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Abstract 
Depression is a mood disorder that can cause 

mental suffering, functional impairment, physical abuse 
or automutilation. Early detection will help depressed 
people to seek professional advice and treatment earlier 
and recover sooner. Emerging technologies such as 
virtual reality (VR) have been used to assist in 
interventions because of their advantages in providing 
more flexible solutions to implement therapeutic 
methods. However, the applications of using VR as a 
diagnostic tool for mental disorders have not been 
thoroughly investigated. 

 In this study, prior studies that used VR for 
detecting depression were reviewed and summarized. 
Also reviewed were other emerging technologies for 
depression detection. By summarizing the effort on this 
topic and proposing an integrated framework, we hope 
that the presented work will reduce the barriers to 
implement emerging technologies in supporting 
traditional depression diagnostic methods, with a 
further expectation to provide inspiration and guidance 
for future studies. 

1. Introduction  

The COVID-19 pandemic can be stressful for people 
and has raised the concern about public mental health 
[1]. The stress and anxiety caused by either the disease 
or the financial situation could cause overwhelmingly 
strong emotions, and even depression [2, 3]. In fact, 
among the most prevalent psychiatric disorders, major 
depressive disorder, also referred to as clinical 
depression, is affecting more than 300 million people 
globally [4]. The traditional methods used to diagnose 
depression mainly include scale examination, blood test, 
and interviews with professional medical staff, but the 
spread of COVID-19 also makes it difficult for 
conventional face-to-face interviews to take place. In 
some cases, people who suffer from depression may not 
be willing to reach out and seek help from professionals, 
and thus remain untreated. As early detection has been 
determined to be critical for rapid intervention to reduce 
the escalation of major depressive disorder cases [5, 6, 
7], serious games that aim to effectively identify the 
depressive symptoms and detect potential depression in 

a relaxed and non-intrusive form can be beneficial. It 
helps potential patients who are unable or reluctant to 
face the pressure of interaction with a real person. As 
emerging gaming tools including mixed realities, eye 
tracking, and smart wearable devices, enter the 
mainstream, virtual reality (VR) has become more 
accessible to the general consumer population, and has 
been studied how it helps to treat mental disorders [8, 9, 
10]. In most cases, these emerging technologies are used 
as supplementary methods for therapies or interventions. 
They provide non-intrusive and immersive experiences 
in cost-effective ways for the treatment of mental illness. 
However, not many studies have addressed the use of 
emerging technologies for assisting symptom self-
detection, or the importance of early detection and 
intervention, especially in children and adolescence [11, 
12]. This motivated us to conduct a literature review to 
summarize the current state of VR game design for 
depression detection as preparation to propose our game 
design and study plan as the next step of this research. 

In this paper, we reviewed the studies that made use 
of virtual reality (not limited to interactive games) to 
assist the detection or diagnosis of depression. Based on 
the findings, we extended the review scope to 
investigate other methodologies for depression 
detection in the past ten years. Finally, we proposed an 
integrated framework for future studies. 

2. Background 

Previous studies have discussed that VR provides a 
fully immersive experience [13, 14, 15, 16, 17] and can 
meet the high requirement on variable controls in 
psychology and neuroscience research [18]. The 
possibility of triggering stronger and more specific 
emotional reactions in a safer environment has 
motivated the interest to use VR as a therapeutic 
intervention for patients with mental disorders such as 
depression [19]. There are systematic reviews and meta-
analysis papers that summarized VR-assisted therapies 
for mental disorders and their efficiency in recent years 
[20, 21, 22, 23]. 

Depressive disorder, one of the leading causes of 
psychiatric disability worldwide [24], can evoke severe 
symptoms that impede the daily activities of patients 
and how they feel and think. There are known evidence 
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of deficits associated with depression, for example, 
social skills deficits [25], cognitive deficits [26], 
executive deficits [27], memory deficits [28] and more. 
Some of the symptoms and deficits can be targeted as 
the indicators in assisting early detection of depression, 
such as visual indicators, speech indicators, social 
indicators, among others [29]. Thus, they can also be 
used in the interactive narratives of games. VR 
applications include VR 360 videos, simulations, and 
games with interactive narratives. While VR 360 videos 
provide immersive experiences, simulations mockup 
provides specific real-world scenarios. Additionally, 
interactive games are able to embed the tasks into 
storytelling [30], so users can receive instant feedback 
and become aware of the consequences of their actions. 
This leads to the advantages of interactive VR 
applications as users can experience more effective 
observation and emotional elicitation, and thereby a 
stronger presence and better immersion. As a result, 
fully interactive VR games engage players in scenarios 
which enable them to disclose information with 
relaxation and show more bahavioral and emotional 
reactions than videos or simulations. Although more 
professional measurements are still pending for a formal 
diagnosis, early detection of depression via gaming can 
be more motivational and helpful to alert users if they 
have high risks and need to seek professional treatment. 

3. Materials and methods 

In this section, we describe the procedure and results 
from the review of designing detection methods using 
VR for depression. The PRISMA Statement [31] served 
as a reference for the review summary. 

3.1. Information Sources and Search Strategy 

Eight databases, Google Scholar, Crossref, PubMed, 
Science Direct, IEEE, SpringerLink, Wiley, Tylor & 
Francis, were searched for publications between 2010-
2020. The time period was determined because most of 
the head-mounted virtual reality (VR) devices are based 
on Oculus Rift Development Kit 1, an open-source VR 
system for developing virtual reality games, which was 
not available until mid-2013 [32]. This research aims to 
find the studies related to using virtual reality for 
depression detection over the past decade as reference 
for future research directions. The key search term was: 
“depress*” in the title and “virtual reality” in keywords. 
Furthermore, “detect/screen/diagn*” was used to find 
eligible papers to identify the games for depression 
detection in the preliminary results. The references in 
the included articles were also screened for additional 
qualified studies. In order to discuss the methodologies 

used in future VR game design, we included additional 
search results of general depression detection methods. 

One researcher (Author YL) performed the search 
and identification of qualified studies. Two other 
researchers (Authors HL and CZ) cross-checked on the 
classification and assessment of the paper quality. They 
also participated in discussions when there was 
disagreement in the inclusion or exclusion of the papers 
for the review. 

3.2. Eligibility Criteria 

The review included articles that are:  
• With full text written in English only; 
• Addressing depression or depression-related 

mental disorders; 
• Using some form of mixed reality as one of the 

methods, including non-immersive VR videos or 
augmented reality (AR); 

• about depression detection, including early 
screening or early diagnosis. 

4. Results 

4.1. Study Selection Results 

The search yielded 427 potentially relevant articles, 
and 438 additional articles were identified through 
references or extended scope (refer to subsection 4.5). 
Figure 1 shows the PRISMA flow chart of the search 
process and the numbers of inclusion and exclusion at 
each step. Five studies that focuses on using VR/AR to 
detect depression were included in the review summary 
in Table 1. An additional 31 studies were included in 
the extended review as explained in 4.5. These 31 
studies discussed how technology-based methods had 
been used for depression detections in the past ten years. 

 
Figure 1. The PRISMA Search Process
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Table 1. Summary of Findings 

Refer
ence 

Methods Participants Experiments Outcomes Notes 

[33] A virtual human interviewer was 
designed to create an engaging 
face-to-face interaction to 
identify depression, anxiety or 
PTSD through verbal and 
gestural responses. 

N=351 Three groups: face-to-face; virtual 
puppet controlled by human; 
complete AI interaction. 
Self-report was given pre- and post-
experience. 

Participants reported willingness to 
disclose, willingness to recommend, and 
general satisfaction with both the semi 
and AI versions of the system. 

System Usability 
Scale was used for 
assessment of system 
satisfaction and 
usability. 
Jadad scale = 3 

[34] Performance on a novel virtual 
reality navigation task and a 
traditional measure of spatial 
memory was assessed. T-tests 
and Pearson correlations were 
used. All statistics were 
evaluated at p≤0.05, two-tailed. 

N=40; 
30 depressed 
patients; 
10 control 
subjects 

A VR Town Represented in Spatial 
Memory Navigation.  
Two tasks were evaluated: finding 
locations on the navigation tasks, and 
Spatial Working Memory task. 

Depressed patients performed 
significantly worse than the control 
group on the virtual reality task, as 
assessed by the number of locations 
found in the virtual town. Between-
group differences were not detected on 
the traditional measure. The navigation 
task showed high test-retest reliability.  

Virtual reality 
navigation may 
provide a consistent, 
sensitive measure of 
cognitive deficits in 
patients with 
affective disorders. 
Jadad scale = 5 

[35] The study investigated the 
relationship between EEG 
signals and depression under 
induced emotions using VR.  

N= 463; 
55 identified 
as high risk 
of 
depression 

SCL- 90 were used to identify 55 
subjects with a high risk of suffering 
from the depression group, and the 
rest are in the control group. The VR 
scenes were obtained from third party 
sources as a trigger. EEG and ECG 
were recorded during the VR session.  

Correlation analysis indicated that the 
alpha frequency band of the right 
forehead in the resting state was 
positively related to depression 
symptoms, so was the alpha frequency 
band of the first HVHA VR scene. 

The condition group 
is identified as high 
risking students, not 
clinically diagnosed. 
Jadad scale = 3 

[36] The study proposed a 
personalized VR depression 
diagnosis scene and interactive 
models for depression 
assessment. Designs include the 
space design, role design, 
iterative technology, audio 
material design, and interface 
design. 

N=10; 
5 males and 
5 females 

A preliminary experiment, the subject 
was asked to fill the user experience 
questionnaire after a test was 
conducted using the design VR 
depression diagnosis system. 

The experimental results generally show 
good feedback on user experience. The 
visibility of the doctor’s position obtains 
the highest score. The lowest is the 
naturalness of the scene, mainly affected 
by the coordination between the human 
doctor and the virtual scene. 

No justification of 
the efficacy of the 
diagnosis, but focus 
more on UX design 
and satisfaction. 
Jadad scale = 1 

[37] A framework was proposed for 
detecting depression in cancer 
patients using prosodic and 
statistical features extracted by 
speech, while chatting with a 
virtual coach. 

No Clinical 
trial 

At first, a training set made of cancer 
patients is developed; then a user’s 
speech signal is recorded and is 
processed to generate a feature 
vector. The user can be classified in 
one of the depression scales. 

Only the methods were proposed, no 
experiment or effectiveness test data. 

AR is used to assist 
doctors in classifying 
depression scale. 
Jadad scale = 1 
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4.2. Classification of Study Quality 

Jadad Scale [38] was performed to assess the quality 
of the identified articles. Most of the studies are in the 
preliminary stages since VR is still gaining popularity in 
this area. The average Jadad Scale score is 2.6 out of 5. 
Although the average score is not high, it does not 
necessarily indicate that the articles are not of high 
quality. The value 2.6 was generated because only five 
studies were identified. However, the preliminary 
experiments and pilot data reported in these studies are 
valuable and worth reviewing in detail to provide 
directions for future work. 

4.3. Study Characteristics 

Table 1, Summary of Findings, summarizes the 
characteristics of included studies: Methods, 
Participants, Interventions, Outcomes, and Notes, by 
following Cochrane Review Guidelines [39]. Jadad 
Scale scores are in the “Notes” column. 

Among the five studies, one uses AR to design a 
virtual coach [37] who can simulate the interview and 
analyze the speech signal of the users to assist real 
doctors in classifying the severity of depression. Two 
other studies use VR with the same strategy: simulating 
the interview session with a virtual interviewer [33, 36]. 
The SimSensei kiosk study [33] monitors both non-
verbal and verbal behaviors of the subjects, and uses 
only verbal answers to determine the depression level. 
While both studies assessed the users’ feeling of 
interaction with the system, they did not report the 
targeted clinical accuracy of detection. Another 
approach makes use of affective computing by 
analyzing the electroencephalogram (EEG) and 
electrocardiogram signals recorded during VR stimulus 
[35]. The difference of the beta frequency band of the 
EEG was found in the preliminary test to be 
significantly different between the experimental group 
and the control group, which indicates EEG could be a 
potential indicator for detecting depression. The VR 
scenes in this study were obtained from third-party 
providers. Only discrete environmental scenes, such as 
“farm with animals,” “dark basement,” “outer space,” 
and a few more were presented. In the only study of a 
dedicated interactive game developed using VR [34], 
subjects need to complete a spatial memory navigation 
task and a spatial working memory task. The outcome 
of the tasks were  used to investigate the memory 
difference and navigation aspects between the 
depression group and the control group. It shows that by 
interacting with users’ spatial memory and navigation 
skills using VR, depression deficits can be detected. 

4.4. Key Findings 

While VR in assisting depression detection has been 
increasingly recognized, the design of interactive VR 
games for this purpose falls behind. The studies show 
that the standalone simulation of interview sessions in 
VR can encourage patients to disclose their symptoms 
to some degree and increase the effectiveness of 
diagnosis as a result. However, the design does not make 
full use of the advantages of VR applications. The study 
[34] shows that an interactive VR game has the potential 
to precisely target the cognitive deficits of depressed 
patients; hence it can detect depression with high test-
retest reliability. Another study [35] shows that 
immersion and the presence of VR can affect the user’s 
emotions and help the diagnosis by recognizing the 
triggered emotion patterns. These studies demonstrate 
the potential of interactive VR games in depression 
detection. Future studies in content designs and 
measurements will strengthen our understanding of this 
research area. 

4.5. Extended Review 

Since only five studies were found and identified as 
qualified in using VR to detect depression, we decided 
to extend the review and investigated other approaches 
proposed to assist depression detection in the past 
decade, especially computer-aided methodologies. 
Table 2 summarizes tool-assisted data collection 
methods for pattern detection. Table 3 summarizes the 
features being used in VR experiments to detect patterns 
or partial symptoms of depression in addition to the 
traditional questionnaires. 
 

Table 2. Tool-assisted Methods  
Tool-Assisted Methods 
Smartphones [40, 41] 
Wearable devices [42, 43] 
Game-based [42, 44, 45, 46] 
Social Media [45, 47, 48, 49, 50] 
VR [33, 34, 35, 36, 37] 

 
Table 3. Effective features 

Features 
Body movement [42, 50, 51, 52, 53, 54] 
Facial/Video  [52, 54, 55, 56, 57] 
Vocal/Speech [45, 56, 58, 59, 60] 
Social/Cultural analysis [4, 61] 
Brain activity signals [42, 62] 
Metabolomic data mining [63] 
Gaming Motivation Scale [46] 
Survey/Rating [44, 64] 
Memory/Navigation [34] 
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Table 2 shows that emerging technologies can assist 
traditional psychiatric and psychological approaches for 
the depression diagnosis. Web mining on social media 
can analyze user inputs from smartphones, wearable 
devices, and VR, therefore it can effectively interact 
with users to collect more dynamic information for 
better assessment. Furthermore, integrating two or more 
devices, such as a wristband with a VR headset, into one 
system could be an innovative approach. It will be able 
to take advantage of multiple emerging technologies and 
reduce or even eliminate their respective shortcomings 
for more accurate detection. 

Table 3 shows the features utilized for training the 
models in differentiating patterns in depressed patients 
and healthy individuals. Many of the patterns can be 
collected by personal devices, such as smartphones and 
wearable devices. This type of integrated system has 
great potential as it is both portable and affordable. 

5. Discussion 

Based on our review of the prior studies in 
depression detection in the past ten years, we propose a 
multimodal framework that combines traditional 
survey-based assessments with additional 
measurements that can be obtained from VR games. 
Figure 2 depicts such a system with an interactive VR 
session as a centerpiece. A game core and four 
assessment modules with the blocks representing 
optional features in this detection system. 

The core VR game: The VR game will be designed 
to address one or more deficits in the key depression 
indicators, such as motion retardation, memory loss, 
cognitive impairment, and uncontrollable emotions. The 
VR game will have a central interactive narrative with 
several minigames that provide different tasks for the 
targeted deficits. 

Pre-assessment module: This module, happening 
before the VR session, will make use of the traditional 
pre- and post- measurements. Commonly used 
depression scales, short conversations, and gaming 
motivation scales can be used to pre-screen the subjects.  

Behavioral analysis module: During the VR 
session, the subject’s behavioral reactions to different 
game events will be captured by smartphones and in-
game performance measures. Evidence of depression 
can be captured by analyzing the subject’s body 
movements such as head pose and eye gaze, facial 
expressions, verbal responses, reaction time to game 
tasks, the completion of motor skills, navigations, and 
more, as listed in Table 2.  

Affective computing module: Sensors or wearable 
devices will be attached to the subjects to monitor and 
record the emotional reactivity of subjects during the 
game session. Psychophysiological signals such as 

galvanic skin response, heart rate variability, respiration 
rate, brain electric activity, blood pressure, and 
temperature, are used to assess users’ emotions that are 
elicited or amplified by the game scenes. 

Post-assessment module: After the VR session, the 
system can choose a suitable fusion method to integrate 
the results of different techniques and then either 
compare them with existing benchmarks or construct 
cloud databases. Building online databases from more 
studies with the same topic will benefit the research 
community in this field. 

Implementation of this framework does not have to 
include every block as described above. Instead, a 
selection of several features can serve the purpose. The 
selection will be based on device availability, proper 
fusion, and cross-verification methods. This strategy 
will lead to effective detection with accessibility. 

 
Figure 2. Multimodal detection system 

6. Conclusions and Future Work 

In this paper, we reviewed prior studies to find out 
how virtual reality has been applied in early depression 
detection. We also extended the review to explore more 
technology-based methods for depression detection. 
Finally, we proposed a multimodal framework with 
possible methods that work with VR games. This 
framework uses customizable approaches with portable 
devices for depression detection. We wish to encourage 
researchers to study and develop more game-based 
technologies applying the theories in psychology and 
psychiatry. We also hope that the research community 
will find more options to help the patients in more 
flexible and relaxing environments by using and 
developing game-based technologies. 

For the next step, we plan to implement a customized 
version of the proposed multimodal system. 
Psychological signals will be detected, and in-game 
performance data will be recorded and analyzed to 
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assess users’ mental capacity. By taking advantage of 
the presence and immersion of the VR environment, 
users’ psychomotor retardation and memory loss under 
affected emotion can be captured. As a result, designing 
and using VR games will lead to the construction of an 
extendable system with the potential of combining with 
selective modules for detecting depression and 
facilitating recovery. 
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