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Abstract

Background: The global gap between demand for and access to evidence-based psychological treatment is large and
accelarating. Smartphone-based augmented reality may help reduce this gap by improving accessbility to exposure-based
therapies and reducing cost.

Objective: This study evaluated the effectiveness and user engagement of a fully automated smartphone-based augmented
reality treatment for spider phobia symptoms.

Methods: We conducted a single-blind randomized controlled trial to evaluate the effectiveness of a fully automated smartphone-
based AR cognitive behavioural therapy (CBT) app for spider phobia. A total of 113 adults (ages 18-65) with spider phobia
symptoms were randomized to either the 6-week AR-CBT intervention (n = 56) or a wait-list control group (n = 57). All
participants completed assessments remotely at baseline, post-intervention (6 weeks), and 3- and 12-month follow-ups. The
intervention guided users through graded AR-based exposure to spiders via their own smartphone without therapist involvement.
The primary outcome was change in spider phobia symptoms, measured by the Fear of Spiders Questionnaire. Secondary
outcomes included anxiety, depression, app engagement, and in-app fear/disgust ratings. Analyses followed the intention-to-treat
principle and were preregistered.

Results: The intervention group showed significantly greater spider phobia reductions at post-test compared to controls (d =
1.25; 95% CI, 0.77–1.73; P< .001). Effects were maintained at 3-month- (d = 1.69) and 12-month follow-up (d = 1.64). Number
needed to treat was 2.1. Longer session duration predicted greater improvement; practice session count did not. Overall dropout
was 21%.

Conclusions: This study is the first to demonstrate that a fully automated mobile AR-CBT intervention, delivered in real-world
settings without therapist involvement, can lead to strong and sustained reductions in spider phobia symptoms. By leveraging
everyday smartphones and cutting-edge mobile AR technology, this intervention offers a low-threshold, widely accessible,
scalable alternative for treating specific phobias. Clinical Trial: Prospectively Registered, Overview of Medical Research in the
Netherlands, NL70238.029.19 (TrialNL9221) (https://onderzoekmetmensen.nl/nl/trial/27993).
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2. ABSTRACT

Background: The  global  gap  between  demand  for  and  access  to  evidence-based  psychological

treatment is large and accelarating. Smartphone-based augmented reality may help reduce this gap by

improving  accessbility  to  exposure-based  therapies  and  reducing  cost.  

Objective: This  study  evaluated  the  effectiveness  and  user  engagement  of  a  fully  automated

smartphone-based  augmented  reality  treatment  for  spider  phobia  symptoms.

Methods: We conducted a single-blind randomized controlled trial to evaluate the effectiveness of a

fully automated smartphone-based AR cognitive behavioural therapy (CBT) app for spider phobia. A

total of 113 adults (ages 18-65) with spider phobia symptoms were randomized to either the 6-week

AR-CBT intervention (n = 56) or a wait-list  control  group (n = 57).  All  participants  completed

assessments remotely at baseline, post-intervention (6 weeks), and 3- and 12-month follow-ups. The

intervention guided users through graded AR-based exposure to spiders via their own smartphone

without  therapist  involvement.  The  primary  outcome  was  change  in  spider  phobia  symptoms,

measured by the Fear of Spiders Questionnaire. Secondary outcomes included anxiety, depression,

app engagement, and in-app fear/disgust ratings. Analyses followed the intention-to-treat principle

and  were  preregistered.

Results: The intervention group showed significantly greater spider phobia reductions at post-test

compared to controls (d = 1.25; 95% CI, 0.77–1.73; P< .001). Effects were maintained at 3-month-

(d = 1.69) and 12-month follow-up (d  = 1.64). Number needed to treat was 2.1. Longer session

duration predicted greater improvement; practice session count did not. Overall dropout was 21%. 

Conclusions: This  study  is  the  first  to  demonstrate  that  a  fully  automated  mobile  AR-CBT

intervention,  delivered in real-world settings without therapist involvement, can lead to strong and

sustained reductions in spider phobia symptoms. By leveraging everyday smartphones and cutting-

edge mobile  AR technology,  this  intervention offers  a  low-threshold,  widely accessible,  scalable

https://preprints.jmir.org/preprint/84727 [unpublished, non-peer-reviewed preprint]
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alternative for treating specific phobias.

Trial Registration: Prospectively Registered, Overview of Medical Research in the Netherlands,

NL70238.029.19 (TrialNL9221) (https://onderzoekmetmensen.nl/nl/trial/27993).

Key words: Spider Phobia; Augmented Reality; Automated; Smartphone Application, Usage Data  
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3. TEXT

INTRODUCTION

The global need for mental healthcare is costly and growing [1]. In the U.S., one in five adults

experiences mental illness each year, costing $282 billion annually (1.7% of GDP) [2]. In Europe,

over 84 million people are affected by mental disorders, with annual costs exceeding €600 billion [2–

4].  In  spite  of these costs,  between 35% and 85% of  people with mental  illness do not receive

treatment [5]. Despite these already high numbers, the gap between demand for and availability of

evidence-based treatment is increasing due to increasing prevalence and workforce shortages. This

suggests  an  imminent  need  for  scalable  solutions  at  reduced  costs.  Digital  technologies  are

increasingly perceived as essential to address the gap [6-8]. However, despite the proliferation of

mental  health  apps,  fewer  than  5% are  evidence-based [9,10].  Here,  we test  a  fully  automated,

scalable,  low-cost  smartphone-based  treatment  for  one  of  the  most  prevalent  mental  disorders

worldwide,  specific  phobias.

Specific  phobias,  defined  by excessive  fears  of  particular  objects  or  situations,  affecting

7.2%–12.5% of individuals over their lifetime [11,12]. Spider phobia is one of the most common

specific phobias [11,12]. While exposure therapy (ET) is the gold-standard treatment for phobias

[13], traditional in vivo ET faces barriers such as cost, limited availability, and low user acceptance

[14].  Augmented  reality  exposure  therapy (ARET),  which  overlays  virtual  objects  onto  the  real

world, enabling users to confront feared objects in everyday environments, has shown efficacy for

small animal phobias [15-19]. Prior interventions involve therapist support and expensive hardware,

which hinder  scalability  [20].  However,  advances  in  mobile  technology now allow ARET to be

delivered via regular smartphones, which are widely accessible  —smartphone penetration exceeds

85% in both the European Union and the United States [21,22]. Initial research on smartphone-based

ARET for spider phobia shows promise [23-26], but are therapist-guided or did not assess long-term

https://preprints.jmir.org/preprint/84727 [unpublished, non-peer-reviewed preprint]
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outcomes.

This study extends prior work demonstrating that low-cost, automated VR-CBT can produce

durable effects for phobias [20, 26-29], while highlighting a key challenge in automated exposure:

user engagement. Without therapist support, engagement is critical for adherence and outcomes. In

automated VR studies for specific phobia, outcomes correlated more with time spent per session than

with session count [30, 31].  Building on this work, we aimed to evaluate whether these findings

generalize to a different modality—augmented reality—  by testing a fully automated AR-CBT app

for spider phobia used independently by participants in their own environment and in their own time,

with  3  and 12 months  follow-ups.  We also  examined  how engagement,  usability,  and presence

related to treatment outcomes. We hypothesized that participants using the app would show greater

reductions in spider phobia symptoms, general anxiety, and depressive symptoms from pre- to post-

treatment compared to a waitlist control group, with sustained effects at 3- and 12-month follow-ups.

Additionally, we hypothesized that  the app would be rated user-friendly and satisfactory, and that

greater  perceived  realism,  usability,  and  user  intensity  would  predict  larger  reductions  in  spider

phobia  symptoms  at  post-test.  We  also  predicted  that  longer  practice  time,  but  not  number  of

sessions, resulted in lower spider phobia symptom post-test scores, and that higher realism scores

were  correlated  with  stronger  decreases  in  spider  anxiety  ratings  directly  after  AR  exposure.

Furthermore,  higher spider phobia symptoms at pre-test were hypothesized to correlate positively

with AR anxiety and disgust ratings, and negatively with a reduction in spider phobia symptoms at

post-test, but not with AR practice time. Lastly, we predicted that post-session anxiety and disgust

consistently decreased from pre- to post-session across repeated AR use.

METHOD

Participants,  Procedure,  and  Design

https://preprints.jmir.org/preprint/84727 [unpublished, non-peer-reviewed preprint]
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This two-arm, single-blind randomized controlled trial (RCT) recruited participants from the Dutch

general population via online advertisements and local media. Interested individuals were directed to

the study website, where they received detailed study information and completed an online response

form followed by a screening questionnaire. Eligibility criteria were: age 18–64, a score of ≥59 on

the Fear of Spiders Questionnaire (FSQ) [32, 33], access to a compatible smartphone (iOS ≥12 or

Android 7.0+ with ARCore), and provision of informed consent. Exclusion criteria included current

treatment for phobia, recent changes in psychotropic medication (<3 months), or insufficient Dutch

language proficiency. Ineligible respondents automatically received an email explaining exclusion,

and  up  to  two  reminder  emails  (1-week  intervals)  were  sent  to  non-responders.

Eligible participants were sent an informed consent form and a participant information letter

(digitally, or by mail upon request). If necessary, two reminders (email and phone) were provided.

After returning signed consent, participants completed a baseline questionnaire and were randomly

assigned  by  an  independent  researcher  to  either  the  treatment  or  waitlist  control  condition.

Participants allocated to the treatment group received email instructions and a unique unlock code to

access the ZeroPhobia app, whereas those in the waitlist condition were informed they would gain

access  after  six  weeks.  During  the  intervention  period,  weekly  reminder  emails  encouraged

continued use of the app. Data were collected online at baseline, post-treatment (6 weeks), and at 3-

and  12-month  follow-ups.  After  completing  the  post-treatment  assessment,  the  waitlist  group

received access to the app.

Randomization and Masking

Randomization  (1:1)  was  performed  at  post-baseline  using  Sealed  Envelope™

(https://www.sealedenvelope.com/simple-randomiser/v1/lists  )   with variable block sizes (6–12), and

managed  by  an  independent  researcher.  The  research  team  remained  blinded  until  allocation.

https://preprints.jmir.org/preprint/84727 [unpublished, non-peer-reviewed preprint]
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Participants were informed of their condition, and all assessments were completed online.

Intervention: AR-CBT app

Participants  downloaded  the  AR-CBT  app,  “ZeroPhobia-Fear  of  Spiders”,  onto  their  own

smartphone (beta version via Google Play and App Store). Access was granted through a unique

URL  and  PIN  code.  Technical  support  was  available  through  email.

The app featured six CBT-based animated modules with a virtual therapist (5–40 min each),

five virtual spider types (e.g., Tarantula, Daddy Longlegs), and various AR exposure challenges (e.g.,

spiders moving across a table or on the participant’s hand; see Figure 1 for screenshots.). Scenarios

also varied in number and movement of spiders. Gamification included caring for a virtual pet spider

fed with flies earned through exposure; neglecting it for five days led to its "death" and restart. After

one week, users could unlock items (e.g., hat, sunglasses) for their pet spider. The app was developed

in Unity (v2020.1.17f1) by the first and last authors (TD, JLvG) together with a design team and 3D

developer.  User  testing involved 15 people  with spider  phobia symptoms.  Further  details  are  in

Toffolo  et  al.  [34].

  The  app is  currently  available  for  purchase  in  the  app  stores  (~$10),  compatible  with

ARCore-supported smartphones (Android/iOS, 2016+), with no extra hardware needed.

Figure 1. Screenshots from the AR-CBT app and AR environment 
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AR: Augmented Reality.
CB: Cognitive Behaviour Therapy
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Outcome measures 

Primary outcome  

Fear of Spiders Questionnaire (FSQ)

Spider anxiety was assessed at baseline, post-test and follow-up using the 18-item FSQ [32] (score 

range: 18-126). a widely used measure with excellent reliability and validity [32, 33]. The 

Cronbach`s Alpha reliability in this study was 0.96. 

Secondary Outcomes  

Spider Phobia Questionnaire (SPQ)

The 31-item true/false SPQ [35] (score 0-31) was administered at all time points to validate spider

anxiety outcomes and has good validity [36]. The Cronbach Alpha in this study was 0.90.

Beck Anxiety Inventory (BAI)

The 21-item BAI [37] (range: 0-63) measured general anxiety at all time points. It has strong 

psychometric properties [38]. 

Patient Health Questionnaire (PHQ)

The 9-item PHQ-9) [39] (range: 0-27) assessed depressive symptoms at all time-points. Validity is 

good [40]. 

Credibility/Expectancy Questionnaire (CEQ)

The 6-item CEQ ([41] (range: 1-9) completed at baseline (intervention group only) assessed self-

https://preprints.jmir.org/preprint/84727 [unpublished, non-peer-reviewed preprint]
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reported treatment expectations and exhibits good reliability and validity [42]. 

Client Satisfaction Questionnaire (CSQ)

The reliable and valid 8-item CSQ-8 [43] (range: 8-32) measured treatment satisfaction at post-test 

(intervention group only). 

System Usability Scale (SUS)

The 10-item SUS ([44] SUS (range: 0-100) assessed app usability at post-test.  Scores ≥70 are are 

acceptable.  Reliability and validity are good [44]. 

Igroup Presence Questionnaire (IPQ)

Four selected items from the Dutch IPQ [45] assessed realism of the AR environment at post-test

(range: -12 to 12) (intervention group only). The four items used are: “How real did the virtual

environment seem to you?”, “To what extend did your experience of the virtual world compare to

your experience in the real world?”, “How real did the virtual world seem to you?”, “The virtual

world seemed more real than the real world”. A higher score indicates a more realistic experience.

The total IPQ demonstrated good reliability [45].

Interpersonal Reactivity Index (IRI)

The 7-item sub-section Fantasy scale of from the IRI [46] (score range: 0-28) assessed imaginative

capacity at baseline. This questionnaire has demonstrated good reliability and validity [47].

Professional Treatment and Medication

Treatment  and medication use and visual  impairment  were  assessed at  all  time point  as  control

variables.

https://preprints.jmir.org/preprint/84727 [unpublished, non-peer-reviewed preprint]
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All self-report measures were administered online in participants’ natural environment and outside 

researchers’ presence using Survalyzer software (http://www.survalyzer.com). Full details are in 

Toffolo et al. [34].

Usage Data 

Usage data included time spent per AR level, total practice time, number of sessions practiced, and

post-session spider anxiety/disgust ratings (1–10 scale). Participants were advised to move on to the

next level when fear ratings dropped below 4, repeat levels if between 4–7, and continue practicing if

8–10. 

Usage Data Retrieval

Usage data were securely stored on an encrypted server. Data entry required a participant-specific

key to prevent unauthorized access. Pseudonymized data were linked to participant IDs and included

timestamps, time per level, and post-exposure anxiety/disgust levels.

Statistical Analyses 

A pre-specified statistical analysis plan was developed [34], with power calculations (using G-Power

3.1.9.7) based on the FSQ as the primary outcome. Drawing from prior effect sizes for VR (d = 1.11–

1.12) [48,49] and AR exposure therapy (d = 0.57–0.80) [26,50], a conservative estimate of Cohen’s d

= 0.60 was used considering the self-guided nature and basic equipment requirements of our AR-

CBT app. To detect this effect with 80% power at α = .05 (two-tailed), a sample of 112 participants

(56 per group) was required, accounting for a 20% dropout rate [28,29].

Baseline characteristics were summarized and group differences between groups tested using

chi-square  or  ANOVA.  A balancing  table  assessed  dropout  bias  by  comparing  complete  cases

https://preprints.jmir.org/preprint/84727 [unpublished, non-peer-reviewed preprint]
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(participants who completed post-test)  and dropout cases (participants who discontinued treatment

after commencing). Missing post-test values were imputed using multiple imputation (MI) based on

pre-scores and background characteristics (gender, age, severity of symptoms, and a dummy variable

for whether a participant had missing values on one or more of the background characteristics).

Standardized  mean  differences  (Cohen’s  d)  were  calculated.  Robustness  analyses  included

nonparametric treatment effect bounds (Random Forest Lee Bounds [RFLB; 51] and MI using an

iterative Markov chain Monte Carlo method [52]. Potential heterogeneity and treatment mechanisms

were explored by estimating variation in treatment effects across pre-scores, general anxiety, user-

friendliness,  treatment  expectation/credibility  and  satisfaction,  and  realism.  Regression  analysis

examined whether  baseline fear of spiders predicted outcome improvements.  Sensitivity  analysis

compared ITT and complete-case  results.  Clinically  significant  change (CSC)  on the  FSQ were

assessed for the ITT sample  using Evans’ “method (C) [53] with an FSQ score of  M = 39.9 (SD:

25.4) [54]. The reliable change criterion was determined based on the standard deviation of the FSQ

pre-test  scores  and the pre-test  Cronbach’s alpha of the FSQ (α = .96) (ITT sample),  yielding a

standard error of change of 3.23 and, in turn, a reliable change criterion of 8.94 (3.23 x 1.96) points

on the FSQ [55,56]. Number-needed-to-treat (NNT) was calculated based on the effects on the FSQ,

using the formula by Furukawa and Leucht [57] for both the ITT sample and the complete-case

sample. Usage data were summarized for (means, SDs, ranges for participants who have engaged in

at  least  one  AR session.  Statistical  significance  was  set  at  p <  .05  (two-sided).  Stata  SE (v17;

StataCorp) was employed for all analyses. 

Ethical Considerations 

The study was ethically approved (VU Medical Center, 2019-321) (Supplement 1), pre-registered

[34], followed Consolidated Standards of Reporting Trials [58], and adhered to the principles of the

Declaration of Helsinki. Participants provided written informed consent after receiving a complete

description of the study.  The study was registered with the Overview of Medical Research in the

https://preprints.jmir.org/preprint/84727 [unpublished, non-peer-reviewed preprint]
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Netherlands  (OMON)  under  registration  number  NL70238.029.19  (TrialNL9221)

(https://onderzoekmetmensen.nl/nl/trial/27993). We deviated on one issue from the ethics protocol

(Supplement 1) before trial commencement. No protocol changes were made after trial start, and data

were  analyzed  after  study  completion. Participants  were  informed  that  their  privacy  and

confidentiality would be carefully safeguarded. All  data were de-identified and stored on secure,

password-protected servers, with access restricted to authorized members of the research team. Any

personally identifying details were removed before analysis. Participants were reminded that they

could withdraw from the study at any point, without consequences and without having to give a

reason. Although no monetary compensation was offered, participants were granted full access to the

intervention.

RESULTS

Treatment adherence and attrition

Between September 2021 and December 2022, 113 eligible participants were randomized to AR-

CBT (n=56) or waitlist (n=57); the final follow-up ended on Jan 5, 2024. Data was completed in

May 2025. In the AR-CBT group, 72% completed the post-test, 57% the 3-month, and 29% the 12-

month follow-up. In the waitlist group, 84% completed the post-test. Overall dropout was 21%, and

unrelated  to  most  baseline  variables,  though  higher  BAI  (P=.015)  and  PHQ  scores  (P<.001)

predicted post-test dropout (see eTable 1, Supplement 2). See Figure 2 for the participant flowchart.  

https://preprints.jmir.org/preprint/84727 [unpublished, non-peer-reviewed preprint]
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    Analysed  (n  =  57)

12- Month Follow-
Up

3- Month Follow-
Up

Allocated to the AR-CBT app (n = 56)
 Received allocated intervention (n = 56)

    Lost to post-test (n = 15)
 Discontinued AR-CBT app (n = 9):

- Too busy/ stressed                       (n = 4)
- Not interested in app                    (n = 2)
- Not wanting to continue                (n = 2)
- Did not practice enough with app (n = 1)

  Unknown reasons                                              (n = 6)

Analysed  (n  =  56)

Lost  to  follow-up  (n  =  24) 
 Discontinued AR-CBT app (n = 4):

- Going on holiday                       (n = 3)
- Did not practice enough with app (n=1)

  Unknown reasons                                               (n =  20)

Lost  to  follow-up  (n  =  40) 
 Discontinued AR-CBT app (n = 4):

- Too busy/stressed                       (n = 3)
- Did not practice enough with app (n=1)

  Unknown reasons                                              (n =  36)

Abbreviations: FSQ, Fear of Spider Questionnaire; AR, Augmented Reality; CBT, Cognitive Behaviour Therapy

Analysis

     Lost to post-test (n = 9)
 Not wanting to continue                (n = 1)
 Unknown reasons                        (n =  8)

    

Post-test

Excluded                                               (n = 71)
   Not meeting inclusion criteria:

- < Spider fear                (n = 8)
- No Informed Consent  (n = 3)
- Incompatible phone     (n = 1)

   Did not fill in screener                      (n = 59)

   
Allocated to waitlist (n = 57)
 Received allocated intervention (n = 57)

Allocation

Randomized (n=113)

FIGURE 2. CONSORT Diagram of Participant Flow Through the Trial.

Enrollment
Assessed for eligibility (n = 184)

a Abbreviations: FAS = Flight Anxiety Situations Questionnaire; VR = Virtual Realitya Abbreviations: FAS = Flight Anxiety Situations Questionnaire; VR = Virtual Reality
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Participant characteristics

Participants (M age = 39, SD = 11.58) were mostly female (79%) and highly educated (83%), 95%

had >5 years of spider phobia symptoms. The mean baseline FSQ score was 95.65 (SD = 16.13).

Groups were balanced at baseline (Table 1). 

Table 1. Demographic and Baseline Characteristicsa

Measure AR treatment group
(n = 56)

Wait-list control group (n =
57)

Age, mean (SD), y 39 (10.72) 39 (12.45)
Female, No. (%) 46 (80.70) 43 (76.79)
Education, No. (%)a

Primary 1   (1.80) 2 (3.60)
Secondary 8 (14.30) 8 (14.30) 
Postsecondary 47 (83.90) 46 (82.10) 
Employment status, No. (%)a

Employed 47 (83.90) 48 (85.70) 
Unemployed 9  (16.10) 8 (14.30) 
Outcome Measures, mean (SD) 
FSQ 97.73 (16.92) 93.61 (15.18)
SPQ 24.34 (3.41) 23.18 (3.33)
BAI 12.27 (0.82) 10.84 (9.02)
PHQ 4.55 (3.87) 4.38 (4.11)
Prescribed  Medication  (>  3  mo),
No. (%)

1   (0.6) 0 (0.00)

Duration  of  spider  phobia
symptoms, No. (%)* 
< 6 months 1 (1.79) 0 (0.00)
6–12 months 0 (0.00) 0 (0.00)
1–5 years 1 (1.79) 3 (0.00)
> 5 years 54 (96.43) 53 (92.98)
Professional  treatment  and
medication use during the study

0 (0.00) 0 (0.00)

Smartphone type, No. (%)  
iPhone  22 (39.29) 30 (52.63)
Android 34 (60.71) 27 (47.37)

a n  =  1  missing  in  the  control  group  
AR: Augmented Reality. Mo: months.

a Abbreviations: FAS = Flight Anxiety Situations Questionnaire; VR = Virtual Realitya Abbreviations: FAS = Flight Anxiety Situations Questionnaire; VR = Virtual Reality
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Effectiveness (Intention-to-Treat Analysis) 

The AR-CBT app significantly reduced FSQ spider phobia symptoms compared to the control group

at post-test (b = -32.09 [95% CI, -41.07 to -23.10], P< .001; d = 1.25 [95% CI = 0.77, 1.73]; NNT:

2.1). Significant group differences also emerged on the SPQ at post-test (b = −4.82 [95% CI, −6.75

to −2.89], P< .001; d = 0.97 [95% CI, 0.51 to 1.43]) and general anxiety (BAI) (b = −4.02 [95% CI,

−7.52 to  −.52], P=.025;  d = 0.39 [95% CI,  -.04 to 0.82]).  A trend was observed for depressive

symptoms (PHQ-9) at post-test (b = −1.48 [95% CI, −3.61 to .20], P=.08; d = 0.28 [95% CI, −0.14 to

0.70]). Full ITT results are presented in Tables 2 and 3.

Table 2. Outcome measure scores, Intention to Treat (n = 113)a

Outcomes AR treatment group (n = 56) Wait-list control group (n = 57)
Primary outcome, Mean (SD)

FSQ
baseline 97.73 (16.92) 93.61 (15.18)
post-test 60.38 (42.50) 88.67 (26.02)

Secondary outcome
SPQ

baseline 24.34 (3.41) 23.18 (3.33)
post-test 19.93 (8.58) 24.29 (5.50)

BAI
baseline 12.27 (10.83) 10.84 (9.02)
post-test 6.80 (12.16) 10.30 (15.14)

PHQ
baseline 4.55 (3.87) 4.38 (4.11)
post-test 3.91 (7.49) 5.28 (7.37)

a  Inferential  statistics  of  treatment  outcome  measures,  multiple  imputation  (100).  
AR:  Augmented  Reality.
FSQ:  Fear  of  Spiders  Questionnaire.
SPQ:  Spider  Phobia  Questionnaire.  
BAI:  Beck  Anxiety  Inventory.  
PHQ: Patient Health Questionnaire.

Robustness and Sensitivity Analyses 
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Given  the  differential  dropout  rates  between  conditions,  Random  Forest  Lee  Bounds  (RFLB)

estimates were calculated (see [51]) which confirmed a statistically significant treatment effect on the

FSQ (see Table 3, Model 2). The regression coefficient estimated in Model 1 (b = −32.09, 

Table  3.  Estimated  Effects  of  AR-CBT app  on  spider  phobia  symptoms,  general  anxiety,  and
depression

Post-testa

Model 1 (n = 113)b Model 2 (n =  89)b

Measure b MI  (SE) P valuec Effect size (95% CI) b Lower bound (SE) b Upper bound  (SE) P valuec

Primary outcome
FSQ -32.09 (4.50) <.0001 1.25 (0.77–1.73) -32.63 (5.28) -24.25 (5.11) <.0001

Secondary outcomes
SPQ -4.82 (0.97) <.0001 0.97 (0.51–1.43) -5.30 (1.02) -3.49 (1.04) <.0001
BAI -4.02 (1.75) <0.05 0.39 (-.04–0.82) -4.61 (2.22) -0.44  (2.27) <0.05
PHQ -1.48 (0.84) <.10 0.25 (-0.14–0.70) -2.18 (1.20) 0.40 (1.10) <.10

a For ethical reasons, we do not have follow-up data for the wait-list control group participants: they were given access to
the AR treatment after the post-test. Hence, we could not analyze the follow-up results for the intent-to-treat sample.
b Effect sizes reported in Model 1 are all Cohen’s d for unadjusted group means based on the pre-measure–post-measure
difference. Treatment effects reported in Model 2 are Lee Bounds estimates.Two-sided. 
c  Treatment effects in Model 1 are derived through multiple (100) imputations, assuming MAR (missing at random),
applying multivariate normal regression with imputation by experimental group, and accommodating arbitrary missing
outcome value  patterns  using an  iterative Markov chain Monte  Carlo (MCMC) method.  Pre-score and background
controls are included for improved precision of the regression point estimates reported in Models 1. Background control
variables are gender, age, and a dummy variable for whether a participant had missing values on one or more background
characteristics. 
AR:  Augmented  Reality.  
ITT:  Intent-to-treat.  
FSQ:  Fear  of  Spiders  Questionnaire.
SPQ:  Spider  Phobia  Questionnaire.
 BAI:  Beck  Anxiety  Inventory.
PHQ:  Patient  Health  Questionnaire
MI: Multiple Imputation
SE: standard error.

Heterogeneous Treatment Effects and Mechanisms

Primary outcome measure (FSQ – Fear of Spiders) 

FSQ reductions were not significantly related to baseline fear-of-spiders symptoms (b = .29  [95%

CI, −.25 to .83], SE = .27, P=.29), treatment expectancy/credibility (CEQ) (b = −.52 [95% CI, −1.44

to .39], SE = .46, P=.26), visual impairment (b = .87 [95% CI, -8.76 to 10.49], SE = 4.83, P=.86),

imaginative capacity (IRI) (b = .37 [95% CI, −1.10 to 1.84], SE = .74, P=.61), usability (SUS) (r =

−0.02, P =.86), or presence (IPQ) (r = -0.28, P=.08). However, greater satisfaction (CSQ) with the

AR-CBT app was significantly correlated with larger FSQ reductions (r = -0.43, P=.01). 
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Secondary outcome measures (SPQ – Fear of Spiders, General Anxiety, Depressive symptoms) 

No significant associations were found between app usability (SUS) and baseline-posttest change in

secondary outcome measures, including fear-of-spiders symptoms (SPQ) (r = 0.02, P=.89), general

anxiety (BAI) (r = 0.26,  P=.11) or depressive symptoms (PHQ) (r = 0.07,  P=.70). Presence also

showed no significant relationships with changes in SPQ (r = −0.30, P=.07), BAI (r = 0.00, P=.97)

or PHQ (r = -0.09, P=.60). Likewise, satisfaction with the AR-CBT app (CSQ) was not significantly

correlated with changes in general anxiety (BAI) (r = −0.14, P=.38) or depressive symptoms (PHQ)

(r = −0.15, P=.36). However, a significant association was found between reductions in SPQ scores

and satisfaction with the AR-CBT app (CSQ) (r = −0.39, P=.01).   

Complete Cases

Among post-test completers, the between-group FSQ effect size was large (d = 1.29 [95% CI, 0.82 to

1.74; NNT = 2.1]). Of the 56 participants in the intervention group, 41 (73.2%) showed reliable

change.  Additionally,  28  of  41  post-test  completers  (68%)  demonstrated  clinically  significant

improvement, reaching the CSC FSQ threshold of 74.6. Within-group  FSQ effect sizes remained

large at 3-month (d = 1.69 [95% CI, 1.11 to 2.28]) and 12-month (d = 1.64 [95% CI, 0.78 to 2.51])

follow-up. SPQ also showed strong effects at post-test (between-group  d  = 1.00  [95% CI, 0.55 to

1.44]), 3-month follow-up (within-group d = 0.88 [95% CI, 0.47 to 1.28]), and 12-month follow-up

(d = 0.74 [95% CI, 0.19 to 1.30]).  For general anxiety, no short-term effects were observed, but

significant improvements emerged at 3-month follow-up (d = 0.85 [95% CI, 0.44 to 1.26];  and at

12-month follow-up (d = 0.64 [95% CI, 0.10 to 1.18).  Depressive symptoms followed a similar

pattern,  with  small-to-moderate  improvements  at  both  follow-ups  (3-month  follow-up:  d  = 0.41

[95% CI,  0.04  to  .77;  12-months  follow-up:  d  = 0.57 [95% CI,  0.04 to  1.10)  (see  eTable  2  in
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Supplement 2). Mean post-test IPQ score for the intervention group was –2.48 (SD = 5.68). 

User-Friendliness and Treatment Satisfaction

The AR-CBT app was rated as moderately easy to use (SUS: Median = 70, M = 67.6, SD = 6.98).

Expectancy/Credibility (CEQ) averaged  M = 33.58 (SD = 10.77) and treatment satisfaction (CSQ)

was high (M = 22.95, SD = 3.49). No negative effects were reported.

User engagement

Of the 56 participants in the AR-CBT group, 40 engaged with the AR component. Their total practice

time averaged 109 minutes (range: <2 to >2000 minutes), with a mean of 14 practice sessions. Each

session lasted on average 6.39 minutes (SD = 9.16). Anxiety and disgust ratings  (1 [very low]-10

[very high] scale) were generally higher in earlier levels than in later ones (eTable 3, Supplement 2).

On average, each level ended with a reduction of 0.78 points in anxiety (SD = 3.13) and 0.24 points

in disgust (SD = 3.06). Mean anxiety declined from 4.32 (SD = 2.58) during the first exposure to

3.76 (SD = 3.02) at final attempt. Some levels (e.g., Level 1) were repeated up to 30 times (eTable 4,

Supplement 2). As shown in eFigure 1 (Supplementary Files), more practice time was associated

with greater FSQ improvement (FSQ: b = −0.016 [95% CI, −.022 to −.009], SE = 0.003, P< .001;

SPQ: b = −0.007 [95% CI, −.009 to −.006], SE = 0.001, P< .01), whereas the number of sessions did

not (P= .87). Presence (IPQ) was unrelated to AR post-session anxiety (P= .82). Baseline FSQ scores

did not predict AR usage time (P= .58) or disgust (P= .77), but were linked to higher anxiety during

the first AR session (b = 3.686 [95% CI, .66 to 6.71], SE = 1.50, P= .018). AR usage time was not

significantly correlated with usability  (SUS:  P= .31),  satisfaction (CSQ:  P= .30),  or imaginative

involvement (IRI: P= .27). However, greater reductions in disgust during AR were associated with

higher satisfaction (CSQ: b = −0.26 [95% CI, −.37 to −.16], SE = 0.051, P< .001).
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DISCUSSION

Principal Results 

This single-blind RCT demonstrated that a fully automated AR-CBT app can significantly reduce

spider  phobia symptoms.  Large  effects  were  observed for  spider  phobia  symptoms with smaller

effects  on  general  anxiety  and depression.  These  results  suggest  that  AR-CBT primarily  targets

specific fears, but may have spillover benefits on broader emotional well-being. Importantly, effect

sizes equal those of therapist-guided in vivo and high-end VR/AR exposure [59, 60].  The app’s

effectiveness therefore rivals that of therapist-led exposure therapy, but with the added convenience

of  standalone  use,  higher  accessibility,  and  lower  cost.  

Complete-case analysis  showed strong adherence: approximately 80% completed the app,

with around 70% achieving clinically significant improvement. Effects increased further at 3- and

12-month  follow-ups.  General  anxiety  and  depressive  symptoms  also  continued  to  improve,

suggesting  delayed  benefits.  SPQ  scores  followed  a  similar  pattern.  As  hypothesized,  greater

exposure time—but not session count—was associated with stronger reductions in spider anxiety.

Treatment effectiveness was not significantly related to usability, presence, or treatment expectancy.

Participants reported high overall  satisfaction despite moderate usability ratings.  Usability scores

were slightly lower than those reported for standalone VR apps [28,29], possibly due to challenges

specific to AR such as lighting and tracking issues not present in fully immersive VR. Dropout rates

were consistent with those found in therapist-supported VR and AR studies [61]. 

Strenghts 

A key strength of this study was its high ecological validity: participants used the app independently,

on their own smartphones, in their own environment,  allowing effects to be attributed solely to the

intervention. Additional  strengths  include  broad  device  compatibility  and  long-term  follow-up.

Differential dropout was accounted for using RFLB calculations, supporting the robustness of the
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findings.  Notably, this is the first study to demonstrate long-term effectiveness of fully automated

AR-CBT in a real-world setting. 

Limitations

Limitations  include  self-selection  bias,  modest  follow-up  samples,  and  reliance  on  self-report,

although previous research shows strong alignment  between self-report  and behavioral outcomes

[62]. Future research should compare AR-CBT with treatment-as-usual (TAU) in diverse samples to

further examine relative efficacy and generalizability.

Conclusions

Building on earlier work [20, 23-29], these findings represent an important step forward: effective,

durable treatment for specific phobias is now achievable without ever seeing a therapist. This study

provides compelling evidence that a fully automated, smartphone-based AR-CBT intervention can

produce substantial  and enduring reductions  in  spider  phobia symptoms.  As the global  need for

mental health care continues to outstrip available resources, there is a growing demand for scalable,

accessible solutions. By harnessing widely accessible  smartphone technology, AR-CBT offers an

effective,  low-cost,  self-guided  alternative  to  traditional  exposure  therapy —paving the  way for

broader  adoption  of  automated  interventions  in  mental  health  care  empowering  individuals  to

manage their fears independently.
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ABBREVIATIONS

AR: augmented reality

ARET: augmented reality exposure therapy

BAI: Beck Anxiety Inventory

CBT: Cognitive Behavioural Therapy

CEQ: Credibility/Expectancy Questionnaire

CSC: clinically significant change

CSQ: Client Satisfaction Questionnaire

ET: exposure therapy

FSQ: Fear of Spiders Questionnaire

GDP: gross domestic product 

IPQ: Igroup Presence Questionnaire

IRI: Interpersonal Reactivity Index

ITT: intent to treat

MI: multiple imputation

NNT: number needed to treat
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PHQ: Patient Health Questionnaire

RCT: randomized controlled trial

RFLB: Random Forest Lee Bounds

SPQ: Spider Phobia Questionnaire

SUS: System Usability Scale

TAU: treatment as usual

VR: virtual reality
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