CI: 0.28–0.79). At the follow‐up comprising of studies up to the
6 months, the pooled data from the five studies (Figure 4) concluded

that digital training continuously yielded positive effects on resilience

(Z = 3.00, p < 0.05) with a large effect (g = 1.09, 95% CI: 0.38–1.79).

In consideration of substantial heterogeneity (I2 = 89.53%) for

resilience outcome at post‐intervention, subgroup and meta‐
regression were conducted.

3.4.1 | Subgroup analyses

A series of subgroup analyses were conducted and shown in

Figure 5 and further details are provided in Figures S2 to S14.

Based on the effect sizes, the effect size was greater when the

optimism and cognitive appraisal skills were imparted (g = 0.72,

95% CI: 0.21–1.23) and a combination of provider support and self‐
help (g = 1.01, 95% CI: 0.20–1.81). Based on the theoretical

orientation of the resilience scales, the effect sizes were, trait

orientation (g = 0.65, 95% CI: 0.28–0.79), process orientation

(g = 0.29, 95% CI: −0.07–65) and outcome orientation (g = 0.15,

95% CI: −0.39–0.69).
Significant subgroup differences were found for the use of

cognitive flexibility skills (Q = 9.16, p < 0.05), different comparators

(Q = 8.56, p = 0.01), registration status (Q = 5.15, p = 0.02), ITT

analysis (Q = 6.46, p = 0.01), type of platform (Q = 4.98, p = 0.08) and

interactivity (Q = 7.29, p = 0.01). The improvement on resilience

outcome was greater when the resilience training did not adopt

cognitive flexibility skills (g = 0.71, 95% CI: 0.38–1.03) when

compared to those that did (g = 0.13, 95% CI: −0.07–0.32). Trials that
used a usual care design had greater effect on the resilience outcome

(g = 0.79, 95% CI: 0.30–1.28) in comparison with active control

(g = 0.05, 95% CI: −0.22–0.31) or waitlist control (g = 0.50, 95% CI:

0.28–0.79). Additionally, trials that were not registered on a trial

registry had a greater effect (g = 1.13, 95% CI: 0.46–1.80) than

registered trials (g = 0.54, 95% CI: 0.28–0.79). Further, studies that

adopted an ITT analysis (g = 0.81, 95% CI: 0.39–1.23) had a better

effect on resilience outcome when compared to studies that did not

(g = 0.54, 95% CI: 0.28–79). With regards to the platform, training

that was delivered over the Internet (g = 0.74, 95% CI: 0.32–1.17)

had greater effect when compared to mobile applications

F I G U R E 3 Risk of bias assessment
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(g = 0.43, 95% CI: −0.05–0.91) or others (g = 0.23, 95% CI: 0.05–

0.79). Finally, training programs that provided participants with a

flexible programme schedule (g = 0.54, 95% CI: 0.28–0.79) showed

better resilience outcomes than those with fixed schedules (g = 0.25,

95% CI: 0.07–0.43) (See Table 2).

3.4.2 | Meta‐regression analyses

A univariate random‐effects meta‐regression analysis was conducted
to examine the effect of covariates on effect size (Table 3). Covariates

such as year of publication (β = −0.03, p = 0.65), participants age

F I G U R E 4 Forest plot of effect size (Hedges' g) on resilience outcomes for digital training and comparator
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(β = −0.01, p = 0.44), sample size (β < −0.001, p = 0.27), attrition rate

(β = −0.02, p = 0.05) and duration of intervention (days) (β < 0.001,

p = 0.93) had no significant effect on the resilience outcome.

3.4.3 | Narrative synthesis

Two trials (Joyce et al., 2019; Smyth et al., 2018) did not provide the

mean and standard deviation scores for the resilience outcome, thus,

the findings were narratively reported. Joyce et al. (2019) used the

test of group‐by‐time interaction analysis and showed that partici-

pants in the digital training had increased resilience at post‐
intervention and 6‐month follow‐up (p = 0.01). Similarly, Smyth

et al. (2018) reported that the participants in the intervention group

had greater resilience than those in the usual care.

3.5 | Anxiety, depressive and stress symptoms

Included studies have measured anxiety, depressive and stress

symptoms using subjective measures. The effects of digital training

on anxiety, depressive and stress symptoms are shown in Table 2.

Three studies were pooled to examine the effect of digital training on

anxiety. The meta‐analysis found that anxiety was not reduced at the
post‐intervention (Z = 0.36, p = 0.12), and substantial heterogeneity

was found (I2 = 85.84%). Meanwhile, a statistically significant

reduction in anxiety was observed at the follow‐up (Z = 3.67,

p < 0.05) with small effect (g = 0.28, 95% CI: 0.13–0.43).

Seven studies were pooled to examine the effect of digital

training on depression. The meta‐analysis concluded that digital

training could reduce depressive symptoms at the post‐intervention
(Z = 4.32, p < 0.05) with small effect size (g = 0.36, 95% CI: 0.20–

0.53). The positive effect on depressive symptoms (Z = 3.83, p < 0.05)

persist at the follow‐up with small effect size (g = 0.35, 95% CI: 0.17–

0.53). The effect of digital training on stress was evaluated in five

studies at the post‐intervention and two studies at the follow‐up.
Digital training did not improve stress at post‐intervention (Z = 0.80,

p = 0.42) and follow‐up (Z = 1.34, p = 0.18).

3.6 | Overall evidence

The Grading of Recommendations, Assessments, Development and

Evaluations assessment for 20 studies is documented in Table S6.

Serious concerns related to the risk of biases were found because the

studies had a high or unclear risk of bias (Figure 2). Inconsistency due

to the presence of moderate to substantial heterogeneity for resil-

ience (I2 = 89.53%–95.11%), anxiety at the post‐intervention
(I2 = 85.84%) and stress (I2 = 63.29%–79.31%) was also noted.

Given the variation in the population and intervention characteristics

such as the approach, component, duration and frequency, the

domain of indirectness was rated as serious. Half of the studies (50%)

had a sample size of less than 50 in each arm, leading to serious

concerns with imprecision. Therefore, the overall certainty of the

evidence was downgraded based on the concerns on inconsistency,

indirectness, imprecision, and risk of biases. The overall certainty of

the evidence was rated very low for resilience (all time points),

anxiety (post‐intervention), depression (post‐intervention), and

F I G U R E 5 Subgroup analyses based on resilience outcome at
the post intervention time point for digital training and comparator
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stress (all time points) and low for anxiety (follow‐up depression

(follow‐up). The included trials on resilience outcome exhibited

asymmetrical distribution in a funnel plot (Figure S1), and the p‐value
of Egger's regression for the small‐study effects test was less than

0.05, thereby suggesting evidence of publication bias.

4 | DISCUSSION

4.1 | Summary of key findings

This meta‐analysis revealed statistically substantial improvements in
resilience, anxiety, and depressive symptoms outcomes. Subgroup

analyses yield several findings with regards to the content and fea-

tures of digital training. With regard to the contents of digital

training, studies that did not impart cognitive flexibility skills were

more effective in building resilience. From an intervention's features

perspective, studies delivered over the Internet and allowing the

participants to undergo the training at their own pace had better

outcomes. For trial designs, trials that were registered in a trial

registry, adopted a usual care control group, and used ITT analyses

showed a statistically significant differences on resilience outcome.

Compared with their counterparts, a greater effect size was observed

when the selected trials adopted usual care, those not registered on

trial registries, and those that did not use intention to treat analyses.

Meta‐regression analyses found that none of the covariates influ-

enced the resilience outcome. However, moderate to substantial

heterogeneity and publication bias was detected.

4.2 | Quality of evidence

The included trials had issues with allocation concealment, partici-

pant blinding, personnel, outcome assessment and selective report-

ing. Issues with allocation concealment occurred due to the lack of

active control or a waitlist control design. Additionally, the included

digital training used a combination of behavioural and cognitive

components which can pose difficulties in concealing and blinding

(Page & Persch, 2013). With regards to outcome assessment, 14

studies did not employ a blinded assessor which led to a high or

unclear risk for detection bias. For studies that largely use subjective

measures, a blinded assessor can reduce the risk of exaggerated

reporting (Hróbjartsson et al., 2012). Nine trials were rated for un-

clear risk for selective reporting because they lack registration for

comparison. Trial registration is important for detecting publication

bias and ensuring that trial outcomes are not selectively published

(Wager & Williams, 2013). This review did not find any major issues

with incomplete outcome data because the majority of included

T A B L E 2 Effects of digital training for building resilience on resilience, anxiety, depressive and stress symptoms

Outcomes Time points

Number of studies

(reference)

Z statistics (p
value)

Hedges's g (95% confidence

interval)

Heterogeneity

(I2)

GRADE

confidence

Resilience Post‐intervention 20 (1–20) 4.09 (<0.00*) 0.54 (1.56–2.38) 89.53% Very low

Follow‐up to

6 months

5 (8,11–13,19) 3.00 (<0.00*) 1.09 (0.38–1.79) 95.11% Very low

Anxiety

symptoms

Post‐intervention 3 (3,11,13) 1.57 (0.12) 0.36 (0.09–0.81) 85.84% Very low

Follow up 3 (8,11,13) 3.67 (0.00*) 0.28 (0.13–0.43) 0% Low

Depressive

symptoms

Post‐intervention 7 (3,6–8,10–12) 4.32 (<0.00*) 0.36 (0.02–0.53) 43.75% Very low

Follow up 3 (8,10,11) 3.83 (<0.00*) 0.35 (0.17–0.53) 15.6% Low

Stress symptoms Post intervention 5 (3,7,8,10,17) 0.80 (0.42) 0.14 (0.20–0.48) 79.31% Very low

Follow up 2 (8,10) 1.34 (0.18) 0.25 (0.12–0.62) 63.29% Very low

Note: GRADE: Grading of Recommendations, Assessment, Development and Evaluations; p < 0.05; 1: Aiken et al. (2014); 2: Anderson et al. (2017); 3:

Barry et al. (2019); 4: Baqai (2020); 5: Bekki et al. (2013); 6: Brog et al. (2022); 7: Ebert et al. (2021); 8: Flett et al. (2019); 9: Flett et al. (2020); 10: Harrer

et al. (2018); 11: Heckendorf et al. (2019); 12: Hoorelbeke et al. (2015); 13: Litvin et al. (2020); 14: Morrison et al. (2017); 15: Park et al. (2020); 16:

Raevuori et al. (2021); 17: Roig et al. (2020); 18: Shaygan et al. (2021); 19: Suranata et al. (2020); 20: Zhou et al. (2019).

T A B L E 3 Univariate random‐effects meta‐regression analysis of digital training by various covariates

Covariate Beta Standard error 95% Lower 95% Upper Z p value

Year of publication −0.03 0.06 −0.14 0.09 −0.44 0.66

Age −0.01 0.01 −0.04 0.02 −0.78 0.44

Sample size −0.00 0.00 −0.00 0.00 −1.10 0.27

Attrition rate −0.02 0.01 −0.04 0.00 −1.93 0.05

Duration of intervention (Days) 0.00 0.00 −0.01 0.01 0.09 0.93
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studies (n = 20) either have low attrition rates (Anderson et al., 2017)

or adopted strategies such as intention to treat analyses to appro-

priately manage attrition bias (Flett et al., 2020).

The overall certainty of the evidence of this review was deter-

mined based on several reasons. The high or unclear risk of bias

rating on the majority of trials, high heterogeneity and variation in

the contents and the design and features of digital training. The

certainty of evidence ranged from low to very low, suggesting the

uncertainty in the estimation of the effect (Schünemann et al., 2017).

Collectively, the findings from the quality of existing trials suggest

that more attention is warranted to improve the quality of future

trials to ensure that grounded inferences may be made from its

conclusions.

4.3 | Resilience

This meta‐analysis found that the resilience in the intervention group
improved significantly following digital resilience training. This

finding was consistent with reviews examining the effectiveness of

resilience training and thus indicated the value of digitally delivered

resilience training that provides the convenience of remote resilience

training (Ang et al., 2022; Angelopoulou & Panagopoulou, 2021; Dray

et al., 2017; Joyce et al., 2018). Several reasons are proposed for this

review's findings. Firstly, in line with the resilience theory (Szanton &

Gill, 2010), the included trials comprised contents targeting the in-

dividual and relational protective factors that enhance resilience.

From an individual level, the included trials adopted techniques such

as optimism and cognitive appraisal skills that can enhance resilience

(Alvord et al., 2016; Carr et al., 2013). Digital training also comprises

skills that served to enhance participants' relationships. The devel-

opment of social skills such as communication skills and empathy can

be useful to enhance connections with others (Alvord et al., 2016).

This ability can potentially increase ones' access to strongly forged

and meaningful relationships to enhance their resilience through

numerous mechanisms such as a sense of safety, sense of belonging

and social support (Hill et al., 2020; Li et al., 2021).

Secondly, half of the included trials (n = 11) had a small sample

size, this parameter could have potentially inflated the effect size

(Kühberger et al., 2014). This was observed in our meta‐analysis
where a study with a sample size of 5, yield a large effect

(g = 1.24) as compared to a larger study (n = 396) which had

concluded a modest effect (g = 0.51). The phenomenon of inflated

effect sizes in small samples was also similarly reported in another

meta‐analysis (Ang et al., 2022). This suggests a need to look beyond
the existing categorisation of effect sizes and locate other suitable

indicators that may subsequently inform practice and policy

(Kraft, 2020; Schäfer & Schwarz, 2019). Hence, more work is needed

to explore the benchmarks for effect sizes specific to resilience

interventions.

It is also important to relate to the distinctions in theoretical

orientations of the included resilience scales when making conclu-

sions on the effectiveness of digital resilience training. While the

theoretical orientation of resilience scales did not affect the resil-

ience outcome (p = 0.19), this review found that scales with a trait

orientation had a moderate effect (g = 0.65), while scales with a

process and outcome orientation had small effect sizes of 0.29 and

0.15 respectively. The positive effects of resilience training are

observed in studies adopting a trait orientation (p < 0.05) but

diminished in both outcome (p = 0.07) and process orientations

(p = 0.10). This result could be due to an overwhelming number of

studies (n = 17) adopting a trait orientation. Furthermore, given that

trait‐oriented scales focus on one's abilities and skills, these were

potentially enhanced following resilience training. For instance,

existing resilience training focuses on equipping participants with

skills that enable better coping and regulation. In line with the trait

orientation (Ong et al., 2006), these training lead to one developing

their abilities to overcome adversity.

4.4 | Essential features

The subgroups analyses contribute to the broader resilience litera-

ture by identifying content and design considerations for future trials

evaluating digital resilience training. First, this review concluded that

digital training comprising cognitive flexibility was less effective. It

may be possible that the findings are skewed because only five

studies (22.7%) adopted cognitive flexibility training in their digital

programme. In addition, for one to become adept in cognitive flexi-

bility, it is commonly taught by training individuals to be able to come

up with alternative solutions and problem‐solving skills (Alvord

et al., 2016; Ionescu, 2012). This suggests a degree of complexion and

may require a therapist or provider support. Given that the majority

of the digital training is designed as a self‐help programme (54.5%),

the lack of guidance to aid in framing participants' minds may be a

probable reason why it does not improve their resilience.

Second, this review found that digital training delivered through

the Internet significantly improved participants' resilience. Given that

the Internet can be found on almost any electronic device (computer

or smartphone or tablet), its wide accessibility could potentially

explain why this mode is superior to the rest (Houlden & Veletsia-

nos, 2019). In addition, considering that the grand mean age of the

participants in this study is 30 years old with 15 trials (84.62%)

recruiting either students or employees, these individuals are likely

to have higher digital literacy (Abdulai et al., 2021; Bucking-

ham, 2016). They may also have access to the Internet in school or at

the workplace. These suggestions may offer an insight as to why the

Internet mode is superior. These findings, however, also inform that

individuals with poorer digital literacy or without access to the

Internet will be limited by their access to digital resilience training.

Third, providing participants with flexibility has also improved

their resilience. Flexible learning formats are increasingly popular in

massive open online courses (MOOCs) and institutes of higher

learning. Flexible programme schedules provide users with more

control and organization of their learning, and this may then increase

their interest and thus sustain them in the training programme (Li
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et al., 2020; Wanner & Palmer, 2015). However, it is noteworthy that

online self‐paced programs are largely dependent on an individual's

motivations (Hartnett, 2016) and it presents with its own set of

unique challenges (Shorey & Chua, 2021). For instance, it is now

highlighted that students have preferences for a mix of asynchronous

and synchronous learning (Shorey & Chua, 2021). This suggests that

more work to needed to quantify the right mix of flexibility.

Fourth, trials that adopted a usual care control group showed

good performance because participants in waitlist control may pre-

sent with an expectancy effect, whereas those in active control

groups can often identify whether they are in the active or inactive

group, thereby giving rise to inaccurate reports (Hart et al., 2008).

Given that the waitlist control design can lead to poor recruitment

and additionally affect the overall effect (Hart et al., 2008), future

trials may consider adopting a usual control group design. Alterna-

tively, trials with a waitlist design may potentially overcome the ex-

pectancy effect by using an objective outcome measure.

Finally, trials that were not registered on trial registries (n = 8) or

did not use intention‐to‐treat analyses (n = 13) had a greater effect

on resilience outcomes. A review found that studies that did not

register their trials were able to report favourable outcomes with

statistical significance (Wayant et al., 2017). Therefore, these trials

had a greater effect on resilience outcomes. With regards to the

analytical methods, the use of the ITT approach (considers all sub-

jects who were randomised and does not consider non‐compliance or
deviation) led to a conservative estimate of the treatment effect

(Gupta, 2011). Hence, studies without intention‐to‐treat analyses can
likely inflate the effect size (Gupta, 2011). Future studies should

conform to the Consolidated Standards of Reporting Trials (CON-

SORT) guidelines (Bennett, 2005) by registering their trials and when

faced with significant attrition, should consider using ITT approaches

or its equivalent to ensure that the reported treatment effects are

precise.

4.5 | Anxiety

This meta‐analysis concluded that digital resilience training did not

improve anxiety post‐intervention. This was similarly reported in

other similar reviews (Dray et al., 2017; Leppin et al., 2014). The lack

of statistical significance could also be due to the lack of statistical

power as there were only two studies that measured anxiety. How-

ever, the trend shifted at the follow‐up time point, where a statisti-

cally significant improvement in anxiety was observed among

participants in the intervention group. This was similarly reported in

one review (Dray et al., 2017). This could be due to the inclusion of a

study with a larger sample size (Flett et al., 2019). Further, digital

training comprises of skills that enhance one to adopt self‐regulation
skills, which has been described as a means to facilitate one to adopt

strategies and behavioural changes to regulate their anxiety (San-

dars & Cleary, 2011). Given that the digital training comprises of a

habitual component, where participants are required to adopt new

behaviours and subsequently translate their newly acquired skills

into habits. This habit‐forming process would require time ranging

from 21 to 66 days could offer an explanation why the improvement

was only detected at the follow‐up (Gardner et al., 2012; Lally &

Gardner, 2013).

4.6 | Depressive symptoms

This review found that depressive symptoms significantly reduced

following digital resilience training, which was also reported in two

reviews (Ang et al., 2022; Dray et al., 2017). This could be due to the

use of optimism and cognitive appraisal techniques which are known

to relieve depressive symptoms (Kelberer et al., 2018; Wong &

Lim, 2009). Cognitive appraisal in particular, has been shown to

reduce negative emotions and promote positive emotions (Troy

et al., 2018), potentially suggesting how it reduces the low moods

associated with depressive symptoms. In line with cognitive behav-

ioural theories of depression (Blatt & Maroudas, 1992), the use of

cognitive reappraisal techniques allows one to reinterpret the situ-

ation and change its associated emotional trajectory thus alleviating

depressive symptoms (Gross & John, 2003). Further, the presence of

a therapist among guided digital interventions likens to cognitive

behavioural therapies and this may have allowed participants to have

access to formal social support. With the introduction of social

competency skills in building relationships, individuals may have

more access to social support, and this may provide an additional

protective buffer (Alsubaie et al., 2019). Collectively, as depression

continues to be the most common mental health disorder (Lim

et al., 2018), future digital resilience training should orientate their

content surrounding cognitive behavioural techniques that could

ameliorate depressive symptoms.

4.7 | Stress symptoms

This meta‐analysis found that stress did not improve following digital
resilience training. This finding was echoed by Leppin et al. (2014) but

contradicted by another review (Ang et al., 2022). This was an un-

expected finding given that there is a linear relationship between

resilience and stress (Smith et al., 2018). A plausible reason could be

due to a small number of studies (n = 5) resulting in a lack of sta-

tistical power to detect a change. In addition, the majority of included

trials (n = 6) that evaluated stress were conducted among healthy

students who may not be experiencing any significant form of stress.

Only two studies (Ebert et al., 2021; Harrer et al., 2018) specifically

focussed their training on stress. As the majority of the training fo-

cuses on psychological stress, these may not benefit individuals who

are alternative forms of stress (e.g., physiological stresses). Therefore,

it will be premature to draw any conclusions on the effect of digital

training on stress, instead, more trials should be conducted to

confirm its effectiveness.
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4.8 | Strengths and limitations

This work has several strengths and limitations. To the authors'

knowledge, this review and meta‐analysis is the first to examine the

effectiveness of digital resilience training. The findings were obtained

from a collective of randomised controlled trials, the gold standard in

establishing causal relationships. The robust search strategy con-

sisting of a comprehensive three‐step search in eight electronic da-

tabases, trial registries and grey literature ensured the retrieval of all

potential published or unpublished articles. Given that the included

studies have small sample sizes, an appropriate effect size estimate

(Hedges' g) was used to provide precise estimates (Hedges &

Olkin, 2014; Lakens, 2013).

However, this review is limited for several reasons. Given that

eligible articles that are not published in the English Language were

omitted, this has potentially led to publication bias. High heteroge-

neity was also detected, which was not unexpected because the

eligible trials showed variation in the population (e.g., healthy, or

diseased individuals) and their intervention contents. Additionally,

the included trials had relatively small sample sizes that could

potentially lead to an overestimation of the effect sizes. The use of

subjective measures for outcomes may be limited by social desir-

ability biases and expectancy effects. Finally, the GRADE evidence

suggests low to very low confidence in the findings.

4.9 | Implications

The findings of this review conclude that digital training is promising

in improving resilience while allowing individuals to recover and

bounce back with preliminary evidence shown by the reduction of

anxiety and depressive symptoms. Contemporarily, the COVID‐19
pandemic has led to poorer mental health. Capitalising on a digital

platform to ensure that resilience training becomes accessible to the

broader population is timely and necessary. Though inundated by

several limitations, the following implications are outlined.

This review found that studies using a trait‐orientated scale has

positive effects. Although it is beyond the scope of this review, these

findings suggest that attention is needed to ensure that the theo-

retical basis of resilience training mirrors the outcome it measures.

As contemporary resilience literature (Alvord et al., 2016; Van

Breda, 2018) shift to appreciate resilience as a set of competencies

such as assets, resources, and protective factors (i.e., process),

instead of one with deficits (i.e., trait), it is critical to now re‐examine
how resilience should be evaluated. This was supported by a recent

review which found that the theoretical orientation of resilience

scales influenced their outcomes (Cheng et al., 2022). More research

work examining the effect of resilience training on the trait, process

and outcome orientations will be necessary to provide a roadmap for

further expansions on the resilience literature. This could translate to

more work focusing on drawing links between the trait, process, and

outcome indicators of resilience. This in turn, influences how training

programs can effectively measure its influence on one's resilience.

From a content perspective, it was found that not imparting

cognitive flexibility skills were more favourable in improving resil-

ience. This is, however, premature to conclude in light of the rela-

tively small number of included trials and inflated effect sizes.

Furthermore, it contradicts, as having cognitive flexibility is a known

protective factor to build one's resilience (Alvord et al., 2016).

Therefore, it is proposed that the use of cognitive flexibility skills be

further examined before conclusions may be made.

In consideration of the most suitable platform, the review con-

cludes that the Internet outperforms other digital platforms (e.g.,

mobile applications). Although significant improvements having led to

accessibility to the Internet, this should still be taken into context,

given that certain disadvantaged groups (i.e., homeless, or financially

challenged) continue to be digitally divided (Majeed et al., 2020;

Vázquez et al., 2015) and alternative platforms should be considered

for these individuals.

To the authors' knowledge, few studies specifically examined the

interactivity of digital training. This is meaningful as educators,

trainers and administrators start to identify suitable ways to conduct

online training. While this review found that allowing participants

with the flexibility improved their resilience, other factors such as

motivation comes into play and attention to the target population is

necessary when designing future resilience training. For instance,

conducting a needs assessment of participants' learning patterns

within the chosen community or institution to ensure that resilience

training remains effective will be important (Ang et al., 2021).

From an application perspective, there are promising findings

that support the use of digital resilience training in both a preventive

and psychotherapeutic stance. As stigma against mental health and

receiving psychotherapies remains prevalent (Henderson & Gron-

holm, 2018; Kendra et al., 2014; Lannin et al., 2013), delivering an

intervention over a digital platform must be considered as a good

strategy to reduce stigma (Bayar et al., 2009). Furthermore, a pre-

ventive and strength‐building approach can potentially improve the

populations' resilience may further protect them against mental

health issues (Alvord et al., 2016; Gheshlagh et al., 2017).

Finally, the various proposed features (i.e., using the Internet,

flexible schedule) provide a starting point for future training pro-

grams. Key stakeholders should not rely on resilience training as the

only mode of ensuring mental wellness. Instead, starting with needs

assessments by identifying target participants' wants for resilience

training and acceptability and preferences for a digital platform will

be useful (Perski & Short, 2021). This approach may curate an ideal

digital programme specific to the target population allowing it to be

accessible and sustainable. Given that the overall evidence for digital

resilience training ranged from low to very low, future trials are

needed for more conclusive findings.

4.10 | Recommendations for future trials

Based on the overall evidence, this review proposes several recom-

mendations for future resilience training programs. As resilience may
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be promoted by various protective factors (Szanton & Gill, 2010),

future trials should endeavour to identify an ideal combination or

factor that may best improve resilience. Secondly, resilience training

may be curated using a flexible learning model and delivered via the

Internet. Third, additional large‐scale randomised controlled trials

are needed to confirm the effectiveness of digital resilience training.

Based on our findings, it will be important for trials to be prospec-

tively registered on trial registries and adopt intention‐to‐treat an-
alyses to ensure that outcomes are not selectively reported or

potentially inflated. Lastly, this review was unable to provide details

on the most suitable duration and cost‐effectiveness of digital resil-
ience training and these should be considered as potential outcomes

in future trials. With more convincing results emerging from studies,

these may persuade policy makers and insurance companies to

further incorporate digital health services thus broadening the uni-

versal health coverage.

5 | CONCLUSION

This review applied a rigorous and systematic approach to examine

the effectiveness of digital resilience training by conducting the

meta‐analysis and meta‐regression of randomised controlled trials.

With respect to its limitations of high heterogeneity and publication

bias, the findings lay the foundation for future work. Nonetheless,

this review supports the use of digital resilience training from a

strength‐based and preventive angle. Digital resilience training

delivered over the Internet with a flexible training programme was

found to exert a greater positive influence on psychological well‐
being such as resilience while reducing anxiety and depressive

symptoms. Future trials are needed to examine the effects of digital

training platforms on resilience. Large‐scale randomised controlled

trials that are prospectively registered and adopting intention‐to‐
treat analysis must be performed to ascertain the effectiveness of

digital resilience training.
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