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Abstract: The National Health Interview Survey (NHIS) shows that there are 13.2% of children at the age of 11 to 17 who are suffering from Attention Deficit Hyperactivity Disorder (ADHD), globally. The treatment methods for ADHD are either psycho-stimulant medications or cognitive therapy. These traditional methods, namely therapy, need a large number of visits to hospitals and include medication. Neurogames could be used for the effective treatment of ADHD. It could be a helpful tool in improving children and ADHD patients’ cognitive skills by using Brain–Computer Interfaces (BCI). BCI enables the user to interact with the computer through brain activity using Electroencephalography (EEG), which can be used to control different computer applications by processing acquired brain signals. This paper proposes a system based on neurofeedback that can improve cognitive skills such as attention level, mediation level, and spatial memory. The proposed system consists of a puzzle game where its complexity increases with each level. EEG signals were acquired using the Neurosky headset; then sent the signals to the designed gaming environment. This neurofeedback system was tested on 10 different subjects, and their performance was calculated using different evaluation measures. The results show that this game improves player overall performance from 74% to 98% by playing each game level.

Keywords: Neurogaming; brain–computer interface; attention deficit hyperactivity disorder; electroencephalography; spatial memory; cognitive skills; attention level

1  Introduction

Attention Deficit Hyperactivity Disorder (ADHD) is a mental disorder that is common in children. People who have ADHD have symptoms such as inattention (unable to give attention to a specific task, loose focus easily, face difficulty to concentrate for a longer time and complete tasks, impulsivity (interrupting people, perform actions without knowing the outcomes, prematurely express a feeling, want everything quickly), hyperactivity (restlessness feelings, can’t sit still, excessively talking on something). According to a secondary data investigation and cross-sectional of the National Health Interview Survey (NHIS), 2017, 2,965 children had ADHD and data analyses for this study involved logistic regression analyses and Chi-square bivariate analyses [1]. Children who have ADHD leads to hindering academic achievement and social interactions.

The available methods for treating children with ADHD are either psycho-stimulant or cognitive therapies [2]. This cognitive training help ADHD patients to advance their cognitive skills such as attention [3]. The assessment method that is accepted for ADHD is through clinical judgment, which contains a range of questions based on psychometric and progress of children and parents, which help monitor patients’ cognitive behavior [4]. The clinical valuation method of ADHD is complex by a high co-existence with other disorders, making a differential analysis complicated and often resulting in numerous clinical visits to get an accurate and precise diagnosis and extensive cost to the health services [5].

The other method is QbTest desktop-based system, which tracks head motion during the continuous perforce test (CPT) that is designed to calculate the attention and impulse control with a high-resolution moment-tracking system to measure hyperactivity and shows the result in the form of graphs where patients check their performance during the test [6]. The QbTest (QbTest Ltd., www.qbtech.com) is a commercially accessible measure of ADHD symptoms permitted by the FDA (Ref: K133382) associated with a cognitive test. Although it must not use CTP as a stand-alone device for valuation, it can be combined with other information, such as teachers’ and parents’ reports and clinical assessments, to reach a diagnostic conclusion [7]. According to a study on management and diagnosis of ADHD in adults, young people, and children in the National Institute for Health and Care Excellence (NICE) [8], treatment for ADHD include cognitive-behavioral therapy (CBT), social skill training, and parenting-training and drug treatment which is more effective. Therapies and monitoring of cognitive behavior using games are not in common practice but require extensive research to develop such treatment methods that could provide a simpler, natural, real environment to improve attention skills in children with ADHD [9,10]. They develop games having motivational actions, which can ensure improvement in attention level [11].

Research shows that Neurogaming can be used for treating ADHD in children to some extent. It has the potential to highlight some of the shortcomings of current behavior management-based therapies. One of the most difficult tasks with children suffering from ADHD is to sustain their attention [12]. Neurofeedback is a rehabilitation method that aims to modulate and retrain brain activity to resolve physiological symptoms [13]. One of the original proofs of cognitive-behavioral therapy potency included the Sensory-Motor Rhythm (SMR), a low-beta EEG rhythm originating from the scalp’s EEG area situated above the sensory-motor line [14]. Neurofeedback games and applications designed to improve focus, attention, and neurotechnology can improve skills such as visual focus and memory training modules, which also help improve the skills in which ADHD children struggle [15].

Brain–computer interface (BCI) is an emerging technology involving software and hardware communication systems that can control external devices through brain signals [16]. BCI system has an input, output, and an algorithm that maps input from the brain EEG signals to output on computer and external devices in the form of commands [17]. EEG is a technique used to measure the brain’s electrical activity produced by the neuron’s activity. Brain signals reflect ongoing brain dynamics and how the brain function for a time, which present a series of fluctuation in brain signals that have different waveforms and amplitude of signals depending upon the cognitive state of humans. These signals can be captured by a noninvasive technique in which electrodes are placed on the scalp to measure the electrical activity [18].

BCI is being used to aid individuals with disabilities by providing communication mechanisms to control various applications in multiple domains, i.e., health, rehabilitation, and entertainment [19]. Brain signals classification involves four main steps: brain data acquisition, preprocessing, feature selection, feature extraction, and classification. i) Acquisition of brain signal is the measurement of brain signal using sensors on the scalp, which can be captured using different EEG headsets. ii) preprocessing the brain signal in which the raw signal is processed to remove noise using various filters and hence enhance the quality of signal iii) feature selection and extracting of the desired features iv) classification in which the signal is classified into different classes based on the extracted features.

The early BCI devices were designed mainly for clinical and research purposes due to their large and complex signal acquisition methods [20]. Nowadays, BCI applications are being developed for healthy people, such as Neurogames, enhancing the user’s learning capabilities. Therefore, many researchers are now working on developing BCI applications in the field of entertainment [21]. These applications are developed by using different BCI headsets available in the market and are easy to use. The brain data from these headsets are captured from sensors such as Emotive EPOC and Neurosky Mindwave mobile [22].

Research shows that the Neurofeedback training (NFT) system for enhancing patients’ cognitive abilities has been developed [23]. This game-based NFT system contains multiple games specially designed to improve patients’ cognitive performance and attention/focus. These systems calculate the attention level by checking alpha and beta wave values [24]. The researchers performed different sessions and calculated cognitive functions using the Cambridge Neuropsychological test before and after the treatment. NFT improved special working memory (SWM) and visual processing [25]. It found that treatment with NFT improves attention, executive functions, and SWM [26]. The headset used for capturing brainwaves in these systems is complex and has a large number of electrodes.

In this paper, a system based on neurofeedback has been proposed. This system has multiple levels specially designed for children and ADHD patients, which will enhance their cognitive skills. In this system, we used the Neurosky headset to capture the brain signal with only one electrode to be placed on the forehead and easy to use for the user compared to other multi-electrodes headsets. Neurofeedback-based games will provide interactive, integrated games with the brain, which will improve mental states. These games will provide psychiatrists opportunities by combining clinical applications with neurofeedback, such as feedback therapy, neurorehabilitation, and neuro-therapies. This system will enhance the cognitive skills and overall learning performance of the user.

2  Material and Methods

In the proposed system, EEG data were acquired using the Neurosky mind wave, and data was then analyzed using the Fast Fourier transform (FFT). Different features then extracted such as Alpha, beta, Gemma, and theta, brain waves. Separated FFT bands were used to measure attention and mediation values. These values then integrated into the designed game. The game consists of different puzzle cards that can only be flipped using user attention and meditation levels. The meditation phase can achieve when the user maintains a meditation level reach above 50 for 5 seconds. Following that user enters in attention phase where the attention level should be above 50. Users can get direct feedback of attention from the Neurofeedback game in the form of card flipping. The player has to match all the cards in a given time and for matching, users have to memorize them. The complete system diagram is shown in Fig. 1.
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Figure 1: Complete system workflow diagram

2.1 EEG Signal Acquisition

For Brain EEG signal acquisition, Neurosky Mindwave mobile headset was used, which provides a non-wired Bluetooth connection that is a commercially available device for translating brainwaves. It provides real-time neurofeedback and extracts the user’s emotional state using an eSense meter for monitoring attention, mediation, raw EEG, and other EEG frequency band values. Attention indicates the user level of mental focus, and meditation level shows the user’s mental relaxation level [27]. Brain waves that are extracted from the EEG headset are difficult to visualize and process. The signal contains artifacts that are hard to eliminate. Therefore, different preprocessing and filtering techniques are applied. Fast Fourier transform (FFT) is a most important algorithm in data analysis and signal processing as it divides the signal into constituent sinusoidal frequency components. FFT is a translation of signal from the time domain to the frequency domain. FFT based on a specific number of samples is usually performed using Discrete Fourier transform (DFT). DFT is not a separate transform. It is used in signal processing. In DFT, when we have x0 to xn-1 number of samples, the formula to calculate transform is given below in Eq. (1)




Xn=∑n=0N-1xen2kiΠ/Nk=0,…,N-1(1)

where,

i=imaginary unit;

x=signal sample values;

N=equal to the number of samples;

k=harmonic numbers.

Fast Fourier transform (FFT) analysis allows quick and accurate identification of signal components in the brain signal. While performing FFT analysis, one should remember that biological signals are never a sinusoidal signal but rather a component of many. After applying FFT, we can visualize the brain data and user emotional state by dividing the signal into different frequency bands [28].

These frequency bands help to detect the attention and focus of the user. As Gemma waves reflect the user’s consciousness mechanism and range from 31 HZ and greater, beta waves are associated with the user’s attention and cognition. Beta waves range from 12 HZ to 30 HZ, often divided into small and fast waves as β1 and β2, associated with concentration and usually collected from the brain’s frontal area. β values increase when the user performs some mental-related tasks such as solving a math problem; therefore, these bands help to calculate the user’s attention level. Alpha waves are associated with relaxation and peace of mind disengagement. This wave ranges from 7 HZ to 12 HZ. By closing eyes and thinking peaceful thoughts, the attention level improves and directly affects meditation level values. The waves linked with daydreaming and inefficiency are theta waves ranging from 3 HZ to 7 HZ, representing the user’s wake and sleep state. These waves arise due to frustration, disappointment and related to deep meditation. Delta waves range from 0 HZ to 3 HZ, occurs while sleeping [29].

2.2 Game Design

The game has been designed using the Unity 3D platform, which is a cross-platform engine to develop immersive two-dimensional, three-dimensional, and different virtual and augmented reality experiences. Unity 3D is compatible with different graphics engines such as Maya, Blender, Direct3D, and OpenGL, and efficient workflows and built-in UI systems help create high-performance gameplays. Therefore, the functionality for this game has been developed using the Unity platform. The game is based on a puzzle that consists of multiple difficulty levels. The desired cognitive abilities extracted in this game are attention level, meditation level, memory, and time management. The game is designed so that for playing this game, the attention and mediation level of players should be 50. This puzzle has pairs of cards hidden at the start of the game, and users can flip these cards using their attention and meditation.

The game works on the following parameters:

•    To start the game (when you can see hidden images one by one), the player needs to enter in meditation phase.

•    For entering in meditation phase, the meditation level should once reach 50, and then it should remain over 30 for 5 seconds. Otherwise, the meditation phase is canceled.

•    After the meditation phase, the game works on the attention level.

•    The hidden image is revealed once the attention level reaches 50.

•    The card displayed to the player for a very shorter period, and then the next card displayed.

•    The player has to match the cards containing identical images.

•    Now the player can memorize them and match them.

•    On every match, 1 score is added.

•    Once two identical cards have been matched, they disappear from the gameplay, leading the player closer to the finish goal, i.e., matching all the pairs to each other. So, attention and meditation levels are used to uncover the cards.

2.3 Game Complexity

The Game has multiple levels increasing its complexity level at each level. The number of cards in each level increase to find the matching pairs that are placed randomly. So, the user has to memorize and then match them. The game starts with four cards and the last level has sixteen cards as the number of cards keeps increasing with each level to increase the game’s complexity. Moreover, each level has a timer associated with it to complete the game within the allocated time. Otherwise, the game will be over. The user has to memorize the cards and match them, increasing or decreasing the game score based on the count of all successful attempts. Each level and attention and meditation values graphs of level 1, level 2, level 3, and level 4 are shown in Figs. 2–5.
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Figure 2: (a) Attention values in puzzle game of level 1 (b) Graphical representation of Attention values w.r.t time in level 1
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Figure 3: (a) Attention values in puzzle game of level 2 (b) Graphical representation of Attention values w.r.t time in level 2
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Figure 4: (a) Attention values in puzzle game of level 3 (b) Graphical representation of Attention values w.r.t time in level 3
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Figure 5: (a) Attention values in puzzle game of level 4 (b) Graphical representation of Attention values w.r.t time in level 4

2.4 Integration with Neurosky

The Neurosky is integrated with the game using the ThinkGear library as a plugin in Unity to get brain control signals from the Neurosky Mindset. The control flow diagram of the ThinkGear connection of Neurosky is shown in Fig. 6.
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Figure 6: Control flow diagram of ThinkGear

3  Results and Discussion

The designed game has been tested on ten players of age ranging from 20 to 30 years. The users were instructed to wear the Neurosky headset to start the game. The user had played different levels, and each player had completed the game within different time slots. Statistics of each participant were recorded at that time for all levels and the completion time of different participants was analyzed to measure their performance. The analysis of results showed that the average attention level within each level was 50, which is shown in Figs. 7a–7d. The completion time analysis of level 1 shows that subjects 4 and 9 took the maximum time to complete that level. Similarly, subject 1 and subject 9 took the maximum time to complete level 2. It has been observed that subject 7 took the maximum time to complete level 3 and subject 9 took the second maximum time. The subject 9 competition time was greater than all the levels as compared to other subjects.
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Figure 7: (a) Comparison of attention level of different subjects in level 1 (b) Comparison of the attention level of different subjects in level 2 (c) Comparison of the attention level of different subjects in level 3 (d) Comparison of the attention level of different subjects in level 4

3.1 Performance Measure Criteria

In the proposed study, the performance matrix was measured to evaluate all subjects’ performance based on completion time, attempts, and game scores, which can be calculated using Eq. (2).




Ps=((tut+taua+tgsugs)ts)*100(2)

where,

Ps=performance measure;

t=total completion time;

ut=user completion time;

ta=total attempts;

ua=user attempts;

tgs=total game score;

ugs=user game score

ts is a total score given to each level which is 5.

Completion and the ideal time for each level are given below in Tabs. 1–4 and the performance of each player can be measured by using the parameters given below:

•    Level 1 has 120 seconds (2 Minutes) completion time and 40 second ideal completion time.

•    Level 2 has 240 seconds (4 minutes) completion time and 80 seconds is ideal completion time.

•    Level 3 has 360 seconds (6 Minutes) completion time and 120 second ideal completion time.

•    Level 4 has 480 seconds (8 Minutes) completion and 160 second ideal completion time.

Table 1: Level 1 performance measure for different subjects

[image: images]

 
Table 2: Level 2 performance measure for different subjects
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Table 3: Level 3 performance measure for different subjects
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Table 4: Level 4 performance measure for different subjects
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When the player focuses enough where the mediation and attention level reach the required level, the cards are shown and the user can memorize them for matching purposes. Here, card 4 is displayed to the user when the value in the attention bar is more than the required game attention value, as you can see in the in-game view as well as in Fig. 8.
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Figure 8: (a) Card 4 is displayed with required attention values in game (b) Graphical representation of attention values w.r.t time

At the start of the game, every participant took more time to bring their attention level to the required levels. However, with time and practice in different sessions, they could easily focus on images and their attention level improved. For testing purposes, only one participant played level 4 several times. When he played the first time, he took 281 sec to complete level 4. The second time, he took 248 sec to complete the same level and so on. When he played the sixth time, he completed the same level 4 within just 165 sec. This means in every next session user took a short time to refocus his attention. Performance measures on the same level and same subject with multiple trials are shown in Tab. 5 and Fig. 9. They observed that the player’s performance increases with each trial. By playing these games, players’ performance has been improved in level 4 from 74% to 98%.

Table 5: Performance measures of the subject on different trials
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Figure 9: Improvement in attention level on the subject in different trials

4  Conclusion

In this paper, a neuro game has been designed for children with attention deficit hyperactivity disorder (ADHD) to improve their cognitive abilities such as memory span, attention, and time management based on the user’s attention and meditation values. Neurosky headset has been used for the EEG signal that was integrated with the designed game. This brain-controlled game has multiple levels based on cognitive features. Every level has a puzzle, pairs of cards that players have to match, and users have to memorize them for matching. Game scores have been measured for every correct and wrong matching, and each level has a completion time where a player should have to complete the game within the given time. Ten subjects participated in this game and performance has been measured based on the player’s completion time, memorization of cards, and game score, which enhance the player’s attention, memory, and time management skills. Every subject’s performance at different levels has been studied and observed that playing these game subjects has improved their performance in level 4 from 74% to 98%. Performance comparison of different subjects shows that the performance of a subject increases with every new trial.

Therefore, the results show that this BCI Integrated system can improve user attention and focus. They can improve their focus, which can help parents and psychiatrists monitor children’s cognitive abilities. In the future, we will develop more immersive and interactive games using advanced techniques such as Virtual Reality (VR) and Augmented Reality (AR) that will provide a more attractive gaming environment for ADHD patients.
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3 12 154 6 1 2.34 4.34 86.8
4 12 123 6 1 2.93 4.93 98.6
5 19 204 6 0.63 1.76 3.39 67.8
6 12 189 6 1 1.90 3.90 78

7 14 316 6 0.85 1.14 2.99 59.8
8 14 139 6 0.85 2.59 4.44 88.8
9 12 193 6 1 1.86 3.86 77.2
10 20 120 6 0.6 3 4.6 92
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Subjects Attempts Completion User game  Attempt Time Total  Performance
time (seconds) score score score score  in % age (%)

1 4 61 2 1 1.96 396 79.2

2 4 45 2 1 2.67 4.67 934

3 4 40 2 1 3 5 100

4 4 87 2 1 1.38 3.38 67

5 4 66 2 1 1.82 3.82 76.4

6 4 50 2 1 2.4 4.4 88

7 4 50 2 1 2.4 4.4 88

8 4 44 2 1 2.7 4.7 94

9 4 70 2 1 1.71 3.71 74.2

10 4 52 2 1 2.30 4.30 86





