
 

1 

 

Towards Affordable Biofeedback System for Mental 1 

Relaxation 2 

Kulbhushan Chand*1, Arun Khosla2, and Varun Dutt3 3 
1 IIT Mandi iHub and HCi Foundation, Indian Institute of Technology Mandi, HP, India - 175075 4 
2 Dr B R Ambedkar National Institute of Technology Jalandhar, Punjab, India – 144008 5 
3 School of Computing and Electrical Engineering, Indian Institute of Technology Mandi, HP, India - 6 

175075 7 

 8 

Abstract 9 

The rising prevalence of stress-related mental health disorders highlights the need for accessible, non-10 

pharmacological interventions. Biofeedback offers a promising approach by enabling individuals to 11 

regulate physiological processes for stress management and mental relaxation. This review examines 12 

45 studies on biofeedback for mental relaxation detailing the core components of biofeedback systems 13 

(participant, data acquisition system, and feedback modalities) and discuss experimental protocols used 14 

in existing research. The understanding was that the key techniques include photoplethysmography 15 

(PPG), electrodermal activity (EDA), respiration (RSP), and electrocardiography (ECG), with visual 16 

feedback being the most common modality. Gamification is increasingly integrated to enhance user 17 

engagement. Despite their effectiveness, traditional biofeedback systems remain costly and complex, 18 

limiting accessibility. The lack of standardized biofeedback games and open-source research further 19 

restricts reproducibility. To address these challenges, this review advocates for cost-effective solutions 20 

using open-source hardware and software. Integrating retro gaming platforms, such as the Nintendo 21 

Entertainment System (NES), is proposed to improve engagement and accessibility. By identifying key 22 

challenges and opportunities, this review informs future research on affordable, replicable biofeedback 23 

systems, supporting their broader adoption in mental health care. 24 

Keywords: Biofeedback, Mental relaxation, Stress management, Affordability, Reproducibility, Video 25 

Games 26 

1. Introduction 27 

1.1 Mental Health and Prevalent Statistics 28 

The number of people affected directly or indirectly by stress and other psychological issue is increasing 29 

at an alarming rate. In India, for the productive population, stress from the number of contributing 30 

factors is responsible for mental disorders which contribute to greater morbidity and is a matter of 31 

serious concern. The National Mental Health Survey of India (2015-16) [1] revealed that 1 in 20 32 

individuals in India suffers from depression. Alarmingly, nearly 80% of those afflicted with mental 33 

disorders had not received any treatment within 12 months of the onset of illness. The treatment gap for 34 

various mental disorders was reported to range between 70% and 92%. The number of people suffering 35 

from mental disorders in India is increasing at a rate much higher than what can be sustained by the 36 

country’s healthcare system. Meanwhile, the government is actively ruling out healthcare policies, at 37 

the treatment level we can use one of the lesser-explored areas of alternate medical interventions like 38 

biofeedback.  39 
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1.2 Biofeedback for Mental Relaxation 40 

Mental relaxation is a state where the mind is free from arousal caused by emotions such as anxiety, 41 

stress, anger, or fear. Achieving this state is essential for managing stress, which has become a global 42 

concern. Chronic stress can adversely affect both mental and physical health [2], potentially leading to 43 

conditions like cardiovascular diseases [3] and diabetes [4]. In 2015, cardiovascular diseases accounted 44 

for 31% of all deaths worldwide [5]. Therefore, attaining mental relaxation is crucial to counteract the 45 

negative effects of stress and maintain the body's internal balance, known as homeostasis. 46 

While medications are available for stress management, they are not always recommended in the early 47 

stages due to possible side effects on other bodily functions and daily activities. Traditional 48 

interventions, such as Cognitive Behavioral Therapy, Music Therapy [6], [7] have been effective, but 49 

technological approaches like biofeedback are gaining popularity [8], [9], [10]. Biofeedback is a mind-50 

body technique that enables individuals to gain control over certain physiological functions, like heart 51 

rate and breathing patterns. This method has shown promise in treating stress and anxiety, facilitating 52 

mental relaxation [8], [9], [11], [12], [13], [14]. As an alternative therapeutic approach, biofeedback 53 

can be used independently or alongside conventional medical treatments to effectively address certain 54 

mental health concerns. 55 

1.3 Overview of Biofeedback Systems 56 

 57 

Figure 1: Biofeedback loop 58 

Biofeedback is a technique that helps individuals gain control over certain involuntary bodily functions 59 

by providing real-time information about physiological activities [15]. By using sensors to monitor 60 

functions like heart rate, muscle tension, or skin temperature, individuals receive feedback—often 61 

through visual or auditory cues—that enables them to recognize and modify their body's responses. 62 

This process can lead to improved health and well-being. 63 

Figure 1 shows a simplified overview of the biofeedback loop. First, sensors are attached to the body 64 

to detect specific physiological signals. These signals are then measured and processed by specialized 65 

equipment, which converts them into understandable feedback, such as a moving graph or sound. If 66 

video games are used for feedback delivery, the feedback can be the change in the game elements and 67 

game mechanics (rules). By observing this feedback, individuals can learn to make conscious 68 

adjustments to their physiological processes, such as practicing deep breathing to reduce heart rate. 69 

Over time, with guidance from trained practitioners, this practice can help individuals manage stress, 70 

anxiety, and other health conditions more effectively. 71 
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1.4 Traditional vs Modern Biofeedback 72 

Biofeedback has evolved significantly with technological advancements, transitioning from traditional 73 

methods to modern, interactive approaches. Traditional biofeedback systems typically utilize limited 74 

signal modalities and provide basic feedback forms, such as simple charts and bar graphs  [16], [17], 75 

[18], [19], [20]. However, traditional biofeedback systems face challenges in maintaining user 76 

engagement, particularly among younger participants. The necessity for multiple repetitive sessions 77 

[21] to master self-regulation of physiological and mental states can lead to monotony, reducing 78 

adherence and, consequently, treatment efficacy [22]. To address these issues, modern biofeedback 79 

methods have integrated video games as a delivery mechanism [13], [22], [23], [24], [25]. In this 80 

approach, individuals engage with specially designed or modified games that reflect their physiological 81 

states through in-game elements or mechanics, rather than displaying raw data. This gamified 82 

experience enhances motivation and adherence to biofeedback sessions [11], [26]. Additionally, modern 83 

systems often incorporate multimodal feedback, combining visual, auditory, and haptic cues to create a 84 

rich and immersive biofeedback experience [27], [28]. 85 

2. The Objective of This Review 86 

The increasing prevalence of mental health disorders necessitates accessible and effective interventions. 87 

Biofeedback has emerged as a promising technique, enabling individuals to gain control over 88 

physiological processes to enhance mental well-being. However, traditional biofeedback systems often 89 

involve high costs and complexity, limiting their widespread adoption, especially in resource-90 

constrained settings. This review aims to explore the landscape of affordable biofeedback systems 91 

designed for mental relaxation. We systematically examine various biofeedback modalities and 92 

techniques employed for mental relaxation. Additionally, we analyze experimental designs utilized in 93 

studies to assess the efficacy of these interventions. By identifying the opportunities and challenges 94 

associated with implementing cost-effective biofeedback solutions, this review seeks to provide insights 95 

into their practical applications and potential integration into routine mental health care. Our goal is to 96 

inform future research and development efforts aimed at making biofeedback an accessible tool for 97 

mental relaxation across diverse populations. 98 

3. Methodology 99 

An exhaustive survey of existing literature was conducted and based on this review, we hope to identify 100 

the possible answers to whether the type of techniques, feedback modalities, and experiments are used 101 

in biofeedback for mental relaxation training? The literature review is primarily conducted in Jan 2025. 102 

We searched for the relevant studies in the review articles published in biofeedback studies for 103 

relaxation training and biofeedback devices [12], [29], [30], [31], [32], [33] and studies from the search 104 

results in the following electronic databases: PubMed, IEEE Xplore, ACM, and Google Scholar. For 105 

the search criteria, the various combinations of the following keywords are used: Biofeedback, mental 106 

relaxation, and stress management. Articles were sorted as per relevance in the search results and 107 

abstracts from the first 50 results for each search were scanned to select relevant studies. Further, the 108 

references in articles were also used to get to any relevant literature. 109 
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4. Results and Discussions 110 

4.1 Search Results 111 

Based on our search criteria, we narrowed down to 45 publications to review. Each study in the final 112 

selection was reviewed and information about the biofeedback techniques (e.g., ECG, EEG etc.), 113 

feedback delivery (e.g., Desktop game, Portable device etc.), feedback type (e.g., Visual, Auditory etc.), 114 

and experiment design was extracted and summarized (see Table 1). 115 

Table 1: Summary of the selected reviewed papers 116 

SN References 
Biofeedback 

technique 
Feedback Delivery Feedback Type 

Experiment 

design 

1 Larkin et al., 1992 [34] ECG Desktop game Visual BS (N=12) 

2 Bersak et al., 2001 [23] EDA Desktop game 
Visual, Game 

mechanics 
NR 

3 
J. J. Kennedy & Pretorius, 

2008 [35] 
PPG Portable device Visual BS (N=338) 

4 Cutshall et al., 2011 [16] EDA, PPG Desktop app Visual WS (N=8) 

5 Lemaire et al., 2011 [36] PPG Portable device Visual, Auditory 
BS, RCT 

(N=40) 

6 Henriques et al., 2011 [37] PPG Desktop app Visual WS (N=9) 

7 Moraveji et al., 2011 [38] RSP Desktop app Visual WS (N=13) 

8 Bouchard et al., 2012 [11] ECG, EDA Desktop game Visual, Auditory 
BS, RCT 

(N=40) 

9 
Edvardsson et al., 2012 

[17] 
PPG, EDA Desktop app Visual 

BS, RCT 

(N=29) 

10 Sutarto et al., 2012 [39] ECG, RSP Desktop app Visual 
BS, RCT 

(N=36) 

11 Vidyarthi et al., 2012 [40] RSP Environment Auditory OBS (N=15) 

12 Wells et al., 2012 [41] PPG Desktop app Visual 
BS, RCT 

(N=46) 

13 Sanchez et al., 2012 [42] EDA, TEMP Mobile app Visual WS (N=5) 

14 
Schnädelbach et al., 2012 

[43] 
ECG, EDA, RSP 

Environment 

(Interactive space) 
Visual, Auditory WS (N=67) 

15 Wu et al., 2012 [44] ECG, PPG, RSP Mobile app Visual QE (N=67) 

16 Feijs et al., 2013 [18] EDA Desktop app Visual WS (N=12) 

17 MacLean et al., 2013 [45] EDA Portable device Visual WS (N=11) 

18 Prinsloo et al., 2013 [46] PPG Portable device Visual 
BS, RCT 

(N=18) 

19 
Chittaro & Sioni, 2014 

[27] 
EDA, PPG, EMG Desktop game Visual WS (N=12) 

20 
De jonckheere et al., 2014 

[47] 
PPG Mobile app Visual WS (N=19) 

21 Gaggioli et al., 2014 [48] ECG Desktop app (VR) Visual 
BS, RCT 

(N=82) 

22 Kotozaki et al., 2014 [10] NIRS Desktop app 
Visual, Game 

mechanics 

BS, RCT 

(N=30) 

23 Whited et al., 2014 [49] PPG Desktop app Visual 
BS, RCT 

(N=28) 

24 Bhandari et al., 2015 [50] RSP 
Environment 

(Ambient sound) 
Auditory 

BS, RCT 

(N=28) 

25 Lee et al., 2015 [51] PPG Desktop app Visual 
BS, RCT 

(N=15) 

26 
Ratanasiripong et al., 2015 

[52] 
PPG Portable device Visual, Auditory 

BS, RCT 

(N=60) 

27 Sarabia-Cobo, 2015 [53] PPG Desktop app Visual QE (N=74) 

28 
van der Zwan et al., 2015 

[54] 
PPG Portable device Visual 

BS, RCT 

(N=126) 

29 Al Osman et al., 2016 [55] ECG Mobile app Visual WS (N=12) 

30 Dillon et al., 2016 [9] EDA Mobile game 
Visual, Game 

mechanics 
BS (N=50) 
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31 Munafò et al., 2016 [56] PPG, RSP Desktop app Visual 
BS, RCT 

(N=40) 

32 Sonne & Jensen, 2016 [57] RSP Desktop game 
Visual, Game 

mechanics 
WS (N=16) 

33 van Rooij et al., 2016 [28] RSP Desktop game (VR) 
Visual, Game 

mechanics 
WS (N=86) 

34 
Parnandi & Gutierrez-

Osuna, 2017 [26] 
ECG, EDA, RSP Mobile game 

Visual, Game 

mechanics 
BS (N=25) 

35 Zafar et al., 2017 [14] ECG, RSP Mobile game 
Visual, Game 

mechanics 
BS (N=43) 

36 Wang et al., 2018 [25] ECG, EDA, RSP Desktop game 
Visual, Game 

mechanics 
WS (N=86) 

37 Brinkmann et al., 2020 [8] PPG Portable device Visual 
BS, RCT 

(N=52) 

38 Jafarova et al., 2020 [58] PPG Desktop game 
Visual, Game 

mechanics 
BS (N=112) 

39 Mazgelytė et al., 2021 [59] EEG, EDA, RESP Portable device Visual WS (N=43) 

40 Kim et al., 2021 [60] 
ECG, EDA, EMG, 

TEMP 
Portable device Visual WS (N=74) 

41 Chung et al., 2021 [61] ECG Portable device Haptic OBS (N=14) 

42 
Chand & Khosla, 2022 

[62] 
PPG Desktop game 

Visual, Game 

mechanics 
WS (N=16) 

43 Weibel et al., 2023 [63] ECG Desktop app Visual, Auditory 
BS, RCT 

(N=107) 

44 Téllez et al., 2023 [64] ECG Mobile game 
Visual, Game 

mechanics 
WS (N=10) 

45 Birk et al., 2024 [65] ECG Mobile app Visual OBS (N=10) 

Abbreviations of physiological terms: EEG = Electroencephalogram, ECG = Electrocardiogram, EDA = 117 
Electrodermal Activity, RSP = Respiration, EMG = Electromyogram, PPG = Photoplethysmogram, TEMP = 118 
Temperature 119 

Other abbreviations: BS = Between Subjects, NR = Not Reported, OBS = Observational Study, QE = Quasi-120 

Experimental, RCT = Randomized Controlled Trial, WS = Within Subjects 121 

4.2 Biofeedback Techniques 122 

Biofeedback techniques are characterized by the specific physiological signals they monitor and the 123 

derived metrics used to assess mental relaxation. In our review of 45 studies, eight distinct physiological 124 

signals were identified: Photoplethysmogram (PPG), Respiration (RSP), Electrodermal Activity 125 

(EDA), Electrocardiogram (ECG), Electroencephalogram (EEG), Near-Infrared Spectroscopy (NIRS), 126 

Electromyogram (EMG), and Temperature (TEMP). Figure 2, illustrates the distribution of these 127 

signals across the reviewed studies. A one way ANOVA test on the on the biofeedback techniques 128 

revealed the significant diferrence amont the reveiwed 45 studies (F(7, 352) = 9.79, p < 0.0001, ηp
2 = 129 

0.16). The PPG, ECG, EDA, and RSP were statistically equally and mostly used among the reviewed 130 

studies, in the order of their occurrences. In contrast, TEMP, EMG, NIRS, and EEG were statistically 131 

equally and least used among the reviewed studies, in the order of their occurrences. 132 

PPG emerged as the most frequently utilized signal (n = 19), primarily measuring heart rate (HR) and 133 

heart rate variability (HRV) to evaluate mental stress levels. HRV derived from the PPG signal is a 134 

direct indicator of mental relaxation [66], [67], [68]. Its popularity is attributed to the low setup time 135 

and the availability of cost-effective sensors, making it accessible for various applications. ECG is the 136 

second most (n = 15) used technique as it can provide similar metrics to PPG, such as HR and HRV. 137 

ECG is equally used as compared to PPG in the studies (t(352) = -1.17, p = 1, dz = - 0.25). 138 

EDA measurements, including skin conductance level (SCL) and skin conductance response (SCR), 139 

were also prevalent (n = 14), correlating with arousal and stress levels. RSP was the last (n = 13) among 140 
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mostly used techniques, with respiratory rate (RSP-R) serving as a stress indicator and facilitating paced 141 

breathing exercises. Voluntary control over respiration allows participants to directly modulate their 142 

breathing patterns, aiding stress management. Conversely, EEG and NIRS, despite offering valuable 143 

insights into brain activity, are less commonly employed in biofeedback for mental relaxation because 144 

of their high acquisition costs and extended setup times.   145 

It's noteworthy that the cumulative count of signal usage (67 instances) exceeds the total number of 146 

studies reviewed (45) because several studies employed multiple physiological signals. These 147 

multimodal-signal systems integrate various biofeedback techniques to provide a comprehensive 148 

assessment of mental relaxation, distinguishing them from multimodal-feedback systems that utilize 149 

multiple feedback modalities. 150 

 151 

Figure 2: Distribution proportion of physiological signal used in biofeedback studies for mental 152 

relaxation 153 

4.3 Feedback Systems 154 

The feedback system consists of the feedback delivery system (like PC game or Mobile game), feedback 155 

modality (like visual or auditory), and feedback method (like animated graphs or change in brightness). 156 

As shown in  Figure 3 (a), 6 different feedback systems were employed in the literature review. The 157 

PC application is widely used which employs the feedback method in the form of animated strip time 158 

series charts, bar graphs with no use of gamification. Next, the PC game type system is catching up 159 

which leverages the of video games for feedback delivery with increased engagement among the 160 

participants. There are some kinds of portable devices (StressErasor [69], emWave [70], RESPeRATE 161 

[71], and Qiu [72]) that are made for ubiquitous biofeedback and can be easily integrated into everyday 162 

work. Further, with the recent advancements in smartphones, they are also being used for biofeedback 163 

delivery. The advantages of the latest smartphones are their adequate computational power, high fidelity 164 

multimedia content rendering, access to the internet, and portability. Besides, some studies have also 165 

explored the modification of the environment (sound, space, and light) around the participant for 166 

feedback delivery.   167 

In addition to the delivery platforms, the modality of feedback plays a crucial role in biofeedback 168 

interventions. As shown in Figure 3 (b), Visual feedback is the most commonly employed modality, 169 

providing real-time data through graphs, animations, or virtual reality environments to help users 170 

recognize and modulate their physiological responses. Auditory feedback, utilizing sounds or tones, 171 

serves as an alternative or complement to visual cues, aiding users in achieving desired physiological 172 

states. Haptic feedback, though less prevalent, offers tactile stimuli, such as vibrations, to convey 173 
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physiological information. The selection of feedback modality is often tailored to individual preferences 174 

and specific therapeutic goals, enhancing the effectiveness of biofeedback interventions. 175 

 176 

Figure 3: Distribution proportion of (a) feedback systems, and (b) feedback modalities used in 177 

biofeedback studies for mental relaxation 178 

4.4 Experiment Design and Protocol 179 

The biofeedback protocol defines the rules followed by the participants adhere to move forward in a 180 

successful biofeedback intervention. In literature, paced/resonant breathing is primarily used to achieve 181 

a state of mental relaxation. Participants either perform unaided paced breathing by using a box-182 

breathing technique or mental counting to keep track of inhalation and exhalation times or follows a 183 

visual cue at the set breathing rate. Other protocols like positive mental imagery and emotions are also 184 

used. To validate the biofeedback varied types of experimental designs have been used. They can be 185 

broadly divided into 6 categories based on the approaches and the standards: Observational, Quasi-186 

experimental, Between-subjects, Within-subjects, and Randomized Controlled Trial (RCT). As shown 187 

in Figure 4, a between-subjects study design is mostly used with 16 of them as RCT. While Randomized 188 

Controlled Trial is the best statistical design, it requires a greater number of participants, a control 189 

group, and higher resources. A within-group study can be an optimal choice if the number of 190 

participants is relatively less and are budget and time constraints, but one needs to have a balanced 191 

design or enough wash-out period between interventions. Another reason for a within-subject design is 192 

that the physiological signals and their variations during biofeedback intervention are specific to 193 

individuals, for which a within-group design is preferred. The exact reasons for using a particular study 194 

design are not reported in the studies. 195 

 196 

Figure 4: Distribution proportion of experiment design type used in the evaluation of biofeedback 197 

studies 198 
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5. Challenges and Opportunities 199 

With the advancement in the biofeedback literature pointing towards the use of different biofeedback 200 

systems for mental relaxation and stress management, there are still some challenges regarding the 201 

biofeedback systems which bottleneck the widespread research and use of biofeedback devices. In this 202 

thesis, our work aims to address the two following main research challenges with the opportunity for 203 

research contributions in the same. 204 

5.1 Lack of Simple and Affordable Biofeedback Systems 205 

The high cost and complexity of traditional biofeedback devices pose significant barriers to 206 

accessibility, especially for individuals and institutions with limited financial resources. Researchers 207 

and practitioners often rely on proprietary hardware and software, which can be prohibitively expensive 208 

and require specialized training. This financial barrier limits the integration of biofeedback into routine 209 

mental health practices and restricts its benefits to a broader population [73], [74]. Particularly in a 210 

developing country like India, the cost is a major factor for non-compliance with biofeedback treatment 211 

[75]. 212 

Leveraging open-source hardware, such as Arduino and Raspberry Pi platforms, can significantly 213 

reduce the cost of biofeedback systems by providing flexible and affordable options for sensor modules 214 

and data acquisition. Additionally, integrating original Nintendo Entertainment System (NES) games 215 

offers an engaging and cost-effective solution for biofeedback applications [13], [62], [76], [77], [78]. 216 

Tools like BioNES facilitate the incorporation of NES games into multimodal biofeedback systems, 217 

enhancing user engagement while maintaining affordability [78]. Furthermore, adopting open-source 218 

software practices allows for collaborative development and maintenance, reducing overall costs and 219 

enabling researchers to customize biofeedback systems to their specific needs without significant 220 

financial investment. 221 

5.2 Lack of Standardized Games for Biofeedback 222 

Incorporating games into biofeedback therapy enhances user engagement. However, creating custom 223 

games is expensive, and modifying existing ones offers limited flexibility. Challenges include 224 

inconsistent game selection across studies, making it hard to compare results; proprietary games with 225 

restricted access; and high development costs, which deter research groups with limited funding. 226 

Utilizing original Nintendo Entertainment System (NES) games can effectively address challenges in 227 

biofeedback research. These games are meticulously designed to maintain player engagement by 228 

balancing skill and challenge, aligning with the zone of proximal development (ZPD) [79]. Their 229 

diverse genres—such as platformers, puzzles, shooters, mazes, and racing—offer flexibility for various 230 

research applications. Moreover, open-source emulators enable real-time interaction and control of in-231 

game parameters, facilitating seamless integration into biofeedback systems. While the concept of using 232 

retro games in biofeedback isn't new, previous studies have primarily employed open-source clones of 233 

classics like Pong, Pac-Man, and Tetris. However, recent research has demonstrated the efficacy of 234 

incorporating original NES games into biofeedback systems, enhancing mental relaxation and user 235 

engagement [62], [78]. 236 

5.3 Lack of Reproducible and Replicable Studies 237 

In literature, there is a dearth of open-source and open-data studies. The custom biofeedback systems 238 

developed by researchers are not available in the public domain. Moreover, the data of clinical trials is 239 
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also not made available for replicability and comparison purposes. This severely limits the attempts to 240 

create and benchmark a biofeedback system and biofeedback trials. 241 

The various components of biofeedback studies, including hardware and software elements of the 242 

biofeedback system, clinical trial data, and analysis scripts that support the findings of the studies, can 243 

be disseminated as an open-source project to facilitate the replicability and reproducibility of the 244 

research. To achieve this, reputable online repositories such as GitHub for sharing biofeedback systems 245 

and Open Science Framework (OSF) for sharing research methods and data can be utilized. These 246 

platforms provide long-term archival capabilities, persistent links, and opportunities for collaborative 247 

contributions from diverse developers and researchers for open-source projects. 248 

6. Conclusion 249 

Biofeedback is a technique that helps individuals manage stress and achieve mental relaxation by 250 

providing real-time information about their physiological processes. Among various physiological 251 

signals, Photoplethysmogram (PPG) sensor is commonly used due to its simplicity and cost-252 

effectiveness. In biofeedback interventions, different feedback modalities are employed to convey 253 

information to users. Visual feedback, such as animated graphs, is widely used, providing intuitive 254 

representations of physiological data. Auditory feedback, using sounds or tones, offers an alternative or 255 

complement to visual cues. Additionally, incorporating game mechanics has been explored to enhance 256 

user engagement, making the process more interactive and enjoyable. 257 

Despite the proven benefits of biofeedback, several challenges hinder its widespread adoption. Many 258 

developed tools for custom biofeedback are not publicly available, and those that often suffer from 259 

obsolescence and lack of maintenance, reducing their usability. Moreover, reliance on proprietary 260 

hardware and software makes these systems expensive, limiting accessibility for researchers and 261 

practitioners with limited resources. The development and maintenance of specialized video games for 262 

biofeedback further escalate costs. Some existing games are not usable due to proprietary code, expired 263 

links, or lack of public access, and the diversity in game genres complicates the comparison of results 264 

across studies. To address these issues, leveraging open-source hardware like Arduino and widely used 265 

platforms like MATLAB can offer cost-effective solutions. Integrating simple and engaging retro 266 

games, such as those from the Nintendo Entertainment System (NES), into biofeedback systems can 267 

reduce development overheads and enhance user engagement. By adopting these approaches, the 268 

accessibility and effectiveness of biofeedback interventions for mental relaxation can be significantly 269 

improved. 270 
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