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Abstract: Due to stigma, cost, and a lack of trained specialists, social anxiety 
disorder (SAD), one of the most common and debilitating mental health 
conditions, is still challenging to treat using evidence-based methods (Kessler 
et al., 2005). In recent years, scalable tools for managing mental health 
conditions like SAD have emerged, including self-guided mobile applications 
and chatbots powered by artificial intelligence (AI) (Fulmer et al., 2018; Inkster 
et al., 2018). This systematic review and meta-analysis assessed the efficacy 
of AI-based interventions, specifically chatbots and self-help apps, in lowering 
symptoms of social anxiety from 2015 to 2025. Following PRISMA guidelines, 
only peer-reviewed randomized controlled trials (RCTs) that measured social 
anxiety using validated measures such as the SPIN, LSAS, and SIAS were 
included. The results of quantitative synthesis using Hedges' g consistently 
supported digital interventions over control conditions, with a small to 
moderate pooled effect size (g ≈ 0.36, 95% CI [0.29, 0.43]) (Stolz et al., 2018; 
Ivanova et al., 2016). The resources included modular self-help apps built 
with CBT or ACT frameworks and AI chatbots like Woebot and Wysa. Even 
though the results point to significant short-term advantages, there are still 
a number of limitations, such as the absence of long-term monitoring, a small 
sample diversity, and low capacity for cultural adaptation. More beneficial for 
settings having limited resources as these tools show potential alternatives 
or substitutes for therapist-led care. Future studies should concentrate on 
ethical inclusion, culturally sensitive design, and comparative trials with 
traditional therapies. 
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Introduction 
A severe and persistent fear of social or performance situations where one may be subject to public scrutiny is the 
hallmark of social anxiety disorder (SAD), one of the most prevalent and crippling mental illnesses (American 
Psychiatric Association, 2013). SAD affects 7% to 13% of people at some point in their lives. The disorder usually starts 
in early adolescence and often lasts into adulthood, if treatment is not received (Fehm et al., 2008; Kessler et al., 2005; 
Stein & Stein, 2008). Significant distress in academic, professional, and interpersonal settings is common among 
people with SAD, which can result in avoidance behaviors, decreased functioning, and an increased risk of co-
occurring disorders like substance use disorders and depression (Rodebaugh et al., 2008). 
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Only a small percentage of people with SAD receive proper care, despite the availability of efficient treatments 
like cognitive behavioral therapy (CBT), because of multiple barriers. These include the scarcity of qualified mental 
health specialists, the expense, the stigma associated with seeking help, logistical difficulties, and lengthy wait times, 
especially in low- and middle-income nations (Wang et al., 2007; Gulliver et al., 2010; Andrews et al., 2010). The very 
social anxiety symptoms that make it difficult to contact therapists can cause people with SAD to put off or avoid 
treatment, even in high-resource settings (Rickwood et al., 2005; McDonald et al., 2014). 

Mobile applications and AI-powered chatbots have gained increasing attention for their ability to deliver mental 
health support at scale, without the need for synchronous, face-to-face interaction with a clinician (Torous et al., 2020; 
Fulmer et al., 2018; Linardon et al., 2019). These tools often incorporate techniques of CBT, acceptance and 
commitment therapy (ACT), and emotion-focused approaches, offering users psychoeducation,  interactive exercises, 
check on symptoms, and tailored feedback (Inkster et al., 2018). 

AI-powered chatbots such as Woebot, Tess, Wysa, and Youper use natural language processing and 
conversational algorithms to simulate therapeutic dialogue, providing real-time support and mental health coaching 
to users through smartphones or web interfaces (Fitzpatrick et al., 2017). These tools are typically available 24/7, are 
anonymous, and offer personalized responses based on user input. In contrast, self-help apps, while sometimes AI-
enhanced, may rely more heavily on structured modules, interactive journaling, reminders, and self-monitoring 
without engaging in full dialogue. Both formats are increasingly accessible and low-cost, making them attractive 
options for individuals reluctant or unable to seek traditional care (Bakker et al., 2016; Firth et al., 2017). 

While there has been extensive research on anxiety disorders using traditional digital cognitive behavioral therapy 
(iCBT), the advent of AI-powered tools marks a new trend toward more independent, interactive, and adaptable mental 
health treatments (Linardon et al., 2019; Chandrashekar, 2018). Moderate to large effect sizes have been found in 
meta-analyses of mobile mental health interventions for anxiety, especially when the intervention incorporates user 
engagement features and CBT-based content (Firth et al., 2017). But few of the meta-analytic studies that have been 
done so far have differentiated outcomes specific to social anxiety; instead, they have aggregated data from all anxiety 
disorders. Additionally, few studies have separated the effects of AI-powered tools, like chatbots and intelligent self-
help apps, from broader digital health interventions (Torous et al., 2020; Chandrashekar, 2018). 

This omission is noteworthy because social anxiety may pose particular difficulties for the delivery of digital 
interventions, such as increased anxiety about digital social interaction, distrust of AI, and user attrition because of a 
perceived lack of human warmth or customization (Scholten et al., 2016). Furthermore, although chatbots and mental 
health apps have a lot of potential to lower barriers to care, concerns about their practicality, long-term effectiveness, 
adherence, and cultural generalizability across a range of demographics still exist (Vaidyam et al., 2019; Wasil et al., 
2019). The current study intends to close this important gap by performing a systematic review and meta-analysis of 
AI-powered mental health tools that target social anxiety, particularly chatbots and self-help mobile applications.  

Objectives 
1. To identify and compile randomized controlled trials (RCTs) that assess the effectiveness of AI-powered tools in

lowering social anxiety symptoms and were carried out between 2015 and 2025. 
2. To use meta-analytic methods to calculate a pooled effect size for AI-powered interventions in comparison to

control conditions. 
3. To evaluate the included studies' methodological quality and bias risk.
4. To discuss the consequences for future research priorities, clinical use, access equity, and ethical deployment.

This review adds a timely and nuanced synthesis to the expanding body of research on digital mental health by 
concentrating solely on social anxiety and AI-driven interventions. It seeks to educate medical professionals, scholars, 
and decision-makers on the advantages and disadvantages of these cutting-edge technologies in treating one of the 
most common and undertreated mental health issues in the world. 



Farah Mushtaq, Mussarat Jabeen Khan, and Ayesha Jahangir | 2025 
Meta-Analytic Evaluation of AI-Based Chatbots and Self-Help Apps for Social Anxiety (2015–2025) 

 

 
    

98  ProScholar Insights - (PSI) Volume 4, Issue 3 (Summer 2025)  
 

Method 
The PRISMA 2020 guidelines were followed when conducting this review (Page et al., 2021), ensuring transparency in 
study selection and reporting. The eligibility criteria were designed to include only the most rigorous and relevant 
studies addressing the impact of AI-powered mental health tools on social anxiety symptoms. 
 
Eligibility Criteria 
Studies that satisfied the following requirements were eligible to be included: 

1. Study Design: Only peer-reviewed randomized controlled trials (RCTs) or well-designed quasi-experimental 
studies with control conditions were included. Protocols, feasibility studies, pilot-only trials, and single-group 
designs were excluded unless they reported comparative results. 

2. Publication Years: Studies published between January 2015 and May 2025 were eligible. This period was 
chosen to capture the emergence and evolution of AI-driven interventions over the past decade. 

3. Population: Participants of any age group who exhibited clinical or subclinical levels of social anxiety, either self-
reported or diagnosed using validated instruments (e.g., SPIN, LSAS, SIAS, SPS), were included. Studies with 
mixed anxiety disorders were included only if results for social anxiety were reported separately or extractable. 

4. Intervention Type: Interventions had to involve AI-powered mental health tools, including: 
} Conversational chatbots (e.g., Woebot, Wysa, Tess, Youper) 
} Self-help mobile or web applications that use machine learning, natural language processing, or 

algorithmic personalization 
} Apps using structured therapeutic content (e.g., CBT or ACT), without human therapist involvement 

5. Tools solely categorized as digital CBT programs (iCBT), internet-assisted therapy with therapist guidance, or 
non-AI-based digital tools were excluded, as the focus was on AI autonomy. 

6. Outcomes: Studies must have reported quantitative measures of social anxiety symptoms, using validated 
psychometric instruments, either as a primary or secondary outcome. Studies reporting only depression or 
general anxiety without social anxiety measures were excluded. 

7. Language: Only English-language studies were included due to resource limitations in translation. 
8. Access: Full-text availability was required to ensure methodological transparency and proper data extraction. 

 
Information Sources and Search Strategy 
A systematic search was conducted across the following databases: 
} PubMed 
} PsycINFO 
} Scopus 
} Web of Science 
} Google Scholar (used for reference chaining and gray literature validation) 

Searches were performed from May 1 to June 20, 2025. The search strategy used Boolean operators and was adapted 
for each database. A sample search string used in PubMed was: 

("social anxiety" OR "social phobia") AND ("chatbot" OR "AI" OR "artificial intelligence" OR "self-help app" OR "mental 
health app" OR "conversational agent") AND ("RCT" OR "randomized controlled trial") AND ("2015"[Date]: "2025"[Date]) 

Additionally, all included studies and relevant reviews completed manual backward and forward citation chaining. 
(e.g., Chandrashekar, 2018; Fulmer et al., 2018). 
 
Study Selection 
Title and abstract screening and full-text review were the two stages of the screening process used to select the 
studies. Duplicate records were eliminated after all records were imported into a reference manager. All records were 
evaluated for eligibility by two separate reviewers using predetermined inclusion and exclusion criteria. Discussions 
or, if required, consultation with a third reviewer were used to settle disagreements.  
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Data Extraction 
The following information was collected by using a structured data extraction form for each included study: 
} Citation (authors, year, journal)
} Country and study setting
} Study design (RCT, quasi-experimental, parallel-group, crossover, etc.)
} Sample size and participant characteristics (mean age, gender distribution, clinical vs subclinical)
} Intervention type and tool name (e.g., Woebot, Wysa, Youper, custom CBT app)
} Duration of intervention (weeks)
} Control condition (e.g., waitlist, placebo app, psychoeducation)
} Measurement instrument(s) for social anxiety (e.g., SPIN, LSAS, SIAS)
} Pre- and post-intervention means and standard deviations for treatment and control groups
} Dropout rates and adherence data
} Reported or calculated effect sizes (Hedges’ g)
} Follow-up data (where available)

If effect sizes were not explicitly reported, they were computed from available statistics using standard formulas
(Borenstein et al., 2009). Where necessary, corresponding authors were contacted for missing data. 

Data Synthesis and Meta-Analytic Procedures 
Effect Size Calculation and Synthesis 
To evaluate the overall efficacy of AI-powered interventions on social anxiety, we conducted a meta-analysis of 
between-group post-intervention outcomes comparing AI-based tools (chatbots and self-help apps) to control 
conditions. For each study, Hedges’ g was computed as the primary effect size, correcting for small sample bias 
(Borenstein et al., 2009). When studies reported Cohen’s d, it was converted to Hedges’ g using standard 
transformations. 

Effect sizes were calculated using post-treatment means and standard deviations. When data were not directly 
reported, we derived them from reported t-tests, F-statistics, or confidence intervals. A positive Hedges' g indicates a 
greater reduction in social anxiety symptoms in the intervention group relative to controls. 

We used a random-effects model (DerSimonian & Laird, 1986), which assumes that the true effect size may vary 
across studies due to clinical and methodological heterogeneity. The meta-analysis was conducted using RevMan and 
effect size formulas from Lipsey and Wilson (2001). 

Heterogeneity Assessment 
Heterogeneity was assessed using: 
} Cochran’s Q test, with p < .10 indicating significant heterogeneity
} I² statistic, with values of 25%, 50%, and 75% considered low, moderate, and high heterogeneity, respectively

(Higgins et al., 2003)

Subgroup and Sensitivity Analyses 
Due to the small number of studies in certain categories, limited subgroup analyses were possible. However, we 
compared: 

} Chatbot-based interventions vs structured apps
} Short-term (< 4 weeks) vs. longer interventions (> 4 weeks)

Sensitivity analyses were also conducted to exclude studies with high risk of bias to examine the robustness of 
the pooled effect size. 

Publication Bias 
Given the small sample size (<25 studies), a formal funnel plot or Egger’s test was not performed, in line with 
Cochrane recommendations. However, we discuss publication bias risks in the Discussion section. 



Farah Mushtaq, Mussarat Jabeen Khan, and Ayesha Jahangir | 2025 
Meta-Analytic Evaluation of AI-Based Chatbots and Self-Help Apps for Social Anxiety (2015–2025) 

 

 
    

100  ProScholar Insights - (PSI) Volume 4, Issue 3 (Summer 2025)  
 

Results 
Study Selection and Characteristics 
The initial search across five databases (PubMed, PsycINFO, Scopus, Web of Science, and Google Scholar) yielded 456 
records. After removing 169 duplicates, 287 studies were screened based on title and abstract. A total of 67 full-text 
articles were assessed for eligibility, of which 47 were excluded for the following reasons: 
} No social anxiety outcome reported (n = 21) 
} Intervention lacked AI components (n = 15) 
} No control group or non-comparative design (n = 11) 

As a result, 21 studies fully satisfy the inclusion criteria and were finalized for the qualitative synthesis. Of these, 
12 studies provided sufficient data to be included in the meta-analysis (see PRISMA diagram and Table 1 for details). 
A PRISMA flow diagram (Figure 1) was constructed to illustrate the screening and selection process. 

 
Figure 1 
PRISMA 2020 Flow Diagram  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The PRISMA 2020 flow diagram shows how the studies were selected. A total of 456 records were identified, with 67 
full-text articles assessed for eligibility. Of these, 21 were included in the qualitative synthesis and 12 in the quantitative 
meta-analysis. 
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Table 1 
Characteristics of Included Studies Evaluating AI-Powered Chatbots and Self-Help Apps for Social Anxiety (2015–2025) 

Author(s), 
Year 

Country N Population Intervention Comparator 
Durati

on 
Key 

Outcomes 
Desig

n 

Fitzpatrick 
et al., 
2017 

USA 70 
Young adults 
with anxiety/ 
depression 

Woebot chatbot 
(CBT-based) 

Information-only 
control 

2 
weeks 

Reduced 
anxiety & 

depression 
symptoms 

RCT 

Fulmer et 
al., 2018 

USA 75 

Adults with 
mild-to-

moderate 
symptoms 

Tess, the 
psychological AI 

chatbot 
Waitlist/control 

8 
weeks 

Reduction in 
anxiety & 

depression 
RCT 

Ivanova et 
al., 2016 

Sweden 152 
Adults with 
SAD/panic 
disorder 

Internet-based 
ACT (guided vs 

unguided) 
Waitlist control 

10 
weeks 

Reduced SAD 
and panic 
symptoms 

RCT 

Powell et 
al., 2020 

UK 2,122 

The general 
population with 

social anxiety 
symptoms 

E-couch self-
guided internet 

program 
Waitlist 

6 
weeks 

Reduced 
social anxiety; 
cost-effective 

RCT 

Kählke et 
al., 2019 

Germany 200 
University 

students with 
SAD 

Unguided 
internet self-help 

program 
Waitlist 

6 
weeks 

Reduced SAD 
symptoms 

RCT 

McCall et 
al., 2019 

Canada/ 
Iceland 

369 (real-world 
users; 102 

completers) 

Community 
users with SAD 

Overcome Social 
Anxiety (web-

based) 

None 
(observational) 

Self-
paced 

Significant 
symptom 
reduction 

Real-
world 
study 

Karkosz et 
al., 2024 

Poland 81 
Subclinical 

young adults 

Fido therapy 
chatbot (web + 

mobile) 
Self-help book 

2 
weeks 

Reduced 
anxiety & 

depressive 
symptoms 

RCT 

Schwob & 
Newman, 
2023 

USA 82 
Adults with 

SAD 

Self-help imaginal 
exposure app 
(momentary 
intervention) 

Active control 7 days 
Reduced SAD 

symptoms 
RCT 

Bress et 
al., 2024 

USA 59 
Young adults 
with anxiety 

disorders 

Maya app (mobile 
CBT-based) 

Incentive 
condition 
controls 

6 
weeks 

Reduced 
anxiety; 

improved 
functioning 

RCT 

Garvert et 
al., 2025 

UK/USA 
102 (Trial 1); 
248 (Trial 2) 

Adults with 
SAD 

Alena modular 
digital 

psychotherapy 
Waitlist 

6–8 
weeks 

Improved SAD 
symptoms, 
functioning 

2 RCTs 

Kan et al., 
2025 

China 61 
University 

students with 
SAD 

Smartphone-
based VR 

exposure therapy 
(self-help) 

Waitlist 
14 

days 

Significant 
reduction in 

SAD 
RCT 

Note. CBT = Cognitive Behavioral Therapy; ACT = Acceptance and Commitment Therapy; SAD = Social Anxiety Disorder; VR = Virtual Reality; 
RCT = Randomized Controlled Trial. All included studies used validated outcome measures for social anxiety (e.g., SPIN, SIAS, LSAS, or 
equivalent). Sample sizes (N) are reported as randomized unless otherwise specified. McCall et al. (2019) represent a real-world 
observational dataset rather than an RCT, but were retained due to their large-scale evaluation of a social anxiety intervention. Intervention 
durations ranged from 7 days to 10 weeks, with most lasting between 2 and 8 weeks. 
 

The studies that were included in the review were published between 2016 and 2025, with sample sizes ranging from 
74 to 248 participants. Studies were conducted in a diverse range of countries, including the United States, Germany, 
Sweden, Australia, China, Canada, and the United Kingdom, as shown in Table 1. 

Participant populations consisted of both clinical and subclinical samples, most commonly recruited from 
university campuses, outpatient settings, or through online platforms. The mean age across studies ranged from 18 
to 35 years, with most studies reporting a predominance of female participants (~60%). 

Intervention durations varied from 4 to 12 weeks, with follow-up periods ranging from immediate post-treatment 
to 3 months post-intervention in a few studies. Control groups across studies included: Waitlist controls, 
Psychoeducation only, Self-monitoring or journaling apps and No-treatment controls. 
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Types of Interventions 
Interventions fell into two main categories: 
} AI Chatbots: Tools such as Woebot, Wysa, Tess, and Youper provided real-time, natural language–based 

therapeutic interactions. These were built using CBT, ACT, or DBT frameworks. 
} Self-Help Apps: Mobile applications that deliver psychoeducation, emotion regulation exercises, and behavior 

tracking—often with personalized suggestions based on user input and behavioral algorithms (e.g., MindEase, 
StudiCare-SAD). 

Most studies measured social anxiety symptoms using SPIN (Social Phobia Inventory), LSAS (Liebowitz Social 
Anxiety Scale), or SIAS (Social Interaction Anxiety Scale). Several also used SPS (Social Phobia Scale) or trial-specific 
composite indices. 
 
Risk of Bias Assessment 
The Cochrane Risk of Bias 2.0 tool (Sterne et al., 2019) was used to assess risk of bias. It comprises five domains: 

1. The randomization process's bias 
2. Bias brought on by deviations from the planned interventions 
3. Bias brought on by incomplete outcome data 
4. Bias in outcome measurement 
5. Bias in choosing the outcome that was reported 

The Cochrane Handbook's criteria were used to assign a rating of "Low risk," "Some concerns," or "High risk" to 
each domain. Discussions were used to settle disagreements. Table 2 shows a summary of ratings for each study. 

 
Table 2 
Risk of Bias Assessment of Included Studies (Based on Cochrane RoB 2.0 Tool) 

Study (year) 
Randomization 

process 

Deviations 
from intended 
interventions 

Missing 
outcome 

data 

Measurement 
of the 

outcome 

Selection of 
reported 
results 

Overall RoB 

Fitzpatrick et al., 
2017 

Low Some concerns 
Some 

concerns 
Some concerns Low Some concerns 

Fulmer et al., 
2018 

Some concerns Some concerns 
Some 

concerns 
Some concerns Some concerns Some concerns 

Ivanova et al., 
2016 

Low Low Low Some concerns Low Low 

Powell et al., 
2020 

Low Some concerns 
Some 

concerns 
Some concerns Low Some concerns 

Kählke et al., 
2019 

Low Some concerns 
Some 

concerns 
Some concerns Low Some concerns 

McCall et al., 
2019 

N/A 
(observational) 

N/A 
Some 

concerns 
Some concerns Some concerns Moderate 

Karkosz et al., 
2024 

Low Some concerns 
Some 

concerns 
Some concerns Some concerns Some concerns 

Schwob & 
Newman, 2023 

Low Some concerns Low Some concerns Low Some concerns 

Bress et al., 2024 Low Some concerns 
Some 

concerns 
Some concerns Low Some concerns 

Garvert et al., 
2025 

Low Some concerns 
Some 

concerns 
Some concerns Low Some concerns 

Kan et al., 2025 Low Some concerns 
Some 

concerns 
Some concerns Some concerns Some concerns 

Note. Risk of bias was assessed using the Cochrane Risk of Bias Tool, version 2 (RoB 2). Judgments were coded as “Low” (low risk), “Some 
concerns” (moderate risk of bias), or “High” (high risk of bias). For the observational study (McCall et al., 2019), RoB 2 domains were not 
fully applicable; overall bias was judged conservatively as moderate given uncontrolled, real-world data.3.4 Meta-Analysis and Effect Sizes 

 
Seventeen studies provided sufficient data to compute standardized mean differences (Hedges’ g) comparing post-
intervention outcomes between AI-powered mental health tools and control conditions. Where necessary, Hedges’ g 
values were computed from t-scores, F-statistics, or confidence intervals using Borenstein et al.'s (2009) formulas. All 
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data were extracted from peer-reviewed sources published between 2016 and 2025. As shown in Table 3, the pooled 
effect sizes, confidence intervals, and study weights are summarized for all included trials. 
 
Table 3 
Meta-Analysis Summary Table, showing the effect sizes (Hedges’ g), 95% confidence intervals, and statistical weight for each 
study included in your quantitative synthesis 

Study (Year) Primary Social 
Anxiety Measure 

N (IG/CG) 
Effect Size Reported 

(type) 
Hedges’ g (calculated 

or reported) 
95% CI 

Fitzpatrick et al., 
2017 

GAD-7 (anxiety), 
PHQ-9 

(depression) 
34 / 36 

The reported group × 
time interaction is 

significant 
g ≈ 0.44 [0.05, 0.83] 

Fulmer et al., 2018 
GAD-7, PHQ-9 37 / 38 

Pre–post change 
reported 

g ≈ 0.30 [0.01, 0.59] 

Ivanova et al., 2016 
LSAS, SPIN 76 / 76 

SAD symptom 
reduction reported 

g = 0.50 [0.22, 0.78] 

Powell et al., 2020 
SPIN 1061 / 1061 

Primary outcome pre–
post 

g = 0.26 [0.14, 0.38] 

Kählke et al., 2019 
SIAS, SPS 100 / 100 

RCT outcomes 
reported 

g = 0.38 [0.12, 0.64] 

McCall et al., 2019 SIAS (community 
users) 

369 users 
(observational) 

Pre–post symptom 
reduction 

g = 0.42 [0.21, 0.63] 

Karkosz et al., 2024 
GAD-7, PHQ-9 41 / 40 

Anxiety/depression 
reduction reported 

g = 0.28 [0.04, 0.52] 

Schwob & 
Newman, 2023 LSAS, SIAS 41 / 41 

SAD outcomes 
reported 

g = 0.55 [0.18, 0.92] 

Bress et al., 2024 LSAS, SPIN 
(subset) 

30 / 29 
App vs waitlist (anxiety 

reduction) 
g = 0.33 [0.06, 0.60] 

Garvert et al., 2025 
(Trial 1) LSAS 51 / 51 

SAD outcomes 
reported 

g = 0.47 [0.15, 0.79] 

Garvert et al., 2025 
(Trial 2) LSAS 124 / 124 

SAD outcomes 
reported 

g = 0.39 [0.17, 0.61] 

Note. Hedges’ g values were derived from reported post-intervention means, standard deviations, or effect size estimates provided 
in the original studies. When not explicitly reported, effect sizes and 95% confidence intervals (CI) were computed from available 
statistics (e.g., t values, Cohen’s d, or group means). CI = confidence interval. A positive effect size indicates greater symptom 
reduction favoring the AI-powered chatbot or self-help intervention group. Effect sizes from observational data (e.g., McCall et al., 
2019) represent within-group pre–post changes and should be interpreted with caution. 
 
Pooled Effect Size 
Using a random-effects model, the pooled effect size for reduction in social anxiety symptoms in the intervention 
groups relative to control groups was: 

Hedges’ g = 0.36, 95% CI [0.29, 0.43], p < .001 

This corresponds to a small to moderate effect, indicating that AI-based interventions were effective than control 
conditions in managing social anxiety symptoms. 
 
Interpretation by Intervention Type 
Effect sizes were consistent across different types of AI interventions: 
} Chatbots only (n = 3): g = 0.32  
} Self-help apps only (n = 9): g = 0.36 

The difference between chatbot-only and app-only interventions was not statistically significant (p > .05), suggesting 
both formats are comparably effective in treating social anxiety. 
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Heterogeneity Assessment 
Cochran's Q and the I² statistic were used to assess the between-study heterogeneity: 
} Q(11) = 8.10, p = .70 
} I² = 0% 

This level of heterogeneity is considered low, indicating that the variability in effect sizes is likely due random error 
rather than to some real differences in the studies and interventions (Higgins et al., 2003).  The forest plot illustrating 
individual study effect sizes and the overall pooled estimate is shown in Figure 2. 
 
Figure 2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
Forest plot showing Hedges’ g effect sizes for 12 randomized and real-world studies (2016–2025) evaluating AI-
powered chatbots and self-help apps for social anxiety. Individual blue points represent study-level effect sizes, with 
vertical bars denoting 95% confidence intervals. The red dashed line indicates the pooled effect size from the random-
effects model (g = 0.36, 95% CI [0.29, 0.43]), reflecting a moderate beneficial effect of digital interventions on reducing 
social anxiety symptoms. 
 
Sensitivity Analyses 
Sensitivity analyses were conducted by: 
} Analyzing only studies using SPIN (n = 8) 
} Analyzing only chatbot interventions (n = 3) 
} Across all sensitivity tests, the pooled effect size remained within the moderate range (Hedges’ g = 0.36 to 0.62), 

suggesting the results are robust and not overly influenced by methodological bias or outcome measure 
differences. 

 
Subgroup Analyses 
While the total number of included studies limited formal moderator analysis, exploratory subgroup comparisons 
were performed to assess trends in intervention efficacy based on intervention type and duration, subgroup analyses 
by type and duration of the intervention are presented in Table 4. 
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Table 4 
Subgroup Analyses by Type and Duration of the Intervention 

Subgroup No. of Studies Pooled Hedges’ g 95% CI I² (%) p-value 
Intervention Type 

Chatbot-based tools 3 0.32 [0.15, 0.48] 0% < .001 
Self-help mobile/web apps 9 0.36 [0.29, 0.44] 0% < .001 
Between-group difference – – – – 0.60 

Duration of Intervention 
Short-term (< 4 weeks) 4 0.42 [0.26, 0.58] 0% < .001 
Longer-term (≥ 4 weeks) 7 0.56 [0.25, 0.41] 0% < .001 
Between-group difference – – – – 0.252 

Note. Between-group comparisons were tested using Q-statistics for subgroup differences. Chatbot-based and self-help app 
interventions demonstrated comparable efficacy for reducing social anxiety symptoms, with no statistically significant difference in 
pooled effect sizes (p > .05). Longer interventions (≥ 4 weeks) produced slightly larger effects than short-term interventions (< 4 
weeks), though differences were not statistically significant. I² values indicate stable and consistent intervention effects. 
 
Intervention Type 
} Chatbot-based interventions (n = 3) had a pooled effect size of g = 0.32 [0.15, 0.48] 
} Self-help mobile apps (n = 9) showed a similar effect size of g = 0.36 [0.29, 0.44] 

There was no statistically significant difference between chatbot and app-based formats (Q = 0.29, p = .59), 
suggesting both delivery methods are comparably effective in reducing social anxiety symptoms. 

 
Duration of Intervention 
} Short-term interventions (< 4 weeks): g = 0.42 [0.26, 0.58] 
} Mid-to-longer-term interventions (4–12 weeks): g = 0.56 [0.25, 0.41] 

Though longer interventions had slightly higher effect sizes, the difference was not statistically significant. This 
trend, however, may indicate that dose-response effects are possible with extended app usage. 

 
Adherence and Engagement 
Most studies reported moderate to high adherence rates, with completion rates ranging from 58% to 83%.  Table 5 
provides a detailed overview of adherence and dropout rates across studies. 
 
Table 5 
Adherence and Dropout Rates in AI-Powered Interventions for Social Anxiety 

Study (Year) 
Tool Type 

Adherence (% 
Completed) 

Dropout Rate 
(Intervention) 

Dropout 
Rate 

(Control) 
Notes 

Fitzpatrick et 
al., 2017 

Chatbot (Woebot) 
~83% completed ≥ 

70% check-ins 
17% 11% 

High engagement for 2-week 
program; small sample. 

Fulmer et al., 
2018 Chatbot (Tess) 

76% completed the 
intervention 

24% 22% 
Similar dropout between 
groups. 

Ivanova et al., 
2016 

Internet ACT 
(guided/unguided) 

72% (guided), 65% 
(unguided) 

28% 27% 
The guided arm had slightly 
better adherence. 

Powell et al., 
2020 

Internet self-help (E-
couch) 

58% completed 
modules 

42% 39% 
Large population trial; 
attrition substantial. 

Kählke et al., 
2019 

Internet self-help 
(StudiCare SAD) 

69% completed 31% 29% 
University students: moderate 
adherence. 

McCall et al., 
2019 

Web program 
(Overcome SAD) 

28% completed the 
full program 

N/A 
(observational) 

N/A 
Real-world data; high attrition 
is typical of open-access 
programs. 

Karkosz et al., 
2024 Chatbot (Fido) 74% completed 26% 21% 2-week chatbot intervention. 
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Study (Year) 
Tool Type 

Adherence (% 
Completed) 

Dropout Rate 
(Intervention) 

Dropout 
Rate 

(Control) 
Notes 

Schwob & 
Newman, 
2023 

Mobile imaginal 
exposure app 

81% completed 7-
day protocol 

19% 16% 
Short duration contributed to 
strong adherence. 

Bress et al., 
2024 Mobile app (Maya) 

62% completed 6 
weeks 

38% 35% 
Small-sample RCT, higher 
attrition. 

Garvert et al., 
2025 (Trial 1) 

Modular digital 
psychotherapy (Alena) 

71% completed 29% 25% Female sample. 

Garvert et al., 
2025 (Trial 2) 

Modular digital 
psychotherapy (Alena) 

68% completed 32% 28% Mixed-gender sample. 

Kan et al., 
2025 

Smartphone VR self-
help 

79% completed 14-
day VR sessions 

21% 18% 
High adherence for short VR 
protocol. 

Note. Adherence was defined as completion of the intervention as designed (e.g., ≥ 70% of modules, check-ins, or sessions). Dropout 
rates reflect attrition from baseline to post-test. Real-world interventions (e.g., McCall et al., 2019) typically showed higher attrition 
than controlled RCTs. Short-term protocols (e.g., Schwob & Newman, 2023; Kan et al., 2025) achieved the highest adherence. Higher 
engagement was associated with; Daily or weekly reminders, personalized chatbot conversations, in-app feedback or rewards and 
brief check-in messages from the platform. 
 

Interventions that allowed users to engage asynchronously and at their own pace reported lower dropout rates 
compared to more rigidly scheduled modules. Average dropout rates across intervention groups were 28%, while 
control groups showed slightly lower dropout rates (25%). The difference was not statistically significant in most cases. 

Dropout reasons included loss of interest or motivation, perceived lack of progress, technical issues (reported in 
4 studies) and concerns about AI accuracy or emotional responsiveness (reported anecdotally in 2 studies). 
Importantly, intention-to-treat (ITT) analyses were conducted in over 75% of the studies, reducing the risk of attrition 
bias. 
 
Discussion  
The effectiveness of AI-powered chatbots and self-help mobile applications in lowering social anxiety symptoms was 
examined in this systematic review and meta-analysis, which analyzed data from 21 peer-reviewed studies, 12 of which 
were included in the quantitative analysis. The pooled effect size across all eligible studies was Hedges’ g = 0.36, 
indicating a small to moderate and statistically significant effect favoring digital interventions over control conditions. 

These findings are consistent with and extend prior meta-analytic evidence on digital interventions for anxiety. 
For example, Linardon et al. (2019) reported pooled effect sizes of g = 0.51 across mobile apps targeting general 
anxiety and depression. Similarly, Firth et al. (2017) found small to moderate effects for app-based mental health tools 
in reducing anxiety symptoms. However, those analyses aggregated diverse forms of anxiety and did not isolate 
outcomes specific to social anxiety, nor did they differentiate AI-powered tools from standard iCBT or human-
facilitated online therapy. 

Our review addresses this gap by providing targeted evidence for autonomous, AI-enhanced tools that operate 
without therapist involvement. The results suggest that even in the absence of human facilitation, these interventions 
can lead to meaningful reductions in social anxiety, making them particularly relevant in settings where access to 
traditional therapy is limited. 

The magnitude of the effect found here (g = 0.36) is comparable to that reported in some therapist-assisted 
internet-based CBT studies for social anxiety, which typically range from g = 0.40 to 0.60 (Andrews et al., 2010; Hedman 
et al., 2011). This reinforces the potential of AI-powered interventions as viable stand-alone treatments, at least for 
mild-to-moderate presentations of SAD. 

The findings held consistently across chatbot-based and self-help app formats, which suggests that the core 
therapeutic content, regardless of delivery modality, may play a more important role than the platform itself. The slight 
advantage in longer-duration interventions is also in line with prior literature indicating that dose and sustained 
engagement are key mediators of digital treatment success (Chandrashekar, 2018; Torous et al., 2020). 
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The findings of this review have significant clinical impacts, especially in regard to the rising need for mental health 
services and the lack of access to qualified specialists. The small to moderate pooled effect size found in this study 
suggests that AI-powered interventions can serve as credible, evidence-based alternatives or adjuncts to traditional 
face-to-face therapy. For individuals who are not ready or able to engage with a therapist, due to stigma, cost, or 
availability, AI tools offer a low-barrier, scalable option for early intervention. 

As social anxiety disorder itself often impedes help-seeking behavior (Gulliver et al., 2010; Rickwood et al., 2005), 
tools that allow users to engage anonymously and asynchronously may uniquely appeal to this population. Several of 
the included studies reported high levels of engagement and low dropout in part due to the perceived safety and 
nonjudgmental nature of AI-based interfaces (Fitzpatrick et al., 2017; Inkster et al., 2018). 

Despite the promise of these technologies, attention must also be paid to user experience design and 
personalization, especially for individuals with high social sensitivity. Qualitative feedback from studies indicated that 
while many users found AI chatbots helpful, some reported frustration with overly scripted responses, lack of 
emotional nuance, or difficulty in forming a therapeutic “bond” (Scholten et al., 2016; Vaidyam et al., 2019). These 
observations underscore the importance of emotionally intelligent design, adaptive feedback systems, and 
transparent communication about chatbot capabilities and limitations. 

Interventions with shorter durations (< 4 weeks) tended to show slightly weaker effects, pointing to the importance 
of sustained user engagement. Apps that incorporated reminders, gamification, or brief interactive check-ins generally 
reported higher adherence, aligning with behavioral science evidence on habit formation and digital health adherence 
(Bakker et al., 2016; Yardley et al., 2016). 

From a systems-level perspective, these tools may also support stepped-care models in mental health care, where 
AI apps can serve as an initial entry point, triage tool, or ongoing support mechanism for those on waiting lists or post-
therapy discharge. They are particularly appealing for use in low- and middle-income nations with limited professional 
mental health infrastructure because of their low cost and device accessibility. 
 
Strengths of This Review 
This review and meta-analysis contribute uniquely to the literature by: 
} Focusing specifically on social anxiety as a primary outcome 
} Including only AI-powered, autonomous tools (excluding therapist-guided or passive psychoeducation 

platforms) 
} Applying rigorous eligibility criteria and PRISMA 2020 procedures 
} Including studies published over a full 10-year window (2015–2025) 
} Using Hedges’ g for standardized effect size calculations and conducting sensitivity analyses 

 
Limitations 
First, the total number of studies that were included (n = 21) and those suitable for meta-analysis (n = 12) was modest 
relative to broader digital health reviews. This limits the statistical power for formal meta-regression or moderator 
analysis. Additionally, many studies used relatively small, nonclinical samples (e.g., university students), which may 
restrict generalizability to clinical populations diagnosed with social anxiety disorder. 

Second, it was challenging to evaluate the sustainability of treatment gains because most studies lacked long-
term follow-up, and the duration of interventions varied greatly (ranging from 2 to 12 weeks). Only a few studies 
evaluated post-treatment effects beyond one month, which is a critical limitation given the chronic nature of social 
anxiety. 

Third, although the overall risk of bias was low in the majority of studies, several trials had methodological 
shortcomings such as a lack of blinding, high attrition rates, or selective outcome reporting.  

Fourth, due to variation in outcome measures (SPIN, LSAS, SIAS), some degree of measurement heterogeneity 
remains, although most scales are strongly correlated and validated. We addressed this with sensitivity analyses, but 
direct scale equivalency is still a potential source of bias. 
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Ethical Considerations 
The rapid growth of AI in mental health raises critical ethical questions. While these tools may increase access and 
affordability, they also carry risks related to privacy, algorithmic bias, emotional misattunement, and lack of regulatory 
oversight (Vokinger & Gasser, 2021). Users with social anxiety may be especially vulnerable to perceived invalidation 
or misunderstanding if chatbots deliver rigid or nonresponsive feedback. 

Moreover, few studies reported whether their tools were designed with cultural or linguistic adaptation, and none 
explicitly examined digital inequities related to socioeconomic status, digital literacy, or gender identity. This 
represents a significant gap in ethical design and deployment. 

Finally, the lack of transparency in AI algorithms and data use policies may reduce user trust and impede informed 
consent. Developers must be held to rigorous ethical standards that prioritise autonomy, equity, and psychological 
safety. 
 
Future Research Directions 
In order to overcome these constraints and guarantee moral advancement, future research ought to: 
} Perform multi-site RCTs with a range of clinically diagnosed SAD populations. 
} Use longitudinal follow-up to evaluate how long the effects of the treatment will last. 
} Directly contrast therapist-led therapies or blended care models with AI-powered interventions. 
} Examine how cultural customization and incorporating underrepresented groups into chatbot development 

can help. 
} Create uniform reporting guidelines that cover ethical disclosures and the openness of AI logic. 

 
Conclusion 
In conclusion, AI-powered chatbots and self-help apps represent a promising new frontier in digital mental health, 
particularly for social anxiety. According to current evidence, these tools can be useful in increasing access to 
psychological care, but more thorough research is required to determine their long-term effectiveness and practical 
impact. This is especially true when carefully incorporated into current mental health support systems. 
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