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ABSTRACT 

Game-based psychotherapy intervention is a promising alternative 
to non-pharmacological approaches in treating memory disorders. 
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Nevertheless, the game-based approach is yet to be included 
systematically in existing intervention models for treating memory 
disorders. Hence, this article discusses how a proposed game-
based psychotherapy intervention is developed and validated using 
neurofeedback approach. The proposed model consists of nine 
exogenous and six instantaneous factors as the main components. To 
ensure its applicability, a validation procedure has been carried out 
through a series of psychotherapy experiments involving the elderly 
with memory disorder symptoms. Electroencephalogram (EEG) data 
captured from the experiments are thoroughly analysed to validate 
relationships among factors in the model. Experimental findings have 
proven that all relationships are successfully validated and supported 
except for the belief component with the cut-off point of 56.6%. The 
novelty of this study can be attributed to the integration of digital 
games and neurofeedback in psychotherapy for memory disorders. 
The model is believed to be a guideline in planning suitable cognitive 
training and rehabilitation for people with memory disorders towards 
improving the quality of the elderly life.
 
Keywords: EEG neurofeedback, elderly care, game-based 
intervention, memory disorder.

INTRODUCTION

Memory disorder disease is a major cause of disability and 
dependency among older people, which can devastate the lives of 
affected individuals, their caretakers and families, indirectly affecting 
the financial support of the family (World Health Organization, 
2019). Current treatments available for memory disorders include 
pharmacological treatment and non-pharmacological treatment. Non-
pharmacological therapies in dementia and Alzheimer’s disease (AD) 
are often aimed at rehabilitation, while medication administration from 
pharmacological medicine is widely used to manage the condition 
(Vigil & Tataryn, 2017). Although effective, pharmaceutical therapies 
may be very costly and even unsafe (Kavirajan & Schneider, 2007; 
Zheng et al., 2017).  

Cognitive training (CT) in memory disorder-related diseases has 
received higher interest from the international research community 
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(Chandler et al., 2016). It is recommended that cognitive-based 
exercises be included in psychotherapy interventions customised 
to the local environment, including financial and human resource 
availability (World Health Organization, 2019). Traditional treatments 
are nonetheless expensive as regards travel charges to rehabilitation 
centres, leading to fatigue and the desire for further treatment decreases 
(Bouchard et al., 2012; Costa et al., 2015). Thus, digital games are 
offered as an additional tool for psychotherapy interventions since 
their connection with the patients is straightforward (Benveniste et 
al., 2010). 

Many research depends on evaluations by therapists or by adapting 
classical tests such as the mini-mental state exam (MMSE) and 
Montreal Cognitive Assessment (MoCA) for evaluating the cognitive 
functions performance in their studies (Heitz et al., 2016; Lau & Agius, 
2021; Pirovano et al., 2013; Yeo et al., 2018; Young et al., 2019). 
Most of these researches measure the flow through questionnaires 
as well as interviews instead of direct cognitive data acquisition. 
However, these methods are time-consuming, and the result may 
be influenced by personal motivations and bias (Wilkinson et al., 
2018). While psychotherapy intervention is conducted, the advance 
of neurofeedback as a tool is utilised to measure the functional 
significance in the brain (White et al., 2014).

In light of neurofeedback’s potential to train people to direct neuronal 
capacity and, in this manner, to change the oscillatory examples of 
the electroencephalogram (EEG) (Vigil & Tataryn, 2017), EEG-based 
neurofeedback might be a restorative incentive in dementia. EEG 
neurofeedback CT is a finer approach that is able to target a particular 
component in the brain to optimise the cognitive function of that 
certain area (Yeo et al., 2018). EEG is frequently utilised in clinical 
assessment and recognition of neurological ailments. In contrast to 
other non-obtrusive neuroimaging innovations, for example, fMRI, 
EEG gives an immediate, ongoing estimation of mind action with 
high fleeting goals (Jatoi & Kamel, 2018). Moreover, EEG recording 
gadgets can be compact and generally easy, empowering certifiable 
applications (Jung et al., 2018). Brain-computer interface (BCI) based 
neurofeedback games have been developed, and most of these games 
focus on studies related to attention as a control parameter with the 
implementation of EEG (Thomas et al., 2013).  
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Experimental neurofeedback allows the analysis of brain activity 
using both independent and dependent variables, making it an 
extremely effective technique for determining the functional 
relevance of brain activity (White et al., 2014). According to Strout et 
al. (2016), standardised measures of cognition are needed in scientific 
assessments of psychotherapy therapies so that results may be more 
easily pooled and compared. The reflective mechanisms of cognitive 
reserve need to be fully examined comprehensively with suitable 
neuroimaging facilities in well-designed intervention (Sherman et al., 
2017). Taking advantage of the neurofeedback technology, EEG is 
implemented in this study to provide immediate response from the 
brain during psychotherapy intervention. 

This study introduces a game-based psychotherapy intervention model 
as an intervention to slow the progression of impacted neurologic 
disorders. This article focuses on the experimental neurofeedback 
approach used to evaluate the proposed model for the elderly with 
memory loss issues. The refined version of the suggested model is 
delivered as a result of the validation process.

RELATED WORKS

Game-based psychotherapy intervention and neurofeedback are two 
important approaches that have been integrated in this study.  Game-
based psychotherapy intervention refers to the use of digital or 
traditional games as a therapeutic tool in the context of psychotherapy, 
which integrates the elements of games, such as rules, challenges, and 
engagement, into the psychotherapeutic process to achieve therapeutic 
goals. While neurofeedback (also known as EEG biofeedback or 
neurotherapy), is a therapeutic technique that involves monitoring 
and providing real-time feedback on brainwave activity with the aim 
to help individuals learn how to regulate their brain function aiming 
to improve cognitive, emotional, or behavioral functioning. It is used 
in various clinical and therapeutic settings to address conditions such 
as anxiety, Attention-Deficit/Hyperactivity Disorder (ADHD), and 
certain neurological disorders. To understand both approaches, their 
previous works have been carefully reviewed.  

Game-based Psychotherapy Intervention 

Numerous intervention models for health-related issues, particularly 
for the elderly, have been introduced, such as the intervention 
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reminiscence-based screening (IRBS) model (Tallutondok, 2019) 
and the elder abuse intervention model (Mosqueda et al., 2016). 
Nevertheless, these models are not ideal for use in psychotherapy 
interventions designed to treat memory disorders since they do not 
fulfil the requirements of the research’s scope, which is limited to 
older adults. Thouzeau and Raymond (2017) offered a game theory 
model for menopause, considering a decrease in maternal mortality, 
whereas Goes et al. (2020) proposed a self-care intervention model in 
accordance with self-care deficits.

However, there are some drawbacks of the existing intervention 
models that motivated this study. These models do not evaluate the 
elderly’s intrinsic variables at any point, even if a rise in these factors 
might motivate the intervention. Furthermore, these models are either 
for screening purposes or unsuitable for game-based intervention. 
Concrete and solid proof is needed to obtain the most successful ideas 
and implementations of a digitalised game-based psychotherapy 
intervention (Zheng et al., 2017).  

Game-based psychotherapy intervention such as word games and 
puzzles has gained attention nowadays (Berg-Weger & Stewart, 2017). 
Gameplay may improve recovery training. Games require attention in 
the simplest mechanics to create meaningful play. It will generate a 
pleasant environment with loads of immediate advantages. Due to the 
nature of their design, brain workouts are basically monotonous and 
mechanical (Santen et al., 2018). This appealing design may not be an 
adequate motivational engine for the patients due to the challenges in 
mapping hard rehabilitation exercises to enjoyable game dynamics. 
However, in games, motivation may be created in a number of distinct 
ways that all contribute to the same result.

From a neurological perspective, it is evident that positive logical 
stress plays a significant role in enhancing the cognitive capacity of 
individuals (Aliyari et al., 2022). In this regard, engagement in puzzle 
game activities elicits activation of the prefrontal cortex, a brain region 
associated with cognitive processes such as reasoning, attention, and 
decision-making. Consequently, this cognitive stimulation contributes 
to enhancements in intelligence, learning aptitude, and decision-
making capabilities. Scientific evidence suggests that puzzle games, 
which fall under the category of intellectual games that stimulate 
the brain and improve cognitive performance, have been found to 
decrease the activity of the stress-fear system and the levels of cortisol 
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and alpha-amylase (Szubert & Jaśkowski, 2014, Aliyari et al., 2022) 
due to the cognitive patterns exhibited by players behaviour.

Based on the three cognitive patterns proposed by Hong and Liu 
(2003), namely trial-and-error thinking, heuristic thinking, and 
analogical thinking, Hong et al. (2012) identified a fourth cognitive 
pattern known as fixated thinking. One important difference between 
fixated thinking and the other three types of game strategy is the 
noticeable difference between the number of visits, which allow the 
elderly to focus on what is in their hand. Players have the option to 
try again if they lose, as is customary in many games. The ability 
to keep trying until a solution is found is a major motivator for 
perseverance in gaming (Tekinbas & Zimmerman, 2005). However, 
using the “number of visits” concept can help solve jigsaw puzzles 
strategically. However, it also shows a problem: the strategy may not 
be very detailed. Focusing too much on one way of thinking can limit 
the capacity to explore different patterns, shapes, and connections in 
the puzzle. Having tunnel vision can make it difficult for players to 
fully understand and enjoy a puzzle’s different aspects and challenges, 
even if it leads to more events. Qin et al. (2010) suggested that a game 
with a fixed difficulty level might unintentionally prevent players 
from adapting and improving. It could limit the potential for a more 
exciting and intellectually stimulating puzzle-solving experience. 

An existing game system introduced by Pirovano et al. (2013) named 
the IGER system has incorporated the scheduling with therapists. 
This system allows many exergames with particular sets of features 
to be implemented. The purpose of this system is to serve the patient 
to be able to carry out rehabilitation with the provided schedule 
defined individually by the therapist. However, this system needs to 
be applied with careful consideration, as claimed by the proponents, 
since this system is developed specifically for exergames under 
therapist monitors. Another system for attention training has been 
proposed by Jirayucharoensak et al. (2014) by incorporating the 
neurofeedback approach. Raw EEG signals were identified by using 
an EEG amplifier with a fixed sampling rate before the system read the 
signals of the attention status of a subject. Beta and Alpha frequency 
bands were investigated in the measure of power ratio to estimate the 
attention level. The result of the attention level becomes the guideline 
to adjust the target on the screen, whereby video game is utilised as 



    625      

Journal of ICT, 22, No. 4 (Oct) 2023, pp: 619-655

the neurofeedback tool to measure the sustainability of the subject’s 
attention level.

An architecture of a conceptual level system has been proposed by 
Styliadis et al. (2015) to improve the gaming setting with a user-
friendly fix for EEG monitoring as well as video recording. The 
intelligent monitoring screen displays the outcome from the gaming 
platform that the user interacts with and gives appropriate feedback. 
This system includes three main components that encounter the 
unobtrusive gaming environment: the gaming platform triggers the 
role player, the sensing element monitors the interaction, and the third 
component records the sessions. However, this study did not examine 
the relationship between the nature of encouragement and substantive 
instructions and the user’s gaming experience. 

A recent study by Lau and Agius (2021) has also proposed an 
architecture of a game named A-go! for mild cognitive impairment 
by incorporating activities of daily life (ADLs) games. This system is 
intended for practicality, with the training games operating with low-
cost consumer-grade single-channel EEG headgear, which should 
make the service more scalable and accessible for broader use, such 
as at home. However, this game is only intended to be used with 
supervision from a therapist to assess a player’s performance.

Electroencephalogram (EEG) Neurofeedback 

The Neurofeedback approach has been proven to be capable of 
extracting important information from the brain and investigating 
the cognitive state of individuals with many successful examples. It 
works directly with individual brains at different paces, which aids 
in brain wave pattern improvement that is associated with a medical 
instrument known as EEG. Compared to traditional evaluation 
methods such as MMSE and MoCA, the EEG neurofeedback method 
enables us to target the functional significance in the brain with high 
accuracy (White et al., 2014).  The graphical record bands area unit 
named delta, theta, alpha, beta and gamma per band. All bands are 
measured in terms of hertz and microvolts. Cerebral neural activity 
provides extensive information regarding neuronal activity. When 
neurons are engaged, electric pulses are generated. The brain’s 
electrical activity, EEG, can be measured by putting electrodes on the 



626        

Journal of ICT, 22, No. 4 (Oct) 2023, pp: 619-655

scalp. In turn, EEG is produced by a particular kind of synchronous 
activity of neurons known as pyramid neurons, reflected in the 
electrical output in the skin regions following the electrodes. Various 
electrical activity patterns, known as brain waves, may be identified 
by their amplitudes and frequencies. EMOTIV Epoc+ headset consists 
of 14 EEG channels (AF3, AF4, F3, F4, F7, F8, FC5, FC6, T7, T8, 
P7, P8, O1, and O2) and is usually utilised in neurofeedback studies 
(Marzbani et al., 2016).

When EEG diagnosis is used to evaluate dementia status, it appears 
that a viable way of obtaining data on these individuals to check 
the progress of AD seems to be quiet and that the spread is likely 
to result in compensatory concealing mechanisms that cannot be 
identified through MMSE or MoCA. As for neurofeedback training 
in older brains, the seminal work by Angelakis et al. (2007) applied 
EEG neurofeedback in the older population and showed improved 
processing speed and executive functions (EFs). Success has also 
been reported using EEG-based neurofeedback for attention training 
in young adults (Egner & Gruzelier, 2001), in post-traumatic stress 
disorder (Ros et al., 2017), and older dementia patients (Surmeli et 
al., 2016). The work by Surmeli et al. (2016) provided significant 
success with EEG neurofeedback, in which a large percentage of 
patients demonstrate brain atrophy and consequently may abandon 
medication following therapy and follow-up. Memory impairment 
(MCI) is characterised by a larger atrophy in the left temporal lobe’s 
medial temporal region, which correlates with the loss of episodic 
memory, atrophy, and the Mini-Mental State Examination (MMSE). 
However, neurofeedback has not developed a lateralised protocol on 
MCI (Chan et al., 2001; Rusinek et al., 2004).

Neurofeedback showed that some individuals still have a good degree 
of neuroplasticity compared to AD patients. The results are restricted 
in memory but intriguing in orienting balance and verbal capacity. 
Most AD success cases have utilised EEG or Z-score neurofeedback 
with regular sessions. Berman and Frederick (2009) employed a mid-
range neurofeedback strengthening procedure, discovering that the 
existing memory capacity in this individual is really an independent 
variable correlating with the outcome of the therapy. This indicates 
that the therapy must adjust to the subject’s cognitive state and the 
results of the treatment. 
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There are popular methods for preparing EEG data, such as frequency 
domain (Kulkarni & Bairagi, 2017), time domain (John et al., 2018), 
and time-frequency domain (Bibina et al., 2017). Method using 
frequency domain is the most common, and one of the most effective 
and standard approaches as the power spectrum represents the 
‘frequency value’ of the signal or the distribution of signal power over 
frequency (Dressler et al., 2004) and this method is applied by Kulkarni 
and Bairagi (2017) in detecting AD. Meanwhile, mathematical 
functions, physical signals, or economic or environmental data time 
series are analysed in the time domain. In the study conducted by John 
et al. (2018), in indicating the EEG signals for Alzheimer patients, 
the time domain is implemented to measure the Hurst exponent. 
Nonetheless, the application of this method in this study is used for 
different lobes (F-frontal, P-parietal, O-occipital and T-temporal) 
instead of specific brain channels. Bibina et al. (2017) conducted a 
study on diagnosing AD using time-frequency domain analysis. The 
time-frequency interpretation retains information about the time and 
frequency of non-stationary signals. The feature exploited in time-
frequency domains includes the sparse oscillatory events taken from 
EEG signals to diagnose EEG bumps. This technique demonstrates 
that the signal is across a range of times in each frequency band.

METHODOLOGY

The methodology of this study consists of four main phases: model 
design and development, development of psychotherapy game, 
model validation, and model refinement, as illustrated in Figure 1. 
This article briefly discusses the early two phases and focuses on 
evaluating the proposed game-based model developed in Phase 1 by 
emphasising the findings of psychotherapy experiments.  The phases 
involving model architecture design, development, and the creation 
of the psychotherapy game were executed as distinct components in a 
prior project. Consequently, the primary emphasis within this article 
is directed at the model validation process, with particular attention to 
technical and empirical aspects.
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Figure 1

Methodology For Game-based Psychotherapy Intervention Model

Design and Development of a Game-based Intervention Model 
for Memory Disorder 

Major components of the game-based intervention model for memory 
disorder include exogenous and instantaneous elements. An extensive 
literature review identifies nine exogenous factors, including the 
elderly’s attributes: attitude, emotion, skill, belief, attractive, fun, 
reminiscence, complexity, and support from the caregiver. These 
factors combine three different dimensions of patient characteristics, 
caregiver environmental support, and game criteria, as illustrated in 
Figure 2. 
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Figure 2

Exogenous Factors

The therapeutic change elements in the model are based on the 
linking effect to interpersonal relationships (ability to focus 
(perceived focus)), clarification of feelings (enjoyment and boredom), 
encouragement (motivation), and expectations in therapy relationships 
(comfortability)). Furthermore, interpersonal skills building (ability to 
decide (perceived control)) as measures and desired outcomes of the 
psychotherapy intervention model (England et al., 2015). Thus, the 
six instantaneous factors identified are perceived focus, enjoyment, 
motivation, comfortability, perceived control, and boredom. Its 
relations with exogenous factors are depicted in Table 1.
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Table 1

Relations between Instantaneous and Exogenous Factors

No Instantaneous Exogenous References
1. Perceived Focus Patients – Attitude

Games – Attractive
Caregiver – Support

Canvin et al. (2014)
Lutz et al. (2008)
Panagl et al. (2018)

2. Enjoyment Patients – Emotion
Caregiver – Support
Games – Fun

Ostir et al. (2000)
Lopez-Hartmann et al. (2012)
Moller et al. (2021)

3. Motivation Patients – Skill
Caregiver – Support
Games – Complexity

Holtforth and Michalak (2012) 
Kitakoshi et al. (2015)
Holtforth and Michalak (2012)
Uebelacker et al. (2008)

4. Comfortability Games – Attractive
Caregiver – Support
Games – Reminiscence

Saraiva et al. (2018)
Roffe et al. (2005)
Satija and Bhatnagar (2017)

5. Perceived Control Patients – Belief
Patients – Emotion
Games – Complexity

Wallston et al. (1987)
Town et al. (2019) 
Dijkstra and Homan (2016)
ChePa et al. (2019)

6. Boredom Patients – Emotion
Patients – Attitude
Games – Fun

Perls (1969)
Loukidou et al. (2009)
Hooft and Hooff (2018)

Attitude of patients, attractive of games or tools, and support of 
caregivers demonstrate variation in improving perceived focus 
towards the psychotherapy. Meanwhile, emotion, fun of the game and 
support from caregiver contribute to enjoyment. On the other hand, 
complexity of the game, skills of patient and support contribute to 
motivation. In the meantime, comfortability is contributed by support 
from caregiver, attractive and reminiscence of the game. Besides, 
belief, emotions of patients, and task challenges (complexity) are 
contributing factors that keep an individual engaged in a task as being 
affected by the perceived control. Last but not least, it is identified 
that attitude, fun and emotion are contributing negatively to boredom. 
Based on these relationships between exogenous and instantaneous 
factors, the proposed game-based psychotherapy intervention model 
is designed and constructed using the Network Oriented Modelling 
approach. Figure 3 illustrates the proposed conceptual model with its 
detailed interconnected nodes. 
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Figure 3

The Proposed Conceptual Model of Game-based Psychotherapy 
Intervention for Memory Disorder

Green nodes represent exogenous factors, whilst instantaneous factors 
are represented by blue nodes. The interaction between these nodes 
shows both positive and negative features relating to exogenous 
factors in terms of their impact on instantaneous factors. While orange 
connections show a negative relationship, blue connections show 
positive ones. Both validation and verification have been conducted 
in the model evaluation. The following sections discuss the validation 
process in detail.

Development of Psychotherapy Game

To validate the proposed model, a game is required as a tool to be 
utilised in psychotherapy experiments. To achieve this, a puzzle-based 
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game, namely [Neuro]-therapy, has been designed and developed as a 
proof of concept for game-based psychotherapy intervention (ChePa 
et al., 2020). The basic idea of the game is based on the proposed 
guideline comprising 34 criteria. The game features, including the 
arrangement of buttons, colour combinations, size, and overall layout, 
are thoughtfully created to accommodate the elderly.

Before proposing the 34 criteria, three sets of criteria were acquired 
through systematic literature reviews (SLR) and interviews involving 
40 elderlies in Changlun, located in the northern part of Kedah, 
Peninsular Malaysia. Two rounds of reviews have been conducted for 
SLR by adapting the Preferred Reporting Items Systematic Reviews 
and Meta-Analysis (PRISMA) approach. Two basic operations 
performed included selecting the eligible articles to be reviewed and 
then extracting and analysing the selected articles. 

The first set of criteria was acquired from a systematic literature review 
involving three main databases: Scopus, Web of Science and ACM 
Digital Library. The search has identified 992 articles altogether, with 
69 papers remaining for further selection, while 909 were excluded 
due to the irrelevancy of the focus. However, only 16 articles are 
eligible to be included in the review. The second set of criteria was 
acquired from another round of SLR involving three other main 
databases: Wiley, ProQuest, and EBSCOhost. The search identified 
38, 396, and 240 relevant articles from the databases. However, only 
18 articles are purely relevant to be included in this study.  Through 
two rounds of SLR involving six main databases, 17 and 12 criteria 
have been identified.  

The third set of criteria has been acquired through face-to-face 
interviews with a group of elderly people aged 60 years old and above. 
Through interviews, six criteria have been identified. These three sets 
of criteria have been thoroughly analysed, compared, and classified to 
formulate a guideline. Four main criteria categories are device, game 
interface, game features, and gameplay elements. Figure 4 shows the 
interface of [Neuro]-therapy game, which displays the image of the 
face category with 16 puzzle pieces.
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Figure 4

[Neuro]-therapy Game

[Neuro]-therapy has been developed for users to exercise memory 
therapy.  The game comprises a collection of jigsaw puzzles. Users 
must put together image puzzles in order to construct the whole 
picture. The puzzles vary in complexity to test memory recall. To 
further incentivise user participation, two buttons are included: hint 
(to reveal one puzzle space) and solve it (to reveal n-1 puzzle spaces). 
In addition, the game’s background music contributes to a tranquil and 
relaxing training atmosphere. The game’s activities facilitate memory 
training to an exceptional degree. They improve memory, problem-
solving, logical thinking, and concentration. To facilitate memory and 
brain exercise, six levels of difficulty are provided in terms of puzzle 
size ranging from four pieces (2x2), nine pieces (3x3), 16 pieces 
(4x4), 25 pieces (5x5), 36 pieces (6x6), and 49 pieces (7x7). Since the 
levels are fixed, future works might consider including customisable 
levels by players to improve the game’s flexibility. 

The exercises featured within the game offer significant advantages for 
memory training. These exercises improve memory recall and bolster 
problem-solving and logical thinking capabilities while enhancing 
attention. As an illustration, the game imposes time limits for solving 
each puzzle, encouraging quick mental calculations. The aim is to 

573 
 

The third set of criteria has been acquired through face-to-face 
interviews with a group of elderly people aged 60 years old and above. 
Through interviews, six criteria have been identified. These three sets 
of criteria have been thoroughly analysed, compared, and classified to 
formulate a guideline. Four main criteria categories are device, game 
interface, game features, and gameplay elements. Figure 4 shows the 
interface of [Neuro]-therapy game, which displays the image of the 
face category with 16 puzzle pieces. 
 
Figure 4 
 
[Neuro]-therapy Game 
 

 

 

[Neuro]-therapy has been developed for users to exercise memory 
therapy.  The game comprises a collection of jigsaw puzzles. Users 
must put together image puzzles in order to construct the whole 
picture. The puzzles vary in complexity to test memory recall. To 
further incentivise user participation, two buttons are included: hint (to 
reveal one puzzle space) and solve it (to reveal n-1 puzzle spaces). In 
addition, the game's background music contributes to a tranquil and 
relaxing training atmosphere. The game's activities facilitate memory 
training to an exceptional degree. They improve memory, problem-
solving, logical thinking, and concentration. To facilitate memory and 



634        

Journal of ICT, 22, No. 4 (Oct) 2023, pp: 619-655

complete the jigsaw puzzle in less time, signifying improvements in 
memory and recall abilities.

Model Validation

Validation of the proposed model was conducted through game-
based psychotherapy experiments. The purpose of conducting model 
validation is to check the workability of the proposed game-based 
psychotherapy intervention model (Ebener & Hasselhorn, 2019). 
For this purpose, a series of psychotherapy experiments have been 
conducted at RSK Bedong and Changlun, Kedah, involving a group 
of elderly showing symptoms of memory impairment.

1) Sampling

A non-probability sampling method is used in identifying the targeted 
participants for psychotherapy experiments (Vehovar et al., 2016). 
The selection of RSK Bedong is based on convenience sampling, non-
probability sampling in which people are sampled, whilst judgement 
sampling is used to determine the final participants in the experiment 
(Lavrakas, 2008). Based on the suggestions and recommendations 
from the therapist at an elderly care centre, 13 elderlies fit the 
inclusion criteria and were selected to participate in the experiments 
together with another two subjects from the nearby area. The criteria 
for selecting the subjects include age of more than 60 (Koris et al., 
2017), showing early symptoms of memory disorder, having regular 
or corrected-to-standard vision and hearing, and being able to obey 
test directions (Ciasca et al., 2018). For experimental research with 
tight experimental controls, successful research is possible with 
samples as small as 10 to 20 in size (Sekaran & Bougie, 2003).

2) Instrument 

Prior to the psychotherapy sessions, the developed [Neuro]-therapy 
was pre-installed in mobile testing units, which is friendly to their 
physical conditions. This game has been provided as the instrument 
for the elderly throughout the psychotherapy experiments for 14 
weeks. In psychotherapy sessions, the brain activities of subjects 
have been monitored and recorded using EEG sensors while playing 
with the game as soon as the subjects can play [Neuro]-therapy on 
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their own during the process, the EMOTIV device known as Epoc+ 
headset is placed on subject’s head and the subjects are required to play 
[Neuro]-therapy for three-level from the easiest level (2x2 puzzle) to 
the hardest level (4x4 puzzle). Figure 5 illustrates how game-based 
psychotherapy experiments are conducted. 

Figure 5

Validation Procedure Via Game-based Psychotherapy Experiments

3) Procedure

EEG data are recorded from six channels of the Emotiv headset reader 
associated with each exogenous factor (spatial filtering), and the 
power bands associated with the instantaneous factors have also been 
identified (spectral filtering). In order to measure the relationships 
between exogenous and instantaneous factors, the selected channels 
are mapped to the assigned power band based on the relationships 
between exogenous and instantaneous factors in the model. Each 
relationship is represented by a set of data based on the channel 
and power band. Based on the functions adapted from Boucha et 
al. (2017) and Holman and Adebesin (2019), each exogenous factor 
(Patients: Attitude, Emotion, Skill, Belief; Caregiver: Support, 
Games: Attractive, Fun, Reminiscence, Complexity) that have been 
identified in the proposed model is matched and represented with the 
suitable channel to be analysed for the purpose of model validation. 
Figure 6 shows the representative EEG channel for each exogenous 
factor.  
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Figure 6

Exogenous Factors and Its Respective Channels

The factors of emotion, and fun are exhibited in channel F8, which 
performs emotional expression, either happy or angry. Since our 
definition of the attitude factor is the acceptance towards the 
treatment, it is also represented by channel F8. Channel F4 represents 
the skill factor, as its function is related to motor planning in handling 
the activities during the psychotherapy experiments. Meanwhile, 
the factors of belief and support from the caretaker are represented 
by channel P8, where the function is related to emotion in terms of 
understanding and motivation. The understanding of the treatment 
affects the belief in patients, and the support from the caretaker may 
boost the patient’s motivation during the treatment. Either channel 
O1 or O2 matches the factor of attractive with the function of visual 
processing, and thereby, it can be detected whether the patients 
are attracted or not. In our case, channel O1 is selected. As for the 
reminiscence factor, it is most suitable to be represented by channel 
T8, which is the emotional memory. Last but not least, the complexity 
factor is matched with channel AF4 as the judgement towards the 
level of difficulties can be detected from these channels.
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4) EEG Pattern Analysis
 
Prior to pattern analysis, the recorded EEG data were pre-processed, 
involving four sub-processes: spatial filtering, spectral filtering, 
temporal filtering, and amplitude normalisation, which aimed to 
handle the imbalanced data (Jamaluddin & Mahat, 2021). The EEG 
data analysis is based on the improvement from experiment session one 
to session three, where the EEG data for selected channels and power 
bands were pre-processed to form time-frequency domain graphs. 
The analysis is based on the pattern from the graph to determine the 
improvement based on the mean value from each session (Krauss et 
al., 2018; Yuvaraj et al., 2014; Zimmerman, 2011). Elevation in the 
graph indicates improvement, and the decline of the graph indicates 
deterioration in the function of the specific channel.
 
The common practice in methodological recommendations for 
psychological intervention experiments and trials is quantifying the 
number of participants who achieve positive reactions based on specific 
cut-off rating scales after a pharmacological or psychotherapeutic trial 
(Guidi et al., 2018). Thus, this study considers the Montreal Cognitive 
(MoCA) test with a cut-off point equal to or more than 17 out of 30 
(Trzepacz et al., 2015), which is 56.5%.

Model Refinement

In this phase, the proposed model’s structure and content are enhanced 
and improved based on the experiments’ outcome and the expert 
review feedback. The content in terms of the relationships between 
factors (connections between nodes) of the proposed model was 
refined in this phase. Analysis from model validation is used to refine 
the proposed model, which corresponds to the result of EEG data 
acquired during the psychotherapy experiments. The data collected 
are analysed to validate the relationships in the model based on 
the brainwave patterns throughout three sessions of psychotherapy 
experiments. The improved brainwave patterns indicate that the 
relationships in the model are proven workable and vice versa. A 
refined game-based psychotherapy intervention model is produced at 
the end of this phase.
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RESULT AND DISCUSSIONS

This section discusses how all relations reflected in instantaneous 
factors, as proposed in Figure 3, were validated through EEG data 
analysis recorded during game-based psychotherapy sessions. To 
validate the relations, this study considers the Montreal Cognitive 
(MoCA) test with a cut-off point equal to or more than 56.5% (17 out 
of 30) (Trzepacz et al., 2015). EEG data recorded from six channels 
for three sessions were labelled Ex1, Ex2, and Ex3, indicating the first, 
second, and third experiments, respectively. S1, S2, S3,… Sn represents 
the subjects involved in experiments, which refer to the elderly. 

Perceived Focus 

Three exogenous factors that contribute to perceived focus are 
attractive, attitude and support. Data recorded for a beta band of 
channel O1 describes the attractive factor from the first experiment 
(EX1) to the third experiment (EX3) for ten subjects. Eight subjects 
showed positive improvement during the psychotherapy experiments 
(80%), proving that attractive has a positive effect towards perceived 
focus. The beta band of Channel F8 represents attitude. S7 and S12 
showed good improvement of attitude from EX1 to EX3 progressively 
as the frequency band demonstrated increment. S1, S2, S3, S5 and S6 
showed an elevation in the frequency band from EX1 to EX2; however, 
S2 and S3 stayed constant during EX3, whereas S1, S5 and S6 showed 
decrement during the last experiment session. In contrast, S4, S14 and 
S15 showed negatively progressed attitude as their graph depletes from 
EX1 to EX3. These indicate that the subjects were more likely to have 
less agreement on the game used in the psychotherapy intervention 
because they thought the game was too simple. In spite of that, 7 
out of 10 subjects showed improvement towards the psychotherapy 
intervention (70%); thus, the relationship between the factor of attitude 
and perceived focus factor is also supported, as shown in Figure 7. 
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Figure 7

Model Validation Results for Perceived Focus

Enjoyment 

Enjoyment is contributed by three exogenous factors: emotion, fun, 
and support. Data recorded for theta band for Channel F8 represents 
the factor of emotion and fun. From the data, two subjects, namely S1 
and S15, showed constant elevation from EX1 until EX3, while S2, S3, S5, 
and S12 showed an increment in the frequency band from EX1 to EX2 
but slightly dropped during EX3. Vice versa, S7 showed a decrement 
in results from EX1 to EX2; however, S7 showed great improvement 
during EX3. These results indicate the positive development in this 
particular band channel. On the other hand, three subjects, S4, S6 and 
S14 showed deteriorating development throughout the psychotherapy 
experiments. This uncertainty could be due to the environment and 
pressure during the sessions due to the tight emotive device on their 
head. Seven out of ten subjects appeared to have affirmative growth 
in the graph (70%). Concurrently, both factors of emotion and fun 
share the same characteristic in Channel F8; thus, the relationships of 
both factors with enjoyment are validated and supported. For support, 
60% of subjects emerged to have acknowledged growth contributing 
towards enjoyment supported by experimental data. Therefore, 
emotion, fun and support positively contributed to enjoyment factor, 
as shown in Figure 8.
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Motivation

Motivation is contributed by three exogenous factors: skills, support 
and complexity. For Skills, eight subjects showed positive results 
(80%), indicating that the skill positively affects one’s motivation 
during psychotherapy intervention. For support, all subjects showed 
a positive trend from EX1 to EX3 with a 100% improvement score. 
Therefore, a relationship of support and motivation is supported 
by experimental data. Most subjects showed positive results for 
complexity with a 90% improvement score. For S3 and S6, both 
subjects showed an increment of the beta band from EX1 to EX2 and 
stayed constant during EX3. S4, S5, and S7 also showed an increment 
of the beta band from EX1 to EX2; however, the results dropped during 
EX3. Meanwhile, S7 showed the most significant drop during EX3, 
as the subject only completed the first two easiest levels without a 
problem. It can be concluded that skill, support and complexity 
contribute positively towards motivation as shown in Figure 9 (a). 

Figure 9

Model Validation Results for Motivation 

Comfortability 

Three exogenous factors contributed to comfortability are support¸ 
attractive and reminiscence. EEG data for support recorded through 
the alpha band in Channel P8 shows that five subjects, S1, S4, S6, S12 
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to EX2. During EX3, S1 and S15 continued to escalate, especially S15, 
which had a significant boost, while S4, S6 and S12 exhibited slight 
depletion in this session. Vice versa, S2, S3, S5 and S7 initially 
showed decrement, and their result improved during the last 
experiment. Nine subjects showed positive results of 90%. 
Attractive is represented by the alpha band in Channel O1. S3, S4, 
S5, S6, S7 and S12 showed increment in frequency band from EX1 to 
EX2. However, S3, S6, S7 and S12 dropped at the same image during 
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and S15, exhibited increment in the beta band from EX1 to EX2. During 
EX3, S1 and S15 continued to escalate, especially S15, which had a 
significant boost, while S4, S6 and S12 exhibited slight depletion in this 
session. Vice versa, S2, S3, S5 and S7 initially showed decrement, and 
their result improved during the last experiment. Nine subjects showed 
positive results of 90%. Attractive is represented by the alpha band in 
Channel O1. S3, S4, S5, S6, S7 and S12 showed increment in frequency 
band from EX1 to EX2. However, S3, S6, S7 and S12 dropped at the 
same image during the experiments. Besides, S1, S2 and S15 showed a 
declining trend in the alpha band of Channel O1 from EX1 to EX2 but 
improve significantly during EX3, especially S15. The overall results 
justify the relationship between attractive factors and comfortability 
supported by experimental analysis. While for reminiscence, a 70% 
improvement score is obtained. Hence, the experimental results 
supported and testified to the eligibility of the relationship between 
reminiscence and comfortability. The analysis of the alpha band for 
Channel F8 proves that the support, attractive, and reminiscence 
factors indeed complied with the relationship towards comfortability 
as shown in Figure 10. 

Figure 10

Model Validation Results for Comfortability 

Perceived Control (Gratification)

Emotion, belief, and complexity are three exogenous factors that 
contribute to perceived control. EEG data for emotion is recorded via 
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gamma band for Channel F8. From the data, S14 showed improvement 
from EX1 to EX3 while S1, S3, S4, S5, S6 and S7 showed a decrement in 
the graph at first, and then five of the subjects hit a peak during EX3 
except for S6, which shows constant result during EX3 with the result 
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gamma band for Channel F8. From the data, S14 showed improvement 
from EX1 to EX3 while S1, S3, S4, S5, S6 and S7 showed a decrement 
in the graph at first, and then five of the subjects hit a peak during 
EX3 except for S6, which shows constant result during EX3 with the 
result of 90%. Belief is another factor in which data were recorded via 
the gamma band for channel P8. From the data, S2 and S12 exhibited 
elevation in the frequency band from EX1 to EX2; however, the 
performance declined during EX3.

Figure 11

Model Validation Results for Perceived Control

Meanwhile, S3, S7 and S15 showed a decrement in a graph from EX1 
to EX2 while slightly improved during EX3. S14 showed a constant 
graph from EX1 to EX2, then slightly plummeted during EX3. In the 
meantime, the lines for S1, S4, S5 and S6 decreased throughout the 
experiment. Only five subjects showed an improvement of 50%, which 
is less than 56.6%; thus, the relationship between belief and perceived 
control was not supported by experimental results and was rejected. 
EEG data for complexity was recorded via the gamma band of Channel 
AF4. In the frequency band, S1, S3, S4 and S14 continued rising from 
EX1 to EX3. Meanwhile, S5, S6 and S7 showed an increment from EX1 
to EX2; however, during EX3, three exhibited decrement due to the 
familiarity towards the game with the improvement of 90. It can be 
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concluded that perceived control, emotion and complexity contribute 
positively towards perceived control while belief is not supported and 
rejected, as shown in Figure 11. 

Boredom

Boredom comprises three exogenous factors: attitude, emotion and 
fun, represented by the Channel F8 frequency band of theta. S4, S6 
and S14 showed declination throughout the experiments. Overall, 
seven out of ten subjects showed negative influence in the theta band 
for Channel F8 with a 70% improvement score in which attitude, 
emotion and fun have negative relationships towards boredom. Thus, 
all exogenous factors for boredom are accepted with support from 
experimental data, as shown in Figure 12. 

Figure 12

Model Validation Results for Boredom

Based on the analysis, only belief is not supported and rejected. It 
indicates that only the patient’s emotion and game’s complexity play 
a significant role in perceiving control in game-based intervention. 
While the patient’s belief plays no significant impact on perceived 
control. Therefore, it is excluded from the proposed model. The 
proposed model is amended, and the validated model is produced, as 
shown in Figure 13. 
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Figure 13

A validated Game-based Psychotherapy Intervention for Memory 
Disorder  

The validated model provides valuable insights for conducting 
psychotherapy interventions by effectively incorporating suitable 
digital games. This contribution connects the fields of health 
informatics in e-healthcare for the elderly with digital game technology. 
It considers the interaction among tools, user behaviours, emotions, 
and caregivers within the digital game, using a neurofeedback 
approach to gain a deeper understanding of real human behaviour 
during psychotherapy interventions.

This study’s importance lies in its creation of an integrated model 
for psychotherapy interventions that incorporates games and 
neurofeedback while explaining crucial relationships among related 
factors. The proposed model is able to support professionals in 
conducting and facilitating psychotherapy intervention by describing 
necessary elements: criteria of digital psychotherapy games, related 
behaviours, and emotions. These elements can assist professionals in 
facilitating psychotherapy about the knowledge to promote effective 
and functional intervention for memory disorder.
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CONCLUSION 

A game-based psychotherapy intervention model has been 
successfully designed, developed, and validated. The applicability 
of the proposed model is measured through analysis of EEG data 
acquired via a series of game-based psychotherapy experiments. The 
proposed model has been validated and amended accordingly. Based 
on the analysed results, it is concluded that all the relationships in the 
model are supported with an improvement of more than the cut-off 
point of 56.6%. Findings show that the experimental data support all 
relations except for the belief component, hence the exclusion of it in 
the refined model. 

The proposed model can give benefits to many parties. Psychologists 
or cognitive scientists can utilise it to get deeper insights into other 
related domains, such as traumatic brain injuries (TBI). Care centres 
and hospitals may also benefit from implementing game-based 
psychotherapy to abide by the model as a guide in their memory-
related rehabilitation. The model can also be practised for in-house 
intervention assisted by family members as well. By understanding 
the relationships within psychotherapy intervention for a higher 
successful rate of intervention, family members can conduct activities 
with the elderly under their care who experience memory disorders 
such as AD and dementia. Likewise, this model can be practised 
in the intervention of domains other than memory disorder, as the 
implementation is feasible for multiple intervention programs. 

Potential future works can be the incorporation of other related theories 
to strengthen the model, such as reminiscence and flow theories. The 
improved model is significant in providing a guideline for game-
based intervention in other related domains. The proposed model is 
believed to be effective in improving cognition among the elderly; 
the interesting and positive findings can be attributed to integrating 
digital games and psychotherapy for the elderly, particularly those 
with memory disorder symptoms. 
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