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ABSTRACT 
Alzheimer’s disease is the most common form of dementia, affecting nearly 9.9 million new 
people every year. The disease provokes important memory and cognitive impairment, 
eventually causing individuals to forget their loved ones and rendering them completely 
dependent on their caretakers. Alzheimer’s patients typically experience more negative 
emotions, such as frustration and apathy, than healthy older adults. There is currently no 
cure for the disease. Our research group explores how the integration of virtual reality (VR) 
and an EEG-based intelligent agent in music therapy can alleviate psychological and cogni-
tive symptoms of the disease. We propose a theory explaining how, through activation of 
the brain reward system, music can reduce negative emotions, increase positive emotions 
and as a result increase performance on cognitive tasks. The results of our experimental 
study concord with our theory: emotional states of participants are improved, as per rec-
orded through EEG, and performances on memory tasks show improvement following the 
intervention. We believe that the combination of EEG brain assessment, VR and music 
therapy is a promising method for emotional states and cognitive symptoms of Alzheimer’s 
disease. 

 

1. INTRODUCTION 
Elvis Presley, Céline Dion, The Beatles and so many others have contributed to our lives in one way 

or another, be it by shaping society or our simply by serenading us to work on the radio. Even though it 
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serves no apparent evolutionary purpose or means to survival, music has persisted through time in every 
known culture [1]. Music no doubt is an integral part of our lives. In addition to music being a ubiquitous 
art form and cultural activity, it contributes to both our emotional and physical well-being in more ways 
than one. Evidence suggests that music can have a positive effect on a variety of diseases and disorders, 
including Alzheimer’s disease (AD) [2, 3].  

AD is the most common form of dementia and is characterized by memory and cognitive impair-
ments. Memory is the first to be affected, where individuals often report having more difficulty remem-
bering certain things than usual. Alzheimer’s disease is progressive and its earliest phase is characterized 
by a state of subjective cognitive decline (SCD). While some persons with SCD stagnate, persons with SCD 
are at a greater risk of progressing to the disease.  

No cure has yet been found, though some pharmacological interventions may reduce the symptoms. 
As patients progress through later stages of the disease, apathy—the lack of motivation—settles in, and 
patients become seemingly emotionally unresponsive [4]. This emotional state may be a hinderance to the 
already impaired cognitive state of patients. Indeed, a recent study showed that decreasing negative emo-
tions in AD patients promotes better cognitive performance in both memory and non-memory related 
tasks [5, 6]. We believe that by intervening at the emotional level, it is possible to observe a positive influ-
ence on cognitive performances including memory tasks in AD patients. We base this emotional interven-
tion on the integration of music therapy in virtual reality (VR), as both approaches have already proven to 
increase emotional well-being in AD patients [7, 8].  

Many studies have investigated the relationship between music and the emotional response it gene-
rates. Positron emission tomography (PET) and functional magnetic resonance imaging (fMRI) studies 
have identified correlations between the music-induced sensation of pleasure and the activity of specific 
brain structures, including the ventral striatum, midbrain, amygdala, orbitofrontal cortex and the medial 
prefrontal cortex [9]. These regions are part of the brain reward system (BRS) circuitry, a network of in-
terconnected brain structures which play a role in the sensation of pleasure and reward [10]. It is suggested 
that music retains its emotional influence through the recruitment of the BRS.  

In this paper we present a theory by which music associated with VR could enhance cognitive func-
tions in AD patients. We support this view through an experimental study we conducted using electroen-
cephalography (EGG) recordings of participant’s brain activity. We interpret emotional responses of the 
subjects through EEG measures.  

The rest of this paper is organized as follows. The first section gives an overview of AD. The second 
section explores evidence proving music therapy’s benefits for AD patients. The third section focuses on 
the BRS and its role with music, where we propose a new theory explaining how music could indirectly 
enhance memory and other cognitive functions in AD patients. The fourth section explains the impor-
tance of EEG measurements and how they can be used to track emotional responses. The following section 
presents the results of our study carried out on SCD patients involving music therapy, to provide support 
to our theory. We conclude our paper with a discussion about the link between music and cognition.  

2. ALZHEIMER’S DISEASE 
Alzheimer’s disease is a debilitating disease affecting memory and cognitive abilities. Most people 

who suffer from the disease display their first clinical symptoms after the age of 70 [11]. Although some 
cases can be tied to genetic mutations—often the early-onset familial form—most cases are sporadic, and 
their cause is unknown.  

The progression of the disease manifests itself through many changes at a cognitive, behavioral and 
psychological level. The disease can start with subjective cognitive decline (SCD), where the patient notices 
impairment of their memory, but it cannot be detected with formal tests and does not affect their day to 
day lives. Some people remain in this state for decades and never progress to AD. People who experience 
SCD are more at risk of progressing towards the disease than healthy older adults. Those who do progress 
to AD experience gradual loss of memory and cognitive abilities, characterized among other things by dif-
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ficulties in problem solving, communication and visuospatial perception. As they reach the later stages of 
the disease, patients become entirely dependent of their caregivers, apathetic and bedridden [12].  

In addition to cognitive impairment, AD patients experience diminished psychological states. Among 
the many symptoms of the disease, depression and apathy are arguably the most common [4, 13, 14]. Stu-
dies show that AD patients often become anxious and uninterested in things that used to bring them joy 
[4]. Regularly having a negative emotional state is a common in AD patients [15], and this may aggravate 
the already-impaired cognitive state of patients.  

On a pathophysiological level, AD is characterized by three major abnormalities: 1) brain atrophy of 
specific regions, 2) extracellular amyloid plaques, and 3) neurofibrillary tangles (NFT). AD brains reveal 
substantial neuronal death. The gyri and sulci which give the brain its distinct shriveled appearance are 
narrowed and widened, respectively. The ventricles also suffer from this neuronal death, becoming much 
larger than those of a healthy brain. At the extracellular level, Aβ amyloid plaques are found surrounding 
the neurons. These deposits are formed by the aggregation of amyloid β proteolytic fragments and cause 
disruptions in cell-cell communication. At the intracellular level, neurons display cytoskeleton abnormali-
ties, most notably the accumulation of NFTs. These are the result of abnormal proteins which, when in 
their healthy form, contribute to intracellular transport, especially in the axons [16]. By bringing about 
disturbances in the axonal transport, tangles impair synaptic stability and eventually cause the death of the 
neuron [11].  

Many studies have been conducted in hopes of curing the disease. Although no research has been 
successful, these years of research have helped better understand the disease, bringing us closer to under-
standing its earliest phases. While many research groups still focus on potential pharmacological interven-
tions, a growing number of studies have begun to investigate the potential of non-pharmacological inter-
ventions in the reduction of cognitive decline and other symptoms of the disease. These interventions, 
which range from visual arts and music, to physical activity and electromagnetic stimulation, have proven 
to be promising avenues. Either on their own or by combining them with pharmacological interventions, 
non-pharmacological interventions are worth further investigating. In this line of thought, we explore the 
potential of music therapy for SCD patients.  

3. MUSIC THERAPY FOR ALZHEIMER’S DISEASE  
Music is a highly salient emotional stimulus. It easily generates emotions which can cause changes in 

mood. While providing no evolutionary advantage or association to survival, music has persisted through 
time as an activity providing pleasure, either when actively created or when passively listened to. Its strong 
ties to the triggering of emotional responses, sometimes even of involuntary movements such as swaying 
to the beat [17-19], may have contributed to its persistence.  

Studies show that music causes positive changes in psychological and behavioral states. AD patients 
are no exception to this. Indeed, music can improve overall well-being, relations with caregivers, and de-
crease unwanted negative symptoms of the disease such as agitation, stress, anxiety and depression [8, 
20-22]. Following a music therapy session, mild-AD patients generally experience an increased state of 
happiness and a decreased state of sadness [23].  

Music also shows great potential for neurological rehabilitation. Interestingly, musical memory is 
partly spared even in very late stages of the disease, while other memories have become severely impaired. 
In terms of non-musical-related memories, reports show slowed cognitive decline [24], improved orienta-
tion, as well as enhanced memory and other cognitive functions [8, 25, 26] following music therapy ses-
sions in AD patients.   

4. THE BRAIN REWARD SYSTEM  
The brain reward system (BRS) is a group of interconnected brain structures, which play a role in the 

rewarding experience of stimuli. These stimuli can be anything with a positive value, such as sex, food and 
music. When such a stimulus appears, the reward system is activated, activating the circuitry and in turn 
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giving the subjective experience of pleasure and reward [27].  
The BRS is composed of structures connecting the midbrain, limbic system and prefrontal cortex. Key 

structures of this network include the ventral tegmental area (VTA), amygdala, and nucleus accumbens. 
Within its circuitry, dopamine is the main neurotransmitter, where it is both synthesized—largely by the 
VTA and released. Other types of neurons, such as inhibitory neurons, play a key role in the reward cir-
cuitry by regulating neuronal activity. Incorrect regulation of the pathway can result in certain diseases 
and disorders, such as depression, schizophrenia, addiction and Parkinson’s disease [28].  

The BRS plays an important role in the processing of emotional stimuli and certain memory func-
tions. Lesions of the amygdala, a structure of this network, have shown to impair implicit memory: a type 
memory that stores knowledge unconsciously acquired. Lesions of the amygdala can therefore cause im-
pairments in the unconscious recall of both perceptual and motor skills [11].  

As mentioned earlier, BRS-activating stimuli can be many things. Indeed, music has repeatedly 
shown to activate structures related to biological reward [3, 29-31]. It is proposed [32] that music activates 
the BRS through interaction between cortical networks related to audition and to reward.  

Activation of the reward system through music has been shown to maximize pleasure by increased 
activation in of specific brain structures and decreased activity in structures associated with negative emo-
tions through inhibitory activity towards other specific structures [9]. In addition to its ties with emotional 
state, some studies link the BRS to certain cognitive functions. Notably, a study showed that short expo-
sure to rewarding stimuli reduced cortisol, a so-called stress hormone, and resulted in better prob-
lem-solving performances in stressful situations [33]. Other studies also show that lesions of the amygdala 
have led to impaired implicit memory [11], suggesting that the BRS plays a role in the recollection of im-
plicit memories.  

Considering these previous findings, we propose the following theory: By increasing positive 
emotions and reducing negative emotions through the activation of the BRS, music improves cogni-
tive functions of SCD participants. We divide this hypothesis in two research questions: 1) Does 
virtual music therapy increase positive emotions and decrease negative emotions? and 2) Does the 
virtual music therapy increase cognitive functions?  

5. OUR EXPERIMENT: MUSIC THERAPY VIRTUAL ENVIRONMENT 
5.1. Brain Assessment: Analysis through EEG 

In the brain assessment field, many studies use physiological sensing approaches such as electroen-
cephalography (EEG) to detect and analyze emotional states. By being readily available, inexpensive and 
non-invasive, EEG is a simple and easy way to get an inside view of subjects’ brain activity. Through the 
analysis of the electrical activity emitted from the brain, researchers can better understand the inner 
workings of the brain.  

Using EEG has not only proven to be beneficial for research, but has also showed to benefit partici-
pants themselves. A study showed that by using the assessment of engagement and frustration, appropriate 
help strategies could be provided to participants engaged in a physics-related game [34]. Furthermore, it 
has been shown that a positive mental state promotes better learning in students. Taking this into account, 
Chaouachi et al. [35] developed a system based on EEG-recorded engagement and workload to help keep 
students in a positive mental state.  

By using EEG recordings, we aim to get an inside view of our participants’ emotions. Using the 
real-time-provided emotional state, we can create an intervention better adapted to the participant. EEG 
headsets have shown to be well tolerated by SCD subjects [5, 6].  

In our study, we use the Emotiv Epoc EEG headset to track emotions. The headset contains 14 elec-
trodes spatially organized according to the International 10 - 20 system, moist with a saline solution. The 
electrodes are placed in antero-frontal (AF3, AF4, F3, F4, F7, F8), fronto-central (FC5, FC6), parietal (P7, 
P8), temporal (T7, T8) and occipital (O1, O2) regions with two additional reference sensors placed behind 
the ears. The detailed position of the measured regions is shown in Figure 1.  
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Figure 1. Emotiv headset sensors placement. 
 

The Emotiv system generates raw EEG data (in µV) with a 128 Hz sampling rate as well as the five 
well-known frequency bands, namely Theta (4 to 8 Hz) Alpha (8 to 12 Hz), low Beta (12 to 16 Hz), high 
Beta (16 to 25 Hz) and Gamma (25 to 45 Hz). Furthermore, the system uses internal algorithms to meas-
ure the following mental states: meditation, frustration, engagement, excitement and valence.  

Although we don’t have access to the system’s proprietary algorithms to infer these mental states, a 
number of studies have provided evidence showing the reliability of its output [36].  

5.2. The Virtual Environment 

Our music therapy was designed within a virtual environment. This modality was chosen based on 
three main factors. For one, the application of VR in a wide range of psychiatric disorders has shown its 
potential and proven its usefulness [37]. Studies using VR on AD patients have shown that participants 
tolerated well the headsets, and even enjoyed the VR experience [5]. Secondly, the virtual environment 
enables for a stronger feeling of immersion and increases ecological validity. This in turn provides a 
stronger influence of the environment on emotional state. Finally, by pairing the virtual environment with 
an EEG headset and integrating an intelligent agent, the environment can evolve and adapt itself as a func-
tion of the participant’s EEG readings. In an attempt to improve and optimize the utilization of VR, we 
propose the integration of an intelligent agent capable of modifying the environment appropriately as a 
function of emotions.  

We designed an environment resembling a theatre using Unity 3D software. We virtually placed the 
participant in the center of the room, on a seat, where they could easily see the stage up front and dynami-
cally rotate their head to visually explore the room. At the start of the session, cliché red curtains opened 
the stage area. 

A series of eight 30 second song excerpts are sequentially presented in the following order: 1) Ave 
Maria by Franz Schubert, 2) Eine Klein Nachtumusik: Allegro by Mozart, 3) Ukulele by Bensound, 4) Clair 
De Lune by Debussy, 5) La Vie En Rose by Edith Piaf, 6) Everyday by Buddy Holly, 7) La Bamba by Rit-
chie Valens, and finally 8) What A Wonderful World by Louis Armstrong. Each song excerpt was clearly 
separated from the previous by the red curtains closing and opening. The choice of music was based on 
studies and theories. A portion of the songs were chosen because they contained melodies with structural 
features associated with anxiety reduction (i.e. slow tempo, low pitches) [38]. Another portion of the songs 
was selected based on their popularity in North America during the years corresponding to our partici-
pant’s reminiscence bump. This refers to a time period where events and memories are more likely to be 
remembered. The reminiscence bump corresponds to the time between the ages of 10 and 30, with the li-
kelihood of remembering events peaking around the age of 20 years old [39]. Given that the mean age of 
our participants was 72, some songs we selected reached the billboard charts between the years 1957 and 
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1977.  
For each song, the stage displayed a selection corresponding instruments, each slightly animated, as 

well as firework-like visual effects (see Figure 2). The intensity of the light as well as the colors of the visu-
al effects was chosen as a function of the emotional purpose of the song. Scenes were designed with specif-
ic shades of red, purple, blue, green and yellow, as these are suggested to be the most pleasant and arousing 
hues [40].  

Once the eight song excerpts were done, the environment was adapted to provide the most beneficial 
therapeutic experience to each individual participant. This was calculated based on the participants’ emo-
tional response analyzed though EEG recordings. Indeed, different songs and different visual effects can 
have varying impacts on individuals. 

In order to best suit each participant, we used a method with a neurofeedback agent: Neurofeedback 
is a type of biofeedback that measures brain waves to produce a signal that can be used as feedback. When 
the measured activity is cerebral activity, biofeedback is called neurofeedback [41]. The neurofeedback 
agent tracks the emotions of the participants while they listen to the eight songs, detects the song which 
provokes the best emotional impact and plays this song once again for a longer period of time. Using this 
neurofeedback approach, we finally adapt the playlist to the user in order to favorize the song which has 
the most potential effect on the participant. This means the song that has less negative effect and most 
positive effect on the participant’s emotional state. The neurofeedback aspect of our environment enables 
to optimize the emotional impact for every individual participant.  

5.3. Experiments 

In order to study the impact of the music therapy environment on attention and memory perfor-
mances, we created 6 attention and memory exercises using Unity 3D software. The following provides 
brief descriptions of each exercise. 

5.3.1. Attention Exercises 
For the first attention exercise, the participant hears a series of numbers and is invited to replicate the 

sequence in the same order as presented using a numerical pad. Then, another series of numbers is pre-
sented but the participants are now invited to report numbers in the reversed order. Figure 3 illustrates 
how the participant uses the numerical pad in order to interact with the exercise.  

For the second attention exercise, participants hear a series of letters (one letter per second) and are 
required to click on the space bar of the keyboard each time they hear the letter “A”.  

Finally, in the third attention exercise, participants are shown pictures of different items for a short 
period of time. Then, after each picture, four letters are presented and they are asked to select the letter 
corresponding to the first letter of the presented item’s name. 

5.3.2. Memory Exercises 
For the first memory exercise, we present several objects visually or aurally to the participants and ask 

them to memorize them. After that, we present a series of objects and the participants are asked to select 
whether the object was seen, heard or never presented. Figure 4 shows the case where the participant an-
swers they have seen the image of the car. 
 

 

Figure 2. Scenes for two different songs from the virtual environment. 
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Figure 3. Screenshot of attention exercise 1. 
 

 

Figure 4. Screenshot of memory exercise 1. 
 
For the second memory exercise, we present several circles spread out against the virtual wall. Then, a 

series of circles is highlighted one by one in order to create a sequence. The participants are invited to 
memorize and repeat the same sequence.  

Finally, in the third memory exercise, we ask the participants to memorize sets of three pictures for a 
short period of time. Then, we present four sets of three similar pictures to the participants, and they are 
asked to select the set matching the one that was previously presented. 

5.3.3. Experimental Process 
We tested our approach on 19 participants (13 females) with subjective cognitive decline (SCD) and a 

mean age = 72.26 (SD = 5.82). In order to ensure that the participants were eligible for the study, they had 
to pass through a pre-experimental session. In this session, participants were presented with oral and 
written descriptions of the study and were invited to sign a consent form. Then, they performed the clini-
cal tests necessary to confirm diagnosis of SCD and characterize them. Only the eligible participants were 
invited to the experimental session.  

In the experimental session, participants were first invited to fill the following questionnaires: The 
Positive and Negative Affect Schedule (PANAS) scale [42], a self-assessment of emotions, and a question-
naire on cyber-sickness [43]. Then, we equipped the participants with an EEG headset and invited them to 
start solving the attention and memory exercises. Following these tests, participants were equipped with a 
FOVE VR headset, and the VR music therapy environment was launched. The relaxation environment 
lasted for about 10 minutes. Following the virtual environment, participants completed different variants 
of the same attention and memory exercises. Finally, the experimental session came to an end after asking 
the participants to once again fill the PANAS scale, cyber-sickness, AttrakDiff 2 [44] and a self-report form 
about the environment. Figure 5 shows the steps of the experimental process. 
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Figure 5. Process of the experiment. 

6. RESULTS  
Our first research question asked: Does virtual music therapy increase positive emotions and de-

crease negative emotions? To this end, we started by analyzing the emotions of the participants before, 
during and after the virtual music therapy immersion. This was done on the measure of frustration and 
valence extracted from the Emotiv EEG recordings. Results show that the mean frustration level before the 
music therapy was 0.69 (0.37 minimum and 1.00 maximum). The mean frustration level during the im-
mersion was 0.45 (0.21 minimum and 0.82 maximum). After the immersion, the mean frustration level 
was 0.51 (minimum 0.23 and maximum 0.92). Figure 6 shows a boxplot of the mean frustration before, 
during and after the music therapy session.  

Overall, the frustration decreased when the participants were in the virtual environment, and the pos-
itive effect on the frustration level was still observed after the music therapy. 

Next, we analyzed the mean valence before, during and after the music therapy immersion. Results 
show that the mean valence before was 0.59 (0.48 minimum and 0.78 maximum). The mean valence dur-
ing the immersion was 0.54 (minimum 0.47 and maximum 0.65). After, the mean valence level was 0.75 
(minimum 0.55 and maximum 0.92). Figure 7 shows a boxplot of the mean valence before, during and 
after the virtual environment. 

Overall, the valence decreased slightly when the participants were in the virtual environment but in-
creased considerably following their immersion. We believe this is a result of the experiment’s design, 
where the emotional optimization (choice of the song with the best emotional impact) took place at the 
very end of the music therapy session.  

In addition, post-session appreciation forms revealed that 89.5% of the participants found that the 
environment was immersive while 5.3% reported that the environment was not immersive, and the rest 
gave a neutral response. Results also showed that 84.2% of the participants reported that the virtual reality 
had a positive impact on their user experience, 5.3% reported that the virtual reality had a negative impact 
and the rest gave a neutral response. Finally, 89.5% of the participants reported that they liked the envi-
ronment and they found it relaxing, 5.3% reported that it was not relaxing, and the rest gave a neutral re-
sponse.  

Thus, the music therapy environment reduced negative emotions, such as frustration, and increased 
positive emotions, like valence and relaxation. This observation led to our second research question: Does 
the virtual music therapy increase cognitive functions? To this end, we analyzed performance im-
provements on the attention and memory exercises of each participant. We begin by presenting the results 
of the attention exercises and follow with those of the memory exercises. 

For the attention exercises, results show small improvements. For the first exercise, the general mean 
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improvement was 6.59%. For the second, there was a mean improvement of 1.91%. The performance im-
provement on the third exercise was 3.51%. More detailed results are shown in Figure 8, where we note 
that for exercise one, 6 participants showed improvement, 3 decreased performance and the rest main-
tained the same performance. On the second exercise, 3 participants showed improvement, 1 decreased 
performance and the rest held the same performance. Finally, on the third exercise, 5 participants showed 
improvement, 2 showed a decrease of performance and the rest kept the same level of performance.  

More desirable improvement levels were observed with regards to the memory exercises. For the 
fourth exercise (first memory exercise), a mean improvement of 6.14% was observed. For the fifth exercise, 
the mean improvement was 8.95%. Finally, the sixth exercise showed the highest percentage of improve-
ment, reaching 36.84%.  

Individual results are shown in Figure 9 where we can see that for the fourth exercise, 7 participants 
showed improvement, 3 experienced decreased performance, and the rest kept the same performance. For 
the fifth exercise, 11 participants displayed improvement, 7 had a decrease of performance, and the rest 
kept the same performance. Finally, for the sixth exercise, 12 participants showed improvement, 2 had de-
creased performance and the rest kept the same level of performance. 
 

 

Figure 6. Boxplot of general mean frustration. 
 

 

Figure 7. Boxplot of general mean valence. 
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Figure 8. Histogram of performance improvement in attention exer-
cises (1, 2 and 3). 

 

 

Figure 9. Histogram of performance improvement in memory exer-
cises (4, 5 and 6). 

 
These results show a considerable increase in memory performance following the adaptive virtual 

music therapy and only a small improvement in attention abilities. 

7. DISCUSSION 
In this paper, we develop a theory explaining how music therapy can enhance cognitive functions. 

Our experimental study aimed to identify the emotional and cognitive impact of a virtual music therapy 
environment on people suffering from subjective cognitive decline (SCD). Results of the study showed that 
following the intervention, both emotional state and cognitive performance was improved for most par-
ticipants. Our results are, at first view, in accordance with our hypothesized theory, which was: By in-
creasing positive emotions and reducing negative emotions through the activation of the brain re-
ward system (BRS), music improves cognitive functions.  
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The first research question considered that music would activate the BRS and thus influence the emo-
tional state of the participants. As this has already proven to be the case through many studies and was 
explored in a previous section, it was unsurprising to observe changes in emotional states of participants as 
they listened to the different songs. In general, negative emotions were reduced, as observed through the 
measure of frustration, and positive emotions were increased, as seen through the measure of valence. 
Following the experiment, a large majority of the subjects reported having enjoyed the session. In concor-
dance with the literature [9, 45, 46], we believe this emotional change is a result of the activation of the 
BRS.  

The second research question asked if the positive change in emotional state would result in better 
memory and attention performances. Our experimental results show a clear improvement in memory 
performance for most participants and a small tendency for improvement in attention performance. We 
propose that these increases in performance are a result of the change in emotional state generated by the 
music therapy. Although we do not have a direct physiological measurement proving causation from the 
emotional state to the cognitive state, many studies have shown strong correlations between emotions and 
mental states. For example, frustration is tightly tied to a high workload, and the inverse is also true. Re-
duction in workload correlates with reduced frustration [47]. Indeed, we base ourselves on the many stu-
dies which have shown correlation between better cognitive states (i.e. less stress, more engagement) and 
better performance scores on cognitive tasks [48].  

Importantly, many findings have established that positive mood states enhance memory function 
[48]. The theory we put forth merely proposes a process by which music influences memory. We created 
logical links between music, the BRS and emotions to explain how music influences cognitive functions. 
Through EEG analysis and cognitive performance assessment, the results of our experiment are in line 
with our theory.  

Our results show that the neurofeedback agent was indeed effective in choosing the appropriate song 
to play at the end of the intervention. As targeted, negative emotions were reduced, and positive emotions 
were increased following the virtual experience. The intelligent agent successfully improved emotional 
states.  

Interestingly, the mean valence decreased during the music therapy session, and was followed by an 
important increase post-session. We believe this is due to how the virtual music therapy session was de-
signed: for the first and longest part timewise, eight different songs are presented, some of which could 
have given rise to negative emotions. For example, one might have associated “Ave Maria” to the song 
played at someone’s recent funeral, generating negative emotions. The second and final part of the inter-
vention was reserved to play the song which most improved the emotional state of the participant. For this 
reason, we believe the overall valence during the experienced decreased slightly, and the post-session va-
lence was greatly increased due to the last, optimized song, having the most influence on the post-session 
emotional states.  

Our results show a noticeable difference between the performance improvements of the memory and 
the attention tasks, with the memory improvements exceeding those of the attention improvements. We 
propose that this is due to facilitated memory access generated by music. As mentioned in an earlier sec-
tion of this paper, the amygdala, a structure part of the BRS, is an important player in emotional processing 
and implicit memory. A study describes how emotional context associated with music and its saliency may 
lead to preserved residual memory functions in AD. They propose that since music is a salient emotional 
stimulus, it could potentially facilitate the access to the amygdala-based network and in turn provide better 
memory functioning [3]. This could explain why our participants experienced a small increase in attention 
performance and a larger increase in memory performance.  

In summary, our experimental study provides support to our theory, which proposed that music 
helps cognitive functions through the activation of the BRS which provides a better mental environment 
for cognitive tasks. Future research should investigate through different imaging techniques the activation 
of the amygdala during music therapy sessions and memory tasks.  
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8. CONCLUDING REMARKS 
The aim of this paper was to introduce and support a theory by which music can enhance cognitive 

functions in Alzheimer’s disease. We propose that the pleasurable experience of music is directly tied to 
the activation of the brain reward system; a network of interconnected brain structures was involved in 
dopaminergic activity and in turn the rewarding and motivational experience. The activation of these 
pathways leads to increased release of dopamine and therefore the subjective experience of pleasure in the 
listener’s brain. This uplift in emotional state can be linked with better cognitive performances, as sug-
gested by various studies in the fields of neuroscience and computer science’s intelligent tutoring systems. 
We explore this theory through a study we conducted on people suffering from subjective cognitive de-
cline. Results show that following the music therapy session, participants had increased positive emotions, 
reduced negative emotions, slightly increased attention performance and increased memory performance. 
Supporting our theory, we propose that the cognitive performance increase is a result of a better cognitive 
environment generated by the music. We propose that by activating the reward system—increasing the 
dopaminergic release—and in turn generating positive emotions, music can positively affect memory and 
other cognitive functions.  
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