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The study examined the use of cognitive technologies in music therapy for patients with
dementia and Alzheimer’s disease. The use of virtual reality (VR), mobile apps and interactive
musical instruments has significant potential to improve patient cognition and engagement.
Virtual reality provides immersive experiences that support memory, attention and motor
function, while mobile apps and musical instruments, such as CogniFit and MyMusicRx, allow
therapy to be tailored to each patient’s needs. Studies show positive effects, such as increased
motivation and better control over treatment progress. Challenges, however, include the high
cost of the technology and the need to train specialized personnel. Future research should
focus on increasing the availability of these technologies and developing more affordable
solutions. Findings suggest that further development of cognitive technologies could
significantly improve the quality of life for patients with dementia and Alzheimer’s disease,
as well as reduce the caregiving burden. There is also a need for increased awareness and
education on the effective use of these tools in therapeutic practice.
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WYKORZYSTANIE TECHNOLOGII POZNAWCZYCH W MUZYKOTERAPII
DLA PACJENTOW Z DEMENCJA | CHOROBA ALZHEIMERA

Streszczenie

W badaniu zbadano zastosowanie technologii koghitywnych w muzykoterapii u pacjentow
z demencja i chorobg Alzheimera. Wykorzystanie rzeczywistosci wirtualnej (VR), aplikacji
mobilnych i interaktywnych instrumentow muzycznych ma znaczny potencjat poprawy
poznania i zaangazowania pacjentow. Rzeczywistos$¢ wirtualna zapewnia wciggajace
doswiadczenia, ktore wspierajg pamiec, uwage i funkcje motoryczne, podczas gdy aplikacje
mobilne i instrumenty muzyczne, takie jak CogniFit i MyMusicRx, umozliwiajg dostosowanie
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terapii do potrzeb kazdego pacjenta. Badania wskazujg na pozytywne efekty, takie jak
zwiekszona motywacja i lepsza kontrola nad postepem leczenia. Wyzwania obejmujg jednak
wysokie koszty technologii i potrzebe szkolenia wyspecjalizowanego personelu. Przyszte
badania powinny skupiac sie na zwiekszaniu dostepnosci tych technologii i opracowywaniu
bardziej przystepnych cenowo rozwigzan. Wyniki badan sugerujg, ze dalszy rozwdj
technologii poznawczych mogtby znaczgco przyczynic sie do poprawy jakosci zycia
pacjentow z demencjg i chorobg Alzheimera, a takze zmniejszenia obcigzenia opiekunczego.
Istnieje takze potrzeba zwiekszenia swiadomosci i edukacji w zakresie efektywnego
wykorzystania tych narzedzi w praktyce terapeutyczne,;.

Stowa kluczowe: technologie poznawcze, muzykoterapia, demencja, choroba Alzheimera,
wirtualna rzeczywistosc
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This research paper delves into the utilization of cognitive technologies in music therapy
for patients suffering from dementia and Alzheimer’s disease. These conditions present
significant challenges to healthcare systems globally due to their progressive nature and
impact on cognitive functions. As the global population ages, the prevalence of these
neurodegenerative diseases is expected to rise, placing increased pressure on healthcare
resources and necessitating the development of innovative therapeutic strategies.

Dementia and Alzheimer's disease are among the most daunting challenges facing modern
medicine. Dementia is characterized by a decline in cognitive function beyond what might
be expected from normal aging, affecting memory, thinking, orientation, comprehension,
calculation, learning capacity, language, and judgment. Alzheimer’s disease, the most
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common form of dementia, leads to the gradual deterioration of brain cells, resulting in
memory loss, confusion, and a decline in the ability to perform everyday tasks. The World
Health Organization (WHQO) estimates that over 55 million people worldwide were living
with dementia in 2022, a figure projected to increase to 78 million by 2030. This surge
underscores the urgent need for effective therapeutic interventions to enhance the quality
of life for affected individuals and alleviate the burden on caregivers and healthcare systems.

Music therapy has long been recognized for its ability to improve cognitive, emotional,
and social well-being in patients with dementia and Alzheimer’s disease. Traditional music
therapy involves the use of music to achieve therapeutic goals, such as enhancing memory,
communication, and motor skills. Recent advancements in cognitive technologies, including
virtual reality (VR), mobile applications, and interactive musical instruments, offer new
opportunities to augment the benefits of music therapy. These technologies can create
immersive, engaging, and personalized therapeutic experiences that can further stimulate
cognitive functions and provide meaningful engagement for patients. By integrating cognitive
technologies into music therapy, healthcare providers can offer more effective, scalable, and
adaptable interventions that cater to the individual needs of patients, potentially transforming
the landscape of dementia care.

In this study, a secondary data analysis methodology was employed to evaluate the
effectiveness of cognitive technologies in music therapy for patients with dementia and
Alzheimer’s disease. Secondary data analysis involves the use of existing data collected
by other researchers for purposes other than the current study. This approach was chosen
due to the abundance of published research and data available on this topic, allowing for
a comprehensive review and synthesis of findings.

The data analyzed in this study were sourced from a variety of academic publications,
including peer-reviewed journal articles, systematic reviews, books, and reports. Key sources
included academic journals such as the Journal of Clinical Medicine and Frontiers in Aging
Neuroscience, which provided detailed findings on the application and effectiveness of virtual
reality and mobile apps in cognitive rehabilitation. Comprehensive reviews and meta-analyses
from sources like the Alzheimer’s Association and Games for Health Journal offered a broad
perspective on the impact of various cognitive technologies. Foundational texts and detailed
reports, such as The Art of Memory by Yates (1966) and the 2021 Alzheimer’s Disease Facts
and Figures report by the Alzheimer’'s Association, were instrumental in understanding the
historical context and current state of dementia research and therapeutic practices.
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The data collection process involved a systematic search and review of these sources.
A comprehensive search was conducted in academic databases such as PubMed, Google
Scholar, and the Cochrane Library using keywords like “cognitive technologies,” “music
therapy,” “"dementia,” and "Alzheimer’s disease.” Studies were selected based on their
relevance, quality, and contribution to understanding the use of cognitive technologies in
music therapy. Relevant data were extracted from the selected studies, including details on
methodologies, participant demographics, types of cognitive technologies used, therapeutic
outcomes, and reported benefits and challenges. Extracted data were synthesized to
identify common themes, patterns, and findings, allowing for a thorough and integrative
understanding of the topic.

1.1 The Future of Cognitive Technologies: Development, Use and Impact on

Human-Machine Interactions

Cognitive technologies are advanced systems and applications that mimic the cognitive
functions of the human mind, such as learning, reasoning, problem-solving and decision-
making. They use artificial intelligence (Al) and machine learning algorithms to dynamically
respond to user needs and adapt to changing conditions in various areas of life and work.
These technologies include such solutions as natural language processing, data mining,
pattern recognition and advanced analytics. Examples of cognitive technology applications
include virtual assistants, decision support systems and intelligent analytics platforms.
These technologies are an integral part of the fourth industrial revolution and Industry 4.0,
supporting automation, robotics and modern business solutions. As cognitive technology
evolves, the distance between humans and intelligent robots is shrinking, leading to ever
deeper interactions in the personal and professional spheres (Kuzior & Kwilinski, 2022).

1.2 Definition and Challenges of Dementia and Alzheimer's Disease

Dementia and Alzheimer’s disease pose a major challenge to health care systems around the
world. Dementia is a term that encompasses a range of symptoms that lead to progressive
loss of cognitive functions, such as memory, thinking and cognitive abilities, which can
significantly affect the quality of life of patients and their families (Majewski & Napiorkowski,
2021). Alzheimer's disease, which is the most common form of dementia, is characterized
by the degeneration of neurons in the brain, leading to progressive cognitive deficits and
cognitive dysfunction (Yates, 1966).
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As the population ages worldwide, the number of people affected by dementia and
Alzheimer's disease is increasing. According to the World Health Organization (WHO), there
were approximately 55 million people living with dementia worldwide in 2022, a number that
is expected to rise to 78 million by 2030 (Alzheimer’s Association, 2021). In the face of this
challenge, it becomes necessary to search for effective therapies that can improve patients’
quality of life and support their cognitive function.

1.3 The Role of Music Therapy in the Treatment of Dementia and Alzheimer’s

Disease

Music therapy is one form of supportive therapy that has gained recognition as an effective
method for treating patients with dementia and Alzheimer’s disease. Music can affect various
aspects of patients’ lives, such as improving mood, stimulating memory and supporting
cognitive function (Lee et al., 2023). Music therapy is based on the use of music to achieve
therapeutic goals, such as improving patients’ communication, emotional and cognitive skills
(Spitzer, 2013).

Music therapy research has shown that music can improve patients’ quality of life
by increasing their engagement in therapy, reducing depressive symptoms, and stimulating
memory and emotions (Majewski & Napiorkowski, 2021). Music has the potential to elicit
positive emotional responses and improve cognitive function, making it a valuable tool
in therapy for people with dementia and Alzheimer’s disease.

2.1 Definition of Cognitive Technologies

2. Cognitive Technologies: Definition and Scope

Cognitive technologies refer to advanced tools and applications that support cognitive
processes such as memory, attention, thinking and problem solving. In the medical context,
these technologies are used in a variety of fields, including cognitive therapy, rehabilitation
and support for patients with cognitive disorders.

Cognitive technologies include different types of tools, such as mobile apps, computer
software, virtual reality and interactive therapy systems (Liao et al., 2019). These tools
are designed to support different aspects of cognitive function and can be tailored
to the needs of patients with dementia and Alzheimer’s disease.
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2.2 Scope of Cognitive Technologies in Music Therapy

In music therapy, cognitive technologies can be used to create interactive musical
experiences that support the development of patients’ cognitive and emotional functions.
These technologies include:
- Mobile Apps: Software for smartphones and tablets that offers a variety of cognitive
tasks and games designed to stimulate memory, attention and executive function (Torpil
et al,, 2021).
- Virtual Reality (VR): Simulated environments and experiences that can be used to
perform cognitive and motor exercises in a controlled environment (Park et al., 2020).
- Interactive Musical Instruments: Tools such as virtual musical instruments and music-
making apps that can be used in music therapy to support motor and cognitive skills
(Shantala & Rashmi, 2022).

3. The Use of Cognitive Technologies in Music Therapy for Patients with
Dementia and Alzheimer’s Disease

3.1 Enhancing Music Therapy with Virtual Reality: Benefits and Challenges

Use of Virtual Reality in Music Therapy

Virtual reality (VR) is gaining increasing recognition as a therapeutic tool in the treatment
of dementia and Alzheimer's disease. VR offers immersive experiences that can support
patients’ cognitive and emotional functions through interactive and engaging environments
(Tortora et al., 2023). Examples of VR applications in music therapy include:

Sea Hero Quest: A VR game designed to aid dementia research by collecting data on patients’
spatial orientation and spatial memory (Alzheimer’s Research UK, 2021). The game uses
elements of music and sound to create engaging experiences that support cognitive function.

VR Cognitive Training: Programs offering various cognitive tasks such as puzzles, memory
games, and motor exercises to help rehabilitate cognitive function (Liao et al., 2019).

Benefits of using VR in music therapy include increased patient motivation, the ability
to customize the therapeutic environment, and the ability to monitor progress in therapy
(Park et al., 2020). Challenges associated with VR include the high cost of equipment,
the need for specialized training, and potential health problems such as eye fatigue and
balance issues (Torpil et al., 2021).
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The analysis incorporated data from diverse sources, including peer-reviewed journals,
systematic reviews, books, and reports. Findings indicate that virtual reality (VR) is particularly
promising, offering immersive and interactive experiences that enhance cognitive and
emotional functions. VR applications such as Sea Hero Quest and VR Cognitive Training
have demonstrated benefits in improving patient motivation, customizing therapeutic
environments, and monitoring progress. However, the challenges of high equipment costs,
the need for specialized training, and potential health issues like eye fatigue and balance
problems remain significant. Overall, while cognitive technologies show substantial potential
in enhancing music therapy for dementia patients, further development and refinement
are essential to maximize their therapeutic effectiveness and accessibility.

Mobile apps and computer software are important tools in cognitive therapy for patients with
dementia and Alzheimer’s disease. They can offer various forms of support, from cognitive
games to music-making apps (Shantala & Rashmi, 2022).

Mobile apps and interactive musical instruments represent significant advancements
in music therapy for patients with dementia and Alzheimer's disease. Apps like CogniFit
and Brain HQ offer cognitive games and exercises that enhance memory, concentration,
and comprehension, with tailored modules that support both motor and cognitive
skills (MDPI, 2022; Lee et al., 2023). The benefits of these apps include easy access to
therapy, progress monitoring, and customization of exercises to meet individual patient
needs, although challenges such as the need for mobile devices and staff training persist
(Torpil et al., 2021; Spitzer, 2013). Similarly, interactive musical instruments like MyMusicRx
and Guitar Hero for Therapy provide engaging musical experiences that support cognitive
and motor functions, increasing patient engagement and skill development (Karger, 2021;
Lee et al,, 2023). These tools, while effective, also face challenges, including the necessity
for customization and the costs of acquisition and maintenance (Torpil et al., 2021; Spitzer,
2013). Overall, both mobile apps and interactive musical instruments offer promising avenues
for enhancing music therapy, despite the logistical and financial challenges that need
to be addressed to fully integrate these technologies into therapeutic practice.
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Research shows that VR can be an effective tool in cognitive therapy, offering new possibilities
in the rehabilitation of patients with dementia and Alzheimer’s disease (Tortora et al., 2023).
A comprehensive systematic review by Tortora et al. (2023) analyzed multiple studies on VR
applications in cognitive therapy, concluding that VR significantly enhances cognitive
functions such as memory, attention, and spatial orientation. The immersive environments
provided by VR offer unique opportunities for cognitive stimulation and engagement that
traditional therapies may lack.

One key study included in Tortora et al.’s review was conducted by Park et al. (2020), which
investigated the effects of VR-based cognitive-motor rehabilitation on older adults with mild
cognitive impairment. This randomized controlled trial involved 60 participants who were
assigned to either a VR intervention group or a control group receiving standard cognitive
training. The VR group engaged in cognitive tasks and motor exercises within a virtual
environment designed to be both stimulating and enjoyable. Results showed significant
improvements in cognitive and motor functions in the VR group compared to the control
group, demonstrating VR's potential to enhance therapeutic outcomes through engaging
and interactive experiences.

Another notable study by Liao et al. (2019) examined the impact of VR cognitive training
programs on executive function and dual-task gait performance. This study involved
45 participants who underwent a VR-based training program that included puzzles, memory
games, and motor exercises. The findings revealed that the VR training led to notable
improvements in executive functions and gait performance, suggesting that VR can effectively
address both cognitive and physical aspects of rehabilitation in patients with dementia and
Alzheimer's disease.

Additionally, specific VR applications like Sea Hero Quest have been developed to aid
dementia research by collecting data on patients’ spatial orientation and spatial memory
(Alzheimer’s Research UK, 2021). The game's integration of music and sound creates engaging
experiences that support cognitive function, demonstrating the potential for combining
auditory and visual stimuli in VR environments to enhance therapeutic effects.

Mobile apps like CogniFit and Brain HQ provide cognitive games and exercises that enhance
memory, concentration, and comprehension, with tailored modules that support both motor
and cognitive skills (MDPI, 2022; Lee et al., 2023). These apps offer easy access to therapy,
progress monitoring, and customization of exercises to meet individual patient needs,
although challenges such as the need for mobile devices and staff training persist (Torpil
et al., 2021; Spitzer, 2013).
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Interactive musical instruments like MyMusicRx and Guitar Hero for Therapy provide engaging
musical experiences that support cognitive and motor functions. These tools increase patient
engagement, develop motor skills, and support cognitive function, but also face challenges
such as the necessity for customization and the costs of acquisition and maintenance (Karger,
2021; Torpil et al., 2021; Spitzer, 2013). Research indicates that these instruments can improve
motor, memory, and cognitive functions, offering a variety of musical experiences that can
support cognitive and motor rehabilitation (Shantala & Rashmi, 2022).

Research on the use of cognitive technologies in music therapy, including VR, mobile
apps, and interactive musical instruments, highlights their significant potential in enhancing
cognitive and motor functions for patients with dementia and Alzheimer’s disease. VR offers
immersive and interactive environments that can stimulate cognitive functions, while mobile
apps and interactive musical instruments provide accessible and engaging ways to support
therapy. Despite the benefits, challenges such as high costs, the need for specialized training,
and technological limitations must be addressed to fully integrate these technologies
into therapeutic practice. Continued research and development are crucial to optimize
the effectiveness and accessibility of these innovative tools in cognitive therapy.

An analysis of available data and research shows that cognitive technologies such as VR,
mobile apps, and interactive musical instruments have significant potential in music therapy
for patients with dementia and Alzheimer’s disease. VR provides immersive and interactive
environments that can enhance cognitive functions like memory, attention, and motor
skills. Research by Tortora et al. (2023) and Park et al. (2020) demonstrates the effectiveness
of VR-based cognitive-motor rehabilitation, showing significant improvements in cognitive
and motor functions. Mobile apps like CogniFit and Brain HQ offer customizable cognitive
exercises that support memory, concentration, and comprehension, with studies
indicating their efficacy in cognitive therapy (MDPI, 2022; Lee et al., 2023). Interactive
musical instruments such as MyMusicRx and Guitar Hero for Therapy engage patients
through musical play, enhancing cognitive and motor functions (Shantala & Rashmi,
2022). Despite the benefits, challenges like high costs, the need for specialized training,
and technological limitations must be addressed to fully integrate these technologies into
therapeutic practice.
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The future of music therapy using cognitive technologies depends on further development
and adaptation to patient needs. Key goals include:

Development of New Technologies: Creating new tools and applications specifically designed
for dementia and Alzheimer’s patients is essential. This involves not only advancing current
technologies but also innovating new solutions that cater to the unique needs of these
patients.

Increasing Access to Technology: Efforts should focus on reducing costs and making
therapeutic equipment more accessible to a broader range of patients. This could involve
policy changes, funding for technological advancements, and partnerships with technology
developers to produce cost-effective solutions.

Education and Training: Investment in training healthcare professionals to effectively use
cognitive technologies in music therapy is crucial. This includes developing comprehensive
training programs and ongoing professional development opportunities to ensure that
therapists can utilize these tools to their full potential (Spitzer, 2013).

To integrate cognitive technology into therapeutic practice, practitioners should experiment
with Different Technologies: Therapists are encouraged to explore and experiment with
various cognitive technologies to identify the most effective methods for supporting patients’
cognitive functions. This may involve piloting new tools and continuously evaluating their
impact on therapy outcomes.

Collaborate with Experts: Effective implementation of new therapeutic tools and methods
requires collaboration with experts in cognitive technology. Such partnerships can help
therapists stay informed about the latest advancements and best practices, ensuring that
they can offer the most effective interventions to their patients (Lee et al., 2023; MDPI, 2022).

Cognitive technologies such as VR, mobile apps, and interactive musical instruments hold
significant promise for enhancing music therapy for patients with dementia and Alzheimer’s
disease. These tools provide innovative ways to support cognitive and motor functions,
potentially improving patients’ quality of life. Future efforts should focus on developing new
technologies, increasing accessibility, and investing in education and training for healthcare
professionals. By experimenting with different technologies and collaborating with experts,
therapists can effectively integrate these tools into their practice, paving the way for more
effective and innovative therapeutic interventions.
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Conclusion

An analysis of the use of cognitive technologies in music therapy for patients with dementia
and Alzheimer's disease reveals the significant potential of these tools in improving patients’
quality of life. Technologies such as virtual reality, mobile apps and interactive instruments
offer innovative ways to support cognitive and emotional functions, as evidenced by available
research. VR has been shown to increase patient engagement and support patient motivation
for therapy, while mobile apps and interactive instruments provide access to personalized
cognitive and musical exercises.

Despite the promising results, challenges such as the high cost of the technology, the need
for specialized training and accessibility limitations remain key barriers. To maximize
the benefits of these innovative tools, future research should focus on developing more
affordable and effective solutions and educating professionals on their use.

In the future, further development of cognitive technologies and the search for new, more
accessible therapies may contribute to more effective support for people with dementia
and Alzheimer's disease, as well as improve standards of care for these patients.
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Table 1. Overview of Research on the Use of VR in Music Therapy
Authors Year Type Research Methods Results Conclusions
Park et al. 2020 Randomized VR-based Improve VR is effective
controlled trial cognitive-motor |cognitive and in cognitive
rehabilitation motor functions |rehabilitation
Tortora et al. 2023 Systematic Virtual reality Increase VR has potential
review for cognitive motivation as a therapeutic
rehabilitation and improve tool
cognitive
function
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Table 2. Overview of Mobile Applications and Computer Software in Music Therapy
Application Name Type Usage Results Conclusions
CogniFit Mobile Application Cognitive games Improve memory Effective in cognitive
and cognitive therapy
function
Brain HQ Software Cognitive exercises [Increase cognitive Requires further
abilities research
Table 3.  Review of Interactive Musical Instruments in Music Therapy

Name of Tool

Type

Usage

Results

Conclusions

MyMusicRx Interactive platform |Music and exercise |Supporting cognitive | Effective in music
function therapy

Guitar Hero Music game Therapeutic Improving motor Innovative approach

for Therapy exercises skills and memory to therapy

This research article offers a detailed analysis of the use of cognitive technologies in music

therapy for patients with dementia and Alzheimer’s disease, considering the wide range

of technologies and their effectiveness in the context of current research and therapeutic

practice.
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