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This study evaluated the effect of an avatar-based intervention on depressive symptoms and self-
esteem. Participants (N = 151) with subclinical depressive symptoms were instructed to challenge an 
avatar over three sessions. While participants within the intervention group challenged their personal 
dysfunctional beliefs, participants in the control group challenged nonsense statements. Allocation to 
treatment groups was randomized. Data collection took place pre-intervention and post-intervention. 
Statistical analysis revealed a significant decrease in depressive symptoms, which was more 
pronounced for the intervention group (p < .01), as well as a significant group × time interaction for 
self-esteem (p < .05). The effect on depression symptom strength was large in the experimental group 
(d = − 1.19) and medium (d = − 0.72) in the control group, while the effect on self-esteem was moderate 
(d = 0.54) in the intervention and small (d = 0.29) in the control group. Our findings on symptom 
reduction align with prior research, while positive effects on self-esteem are a novelty. These results 
demonstrate the intervention’s potential for reducing the symptoms of mental illness.
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Depressive disorders are among the most prevalent mental health conditions, affecting over 10% of the global 
population1,2. When depression is assessed with self-report measures, the prevalence rate rises to 17.3%, hinting 
at a higher depressive burden within the community that does not necessarily meet diagnostic criteria for 
depressive disorder1.

Cognitions are of decisive importance in the onset and persistence of depression, forming the foundation of 
Cognitive Therapy (CT) and various digital mental health interventions2–6 Cognitions shape the perceptions of 
oneself, others, and the world while mostly focusing on themes of self-worth and autonomy7. For example, the 
cognition of oneself as a worthless or inadequate individual biases the interpretation of events. which leads to 
pervasive negativity and the perception of failure8,9. These negative self-perceptions manifest in low self-esteem, 
driven by distorted cognitive patterns, that result in negative conclusions about one’s own value10. Multiple 
different models propose a connection between self-esteem and depressive symptoms (see Orth & Robins11,12). 
Evidence13 from longitudinal studies points towards a stronger effect of self-esteem on depression than vice 
versa14, which is in line with Fennel’s cognitive conceptualization of low-self-esteem15. Self-esteem has been 
found to mediate the relationship between dysfunctional thoughts and depressive symptoms13. This warrants a 
closer investigation of self-esteem as a potential outcome of CTs, like the avatar therapy, in which dysfunctional 
cognitions and their alteration present the primary objective14.

Recent research has demonstrated that the modification of such dysfunctional cognitions through avatar-
based digital interventions can significantly reduce symptom severity in patients experiencing depression16: In 
their study, Kocur et al.16 tested a computer-assisted avatar-based treatment for dysfunctional beliefs (CAT-DB) 
on a sample of inpatients experiencing severe depression. During this treatment, a virtual avatar confronted 
the patients with their dysfunctional beliefs. The avatar would state a patient’s dysfunctional beliefs, while the 
patient was tasked with challenging these beliefs with congruent, functional alternative thoughts. Compared 
to the treatment as usual (TAU) group, the experimental group showed a significantly greater reduction in 
dysfunctional cognitions and overall symptom severity at post-intervention. Notably, these improvements 
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persisted and remained stable during a follow-up assessment two weeks later. These results show great promise 
for the avatar intervention as a potential treatment enhancement for individuals with severe depression in a 
controlled in-patient setting. However, with high prevalence rates of depressive symptoms in the general 
population, assessing the potential of this intervention in individuals with milder symptoms, who are currently 
not in treatment, might be of interest. Since the avatar treatment can be delivered digitally and automated, it 
offers a high potential for dissemination, which might offer a small contribution to closing the treatment gap. 
Particularly so as early intervention in subclinical populations has been shown to prevent the progression to 
clinical depression and reducing the overall burden on healthcare systems17,18.

The assumption, that the avatar-intervention might show positive effects in this population is based on the 
results of a meta-analysis by Cuijpers et al.18, which demonstrates that interventions for individuals experiencing 
strong depression symptoms are effective in lowering less severe depressive symptoms as well.

In line with this, Fey et al.19 observed positive effects when using CAT-DB in participants with subclinical 
eating disorder symptoms. The CAT-DB group exhibited significantly greater reductions in eating disorder 
specific symptoms compared to the control group at the follow-up assessment two weeks after the intervention. 
While these results were obtained for dysfunctional cognitions in another mental disorder than depression, 
this underlines the potential of the avatar intervention for altering cognitions in a subclinical mental disorder 
context. For subclinical depression, however, a thorough examination is still pending17,18,20.

The overall effectiveness and general user acceptance of digital interventions with an avatar-based approach 
have been well documented5,6,21–26. Particularly digital interventions grounded in Aaron T. Beck’s Cognitive 
Theory have shown favourable results5,6, which lend optimism towards the potential of a digital, automated 
intervention as a vehicle for the dissemination of the avatar-based intervention.

The current study employs a digital, avatar-based intervention with undiagnosed individuals experiencing 
depressive symptoms, who are currently not undergoing therapeutic treatment. Building upon the findings of 
Kocur et al.16 and Fey et al.19, our goal is to discern whether the intervention can decrease depressive symptoms 
while increasing self-esteem. For this, we hypothesize the following:

	1.	 The intervention group will experience a significantly greater decrease in depressive symptoms throughout 
the intervention, compared to the control group.

	2.	 The intervention group will show a significantly greater increase in self-esteem throughout the intervention, 
compared to the control group.

Methods
Study design outcomes
The study was carried out as an experimental design with two parallel treatment groups and random 1:1 
allocation of study participants. For the outcome variables “depressive symptom strength” and “self-esteem”, we 
utilized the German versions of the Beck Depression Inventory-II (BDI-II27) and the Rosenberg Self Esteem 
Scale (RSES28).

Materials
The ICD-10 Symptom Rating (ISR) is a self-report measure and features 6 subscales (depression, anxiety, 
obsessive/compulsive, somatoform, eating disorders, and the supplementary scale). It comprises 29 items, each 
rated on a five-point Likert scale (0 = does not apply, 1 = hardly applies, 2 = fairly applies, 3 = strongly applies, 
4 = extremely applicable)29. The depression subscale consists of four items. It has been thoroughly tested for 
reliability and validity with a sample of 3,755 participants30. Satisfactory retest-reliability (r = 0.78) of the 
depression subscale in a subclinical sample, together with its sensitivity to change brought on by psychosomatic 
treatment31 were factors in our decision to use the ISR depression subscale for the screening.

The BDI-II is a self-assessment tool for measuring depressive symptom strength. It consists of 21 items, 
taking approximately 5–10 min to complete. It is suitable for individuals aged 13 and above32. Each item pertains 
to a different depression symptom and consists of four responses describing the symptom manifestation in four 
gradations, ranging from 0 to 3, each. The four gradations depict different levels of symptom severity as expressed 
by frequency, duration and/or intensity of the symptom as experienced in the past 14 days. The questionnaire 
is answered by marking the answer the participant deems as most descriptive of their experience32. The BDI-
II is evaluated by building a mean score which can range from 0 to 63. The German national care guideline 
for unipolar depression33 recommends cut-off scores for different categories of depression severity. Retest-
Reliability was found to be very good (0.78); internal consistency was 0.90 within a non-clinical sample34. Due 
to its sensitivity to change, the BDI-II has become a gold standard to measure symptom severity in depression 
in clinical settings, as well as in research.

The RSES (German version by von Collani & Herzberg28) is a self-report measure to assess self-esteem, 
consisting of 10 items rated on a four-point Likert-scale. Each item represents a statement that relates to one’s 
self-worth, such as the feeling of being a person of worth. Participants rate their agreement with the item’s 
statement on a 4-point Likert-scale which is scored between 0 and 3. As 5 of the items include negative self-
worth statements, they are reverse-coded for the calculation of the sum score, which ranges from 0–30. An 
RSES-score below 15 indicates low self-esteem. Internal consistency (α > 0.8035 and reliability (0.82–0.8435) can 
be considered as high.

Intervention
The intervention was delivered by an avatar. The interface featured an outwardly female-looking avatar placed in 
the center of the screen, displayed from a head-and-shoulder perspective. In the left-hand corner of the interface, 
there is a play button that allows participants to start the intervention independently. The experimental setup 
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consists of a laptop that provides access to the intervention through a web browser The interface of the avatar 
and an example of an experimental setup can be seen in Fig. 1.

The digital intervention was created using the Unity3D engine, with the avatar realized using Daz 3D’s 
Genesis 8 model. Talking animations were realized with the SALSA LipSync v2 Suite. The avatar is portrayed 
from head to bust and depicted as female-presenting, caucasian, around 20–40 years old and dressed in casual 
clothing. Dysfunctional beliefs and nonsense statements were uttered in a neutral tone, with a neutral facial 
expression while pertaining eye contact with the participants.

Similar to the studies by Kocur et al.16 and Fey et al.19, participants within the intervention group were tasked 
with interacting with the avatar presenting them with their own dysfunctional beliefs and positive alternatives. 
Said beliefs were collected from the participants after an initial psychoeducational session on dysfunctional 
beliefs. In contrast to this, the control group was presented with nonsense statements bearing no emotional 
valence (e.g. “Hamburg is the capital city of Germany”). Both groups were tasked with contradicting the 
statements made by the avatar. For the control group, the contradiction included alternative, functional beliefs 
(e.g. “That is not true, my best friend likes me.”) or true statements (e.g. “That is not true, Berlin is the capital 
city of Germany.”).

Our intervention differed from that of Kocur et al.16 in that it was delivered in an automated manner, via 
web application, requiring no experimenter supervision. Participants were free to start the intervention by 
themselves at any given moment within the testing period, by accessing the application in a web browser. The 
structure of our intervention was streamlined, consisting of three sets of three confrontations, with each session 
lasting 10–15 min.

Ethics
This study has been preregistered in the German Clinical Trials Register (DRKS) on August 13th, 2024, under the 
DRKS-ID: DRKS00034832. Prior to participation, participants received written information on the purpose of 
the experiment, on the intervention and questionnaire process, as well as the collection, storage, and protection 
of their data. Informed consent for the participation in the experiment as well as for the collection of data and 
data processing was obtained in line with the Declaration of Helsinki. The Ethics Committee of the PFH Private 
University of Applied Sciences Göttingen was informed of the process and approved the research protocol under 
YS_23_270622 prior to the start of data collection. Adherence to GDPR regulations was ensured by using the 
online survey platform LimeSurvey for data collection. The questionnaires were designed to collect only the 
essential data, in line with the principle of data minimization. Participants were informed of their rights to 
access, revise, delete and restrict the use of their personal data, as outlined in the consent form. To maintain 

Fig. 1.  Interface and experimental setup.

 

Scientific Reports |        (2025) 15:19668 3| https://doi.org/10.1038/s41598-025-96228-8

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


privacy, data were pseudonymized at collection, with identifying information stored separately from study data. 
All data was handled fairly, ethically and transparently, with appropriate security measures in place.

Process
Recruitment was conducted via email lists, social media, and university forums, with informed consent obtained 
from all participants. The study comprised several stages: a dual screening-process, pre-treatment assessment, 
three intervention sessions with the avatar, and a 14-day post-assessment.

The first stage of the screening-process included a demographic questionnaire and the ISR29, both to be filled 
out online, with time and location freely determined by the participant. The demographic questionnaire covered 
visual and auditory disabilities, German language proficiency, history of psychotic or manic symptoms as well 
as current psychotherapy. Respondents under the age of 18 were excluded. Furthermore, respondents whose 
experience of the intervention would be impacted by visual/auditory disability or lack of German language 
proficiency were excluded. Respondents with past episodes of psychosis or mania, as well as respondents 
currently undergoing psychotherapeutic treatment were excluded for ethical reasons, to not interfere with 
their ongoing therapy, to ensure the exclusion of confounding variables and accurate inclusion of the sample 
population. The ISR was used to identify comorbidities, by accessing symptomatology across six subscales, 
including depression, anxiety, and eating disorders. A score below 0.75 on the depression subscale was used as 
an exclusion criterion, as participants not experiencing any form of depressive burden would not benefit from 
the intervention. Additionally, the BDI-II, as a disorder-specific screening-tool, was employed. A cut-off score of 
greater than 13 was defined, indicating mild depressive symptoms.

Participants determined eligible for the experiment were randomly assigned to either the intervention or 
control group. Randomization was carried out by assigning unique numbers to participants and distributing 
these numbers to either of the two intervention groups in a 1:1 ratio using an online tool. Following this 
procedure, eligible participants received a standardized email with a link either leading to the experimental 
intervention or leading to the control intervention. Participants did not receive any information on (a) the 
existence of two different intervention groups or (b) which group of the experiment they were in. The emails 
were sent by different experimenters working within the project. While experimenters were not blinded towards 
which group their participants were in, they had no direct interaction with the participants as the experiment 
was carried out online and instructions were given in standardized texts.

The pre-measurement contained a psychoeducational session on dysfunctional beliefs for both groups. The 
aim of this was to enable participants to identify their individual dysfunctional thoughts. Psychoeducation 
was delivered via a digital brochure. Following this, participants were instructed to write down three of their 
individual dysfunctional beliefs. During the pre-measurement, the BDI-II and RSES were administered, followed 
by the first avatar intervention session. The second and third intervention sessions with the avatar took place on 
the following two days. Fourteen days after the last intervention session, the post-measurement was conducted, 
during which the BDI-II and RSES were administered once more.

All questionnaires and interventions were delivered online, so that participants could choose the time and 
place of their participation, limited only by the times at which new questionnaires and interventions were 
provided. Data was collected at PFH Göttingen, Germany.

The study procedure can be seen in detail in the Supplementary Figure S1.

Statistical analysis
Data analyses were performed using R 4.0.4. The directional hypotheses were tested using a two-factor repeated 
measures analysis of variance (2 × 2 ANOVA), with the between-subjects factor treatment group (intervention 
group [n = 80] vs. control group [n = 71]) and the within-subjects factor time (pre- and post-intervention). The 
dependent variable for the first hypothesis was depressive symptom strength as measured by the BDI-II-score, 
the dependent variable for the second hypothesis was self-esteem as measured by the RSES-score. We decided 
to perform an intention-to-treat analysis (ITT) using the Last Observation Carried Forward (LOCF) method, to 
evaluate the robustness of our findings. A systematic outlier detection and exclusion based on the IQR method 
was performed and led to the exclusion of n = 12 participants.

Results
Sample
Based on previous work by Kocur et al.16 and Fey et al.19, we calculated the required sample size using G*Power36 
for a smaller effect size of Cohen’s f = 0.15 with a power (1 –β) of 0.95 and an α-error-probability of 0.05. Power 
analysis revealed that N = 148 participants were necessary to achieve these criteria.

A sample of n = 1395 participants was screened. Data from this sample was evaluated for pre-screening 
exclusion criteria, resulting in a total of n = 662 subjects being excluded from the study. Between pre-measurement 
and final data analysis, n = 482 participants were excluded, due to (a) an ISR score ≥ 0.75 and a BDI-II score 
below the cut-off value of 13 (n = 803), (b) not finishing the experiment (drop-out) (n = 163, 54.6% of all eligible 
subjects) or (c) outlier values according to IQR (n = 12). The flow chart of the study’s experimental procedure, 
including the dropout, can be seen in Supplementary Figure S2.

This results in a total sample of N = 151 which was analyzed for this study. Further details regarding this 
procedure are- depicted in Supplementary Figure S2 in the appendix.

Participants were randomly assigned to either the intervention group (n = 80, 56 women, 23 men, 1 diverse, 
Mage = 31.3, SDage = 10.5) or the control group (n = 71, 50 women, 21 men, 0 diverse, Mage = 29.2, SDage = 10.8). 
Baseline comparisons confirmed the absence of significant differences in gender distribution between the 
intervention- and control-group. Regarding the highest educational qualification, having a completed university 
degree was dominant with n = 40 subjects. Sociodemographic characteristics can be found in Table 1.
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H1 Greater decrease in depressive symptoms within the intervention group
Consistent with hypothesis 1, Fig. 2 shows the decrease in depressive symptoms, as measured with the BDI-II, 
for both the intervention group (EG; n = 80) and the control group (CG; n = 71) pre- and post-intervention.

Descriptive data
As shown in Fig. 2 the pre-intervention BDI-II-score was M = 20.6 (SD = 7.10) for the intervention group (n = 80) 
and M = 20.1 (SD = 7.19) for the control group (n = 71). This indicates a moderate severity of depression, according 
to the cut-off criteria promoted by the German National Care Guideline for unipolar depression33. To confirm 
the results were not biased by pre-existing differences, we compared the BDI-II scores between the intervention 
and control groups at baseline. The statistical analysis revealed no significant differences (Welch two-sample 
t-test: p = 0.841). This indicates that both groups had a comparable baseline severity of depressive symptoms 
before the intervention. At post-intervention, the mean BDI-II-score in the intervention group was M = 11.8 
(SD = 6.77), while the mean score in the control group was M = 14.8 (SD = 8.02), as depicted in Table 2, showing 
a decrease of 8.8 points within the intervention group and a decrease of 5.3 points within the control group. The 
calculated effect sizes show a large effect for the reduction of depression symptoms in the intervention group (d = 
− 1.19) and a moderate effect size for the reduction of depression symptoms in the control group (d = − 0.72).

Inference statistics
A 2 × 2 repeated measures ANOVA, with treatment group as the between-subjects factor, time as the within-
subjects factor and depressive symptom strength (BDI-II), revealed a statistically significant interaction effect, 
F(1, 149) = 9.518, p < 0.01, η2 = 0.014. Furthermore, a significant main effect for the within-subjects factor time 
was revealed, F(1, 149) = 159.958, p < 0.001, η2 = 0.194. However, no effect was found for the factor group, F(1, 

Fig. 2.  BDI-II scores for the intervention- and control-group, pre- and post-intervention. Note Mean scores of 
the Beck-Depression-Inventory II (BDI-II) for the intervention-group (EG; n = 80) and the control-group (CG; 
n = 71). Error bars show standard errors.

 

EG CG
Total 
sample

n % n % n %

Gender

 Female 56 70 50 70.42 106 70.19

 Male 23 28.75 21 29.58 44 29.14

 Diverse 1 1.25 0 0 1 0.66

Education

 University degree 40 50 23 32.39 63 41.72

 University qualification 21 26.25 28 39.44 49 32.45

 Completed training 17 21.25 17 23.94 34 22.51

 Other 2 1.25 3 4.22 5 3.31

Table 1.  Sociodemographic characteristics of the sample. EG = intervention-group. CG = control-group. 
N = 151.
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149) = 1.453, p > 0.05, η2 = 0.008. The interaction effect between group and time point remained significant in the 
ITT analysis with the LOCF method (F(1, 155) = 5.820, p = 0.017), indicating that the inclusion of participants 
with missing data did not alter the overall results for the BDI-II. A visualization of these results can be seen in 
Fig. 2.

H2 Greater increase in self-esteem within the intervention group
In line with hypothesis 2, Fig. 3 illustrates the increase in self-esteem, as measured by the Rosenberg Self-Esteem 
Scale (RSES), for both the intervention group (EG; n = 80) and the control group (CG; n = 71) pre- and post-
intervention.

Descriptive data
Section "Descriptive data" presents the descriptive data to provide context for the subsequent inferential 
statistical analysis. Pre-intervention, participants in the intervention group had a mean RSES-Score of M = 16.4 
(SD = 5.56). In the control group, participants reported an RSES-Score of M = 15.3 (SD = 6.23). This can be seen 
in Fig. 3. The comparison of baseline RSES scores between the intervention- and control-groups showed no 
significant differences (two-sample Welch t-test: p = 0.258), confirming that the level of self-esteem before the 
intervention was comparable between the groups. Post-intervention (14 days past intervention), the RSES-score 
in the intervention group had risen to M = 19.2 (SD = 4.97), while the RSES-score in the control group had 
increased to M = 16.8 (SD = 5.50), as depicted in Table 2. The calculation of the effect sizes resulted in a moderate 
effect (d = 0.54) in the intervention group and a small effect (d = 0.29) in the control group.

Inference statistics
Regarding the RSES, a 2 × 2 repeated measures ANOVA, with treatment group being the between-subjects factor 
and time being the within-subjects factor, revealed a statistically significant interaction effect, F(1, 149) = 5.216, 
p < 0.05, η2 = 0.004. Furthermore, a significant main effect for the within-subjects factor time was revealed, F(1, 
149) = 52.574, p < 0.001, η2 = 0.038. In addition, a significant main effect for the factor group was revealed, F(1, 

Fig. 3.  RSES-scores for the intervention- and control-group pre- and post-intervention. Note Mean scores of 
the Rosenberg Self Esteem Scale (RSES) for the intervention-group (EG; n = 80) and the control-group (CG; 
n = 71). Error bars show standard errors.

 

Variables

EG CG

M SD M SD

BDI-II

 Pre intervention 20.6 7.10 20.1 7.19

 Post intervention 11.8 6.77 14.8 8.02

RSES

 Pre intervention 16.4 5.56 15.3 6.23

 Post intervention 19.2 4.97 16.8 5.50

Table 2.  Descriptive metrics for the BDI-II- and RSES-Scores. EG = intervention group. CG = control group. 
N = 151. Baseline comparisons showed no significant differences between groups in BDI-II (p = 0.841) and 
RSES (p = 0.258), confirming group equivalence prior to intervention.
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149) = 4.205, p < 0.05, η2 = 0.004. While the main effects remained significant in ITT analysis using the LOCF 
method, the interaction effect between group and time was no longer significant (F(1, 155) = 2.764, p = 0.098). A 
visualization of these effects can be seen in Fig. 3.

Discussion
The aim of this study was to evaluate the effect of an avatar-based intervention on depressive symptoms and 
self-esteem in an undiagnosed population sample experiencing depressive symptoms, that is currently not in 
psychotherapeutic treatment.

Our findings provide initial evidence for the effectiveness of the avatar-based intervention in reducing 
depressive symptoms and increasing self-esteem. The significantly greater reduction in depressive symptoms 
in the intervention group supports our hypothesis that targeting and contradicting individual dysfunctional 
beliefs is more effective than contradicting nonsense-statements. The large effect size (d = − 1.19) for the 
intervention group compared to the moderate effect size (d = − 0.72) for the control group further underlines 
the effectiveness of the cognitive intervention delivered by the avatar. The significantly greater increase in self-
esteem in the intervention group indicates that addressing individual dysfunctional beliefs through the avatar-
based intervention not only reduces depressive symptoms but also contributes to an increase in self-esteem. The 
moderate effect size (d = 0.54) within the intervention group compared to the small effect size (d = 0.29) in the 
control group provides additional support for this finding.

To assess the robustness of these findings, we conducted an ITT-analysis using the LOCF-method. The 
results suggest that the inclusion of participants with missing data did not alter the overall results for depressive 
symptoms. However, while the main effects for self-esteem remained significant in the ITT analysis, the 
interaction effect between group and time was no longer significant. These findings indicate the increase in self-
esteem may require further investigation.

Our findings are in line with those of Kocur et al.16 while following their suggestion of evaluating dysfunctional 
cognitions and adding self-esteem as an outcome variable. Notably, our research featured a sample without a 
diagnosis and currently not undergoing psychotherapeutic treatment, proving an effectiveness of the avatar-
based treatment for less pronounced depressive burden than to be found in a sample of inpatients, as evaluated 
by Kocur et al.16. Therefore, it is of no surprise that the effect sizes in our study are lower than those obtained by 
Kocur et al.16. This is in line with the results from a metaanalysis18 demonstrating that interventions designed 
for clinical depression are also effective in samples with subclinical depression, while yielding lower effect sizes. 
Consequently, our results align with empirical findings proving the effectiveness of avatar-based interventions 
in different mental illnesses16,19,37–40. In contrast to Kocur et al.16, who did 3 × 10 confrontations per setting, we 
found evidence for the effectiveness of the avatar-based intervention with just 3 × 3 confrontations per setting. 
This is in line with the findings of Schleider et al41, who found their avatar-based intervention to be effective in 
a single session. All in all, session duration should be explored in future research, as these results point towards 
the potential of extremely short interventions.

We also address the potential cost-effectiveness and accessibility of our intervention. We acknowledge that 
we cannot provide concrete evidence of cost-effectiveness at this stage of our study. However, studies from other 
areas, such as eating disorders19 or depression16, suggest potential cost savings due to similar interventions. 
In addition, a study by Hedman et al.42 demonstrates the effectiveness of internet-based cognitive behavioral 
therapy (iCBT) compared to traditional cognitive behavioral therapy (CBGT) in the treatment of social anxiety 
disorder. Their findings suggest that iCBT offers similar levels of improvement in reducing social anxiety, while 
being more cost-effective, flexible and allowing participants to work at their own pace. We recommend that this 
aspect be investigated further in future research.

Future research should also evaluate the effects of participants’ acceptance of virtual interventions, as there is 
evidence for this being a considerable influence on the effectiveness of treatment43. Another factor requiring more 
research is avatar appearance. Within this study, a female presenting avatar was used. However, with evidence 
pointing towards avatar modification increasing the willingness to show effort in virtual interventions22, there 
might be potential for increasing therapy effects through such a component. Dechant et al.44 show that the 
ability to customize the avatar significantly increases user engagement and social presence. These aspects are 
essential factors for effective treatment in digital therapy. Furthermore, Reichenberger et al.45 emphasize the 
importance of agent characteristics in triggering emotional responses and show that women tend to experience 
higher anxiety levels than men when interacting with male avatars during fear conditioning in virtual reality. 
Furthermore, Ashrafi et al.46 found that avatar characteristics have a significant impact on intervention success 
and demonstrated differences in emotional well-being and motivation between self-similar and dissimilar 
virtual agents. These results highlight that identification, especially when enhanced by customization, can 
increase motivation for an interaction with the avatar. By integrating these findings, future studies can better 
understand how avatar characteristics influence therapy outcomes and improve the overall effectiveness of 
digital interventions.

Limitations
A counter-intuitive finding from our study is that participants in the control group also appeared to profit from 
their intervention, which did not include personal dysfunctional beliefs. Reasons for that might be (a) that the act 
of contradicting the avatar itself has potential for empowering self-esteem and lowering depression values (e.g. 
through self-efficacy), (b) that the psychoeducation on dysfunctional cognitions serves as an intervention, (c) 
placebo-effect or (d) demand characteristics. It is known from clinical practice that patients with low self-esteem 
have difficulties with self-assertiveness, especially if they must refuse an offer or a task or if they have to correct 
others. Simply practicing to “say no” is a concept exercised by behavioral therapists. Therefore, contradicting 
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the avatar might have already influenced self-esteem while the self-efficacy might have impacted depression 
scores. Another limitation of our study lies in the element of psychoeducation. While previous research has 
shown that psychoeducation can significantly influence mental health outcomes47, this component was not 
systematically examined in our study. Nevertheless, our randomized controlled trial (RCT) design ensured that 
psychoeducation was equally distributed across both groups, minimizing potential confounding effects. Despite 
its presence, we still observed significant effects of our intervention, suggesting that our findings extend beyond 
the general benefits of psychoeducation. To further differentiate these effects, future studies could systematically 
manipulate psychoeducation, either by examining the intervention without it or by incorporating it as a separate 
factor in the study design. However, the effect could also—at least partly—be attributed to the placebo effect 
or demand characteristics, which made participants score lighter depression values after the intervention. 
Despite this, it should be noted that the interaction effect still yielded significant results, which speaks for the 
effectiveness of the cognitive intervention going beyond the element of contradiction. Apart from this, we found 
no unintended effects. We constantly ensured the safety of the participants during the intervention by providing 
them with contact information of the project management team. In addition, all participants were provided with 
an anonymous booklet of external support services, which allowed them to seek help without being identified by 
the project management team. Although no negative experiences were reported, we would like to point out that 
a systematic assessment of potential negative effects, e.g. by conducting structured participant feedback, would 
allow a deeper understanding of potential negative effects in future research.

There was a substantial dropout within this study (n = 163, 54.6% of all eligible subjects), for which a 
systematic loss must be taken into consideration48. While the dropout is substantial, the web-based format of 
the intervention might have prevented even higher drop-out rates, as participants had maximum flexibility 
regarding when and where to undergo the intervention. At the same time, this might have led to a low degree of 
perceived social obligation within the participant sample. We suppose that dropout can be influenced by various 
factors related to the self-administered nature of the intervention. These include participants’ lack of motivation, 
technical difficulties during the intervention and challenges related to the confrontation with the avatar. As part 
of future research, it would be beneficial to systematically ask participants about their reasons for dropping out, 
as this information could provide valuable insights for the developers of future digital and self-administered 
interventions. Still, with the remaining N = 151 subjects, we were able to achieve a high statistical power, which 
allowed us to test more hypotheses than comparable studies with a smaller sample size (e.g. Kocur et al.16, N = 34; 
Fey et al.19, N = 48).

Another limitation arising from the web-based format is that technical difficulties experienced by the 
participants could not be directly addressed due to the absence of an experimenter. While subjects could always 
contact the project leader via email in case of issues or questions, the process of solving these requests was time-
delayed. And while potential biases arising from the presence of an investigator were ruled out, the intervention 
setting was not controlled for and might have posed an influence in some cases.

A technical limitation of this study was restricted browser compatibility, meaning the avatar tool did not 
function equally well across all web browsers. For future research, as well as for potential practical implementation, 
it is suggested to implement the avatar in a mobile application, allowing maximum flexibility for the user. The 
baseline-effectiveness for CBT app-interventions tackling automatic and negative beliefs has already been 
shown49, which lends careful optimism to the potential of a mobile application as an addition to psychotherapy, 
potentially adding to its treatment effect50. Furthermore, there is potential for a mobile application featuring 
the agent intervention to be used by individuals who experience subclinical depression or are facing barriers to 
treatment51, such as long waiting times52.

Conclusion
This study demonstrates the effectiveness of an avatar-based intervention for lowering symptom severity in 
participants with subclinical depression, corroborating previous findings for depression16, eating disorders19, 
and psychosis53. Furthermore, the avatar-based intervention resulted in a significant increase in self-esteem, 
which is a novel direction for this field of research. Limitations of this study pertain to high dropout rates 
and technical issues (e.g., browser compatibility issues), which could not be solved directly due to the self-
administered nature of the intervention. Future research should explore intervention effectiveness in different 
application contexts and settings (e.g., clinical, preventive, or as a substitute for regular psychotherapy) as well 
as varying session duration and frequency. Intervention effectiveness for different mental illnesses and burden 
levels (clinical/non-clinical) should be topic to further exploration, as the avatar-based intervention offers great 
potential for dissemination and might offer a contribution to closing the treatment gap for various conditions.

Data availability
All (anonymised) data, including the research protocol (in German), will be made available on request per email 
to the first author.

Received: 23 August 2024; Accepted: 25 March 2025

References
	 1.	 Lim, G. Y. et al. Prevalence of depression in the community from 30 countries between 1994 and 2014. Sci. Rep. 8, 2861 (2018).
	 2.	 Busch, M. A., Maske, U. E., Ryl, L., Schlack, R. & Hapke, U. Prävalenz von depressiver Symptomatik und diagnostizierter 

Depression bei Erwachsenen in Deutschland. Bundesgesundheitsblatt Gesundheitsforschung Gesundheitsschutz 56, 733–739 (2013).
	 3.	 Beck, A. T. Thinking and depression. Arch. Gen. Psychiatry 9, 324 (1963).
	 4.	 Beck, A. T. Cognitive therapy and the emotional disorders (Penguin Publishing Group, 1979).

Scientific Reports |        (2025) 15:19668 8| https://doi.org/10.1038/s41598-025-96228-8

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


	 5.	 Beck, A. T. & Weishaar, M. Cognitive therapy. In Comprehensive handbook of cognitive therapy (eds Freeman, A. et al.) 21–36 
(Springer, 1989). https://doi.org/10.1007/978-1-4757-9779-4_2.

	 6.	 Clarke, G. et al. Overcoming depression on the internet (ODIN) (2): A randomized trial of a self-help depression skills program 
with reminders. J. Med. Internet. Res. 7, e16 (2005).

	 7.	 Wright, J. H. et al. Computer-assisted cognitive therapy for depression: Maintaining efficacy while reducing therapist time. Am. J. 
Psychiatry 162, 1158–1164 (2005).

	 8.	 Beck, A. T., Epstein, N. & Harrison, R. Cognitions, attitudes and personality dimensions in depression. Br. J. Cogn. Psychother. 1, 
1–16 (1983).

	 9.	 Beck, A. T. The evolution of the cognitive model of depression and its neurobiological correlates. Am. J. Psychiatry 165, 969–977 
(2008).

	10.	 Clark, D. A. & Beck, A. T. Cognitive theory and therapy of anxiety and depression: Convergence with neurobiological findings. 
Trends Cogn. Sci. 14, 418–424 (2010).

	11.	 Kresznerits, S., Rózsa, S. & Perczel-Forintos, D. A transdiagnostic model of low self-esteem: Pathway analysis in a heterogeneous 
clinical sample. Behav. Cogn. Psychother. 50, 171–186 (2022).

	12.	 Orth, U. & Robins, R. W. Understanding the link between low self-esteem and depression. Curr. Dir. Psychol. Sci. 22, 455–460 
(2013).

	13.	 Sowislo, J. F. & Orth, U. Does low self-esteem predict depression and anxiety? A meta-analysis of longitudinal studies. Psychol. Bull. 
139, 213–240 (2013).

	14.	 Simpson, J., Hillman, R., Crawford, T. & Overton, P. G. Self-esteem and self-disgust both mediate the relationship between 
dysfunctional cognitions and depressive symptoms. Motiv. Emot. 34, 399–406 (2010).

	15.	 Fennell, M. J. V. Low self-esteem: A cognitive perspective. Behav. Cogn. Psychother. 25, 1–26 (1997).
	16.	 Kocur, M. et al. Computer-assisted avatar-based treatment for dysfunctional beliefs in depressive inpatients: A pilot study. Front. 

Psychiatry 12, 608997 (2021).
	17.	 Reynolds, C. F. et al. Early intervention to reduce the global health and economic burden of major depression in older adults. Annu. 

Rev. Public Health 33, 123–135 (2012).
	18.	 Cuijpers, P. et al. Psychotherapy for subclinical depression: Meta-analysis. Br. J. Psychiatry 205, 268–274 (2014).
	19.	 Fey, M. et al. Computer-assisted avatar-based treatment for dysfunctional beliefs and eating-disorder symptomatology: A 

randomized control pilot study. Int. J. Cogn. Ther. 17, 251–278 (2023).
	20.	 Buntrock, C. et al. Psychological interventions to prevent the onset of major depression in adults: A systematic review and 

individual participant data meta-analysis. Lancet Psychiatry 11, 990–1001 (2024).
	21.	 Barak, A., Klein, B. & Proudfoot, J. G. Defining internet-supported therapeutic interventions. Ann. Behav. Med. 38, 4–17 (2009).
	22.	 Birk, M. V. & Mandryk, R. L. Improving the efficacy of cognitive training for digital mental health interventions through avatar 

customization: Crowdsourced quasi-experimental study. J. Med. Internet. Res. 21, e10133 (2019).
	23.	 Burton, C. et al. Pilot randomised controlled trial of Help4Mood, an embodied virtual agent-based system to support treatment of 

depression. J. Telemed. Telecare 22, 348–355 (2016).
	24.	 Mohr, D. C. et al. IntelliCare: An eclectic, skills-based app suite for the treatment of depression and anxiety. J. Med. Internet Res. 

19, e10 (2017).
	25.	 Provoost, S., Lau, H. M., Ruwaard, J. & Riper, H. Embodied conversational agents in clinical psychology: A scoping review. J. Med. 

Internet Res. 19, e151 (2017).
	26.	 Scholten, M. R., Kelders, S. M. & Van Gemert-Pijnen, J. E. W. C. Self-guided web-based interventions: Scoping review on user 

needs and the potential of embodied conversational agents to address them. J. Med. Internet Res. 19, e383 (2017).
	27.	 Kühner, C., Bürger, C., Keller, F. & Hautzinger, M. Reliabilität und Validität des revidierten Beck-Depressionsinventars (BDI-II). 

Nervenarzt 78, 651–656 (2007).
	28.	 Collani, G. & Herzberg, P. Y. Eine revidierte Fassung der deutschsprachigen Skala zum Selbstwertgefühl von Rosenberg. Zeitschrift 

für Differentielle und Diagnostische Psychologie 24, 3–7 (2003).
	29.	 Tritt, K. et al. Entwicklung des Fragebogens »ICD-10-Symptom-Rating« (ISR). Z Psychosom Med. Psychother 54, 409–418 (2008).
	30.	 Tritt, K. et al. Das ICD-10-Symptom-Rating (ISR): Zusammenhänge mit der SCL-90-R. Klinische Diagnostik und Evaluation 3, 

22–37 (2010).
	31.	 Fischer, H. F., Schirmer, N., Tritt, K., Klapp, B. F. & Fliege, H. Retest-Reliabilität und Änderungssensitivität des ICD-10-Symptom-

Rating (ISR) in verschiedenen Stichproben. PPmP Psychotherapie Psychosomatik Medizinische Psychologie 61, 162–169 (2011).
	32.	 Herzberg, P. Y., Goldschmidt, S. & Heinrichs, N. Beck depressions-inventar (BDI-II). Revision. Rep Psychol. 33, 301–302 (2008).
	33.	 Deutsche Gesellschaft für Psychiatrie und Psychotherapie, P. und N. (DGPPN), (BÄK), B., (KBV), K. B. & (AWMF), A. der W. M. 

F. S3-Leitlinie/Nationale VersorgungsLeitlinie Unipolare Depression - Langfassung. https://www.leitlinien.de/unipolare-depression 
(2022).

	34.	 Hautzinger, M., Keller, F. & Kühner, C. Beck Depressions-Inventar (BDI-II). (Harcourt Test Services, 2006).
	35.	 Ferring, D. & Filipp, S.-H. Messung des Selbstwertgefühls: Befunde zu Reliabilität, Validität und Stabilität der Rosenberg-Skala. 

Diagnostica 42, 284–292 (1996).
	36.	 Faul, F., Erdfelder, E., Lang, A.-G. & Buchner, A. G* Power 3: A flexible statistical power analysis program for the social, behavioral, 

and biomedical sciences. Behav. Res. Methods 39, 175–191 (2007).
	37.	 Carroll, K. M. et al. Computer-assisted delivery of cognitive-behavioral therapy for addiction: A randomized trial of CBT4CBT. 

Am. J. Psychiatry 165, 881–888 (2008).
	38.	 Cooney, P., Jackman, C., Tunney, C., Coyle, D. & O’Reilly, G. Computer-assisted cognitive behavioural therapy: The experiences of 

adults who have an intellectual disability and anxiety or depression. J. Appl. Res. Intellect. Disabil. 31, 1032–1045 (2018).
	39.	 Matsangidou, M. et al. “Now i can see me” designing a multi-user virtual reality remote psychotherapy for body weight and shape 

concerns. Hum. Comput. Interact 37, 314–340 (2022).
	40.	 Taylor, C. B., Graham, A. K., Flatt, R. E., Waldherr, K. & Fitzsimmons-Craft, E. E. Current state of scientific evidence on Internet-

based interventions for the treatment of depression, anxiety, eating disorders and substance abuse: An overview of systematic 
reviews and meta-analyses. Eur. J. Public Health 31, i3–i10 (2021).

	41.	 Schleider, J. L. et al. A randomized trial of online single-session interventions for adolescent depression during COVID-19. Nat. 
Hum. Behav. 6, 258–268 (2021).

	42.	 Hedman, E. et al. Internet-based cognitive behavior therapy vs. cognitive behavioral group therapy for social anxiety disorder: A 
randomized controlled non-inferiority trial. PLoS ONE 6, e18001 (2011).

	43.	 Marangunić, N. & Granić, A. Technology acceptance model: A literature review from 1986 to 2013. Univ. Access Inf. Soc. 14, 81–95 
(2015).

	44.	 Dechant, M. J., Birk, M. V., Shiban, Y., Schnell, K. & Mandryk, R. L. How avatar customization affects fear in a game-based digital 
exposure task for social anxiety. Proc. ACM Hum. Comput. Interact 5, 1–27 (2021).

	45.	 Reichenberger, J. et al. Men scare me more: gender differences in social fear conditioning in virtual reality. Front. Psychol. ​h​t​t​p​s​:​/​/​
d​o​i​.​o​r​g​/​1​0​.​3​3​8​9​/​f​p​s​y​g​.​2​0​1​9​.​0​1​6​1​7​​​​ (2019).

	46.	 Ashrafi, N. et al. Effect of external characteristics of a virtual human being during the use of a computer-assisted therapy tool. in 
3–21 (2024). https://doi.org/10.1007/978-3-031-60428-7_1

	47.	 De Souza Tursi, M. F., Baes, C. V. W., de Camacho, F. R. B., de Tofoli, S. M. C. & Juruena, M. F. Effectiveness of psychoeducation 
for depression: A systematic review. Aust N Z J Psychiatry 47, 1019–1031 (2013).

Scientific Reports |        (2025) 15:19668 9| https://doi.org/10.1038/s41598-025-96228-8

www.nature.com/scientificreports/

https://doi.org/10.1007/978-1-4757-9779-4_2
https://www.leitlinien.de/unipolare-depression
https://doi.org/10.3389/fpsyg.2019.01617
https://doi.org/10.3389/fpsyg.2019.01617
https://doi.org/10.1007/978-3-031-60428-7_1
http://www.nature.com/scientificreports


	48.	 Bell, M. L., Kenward, M. G., Fairclough, D. L. & Horton, N. J. Differential dropout and bias in randomised controlled trials: When 
it matters and when it may not. BMJ 346, e8668–e8668 (2013).

	49.	 Karyotaki, E. et al. Do guided internet-based interventions result in clinically relevant changes for patients with depression? An 
individual participant data meta-analysis. Clin. Psychol. Rev. 63, 80–92 (2018).

	50.	 Hur, J.-W., Kim, B., Park, D. & Choi, S.-W. A scenario-based cognitive behavioral therapy mobile app to reduce dysfunctional 
beliefs in individuals with depression: A randomized controlled trial. Telemedicine and e-Health 24, 710–716 (2018).

	51.	 Lienemann, B. & Jason, S. T. Differences in perceived reasons for and barriers to, seeking help for depression between people with 
and without heightened depressive symptomatology. Eur. Psychiatry 41, s240–s240 (2017).

	52.	 Singer, S. et al. Wartezeiten auf einen Psychotherapieplatz vor und nach der Psychotherapiestrukturreform. Psychotherapeut (Berl) 
67, 176–184 (2022).

	53.	 Leff, J., Williams, G., Huckvale, M., Arbuthnot, M. & Leff, A. P. Avatar therapy for persecutory auditory hallucinations: What is it 
and how does it work?. Psychosis 6, 166–176 (2014).

Author contributions
N.L.P. Conceptualization, Development or design of methodology; creation of models, Investigation, Writing—
Original Draft, Writing—Review & Editing, Formal analysis, Investigation, Resources, Data Curation. J.O. Writ-
ing—Original Draft, Writing, Review & Editing, Support with Data Collection. J.F. Writing—Original Draft, 
Writing, Review & Editing, Support with Data Collection. M.K. Writing—Original Draft, Writing, Review & 
Editing, Support with Data Collection. C.J.G. Writing—Original Draft, Writing, Review & Editing, Support with 
Data Collection. J.K. Writing—Original Draft, Writing, support in data acquisition. M.W. Conceptualization, 
Development or design of methodology, Supervision, Writing—Review & Editing. Y.S. Conceptualization, De-
velopment or design of methodology, Supervision, Validation, Writing—Review & Editing.

Funding
Open Access funding enabled and organized by Projekt DEAL.

Declarations

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​
0​.​1​0​3​8​/​s​4​1​5​9​8​-​0​2​5​-​9​6​2​2​8​-​8​​​​​.​​

Correspondence and requests for materials should be addressed to M.W.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give 
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and 
indicate if changes were made. The images or other third party material in this article are included in the article’s 
Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy 
of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2025 

Scientific Reports |        (2025) 15:19668 10| https://doi.org/10.1038/s41598-025-96228-8

www.nature.com/scientificreports/

https://doi.org/10.1038/s41598-025-96228-8
https://doi.org/10.1038/s41598-025-96228-8
http://creativecommons.org/licenses/by/4.0/
http://www.nature.com/scientificreports

	﻿Effects of change in dysfunctional beliefs in avatar-based cognitive therapy for depressive symptoms: a randomized parallel trial
	﻿Methods
	﻿Study design outcomes
	﻿Materials


	﻿Intervention
	﻿Ethics
	﻿Process
	﻿Statistical analysis
	﻿Results
	﻿Sample
	﻿H1 Greater decrease in depressive symptoms within the intervention group
	﻿Descriptive data
	﻿Inference statistics


	﻿H2 Greater increase in self-esteem within the intervention group
	﻿﻿Descriptive data



