
 
 
 
 
 
 
 

MESTRADO 
MULTIMÉDIA - ESPECIALIZAÇÃO EM TECNOLOGIAS INTERATIVAS E JOGOS DIGITAIS 

 

GENERATIVE SOUNDSCAPES FOR 
ENHANCED ENGAGEMENT DURING 
NON-INVASIVE 
NEUROREHABILITATION 
TREATMENT 

 

Aisha Jeanette Animashaun 
 
 
 

M 
2021 

 
 
 
 
 
 
 
 
 
 
 
 

FACULDADES PARTICIPANTES: 
 

 
FACULDADE DE ENGENHARIA 
FACULDADE DE BELAS ARTES 
FACULDADE DE CIÊNCIAS 
FACULDADE DE ECONOMIA 
FACULDADE DE LETRAS 





Generative Soundscapes for Enhanced

Engagement During Non-Invasive

Neurorehabilitation Treatment

Aisha Jeanette Animashaun

Master of Multimedia of the University of Porto

Supervisor: Prof. Gilberto Bernardes de Almeida (FEUP)

July 2021





© Aisha Animashaun, 2021

Generative Soundscapes for Enhanced Engagement

During Non-Invasive Neurorehabilitation Treatment

Aisha Jeanette Animashaun

Mestrado em Multimédia da Universidade do Porto

Aprovado em provas públicas pelo Júri:

Presidente: Rui Pedro Amaral Rodrigues (Prof. Doutor)

Vogal Externo: Daniela da Costa Coimbra (Prof. Doutor)

Orientador: Gilberto Bernardes de Almeida (Prof. Doutor)





Resumo

Esta dissertação enfoca a incorporação de tecnologias multimídia na forma de uma

paisagem sonora generativa, em um método tradicional de tratamento restaurador para

deficiências cognitivas e sintomas neuropsiquiátricos para melhorar a taxa de engajamento,

bem-estar e experiência do usuário dos pacientes. Ele utiliza a estrutura de engajamento e os

protocolos desenvolvidos atualmente para criar uma intervenção baseada em som e expandir a

eficácia do tratamento de neurorreabilitação, mascarando as fontes sonoras auditivas negativas.

Um questionário preliminar foi realizado com o círculo imediato de indivíduos com demência

para avaliar as principais dimensões da falta de envolvimento, avaliando a poluição sonora,

envolvimento e estado emocional. Foram encontradas diferenças significativas no envolvimento

reduzido e uma paisagem sonora mais alta durante as sessões de terapia. O experimento que se

seguiu contrastou o método de tratamento fundamental com uma experiência espelhada

reforçada por meio da paisagem sonora geradora adicional para analisar o quão engajado o

paciente estava e como o elemento multimídia baseado em som adicional melhorou sua

disposição de participar. Os resultados encontraram uma melhor duração do envolvimento dos

participantes, bem como um aumento nas emoções associadas positivamente e uma diminuição

nas emoções negativas. Além disso, a recepção sugere que um ambiente social pode ser benéfico

para o aumento do envolvimento durante a terapia de reabilitação neurológica. Em última

análise, a pesquisa visa avaliar o impacto de uma taxa de envolvimento possivelmente elevada

em pacientes por meio da incorporação de tecnologias de multimídia como suporte aos métodos

de tratamento tradicionais e promover uma experiência mais confortável durante o tratamento.

Palavras-chave: Paisagem Sonora Gerativa, Ruído, Cognição, Tecnologia Multimídia,

Engajamento, Deficiências Cognitivas, Terapia, Reabilitação



Abstract

This dissertation focuses on the incorporation of multimedia technologies in the form of a

generative soundscape, in a traditional restorative treatment method for cognitive impairments

and neuropsychiatric symptoms to improve engagement rate, well-being and user experience of

the patients. It utilizes the currently developed engagement framework and protocols to create a

sound-based intervention and expand the effectiveness of neurorehabilitation treatment by

masking negative auditory sound sources. A preliminary questionnaire was conducted with the

immediate circle of demented individuals to assess the main dimensions of the lack of

engagement by evaluating noise pollution, engagement and emotional status. Significant

differences in reduced engagement during therapy sessions and a louder soundscape in treatment

facilities compared to home environments were found. The experiment that followed contrasted

the fundamental treatment method with a mirrored experience strengthened through the added

generative soundscape to analyze how engaged the patients were and how the additional

sound-based multimedia element improved their willingness to participate. Results found

improved duration of engagement in participants as well as an increase in positively and a

decrease in negatively associated emotions. Further, the reception suggests that a social

environment can be beneficial to the increase of engagement during neurorehabilitation therapy.

Ultimately, evidence suggests that present negative auditory stimuli stand in direct correlation to

diminished engagement rates in patients during neurorehabilitation treatment and further

investigations are encouraged.

Keywords: Generative Soundscape, Noise, Cognition, Multimedia Technology,

Engagement, Cognitive Impairments, Therapy, Rehabilitation
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Introduction

1. Introduction

This chapter will give an overview of the context and motivation of the work. Furthermore,

it will identify the current limitations in the state of the art, as well as raise a hypothesis and the

objectives of the investigation. Lastly, the methods applied and the structure of the dissertation

will be presented to give a comprehensive overview of the research.

1.1 Context and Motivation

Neurocognitive disorders (NCDs) are a steadily rising concern as numbers grow globally.

In 2020, around 50 million people worldwide lived with dementia and there are nearly 10

million new cases per year1. Dementia, however, is only one type where neurocognitive

disorders appear. Followed by Alzheimer’s, Parkinson’s, Huntington’s and Creutzfeldt-Jakob

disease, amongst others (Reith, 2018). Furthermore, the causes are not always age-related and

can occur from incidents such as traumatic brain injuries (TBIs), infections, thyroid problems,

damage to the blood vessels, and other causes (Kane et al., 2017), increasingly affecting a wide

range of people and age groups worldwide.

Successful treatment methods are limited and the lack of engagement is a contributing

factor to the ineffectiveness. Lanctôt et al. (2016) state in their review that recent studies confirm

apathy, lack of motivation and drive, has a major impact on people with NCDs. The absence of

engagement and motivation to participate subsequently impairs the effectiveness of treatments

and needs to be intervened. In order to tackle this issue, the extended domain of multimedia

(MM) technologies have been incorporated into existing treatments to make use of multisensory

stimulation to minimize patients’ apathy during treatments. However, the lack of accessibility to

those technologies by patients with NCDs due to cost, mobility issues or lack of technological

1World Health Organization, Dementia [website]
https://www.who.int/news-room/fact-sheets/detail/dementia (accessed 12 April 2021)

1

http://www.who.int/news-room/fact-sheets/detail/dementia


understanding led to the thought, “What other elements negatively affect the engagement of

individuals suffering from NCD and how can they be intervened?” and the answer was noise.

Noise plays a significant role in attention span and the experience of apathy in daily life and

during therapy sessions, especially in older adults. However, successful interventions to tackle

these issues are very limited and either a monotone or not individualized solution to minimize

noise pollution was proposed.

This research project will analyze the potential factors for the successful intervention on

apathy and propose solutions to heighten the engagement rate of individuals suffering from

NCDs through the incorporation of technology in the form of a generative soundscape to mask

negatively associated auditory stimuli during non-invasive cognitive neurorehabilitation

treatment.

1.2 Problems, Hypothesis, and Research Questions

Traditional treatment methods for neurorehabilitation and the subcategory of cognitive

rehabilitation still lack the frequent incorporation of elements that can improve the engagement

rate of patients. The objective is primarily to see if a sound-based intervention can heighten the

engagement rate during treatment. Further, as there was a lack of available data the research

wants to identify how loud treatment environments typically are and if there are specific

negative auditory sound sources that can be identified in those settings. Finally, the project

analyzes if the engagement and emotions of patients differ based on the environment they

interact in (at home with immediate circle compared to during therapy sessions with training

material or healthcare professionals). Those objectives will give a great picture and reference

point for future investigations in the area of increased engagement through auditory

intervention.

Central Research Question:

Can the incorporation of technology in the form of a generative soundscape positively
affect the participant’s engagement?

This project proposes the following  hypothesis:

The engagement rate of non-invasive treatments for neurocognitive disorders can be

improved by identifying and intervening on negative psychoacoustic properties within a

2



Introduction

treatment setting and the active masking of negatively associated sound stimuli through a

generative soundscape implementation.

Sub-Questions:

● How loud is the typical environment in which patients seek treatment for neurocognitive

disorders?

● Is there a notable difference in engagement when individuals with NCD interact with

people at home compared to in treatment facilities during therapeutic sessions?

● Do the emotions experienced by individuals with NCD differ in a home environment

compared to treatment facilities?

● Are there prominent auditory stimuli that trigger negative neuropsychiatric symptoms?

● Can we improve the engagement dimension by adapting a particular soundscape to

intervene on negative auditory stimuli during therapeutic neurorehabilitation treatment?

● How engaging is the enhanced experience for participants during treatment?

This research project aims to develop a prototype intervention to increase the engagement

rate and well-being during non-invasive treatments for neurocognitive disorders in the form of a

generative soundscape to prove the hypothesis and answer the central research question and

sub-questions.

1.3 Research Methodology

Procedure

The aim is to test and create a generative soundscape condition to mask negatively

associated auditory stimuli and analyze the impacts this intervention has on the engagement of

patients during therapy for cognitive impairments in the context of neurorehabilitation

treatments. The environment will be directly contrasted by conducting a session without the

soundscape during cognitive training tasks and with it incorporated to see if a heightened

engagement rate can be identified when adding multimedia properties to the existing treatment

methods.

Study Design

The project follows an empirical approach. The experiment will be based on a

pre-experimental, specifically a one-group posttest-only research design. The main stimulus is

3



sound-based and arranged speakers will be used in appropriate distribution for maximization of

effect. The experiment will consist of 2 sessions of 10 minutes each to test two conditions:

1. A non-invasive treatment method used for training cognitive functions

2. The non-invasive treatment with the incorporated soundscape

Approach

The project uses a mixed-method approach featuring a quantitative hypothesis and

qualitative questions to promote the reusability for future studies in a broader context.

Data Collection

The data collection will be done by first assessing the participants on their conditions and

mood to get an overall understanding of their persona, as well as get an insight on their existing

condition towards treatments for neurocognitive rehabilitation and their enjoyment level.

Further, video recordings taken during the session will be analyzed using the engagement

protocols “Observational Measurement of Engagement” (OME) and “Observational Emotion

Rating Scale” (OERS) under the Comprehensive Process Model of Engagement framework in

which the duration, attention and attitude during the experiment as well as the emotions will be

measured. This will be done for both sessions and will be compared to each other to analyze the

differences and effectiveness of possibly heightened engagement due to the incorporation of the

generative soundscape.

Lastly, after both sessions, a qualitative interview will be conducted to assess the

experience and personally perceived joyfulness of the participants during the session. This will

also include a discussion of self-evaluation, user experience, comfort, mood during the

engagement and which treatment they prefer.

Participants

The participants were ideally five people with Mild Cognitive Impairments (MCIs) or

NCDs and five people without cognitive impairments as a control group. Both groups would be

exposed to the two sessions.

However, as a contingency plan to not put people with NCDs at risk in the light of the

global pandemic, COVID-19, the experiment featured six individuals with neuropsychiatric

symptoms, over the age of 50, three had previously experienced MCIs and three have not.

4
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1.4 Structure of the Dissertation

The dissertation is organized in seven chapters followed by the bibliography and appendix.

This first chapter covered the context and motivation behind conducting the work, the

hypothesis raised as well as a brief overview of the research methodology applied.

Chapter 2 lays down the fundamental theoretical framework of the dissertation by

presenting existing neurorehabilitation treatment protocols and methods for individuals with a

NCD. This is separated into non-invasive and invasive treatments and further sub-sectioned into

individual approaches using multimedia devices. Next, the limitations of existing treatment

methods are discussed and the relationship between engagement levels and successful treatment

responses.

Chapter 3 discusses in detail the problem found in current neurorehabilitation treatments

and focuses on noise pollution as a negative stimulus. In this chapter, the results of a conducted

questionnaire with the immediate circle of demented individuals as well as a sound analysis of

the soundscape in a treatment facility are shared. After analysis of the questionnaire significance

relating to engagement being influenced by a noisy environment was found. Lastly, the chapter

poses a possible solution to the problem of negative effects of noise pollution on individuals

with NCDs during treatments.

Chapter 4 presents the design method used for visualization as well as the breakdown of

the proposed solution and prototype implementation. In this chapter the used software, elements

and research findings behind the generative soundscape choices will be detailed and the

particular use justified.

Chapter 5 focuses on the experiment and evaluation itself, the set-up and execution. It

further details the positive results of the experiment based on the research methodologies used

and discusses unexpected results after the experiment was over and future works to be

conducted on this topic to improve engagement through noise reduction based on adaptive

auditory masking.

Finally, Chapter 6 concludes the dissertation with the overall reflection and conclusion of

the dissertation work and underlines the most significant elements of the research as a summary

as well as sharing the future implications.

5



2 .  Literature Review

This chapter lays down the theoretical foundation behind this research. The exploration of

treatment methods in neurorehabilitation is analyzed as well as the existing multimedia tools in

the domain of neurocognitive rehabilitation. Further, the current limitations of treatments and

their causes are discussed. The prominent protocols and frameworks for the measurement of

engagement in cognitive impairment patients are identified and subsequently, the most

promising proposed interventions are presented and the technological tools that can be used to

unify the project.

2.1 Neurons and the Development of Neurocognitive Disorders

Neurons communicate through small electrical currents within multiple networks of brain

circuits, which operate on a particular frequency. By dividing the types of brain oscillations, five

main brainwave frequency bands, delta, theta, alpha, beta and gamma (see Figure 1), can be

distinguished on an electroencephalogram (EEG) (McDermott et al., 2018).

Brainwaves operating below 0.5 Hz are referred to as Slow Cortical Potentials or

Infra-Low brainwaves. They play a major role in the timing and network development of the

brain. However, due to their slow oscillation accurate measurements are difficult to obtain and

few studies have been conducted on their use within the neural circuits (McDermott et al.,

2018).

6



Literature Review

Figure 1

Five main brainwave frequency bands

Note. Figure by McDermott et al., 2018. Copyright 2018 by McDermott et al.

Major NCDs were previously known as dementia (Grohol 2016). Yet NCDs are

characterized by cognitive deficits and functional impairment and actually refer to various

clinical syndromes which originated in brain pathology (Nie & Sultzer, 2015). Often, underlying

medical conditions and environmental factors contribute to the emergence of NCDs and can

appear through noticeable memory loss, mood and behavioral symptoms, significant problems

handling daily tasks and difficulty communicating (Reith, 2018).

NCDs can also cause severe psychological issues. Elie and Rej (2018) state that

neuropsychiatric symptoms (NPS) are extremely common (> 90%) in patients with all NCD

subtypes and progress with worsening conditions. Some NPS include: depression, apathy,

anxiety, sleep disturbance and agitation. While non-pharmacological interventions remain the

norm in treating symptoms, severe cases require pharmacological interventions but are

recommended to be combined with non-pharmacological treatments.

Non-pharmacological treatments can appear in the form of traditional treatment methods,

such as, for example, music therapy or exercise, and the advanced incorporation of multimedia

applications to enhance their effectiveness. However, the neuropsychiatric symptoms are often

7



overlooked although the extreme commonness of apathy and depression in patients with NCDs

has a direct impact on their willingness to participate and their engagement during treatments.

This is highlighted by Lanctôt et al (2016) who found that apathy has a significant impact on

people with NCDs and is therefore an important area for further research and intervention.

In order to analyze the engagement rate, first, the different treatment protocols for

neurorehabilitation need to be explored, then protocols and frameworks for measuring the

engagement and subsequently the technical tools visualized to conclude on the most beneficial

application to be developed and protocols to be implemented in order to increase the

engagement rate of patients with NCDs during treatment with the incorporation of MM

technologies.

2.2 Overview of Treatment Protocols for Neurorehabilitation

Neurorehabilitation focuses not only on cognitive impairments and neuropsychiatric

symptoms but covers a wide range of disciplines that are individually constructed and based on

the patients’ needs. Furthermore, different tests to measure the cognitive functions through

screening tools need to be conducted to foster an effective treatment plan (as further detailed in

Section 2.2.2) that stands in correlation with the many types of rehabilitation treatments for

patients with NCDs.

2.2.1 Types of Rehabilitation Treatments

Neurorehabilitation includes a wide variety of treatment areas as stated by Aldridge (2008)

and Greenwood et al. (2003), notably including:

● Speech Therapy: Improve speaking, reading, writing as well as swallowing

● Mobility and Exercise Programs: Maintain movement, mitigate pain, decrease

weakness of muscles due to lack of use, improve overall mobility

● Activities to improve cognitive impairments: Such as problems with concentration,

attention, memory, and poor judgment by conducting cognitive training sessions in the

form of puzzles, pattern recognition and memory tasks, and more

● Stress, Anxiety and Depression Management: NCDs often result in apathy and

neuropsychiatric issues such as depression therefore it is important to manage these

issues

● Emotional Support: Similar to depression management, support is needed to cope with

the disorder and its progression

8
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● Social and Behavioral skill training: Change of behavior and alienation are common

therefore rehabilitation into society and training of social interactions might be needed.

Treatments are uniquely configured to always meet the individual patient’s needs. The goal

of neurorehabilitation is to improve their overall quality of life and help them return to the

highest form of function and independence possible. It is important to note that dependent on

the type of disease or injury causing the NCD, that some aspects are reversible and others are

not and can only be aimed to halt such in the case of neurodegenerative disease where the

progression of the symptoms are being tried to slowed down rather than possible to reverse at

current research state (Mathys, 2018). As this project focuses primarily on stress, apathy,

anxiety and depression management, and activities to improve cognitive impairments, those two

pathologies in relation to NCDs will be primarily addressed in the literature review.

2.2.2 Measurement of Cognitive Functions

Tests are conducted during treatment to measure the state of cognition of the patient.

Several types of tests that can be used. A review by Bossers et al. (2012) has found the most

common tests to assess cognitive performance in elderly people to be the Mini-Mental State

Examination (MMSE) and Severe Impairment Battery (SIB). Two other tests used in studies to

measure particularly working memory and spatial processing regardless of age were an adapted

form of Shepard and Metzler's Mental Rotation task (Parong & Mayer, 2019) and the Mini-Cog

(Borson et al., 2000). Next, each one of these four tools will be described.

Mini-Mental State Examination

The MMSE is a globally recognized quantitative screening tool used to assess the cognitive

functions of patients2. MMSE is used in a clinical setting on the first introduction and to

measure progressions of cognitive impairments. The original MMSE consists of a 30 point fixed

questionnaire and only takes around 10 minutes. Nowadays there are three different forms of the

2nd Edition MMSE test as described by Psychological Assessment Resources, Inc (see footnote

2): MMSE-2: BV (brief; 5min assessment time; for large population studies, MMSE-2: SV

(standard; 15min), MMSE-2: EV (expanded version; 20min; includes two added tasks:

processing speed and story memory). A comprehensive description of tasks in the MMSE-2: SV

can be found in Table 1 below.

2 Psychological Assessment Resources, Inc. [website] (accessed 2 December 2020)
9



Table 1

MMSE-2: SV Tasks illustrated with descriptions

Task Description

Registration & Recall Ability to repeat and retain three unrelated
words, and then recall after a short task

Orientation to Time Identify year, season, month, day of the
week, and date

Orientation to Place Identify state, country, city/town, building,
and floor

Attention & Calculation (Serial 7s) Count backward by 7s

Naming Identify body parts when pointed to by
examiner

Repetition Repeat a sentence that contains words not
often said together

Comprehension Understand and carry out a three-stage verbal
command

Reading Read and follow instructions

Writing Write a sentence

Drawing Copy intersecting pentagons

Note. Adapted from Psychological Assessment Resources, Inc. (see footnote 2).

Mini-Cog

The Mini-Cog is used to distinguish between demented and non-demented people by

introducing a three-task approach (see Figure 2). First, the participant gets introduced to three

words and needs to register them consciously and repeat them, then he has to draw a clock, and

afterward recall the three words earlier given. Depending on the score of remembering the

words and if the clock is drawn normally or abnormally, Borson et al. (2000) use the

abbreviation CDT - for the clock drawing task, it can be determined if the person is dement. It

is important to note that in the study of Borson et al., the Mini-Cog classified 96% of subjects

correctly.

10
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Figure 2

Mini-Cog scoring algorithm

Note. Figure by Borson et al., 2000. Copyright 2000 by Corson et al.

Severe Impairment Battery

The Severe Impairment Battery has become a worldwide standard benchmark assessment

by drug companies for clinical trials to gather performance-based low-level tasks of patients

with a severe progression of neurodegenerative disease and cognitive decline, unable to

participate in other psychological tests (Schmitt et al., 2013). It takes approximately 20 minutes

to complete. A condensed version of the test called SIB-8 (see Table 2) exists which only takes

about 3 minutes to administer and uses eight items of various cognitive domains most sensitive

to change from the original SIB. A study conducted by Schmitt et al. (2013) shows the SIB-8

provides similar results to the standard SIB, therefore being suitable for implementation.

Table 2

SIB-8 task items and domains

Item Domain

Month Orientation

Month of the year Language

11



Table 2 (continued)

Write name Language

Write sentence Memory

Fluency Language

Confrontational naming - spoon Language

Using spoon Praxis

Digital span Attention

Note. Adapted from Schmitt et al., 2013.

The six major areas of measurement in the traditional SIB are: attention, orientation,

language, memory, visuospatial ability and construction conducted using a questionnaire

(Schmitt et al., 2013).

Figure 3

Mental rotation task example

Shepard and Metzler’s Mental Rotation Task

Shepard and Metzler (1971) introduced the concept of mental rotation

into cognitive science. The task measures the spatial processing of

patients through memorable graphic images which are rotated in the

two-dimensional space and need to be correctly associated with the

image (see Figure 3). A timer is set up and participants need to raise

their hand as soon as they determine if the images are matching or not.

Right hand in the air if they are the same, left hand if they differ. The

reaction time, as well as the error rate, are recorded to determine their

spatial processing ability.

Note. Figure by Shepard and Metzler, 1971. Copyright 1971 by Shepard and Metzler.

Conclusion

The most common test used in research is the MMSE, due to its globalized standard and

ease of implementation. A good alternative and arguably more accurate than the MMSE is the
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Mini-Cog. The Mini-Cog can also be seen as the fast alternative for quick screening to assess

cognitive functions as the clock task is one of the most meaningful. The SIB test on the other

hand targets rather severely impaired elderly people unable to participate in other

neuropsychological tests, therefore being a tool resorted to at later stages surpassing MCIs. The

Shepard and Metzler’s Mental Rotation Task, while proven accurate in assessing spatial

processing, is only a small tool in the spectrum of cognitive assessments and can be used to

target unique research related to spatial qualities. Concluding that either the MMSE or Mini-Cog

are the most extensive tools used to assess cognitive functions accurately.

2.3 Treatment Methods for Neurocognitive Disorders

Within the domain of neurocognitive rehabilitation and the sub-domain of cognitive

impairment treatments it is important to distinguish between invasive and non-invasive treatment

methods and their subcategories of non-invasive pharmacological and non-pharmacological

treatments (see Table 3). It is crucial to note that currently “there is no widely accepted

definition of an invasive procedure and the terms ‘surgery’ and ‘interventional procedure’ are

characterized inconsistently” (Cousins et al., 2019, para. 1). Therefore, the most common

classifications found in the literature establish a foundational understanding of the profound

differences between invasive and non-invasive treatment methods.

Table 3

Outline of the characteristics of non-invasive, invasive, pharmacological, non-pharmacological

treatment methods

Types Definition Domain Benefits Limitations

Invasive Surgical
interventions

non-pharmacolo
gical treatment
or partnered
with
pharmacological
interventions to
achieve better
results

Studies have
shown
promising
results
especially in the
domain of
treating motoric
difficulties in PD
patients through
DBS

Only a small
percentage of
people with
NCDs are
eligible for
surgery

Non-Invasive Therapeutic
rehabilitation
and

Including
pharmacological
and

No invasive
harm to the
body; many

Further research
needs to be
conducted in the
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interventions,
using analog or
digital tools for
tasks without
incision or
damage to the
tissue

non-pharmacolo
gical treatments

different types
of treatment
options which
can be
individualized
based on needs

different
treatment
options to
develop
conclusive long
term solutions

Pharmacological The use of
medication as a
treatment
method for
NCDs

Established as a
non-invasive
treatment
method.
However, can be
partnered with
invasive
treatments

Easy
implementation
and a limited
amount of time
spent throughout
the day
administering it

The BBB
(Blood Brain
Barrier) as well
as the
progression of
NCDs
influences the
effectiveness of
medications

Non-Pharmacol
ogical

Can either be an
invasive or
non-invasive
treatment
method that
does not partner
with
pharmacological
approaches

Non-Invasive
and Invasive
domain

No use of
medication;
many options of
different
treatment
methods

Some symptoms
might be tackled
with greater
success
partnered with
pharmacological
treatments

2.3.1 Invasive Treatment Methods

Invasive treatment methods are not a highly common practice for patients with

neurocognitive disorders. As Kassahun (2018) concludes that patients with, in their case,

pre-existing dementia are at an increased risk of fatal complications and early death after

surgery than in surgical patients without dementia. This statement stands in direct relation to the

small number of Parkinson's patients eligible for surgery as only about 10 percent of patients are

suitable candidates3. This visualizes the hindered accessibility to those treatment methods due to

the health constraints of neurocognitive disorders and the diseases and medical conditions

associated with them. The two most prominent are discussed in this section.

3 UCSF Health. Parkinson’s Disease Treatment. [website]
https://www.ucsfhealth.org/conditions/parkinsons-disease/treatment

Note. University of California San Francisco Health medical specialists have reviewed this
information
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Deep Brain Stimulation (DBS)

DBS is a neurosurgical procedure in which a neurotransmitter is placed in the brain to send

electrical impulses to specific targets to counteract symptoms in most patients with Tourette’s

syndrome and PD (Kringelbach et al., 2007). DBS was first introduced in 1986 to treat tremors

in PD patients (Groiss et. al., 2009). Groiss et al. (2009) state in their research article that DBS

is a highly effective intervention for advanced PD patients. However, as generally only ten

percent of patients with Parkinson's disease are eligible candidates for surgery, the potential

target market to receive this treatment is very small.

Further Schüpbach et al. (2006) found in their research trials with PD patients that besides

noted improvements in motor disability, their cognitive status and daily living quality through

the improvement of activities, especially in the area of social adjustment, did not improve. It is

illustrated that although motoric functions improved, problems with the patients’ perception of

their body and themselves were found, raising awareness to the psychological aspects of

neurocognitive disorders that need to be addressed in addition to physical rehabilitation

(Schüpbach et al., 2006).

Ablative Surgery

Ablative surgery has been a prominent treatment method for neurological disorders until

new effective drugs primarily replaced the method (Franzini et al., 2019). Ablative surgery has

the purpose to ablate or destroy targeted areas of the brain affected by neurological disorders

(UCSF, see footnote 3). The four main types of ablative surgery are stereotactic radiosurgery,

laser interstitial thermal therapy, radiofrequency and magnetic resonance-guided focused

ultrasound thermal ablation (Franzini et al., 2019). However, as non-invasive procedures proved

to be comparably effective the number of Ablative Surgeries conducted declined in recent years

(Franzini et al., 2019).

2.3.2 Non-Invasive Treatment Methods

Non-Invasive Treatment Methods focus on tools that do not require incision and damage to

the tissue (Cousins et al., 2019). In order to get a better overview, this section is divided into

pharmacological and nonpharmacological treatments. Further, it will be distinguished into

traditional4 non-invasive treatment methods and multimedia-enhanced options, going into detail

in the technological findings in Section 2.3.3.

4 In this review we are referring to “traditional” treatment methods as approaches that do not use
MM elements as the main stimulus.
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Pharmacological

Pharmacological treatment is sometimes proposed as an addition to other treatment

methods as psychological and behavioral symptoms of dementia appear in approximately 80%

of people with major NCDs (Mathys, 2018). Medication is crucial to combat those symptoms

amongst other drugs tackling different aspects of NCDs such as cholinesterase inhibitors to

improve memory and judgment, Memantine to enhance learning and memory, as well as the

prescription of medications to help ease symptoms of depression, agitation and sleep

disturbance. However, the effectiveness of the medication can be compromised due to the

indication of alteration of the Blood-Brain Barrier (BBB) in patients with neurodegenerative

disease (Carvey et al., 2009) and its breakdown of the medication in the blood before it can

reach the nervous system (Pardridge, 2012; Tonda-Turo et al., 2019).

The standalone effectiveness of pharmacological treatment is also not ensured as a research

project conducted by Mathys (2018) concludes that although medication therapy might be

needed in patients with NCDs, non-pharmacological methods should be implemented for the

heightened success of the overall treatment. Therefore, medication is not a treatment choice that

can thrive on its own, ensuring the patient’s recovery or ease of symptoms, but if implemented

should be administered in combination with non-pharmacological treatment.

Non-Pharmacological

There are various forms of non-invasive treatment methods aiming to combat

neurocognitive disorders and their symptoms through a non-pharmacological approach, meaning

that no medication is implemented to enhance the effectiveness of the treatment. The most

notable treatment methods will be divided into three main traditional treatment methods

(non-invasive brain stimulation, exercise and music therapy) and four treatment methods

involving multimedia elements (40 Hz auditory and multisensory stimulation, audio-visual,

extended reality and treatments involving digital games). As stated above, the multimedia

treatments will be addressed in Section 2.3.3 as an extra category where an extensive literature

review has been conducted to identify the primary treatment tools.

2.3.2.1 Traditional Non-Invasive Treatments

Non-Invasive Brain Stimulation

Non-invasive brain stimulation (NIBS) establishes itself as a promising pain-free

rehabilitation tool for a number of neurodegenerative diseases (Birba et al., 2017). The main
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distinction can be made between the two most commonly used techniques: repetitive

transcranial magnetic stimulation (rTMS), which uses a magnetic field to electrically stimulate a

certain part of the brain and transcranial direct current stimulation (tDCS), which uses weak

electrical currents applied to the head to stimulate the brain (Birba et al., 2017). NIBS is used on

a number of patients with neurocognitive disorders and neurodegenerative disease worldwide,

but as Birba et al. (2017) found in their review on the effects of NIBS in predominantly MCIs,

further and longer longitudinal studies need to be conducted in order to draw a cohesive

conclusion on the effectiveness of the treatment.

Exercise

Increasing evidence illustrates the positive impact of exercise on brain function in healthy

and demented people (Twiss, 2019). Exercise is an important aspect of neurorehabilitation as

research conducted by Erickson et al. (2011) showed in a randomized controlled trial with older

adults (without dementia) that regular aerobic exercise can help to reverse hippocampal volume

loss, important for memory encoding and retrieval, in late adulthood and therefore improve

memory functions as well as minimize the risk of neurocognitive disorders. Various studies,

highlighted in a review by Ahlskog (2011), support the claim that exercise, especially aerobic

exercise, can slow dementing illness and reduce the risk of cognitive impairments. Making it a

prominent treatment method in patients who are still capable of physically performing in a

therapeutic environment under supervision.

Music Therapy

Music therapy (MT) has been practiced for centuries and shows parallels to an ancient

healing technique in the form of Shamanism, which aims to access the human subconscious

through singing and instrumental practices (Winn et al., 1989). In modern society, a wide variety

of research on music and music therapy for dementia patients has been conducted. The therapy

consists of mainly listening to music, singing, playing an instrument or dancing to a rhythm

(Moreno-Morales et al., 2020). Moreno-Morales et al. (2020) found that music therapy not only

improves the overall quality of life for patients with dementia but further has a long-term effect

on depression symptoms associated with NCDs and is currently studied to improve cognitive

functions.

Multiple research outlets have confirmed the promising possibilities for MT in dementia

care and cognitive rehabilitation treatment. A study conducted by Irish et al. (2006) analyzed the

effects of autobiographical memory in patients with mild Alzheimer's disease (AD) through

comparison to a healthy control group using a repeated measure design with two conditions:
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music from Vivaldi: Four Seasons and silence. Irish et al. found a considerable improvement in

AD patient’s autobiographical memory as well as anxiety relief listening to Vivaldi: Four

Seasons. Further, a cross-over study involving elderly cognitive-impaired psychiatric inpatients

by Bruer et al. (2007) found that MT (listening to music, singing and playing instruments)

significantly improved the cognitive functions of participants in the next morning in comparison

to weaker interventions such as watching an age-appropriate movie. A third study executed by

Särkämö et al. (2008) focused on the rehabilitation of stroke patients, establishing them in three

groups: language (listening to audiobooks selected from a variety by patients for 1 hour per

day), music (listening to favorite music for 1 hour per day) and a control group. They found that

the verbal memory and focused attention improved most in the music group after 6 months than

the other two groups. Särkämö et al. suggest that musically enriched recovery positively

contributes to improved learning and overall well-being. Those three studies visualize the

positive effects music can have on cognition and neuropsychiatric symptoms such as anxiety

through listening or actively participating in music tasks.

Nair et al. (2013) note in their article that the use of patient preferred music may be

problematic as it could be logistically challenging. However, a research project by Arroyo-Anlló

et al. (2013) exposed AD patients to their chosen music and featuring a control group has shown

that although cognitive scores only varied slightly the group, listening to familiar songs had a

better self-consciousness. They believe familiar music is important to “allow patients to express

feelings, to facilitate meaningful interactions and to elicit positive reactions (e.g., eye contact,

meaningful vocalization), leading to a reduction in agitation, depression, and restlessness.”

(Arroyo-Anlló et al., 2013, p.8). Therefore, although it could be logistically challenging to

incorporate familiar music into group treatments as those would need to feature individually

chosen music, if improved self-consciousness is the goal it is recommended.

Further patients and people with dementia can stem from different cultural backgrounds.

Therefore, it is important to target musical stimuli that promote music as a global language of

emotional recognition. A study by Fritz et al. (2009) found three main characteristics of

emotions universally understood by creating a cross-cultural study with western and native

African participants (Mafa) never exposed to western music. This first experiment focused on

identifying three main emotions (happy, sad, scared) in western music and found that those basic

emotions are universally recognizable. The second experiment analyzed how spectral

manipulation in music affects the perceived pleasantness of western music to the listeners and

came to the conclusion that both groups preferred the original material over the manipulated

pieces. The study by Fritz et al. highlights that the distinctions between basic emotions such as

happiness, sadness and scaredness can be recognized universally in music.
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Music is a low-cost and easy to administer intervention with a proven impact on the human

central nervous system. Although further research needs to be done to establish the correct

music properties for effective treatment for cognitive impairments and behavioral symptoms it is

a promising treatment for AD and NCDs (Arroyo-Anlló et al., 2013).

2.3.3 Non-Invasive Treatments Involving Multimedia Applications

To analyze the use of multimedia elements within existing treatments the properties will be

broken down into auditory and multisensory 40 Hz treatment, audiovisual, extended reality and

digital games. The properties and effectiveness as non-invasive treatment methods for NCDs

will subsequently be assessed through the exploration of options.

2.3.3.1 Auditory and Multisensory 40Hz Treatment

There has been a drastic spark in treatment approaches for AD patients through

non-invasive gamma wave stimulation. Newly developed studies in particular focused on

cognitive improvement through 40 Hz gamma wave stimulation of the brain, described in a

study as gamma entrainment using sensory stimuli, or GENUS, a research conducted by Li-Huei

Tsai and her research team at the Massachusetts Institute of Technology (Adaikkan et al., 2019).

Neuroscientists at the institute proved the significance of this non-invasive treatment method in

their research project by exposing mice to a combination of 40 Hz visual and auditory

stimulation in the form of sound and light therapy. The mice first underwent object recognition

and location tasks which test memory for placement or identity of objects. After the trial and

further developments in the application, improvements in recognition and spatial memory have

been found in the subjects (Martorell et al., 2019).

Furthermore, the review, Gamma Band Neural Stimulation in Humans and the Promise of a

New Modality to Prevent and Treat Alzheimer’s Disease by McDermott et al. (2018), emphasis

the research conducted on the frequency most significantly sparked in neurons, 40 Hz, and its

possible link to treating Alzheimer’s disease through external stimulation. They stated that it

was possible to induce widespread entrainment using 40  Hz light stimulus and that this

approach could potentially aid in the development of a multisensory medical device to prevent

and treat AD.

19



Gamma Frequency

Gamma oscillations stand in relation to the completion of cognitive tasks and have

therefore been associated with several neurodegenerative diseases. In order to investigate the

relation between the gamma frequency band and cognitive impairments the neuron versatility

can be dissected into six main circuits within the brain: motor, mood, cognition, pain, limbic and

memory (Bartel, 2017). Therefore, a trimmer in the leg can be associated with a maul function

of the neurons working in the motor circuits leading to Parkinson’s disease (PD), while AD can

occur as a result of the misconnection of neuron’s operating in the memory circuit.

Mably and Colgin (2018) state that Gamma oscillations can be divided into distinct slow

(30 – 50 Hz) and fast (55 – 100 Hz) subtypes. Fast gamma oscillations stand in relation to the

processing of current sensory information within the hippocampus while the slow subtype

operates within the hippocampal subfield CA1 with inputs from CA3, which have the role of

memory storage and retrieval. Further Mably and Colgin illustrate that neurons in the field of the

memory circuit communicate best in the range of 30 – 50 Hz with the center lying at 40 Hz

creating a healthy brain circuit. However, if those connections are impaired and vary in

oscillations neurodegenerative diseases such as AD and PD can occur (Bartel, 2017).

Applications Incorporating Gamma Wave Oscillation

1. Vibroacoustic Therapy System

The Vibroacoustic Therapy System (see Figure 4) is a retail and consumer-orientated

device for self-therapy at home. It uses low-frequency vibrations and audio with the main

frequency being 40 Hz distributed by three speakers to stimulate the cells and neurons in the

body to promote healing capabilities. Daily use to maintain the oscillation is recommended by

the manufacturer Sound Oasis5.

5Sound Oasis VTS-1000 Vibroacoustic Therapy System. [website]
https://www.soundoasis.com/products/sleep-sound-therapy-systems/vibroacoustic-therapy-system/
(acesed 4 December 2020)
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Figure 4

Vibroacoustic Therapy System

Note. Figure by Sound Oasis, 2021. Copyright 2021 by Sound Oasis (see footnote 5)

2. GENUS

GENUS, abbreviation for gamma entrainment using sensory stimulus, is an experiment

conducted by Researchers in Li-Huei Tsai's laboratory at the Picower Institute for Learning and

Memory Sensory that focused on a paradigm that uses multisensory sound and flickering light at

40 Hz to restore gamma oscillations in mice (see Figure 5). The experiment has shown that the

combination of light and sound stimulus had an increased positive impact on the mice’s

cognition improvement. Furthermore, GENUS has proven to enhance gamma rhythm neuronal

activity. However, it needed to be given for several days instead of hours on a continuous basis.

Nevertheless, this experiment proved that 40 Hz noninvasive treatment could be the future of

AD therapy without the use of drugs or surgery and may halt and reverse the symptoms.
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Figure 5

GENUS project and results illustration

Note. Figure by Martorell et al., 2019. Copyright 2019 by Martorell et al.

2.3.3.2 Audiovisual Treatments6

Audiovisual treatments are not sufficiently documented in research findings of treatments

for NCDs, neurodegenerative disease or dementia to review. However, a study conducted by

Clements-Cortes et al. (2016) directly compares the effectiveness of visual stimulation provided

by a DVD in a crossover study with 40 Hz sound treatment in participants suffering from mild,

moderate and severe AD. The visual treatment consisted of sitting down on a chair and watching

a nature program specifically designed for people with AD to calm them. The 40 Hz treatment

consisted of vibrotactile somatosensory stimulation implemented through a physioacoustic chair

called NextWave. In their research, they found that 40 Hz stimulation over the course of six

weeks, two sessions per week, showed promising results for lasting improved cognition. On the

other hand, the visual stimulation through a DVD identified enhanced agitation and anxiety as

well as calmness and sleep. Participants were confused about the purpose of the DVD and

lacked engagement. Concluding, auditory stimulation had an overall more positive effect on

6 In this paper audiovisual refers to videos with sound
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people suffering from AD than visual stimulation. If audio-visual treatment, combining the two

elements would bring even greater results needs to be researched in future studies.

2.3.3.3 Extended Reality Treatments

Extended reality (XR) is an umbrella term that includes technologies such as virtual,

augmented and mixed reality. Doolani et al. (2020) explain that XR can be understood as all real

and virtual environments combined where exchange generated by computer technology sparks a

human-machine interaction. To visualize this statement Doolani et al. created the

Reality-Virtuality continuum (see Figure 6).

Figure 6

Reality-Virtuality continuum

Note. Figure by Doolani et al., 2020. Copyright 2020 by Doolani et al.

Pearlman et al. (2019, pp. 8-10) described the common taxonomy found in XR as follows:

● Field of View

While the standard human view is approximately capable of 200 degrees, this

varies in XR environments where greater field of view equals higher immersion.

● Degree of Freedom

The degree of freedom is defined by three components of translation and

rotation. In a 3-Degree of Freedom environment the capabilities are: swivels

(left, right), tilts (up, down), pivots (side to side); In a 6-Degree of Freedom

form this is displayed as: moving (up, down, left, right, forward, backward),

swivels, tilts and pivots.

● Haptics

Haptics provides tactile feedback via touch, vibration or force feedback to

enhance the experience.
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● Positional Tracking

Positional tracking can be divided into head- (movement of users head), eye-

(captures where user’s eyes are looking), full-body tracking (human-like

movement), inside-out (tracking head-mounted displays with the camera or

sensors located on the device) and outside-in tracking (fixed external sensors in

surroundings track the location of moving head-mounted display).

● Biometric Tracking

Biometric tracking enables personalized data collection by measuring the user’s

heart rate, respiration rate, pulse oximetry, or blood pressure to create a more

immersive experience and provide feedback to the XR device.

No studies on mixed reality in the field of neurocognitive disorders or associated illnesses

could be found. Therefore, this section focuses on the other two main domains Augmented

Reality (AR) and Virtual Reality (VR), which will include Virtual Environment studies.

:

Augmented Reality

AR creates an enhanced real-world perception through the overlay of digital information in

the form of virtual objects and environments (Doolani et al., 2020). AR can be viewed and

interacted with through devices such as smartphones, tablets or a headset. In regard to NCDs, no

studies have been found that incorporate AR to enhance existing treatment methods or are

proposed as interventions. Instead, AR research has been mostly conducted as a means to assist

people with dementia and NCDs during daily tasks to increase the quality of life and

independence.

Studies have found that AR might not have a tremendously beneficial effect on

performance in some cases, but has shown to increase the duration of task engagement. A

crossover study by Rohrbach et al. (2019) used the Microsoft HoloLens to assist people with

AD by making tea. Post-experiment they held interviews to assess usability and further loosely

noted error and duration of task execution compartments. They found that while comparable, the

same amount of errors were made with and without the HoloLens, the participation went up and

overall the acceptance of the AR application was positive. However, they recommend that the

hardware and patient interface need to be advanced in order to provide more promising results.

The limitations of AR however go further in terms of the need for technological literacy

and individuality required. Hayhurst (2017) describes the limitations of AR lying in the need for

a family member or caregiver to set up the application for users. Further, as the disorder

progresses their needs might change due to cognitive decline, making it necessary to enable
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more user-centered design and adjustable experiences. Therefore, AR can most likely not be

implemented by the patient themselves, especially with major NCDs and therefore the aim to

increase independence might be hindered.

Overall, AR establishes itself as an onlooking tool for enabling people with NCDs to have

a more independent life, but technological and user interface challenges need to be overcome to

increase the effectiveness of AR tools and intuitive use. Furthermore, increased research in

incorporating AR in existing treatment methods needs to be done in order to analyze the

effectiveness for treating cognitive impairments.

Virtual Environment/Virtual Reality

VR applications create a sense of presence that can go beyond immersion by providing

proprioceptive, visual, and motor information to the user (Sanchez-Vives & Slater, 2005). It is a

computer-simulated experience that completely separates the user from their real-world

perception. This is achieved by utilizing a headset or head-mounted display which produces

audio-visual stimulation and often allows for world exploration and manipulation of objects by

the user (Doolani et al. 2020).

A study conducted in 2015 showed the successful use of virtual reality and interactive

games for stroke patients to regain mobility. It provided evidence that the use of VR and

interactive video games may be beneficial to improving upper limb function when compared to

conventional therapy methods (Laver et al., 2015). Furthermore, this was recently deepened in

the research project focused on rehabilitation for PD patients to improve balance skills. A study

by Foreman et al. (2019) published in Experimental Biology (see Figure 7) proved its

effectiveness by letting patients interact with a virtual training system practicing in multiple

terrains and different obstacles building balance skills and confidence to navigate.
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Figure 7

Virtual Reality Application for PD Patients

Note. Figure by Foreman et al., 2019. Copyright 2019 by Foreman et al.

VR applications are currently available on the market, but many leave proven result data

inconclusive. An example of a commercially available VR application is “Enhance” by

Virtueleap7, which provides brain training games to improve memory, problem-solving, spatial

orientation and motor control. They promote a short use of time, ten minutes a day, by frequent

use, to help promote the above learning properties. Their team consists of multiple game

designers and a neuroscientist. However, conclusive studies or trials to prove the effectiveness

can not currently be found on their website.

Further research by Gaggioli (2001) and Priore et al. (2003) have found that current access

to available applications can create limitations in VR such as heavy headsets, low spatial

resolution and narrow field of view and can lead to motion and cybersickness through

inappropriate time lags in tracking performance. This claim is further supported by Cameirão et

al. (2012) who found that the positive impact of VR-based neurorehabilitation depends and

relies on the interface systems used to prove effective.

Although commercial VR applications are available on the market, successful research

findings are mostly linked to motoric improvements in PD patients rather than improved

memory for AD patients. Further, the right equipment is needed to translate the objective into

evidence-based materia to make the commercial experience valuable and operate beyond a

clinical treatment setting. However, ongoing research of VR in cognitive rehabilitation is still

looking into the further potential for the application in other cognitive domains.

7 Virtueleap. Enhance. [website] https://virtuleap.com/enhance/ (accessed 12 November 2020)
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2.3.3.4 Digital Games

Digital games have a great potential in neurorehabilitation due to their commercial,

affordability and safe availability through smartphones, tablets or gaming consoles8. Unlike VR

and AR, the immersion quality is lower. However, a study by Physiopedia (see footnote 8) has

shown the potential of already existing home gaming systems and created a Decision Tree (see

Figure 8) to inform medical staff on the existing properties of home-based gaming tools such as

Microsoft Kinect and the Nintendo Wii console.

Figure 8

Decision Tree

Note. Figure by Physiopedia, 2020. Copyright 2020 by Physiopedia (see footnote 8).

They found that various existing games for Kinect, tablets and Wii can improve upper and

lower limb impairments by increasing range of motion, strength, bilateral motor control and

endurance as well as cognitive impairments. However, Physiopedia notes that console-based

rehabilitation should be seen as an adjunction tool for therapists to improve compliance rates for

8 Physiopedia. Gaming Technology in Neurological Rehabilitation. [website]
https://www.physio-pedia.com/index.php?title=Gaming_Technology_in_Neurological_Rehabilitation&ol
did=241137 (accessed 19 November 2020)
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the overall functional outcome of patients rather than a replacement for therapists. The

engagement rate specifically has not been tested in this example but establishes promise.

There are several games commercially available that focus on memory improvement such

as AlzLife9. A mobile application that provides sound, light and cognitive therapy for

Alzheimer’s and Dementia patients. It uses cognitive games in combination with 40 Hz light and

sound therapy to playfully tackle therapeutic properties. At the moment it is only available on

iPad Pros (2017 and onwards) as the device’s screens are at a multiple of 40 Hz supporting 120

Hz while other devices usually operate at 60Hz, making them incompatible stated by AlzLife.

The success of this application can currently not be verified as clinical trials are still recruiting

until 2023.

Other conducted research however has shown while promising for motoric improvements,

memory restoration has not been proven tremendously successful through digital games at the

current state. An experiment conducted by Parong & Mayer (2019) designed six different games

targeting specific cognitive functions and concluded that no substantial difference in test scores

between participants who played the cognitive games and those who did not could be identified.

They propose that this could also be due to the game design itself not being challenging enough

for the user interface and are proposing that a revisited experiment could give further insights on

the usability of digital games for memory improvement. Therefore while proven beneficial for

motoric impairments, further research and trials need to be conducted to conclude the

effectiveness of memory improvement.

2.3.3.5 Limitation of Non-Invasive Treatment Methods: Apathy

Apathy is the lack of engagement and motivation in humans and is increasingly found in

patients suffering from NCDs and MCIs, which over time can lead to more severe illnesses.

Lanctôt et al. (2016) found that research has well documented the high prevalence of apathy in

people with mild to severe NCDs, as well as the progression of apathy during normal cognitive

aging. This condition has been further proven to intensify over time, especially in males and

people suffering from MCIs, which can subsequently lead to dementia (pp. 85-88). Therefore,

apathy is a wide-ranging issue found in a variety of people that can worsen over time.

This is concerning as the increase of apathy stands in direct relation to the performance and

success rate of non-invasive treatments. Cohen-Mansfield et al. (2011) noted that what makes

treatments successful is the feeling of participating in meaningful activities. However, in

apathetic persons, they are unable to find intrinsic motivation to create a profound and relatable

9 AlzLife. Light & Cognitive Therapy for Alzheimer’s Disease. [website] https://www.alz.life/
(accessed 19 November 2020)
28



Literature Review

experience for themselves while participating. This leads not only to a decrease in engagement,

but as Brodaty and Burns (2017) found, further to increased disability and frustration and a

decreased quality of life, not only for affected people but also their caregivers.

Studies have shown that there is a connection between apathy and worse performance in

neuropsychological measures. In the epidemiological Cache County Study conducted by Onyike

et al. (2007) participants consisted of 1.033 adults over the age of 65. They were screened for

dementia and tested for cognitive performance, apathy and depression severity with a modified

version of the MMSE and neuropsychiatric testing tools. Onyike et al. concluded that people

displaying apathy were more likely to develop NCDs and depression and were further associated

with a worse decline of memory within a year. Therefore, apathy is linked to impairments of

global cognition, affecting behavior and ultimately hinders the success of treatments through

cognitive impairment.

2.3.3.6 Conclusion of Non-Invasive Treatment Methods for NCDs

There are several treatment methods promising for treating NCDs in the domain of

non-invasive, invasive and pharmacological, non-pharmacological areas, all with their own

positive impact as well as limitations. Table 4 briefly summarizes the type of treatment methods

discussed in Section 2.3.2 and Section 2.3.3 and their affiliation to identified properties.

The major issue when treating NCDs is the lack of engagement and hindrance of

successful implementation. The most common causes are neuropsychiatric symptoms such as

depression and apathy. The next section, Section 2.4, will explore the observation protocols and

framework to measure the engagement rate of particularly patients with NCD and illustrate

interventions for apathy to improve engagement.

Table 4

Summary defining treatment methods and their properties discussed in Section 2.3

Treatments Invasive/Non-Invasive Pharmacological/
Non-Pharma

Multimedia

Deep Brain
Stimulation

Invasive Non-Pharmacological No

Ablative
Surgery

Invasive Non-Pharmacological No

Medication Non-Invasive Pharmacological No
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Non-Invasive
Brain
Stimulation

Non-Invasive Non-Pharmacological No

Exercise Non-Invasive Non-Pharmacological No

Music
Therapy

Non-Invasive Non-Pharmacological No

40Hz
Auditory &
Multisensory

Non-Invasive Non-Pharmacological Yes

Audio-visual Non-Invasive Non-Pharmacological Yes

Extended
Reality

Non-Invasive Non-Pharmacological Yes

Digital Games Non-Invasive Non-Pharmacological Yes

2.4 Engagement Measurement

Engagement is defined by Perugia et al. (2017) as the active involvement triggered by

meaningful activities subsequently making people more energetic and in a positive mood.

Self-reports are highly used to measure engagement, however, as dementia progresses it is

difficult for patients to actively assess their engagement and therefore measurements for patients

with NCDs are often conducted through behavior observations (Perugia et al., 2018).

In order to analyze those behaviors observational protocols within a framework need to be

established to accurately measure the engagement rate of a person. As there are various

protocols and frameworks existing, this state-of-the-art review will exclusively focus on the

items relevant to patients with NCDs.

2.4.1 Protocols

There are three main distinctions of observational protocols used for dementia patients to

measure engagement: Observational Measurement of Engagement (OME), Menorah Park

Engagement Scale (MPES) and Observed Emotion Rating Scale (OERS).
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2.4.1.1 Observational Protocols

Observational Measurement of Engagement

OME was established by Cohen-Mansfield et al. (2009) and measures four main attributes:

the rate of refusal, as in, whether or not the participants refused the stimulus, the attention span

on a 4-point scale (not attentive, somewhat attentive, attentive, and very attentive,) measured

through eye tracking, visual, motoric and verbal feedback as well as eye contact, further it

measures the duration participants were occupied with the stimulus (measured in seconds) and

the attitude towards the stimulus measured through the observation of the participants’ facial

expressions, verbal content or physical movement.

Menorah Park Engagement Scale

The Menorah Park Engagement Scale was developed by Judge et al. (2000a) to assess the

engagement rate of patients with dementia while involving the Montessori-based interventions

(detailed description of this intervention in Section 2.4.2.1a). The engagement is assessed by a

single item and can take four values: non-engagement (no motor or verbal response to activity,

such as staring into distance), self-engagement (self-directed verbal or motor behavior displayed

during the transition period of activity while not actively engaging at first), passive engagement

(listening or looking behavior identified towards activity) and constructive engagement

(proactive behavior towards activity) (Perugia, 2018; Judge et al., 2000b). Constructive

engagement was further described as the most involved and meaningful and defined as “any

motor or verbal behavior exhibited in response to the activity in which the client was taking

part.” (Judge et al., 2000b, p. 43).

Observed Emotion Rating Scale

The Observed Emotion Rating Scale (see Appendix A), previously named the Apparent

Affect Rating Scale was introduced by Lawton, Van Haitsma and Klapper (1999). It measures

two positive and three negative behaviors over a course of ten minutes. The OERS is widely

used in dementia care to assess patients. However, it does not directly measure the engagement

rate of a person. Instead, it measures the five affective states on a 5-point Likert scale: pleasure

(expressed by laughter, singing, smiling), anxiety/fear (shrieking, restlessness), anger (physical

aggression, yelling, cursing), sadness (crying, moaning, sighing, head in hands) and general
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alertness (participating in the task, making eye contact, looking around the room) (Perugia,

2018).

2.4.2 Frameworks

Comprehensive Process Model of Engagement

Cohen-Mansfield et al. (2009) proposed the Comprehensive Process Model of Engagement

(see Figure 9) specifically for patients with dementia. The framework describes factors that can

influence the engagement measured with their established protocol, OME. It distinguishes

between environmental, personal and stimulus attributes (Cohen-Mansfield et al., 2011). Later

the model was simplified by Cohen-Mansfield et al. (2011) in their article titled “The

Comprehensive Process Model of Engagement” to the direct influence of environmental, stimuli

and personal attributes towards engagement.

Figure 9

The conceptual framework concerning the engagement of persons with dementia

Note. Figure by Cohen-Mansfield et al., 2009. Copyright 2009 by Cohen-Mansfield et al.

The variables to the three above attributes can be defined as follows:

● Environmental: Identify the elements in a person’s environment that cause interference

and influence the attention given to the stimulus. The main attributes include the

location, temperature, noise and light, time of day, and people around.
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● Personal: Cohen-Mansfield et al. (2011) note that dementia and NCDs are likely to

have an impact on the engagement with the stimulus. The personal state of mind, a

person's apathy and cognitive function therefore play an important attribute to

engagement.

● Stimuli: Stimuli attributes are not as well researched as the two other variables above.

Research suggests that engagement might be affected by the degree it is manipulative, to

which extent it has social qualities, and to which extent it emulates a vocational role

(Cohen-Mansfield et al., 2011).

All three attributes contribute to the engagement a person attends towards interacting with

a presented stimulus. While environmental attributes are easier to control, due to change in

location, dimming lights or minimizing the number of people present. Personal stimuli depend

on the cognitive stage of a person and need to be taken into consideration when measuring

engagement. Stimuli attributes on the other hand can be roughly defined, but need to be more

extensively researched to determine their effect in the framework.

2.4.2.1 Most Promising Intervention Frameworks

Cohen-Mansfield et al. (2009) defined two of the most frequently used stimuli in

interventions as music and structured activities amongst simulated interactions and pet therapy.

They additionally defined the environmental attributes as an important aspect to be intervened

for successful treatment. In this section, the most promising frameworks of intervention for

engagement will be determined based on the Comprehensive Process Model of Engagement by

Cohen-Mansfield et al. (2011). It is important to note that the review article, “Apathy associated

with neurocognitive disorders: Recent progress and future directions”, by Lanctôt et al. (2016)

found that not many studies on the intervention on apathy were conducted in the sector of

music, exercise, pet therapy and multisensory stimulation and while those activities showed

positive outcome, those were less impressive results than other therapeutic activities such as

creative activities, cooking and the Montessori method. A systematic review by Brodaty and

Burns (2017) noted that generally most non-pharmacological interventions have the potential to

reduce apathy in NCDs, especially in dementia. Therefore, the research findings are based on

the limited available data and more research needs to be conducted to receive concluding results,

but interventions are promising.

33



2.4.2.1a Montessori-based Interventions

Montessori-based activities were developed by Maria Montessori to teach cognitive, social,

and functional skills to predominantly children (Judge et al., 2000a). However, in recent studies

the intervention has been designed to target patients with neurocognitive disorders, especially in

the domain of dementia, to reduce agitation and other problematic behaviors (Judge et al.,

2000a). As activities in nursing homes are often not suitable for patients with dementia as they

mainly offer large group chores, the Montessori approach takes into consideration participants’

physical and cognitive needs as well as their cultural interests and backgrounds (Femia, 2006).

A study conducted by Femia (2006) supplied nursing home staff with affordable activity

kits including materials for five domains of activities: cognitive stimulation (matching cards,

dominoes and multi-colored poker chips to sort and count), life skills (clothing objects, yarn,

etc. to fold, polish shoes and similar), sensory activities (massaging hands, arranging flowers,

finding hidden items in cereal), motor movement (cutting with scissors, roll a dice, tearing

paper, forming shapes with clay), and socialization (“fill-in-the-blank” expressions, discussions

with another person). The study concluded that incorporating Montessori activities improved

behavior and mood as well as constructive engagement.

The research conducted by Judge et al. (2000a) supports Femia’s findings as they

conducted an experiment involving long-term care residents with AD and involved group A in

traditional activities while group B had the Montessori interventions incorporated through

individual and small group activities. They found that constructive engagement went up in group

B and participants showed less passive engagement than group A. Making the Montessori-based

intervention a promising tool against apathy and other neuropsychiatric symptoms.

2.4.2.1b Environmental Attributes and Soundscape Quality as Intervention

Cohen-Mansfield et al. (2011) state that the environment can have a positive influence on

the quality of engagement, especially if the environments present normal lighting, few people

and a moderate level of sound and noise. Andringa and Lanser (2013) presented a theoretical

paper in the area of cognitive sciences in which they established a qualitative cognitive model

explaining how sounds influence a sonic environment and promote or impede a person’s health.
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Figure 10

Simplified model sound-triggered feelings in a sonic environment

Note. Figure by Andringa and Lanser, 2013. Copyright 2013 by Andringa and Lanser.

In the simplified model (see Figure 10) Andringa and Lanser illustrate that unpleasant

foreground and background noises force a person to be more alert and reactive while a pleasant

foreground and background promote freedom of mental states to engage in proactive needs.

Andringa and Lanser further found that sounds identified with disharmonious, obtrusiveness,

lifelessness, and chaotic sounds create distress and sadness in persons and trigger insecurity of

safety. On the other hand sounds in quality of harmony, calmness and tranquility promote safety

and act stimulating (see Figure 11). Andringa and Lanser’s cognitive model shows the effects a

sonic environment can have on people. Therefore, agreeing with Cohen-Mansfield et al. (2011)

that the environment plays a great role in a person’s behavior and subsequently their

engagement.
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Figure 11

Core affect and appraisal model of sound-triggered feelings in a sonic environment

Note. Figure by Andringa and Lanser, 2013. Copyright 2013 by Andringa and Lanser.

Dangerous sound levels in clinical facilities

Studies have shown that level of noise can be compromised in clinical and treatment

settings. An ongoing project presented by Talebzadeh (2019) analyzed in a small sample of data

the noise levels in a corridor and dining room of the Specialized Dementia Unit at Toronto

Rehabilitation Institute and found that they tremendously exceeded WHO’s recommended sound

levels of 30-35 dB (see Figure 12).

Figure 12

Levels of dB in dining room (first, upper figure) and corridor (second picture below)
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Figure 12 (continued)

Note. Figure by Talebzadeh, 2019. Copyright 2019 by Talebzadeh.

Further, they distinguished between calm, chaotic, monotonous and vibrant sound elements and

found a great amount of chaotic and vibrant output during midday in both the corridor and

dining room. Illustrating that sonic environments in clinical facilities can be far from ideal.

Researchers have already been working on prototypes to create soundscapes and sonic

environments for primarily nursing homes rather than clinical settings to improve the well-being

of not only the residents but also the staff. Devos et al. (2019) proposed a soundscape for a

nursing home in which they placed speakers in common areas and residents’ rooms on the basis

of three main behavior influencers and their expected outcomes:

1. Mood changers: Engaging, calming and activating sounds to reduce medication intake

2. Safety enhancers: Relaxing and stabilizing sounds to enable tranquil nights

3. Response triggers: Triggering, announcing or avoiding startle promoting sounds to

improve efficiency.

Those sounds were arranged in a timetable and played accordingly throughout the day (see

Figure 13). Devos et al. believe that developing their proposed design into an application could

improve conditions for residents and reduce pharmaceutical intake.
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Figure 13

Illustration of sound space. Sleeping room with sound space player in red circle (left) and

pattern of composed sound space with weekly time structure (right)

Note. Figure by Devos et al., 2019. Copyright 2019 by Devos et al.

Soundscapes in nursing homes as intervention

Currently, a pilot study conducted by Talebzadeh et al. (2020) in the field of personalized

soundscape creation for in-hospital stay dementia patients to improve their health and

well-being, was introduced at a conference in August 2020. The project consists of a

randomized clinical trial that designs a soundscape in a patient's room and features a group

without the added elements and one with. The results obtained aim to have an impact on how

soundscapes for dementia patients are designed in the future to minimize noise. The experiment

is still ongoing and no further updates have been given, however, Talebzadeh et al. note that

there has not been any similar research in a hospital setting yet only nursing homes therefore

their research will be significant to shed light on the properties and impact in such an

environment.

Schafer’s Soundscape Taxonomy

Schafer (1993) noted in his research the health dangers of noise pollution in an

ever-growing modern environment. Instead of focusing on the negative psychoacoustic elements

associated with humans’ daily noise exposure, Schafer focused on a positive study program

analyzing which sounds individuals want to perceive and subsequently preserve and encourage.

Further, he argues that when identifying positive properties in the sound, the unpleasant sonic

elements are perceived more vividly and can be easily eliminated. In order to do so, he

established the acoustic design approach which encourages interdisciplinary work in the areas of

psychology, acoustics, music, sociology and related fields. In order to improve a soundscape

Schafer argues within research those below approaches need to be conducted:

1) Important sound features need to be documented
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2) Noting trends, parallels and differences

3) Analyzing the effects of new human-made sounds before they are released into the

world

4) Preserve nearly extinct sounds

5) Study the symbolism sounds have for individuals

6) Analyze the human patterns associated with the perception of particular sounds

Throughout his research, Schafer discusses the world’s soundscape as a human-made

composition to which the population has the power to adapt it in order to improve quality of life.

He thereafter established a taxonomy and split sound characteristics into six main categories

(see Table 5).

Table 5

Schafer’s Soundscape Taxonomy

Categories Examples

Natural sounds Animals, nature (thunder, rain, etc.), seasons

Human sounds Voice, body, clothing

Sounds and society rural, town, city, maritime, entertainment, etc.

Mechanical sounds Machines, warfare, trains, industrial, etc.

Quiet and silence Quiet park, silent forest

Sounds as indicators Bells, gongs, horns, whistles, sounds of time

Note. Based on the book by Schafer (1993).

Instead of focusing the taxonomy on sonic characteristics of the sound, Schafer chose to
establish an intent through the sound source and listening context. This indicates that sounds can
occur inter-categorized based on the contextual association of the moment. The methodological
approach conducted by Schafer makes his taxonomy an attractive base model for researchers in
the exploration of soundscapes that stand in relation to human behavioral association and
emotional perception.

Emo-Soundscape

The Emo-Soundscape project conducted by Fan et al. (2017) aims to create an automatic

recognition system to perceive emotions in soundscape recordings and create a dataset based on
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those findings. The project utilizes Schafer’s soundscape taxonomy as well as Kallinen and
Ravaja’s (2006) and Kawakami et al.’s (2013) research on emotion association. Kallinen and
Ravaja and Kawakami et al. distinguish between perceived emotions, such that are
communicated by the source and can be treated more objectively and on the other hand induced
emotions, which are more subjective and refer to the emotional reaction that is triggered in
listeners by the source. Those research findings were vital to Fan et al. (2017) as they helped
them to define the framework for the dataset and enabled them to familiarize participants with
the terminology of arousal and valence which stands in direct relation to emotions. Valance is
used to describe the perceived pleasantness of a sound. Low valence refers to negatively
associated sounds, such as sadness and unpleasantness. Conversely, high valence describes for
example happiness and joyfulness. The knowledge fundamentals of Fan et al.’s literature review
are used to create a library of 600 sound samples categorized with Schafer’s taxonomy and later
rated and ranked in order of arousal and valence. In order to create an easily accessible and
recyclable output of their work, they chose to root their sound sample research on existing audio
files found on the Freesound Database10, which is an online crowdsourced platform that
encourages users to share sounds and download fellow users sounds under the Creative
Common License11.

2.5 Summary

Neurorehabilitation programs range from invasive and non-invasive to pharmacological and

non-pharmacological treatment methods which are individually chosen to uniquely tailor the

methods to a patient. The main distinction of treatments lies in non-invasive and invasive

treatments as Kassahun (2018) concluded that invasive treatment methods, while proven

effective, can not be easily implemented with people suffering from NCD due to a heightened

fatality rate. On the other hand, researchers such as Cousins et al (2019) and Mathys (2018)

found non-invasive pharmacological treatment useful, but mostly in combination with other

treatment methods.

Many non-invasive, non-pharmacological treatments can be identified in this

state-of-the-art, traditional and multimedia, which displayed the most significant findings, but

more types of those treatments exist. However, apathy limits the success rate of these

interventions for NCDs as Lanctôt et al. (2016) noted that apathy and depression are common in

patients affected by those disorders but remain often overlooked and more research needs to be

conducted in this area to conclude the actual impact.

11 Creative Commons [website] https://creativecommons.org/licenses (accessed 15 January 2021)

10 Freesound [website] http://freesound.org (accessed 15 January 2021)
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While Cohen-Mansfield et al. (2009), Judge et al. (2000b) and Lawton, Van Haitsman and

Klapper (1999) identified the three most significant observational protocols to measure

engagement, frameworks such as the Comprehensive Process Model of Engagement proposed

by Cohen-Mansfield et al. (2009) in the case of persons with dementia and NCDs need to be

taken into consideration to identify useful interventions to stimulate constructive engagement.

Two of those main interventions are the Montessori-based activities developed by Maria

Montessori and Environmental attributes as well as soundscape qualities. While

Montessori-based interventions incorporated in dementia treatment instead of solely children

have proven promising, not many studies have been conducted to analyze sonic environments

and soundscapes to improve sound quality. A pilot study by Talebzadeh (2020) is currently

ongoing to minimize the noise in patients' rooms to subsequently improve well-being. However,

no study on environmental attributes in consideration to soundscape to intervene on apathy and

subsequently heighten the engagement rate during treatments of NCDs could be found during

the work on this state of the art.
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3. Assessing the Impact of Noise
Pollution on Engagement in
Individuals with Neurocognitive
Disorders

This chapter focuses on the relationship between the lack of engagement in people with

neurocognitive disorders and the negative auditory stimuli they are presented within their

environment. First, in Section 3.1, a brief statement on engagement and how it can be affected

by external stimuli will be given. Then, noise pollution in regard to therapy environments will

be discussed and the problem that arises with the exposure to prolonged noise levels. To analyze

this issue, a survey was conducted that collected data on engagement levels of demented

individuals, experienced emotions and noise levels during home and therapy interactions.

Further, to complement the survey an audio recording conducted in a psychotherapist’s office to

identify negative auditory stimuli in the environment will be detailed. Finally, a conclusion of

the problem will be drawn and a possible solution introduced which will be discussed in the

following chapter, Chapter 4.
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Assessing the Impact of Noise Pollution on Engagement in Individuals with

Neurocognitive Disorders

3.1 Lack of Engagement During Neurorehabilitation Treatment
Due to Noise Pollution

Engagement is the active participation and involvement in an activity and promotes more

energy and a positive mood in an individual (Perugia et al., 2017). The lack of engagement, also

referred to as apathy, is often experienced by individuals suffering from mild to severe

neurocognitive disorders (Lanctôt et al., 2016). A possible cause of low effectiveness in

non-invasive treatments relates to apathy. Low engagement can decrease participation and

increase frustration as well as promote lower quality of life for the individual with a NCD, their

caregivers and further their immediate circle (Brodaty and Burns, 2017; Onyike et al., 2007). A

possible cause for a lack of engagement in individuals with NCDs and MCIs is noise pollution.

Research has proven that noise levels are a lot higher than the WHO sets as a standard in

clinical and treatment facilities and can negatively affect the understanding of surroundings of

people with NCDs leading to confusion and agitation (Cohen-Mansfield & Werner, 1995). This

is due to the fact that older and cognitively impaired adults have a reduced spatial processing

ability making it, for example, harder for them to understand speech in noisy environments

(World Health Organization, 2018). In a therapy context, heightened noise level and poor

communication possibilities between the professional therapy consultant and the individual with

NCD can minimize the understanding and active participation of the patient. Furthermore,

increased auditory sensitivity to the environment due to the NCD condition often leads to

agitation in the individual as the soundscape can feel overpowering. The full impact that noise

pollution has on individuals with NCD and the older population is still an open question. Based

on this background a hypothesis relating to environmental sounds impacting patients with NCD

during treatment is raised. Therefore, this study aims to prove that there is a correlation between

negatively associated sounds and the engagement of individuals with NCD during treatments.

To this end, a questionnaire was conducted to analyze the perceived noise levels and

engagement of individuals with a NCD. The particular case of dementia within NCD individuals

was chosen due to accessibility to the immediate circle via online communities.
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3.2 Questionnaire and Sound Recording: Analyzing the perceived
noise levels and engagement of demented individuals

An anonymous, online, web-based and structured questionnaire was conducted (see

Appendix B). It was created using Google Forms and consisted of ten sections which were

individually displayed on the screen and navigable by pressing forward or back to access the

previous or next section. The questionnaire consisted of seventeen questions and took

approximately 3-4 minutes to complete. It aimed to understand the following four dimensions:

1) the engagement levels of dementia patients while interacting with others at home

versus in therapy facilities,

2) the emotions perceived when interacting with people at home in comparison to

therapy sessions,

3)  the perceived loudness of the environment at home versus therapy facilities,

4)  which source sounds are perceived to negatively impact the patient.

3.2.1 Methodology

The questionnaire was disseminated in six online support groups for family members,

friends, and professional caregivers of dementia patients in the German-speaking DACH region

(Germany, Austria Switzerland). Dementia patients have been chosen as the primary focus

group due to their fast-spreading worldwide condition within NCDs and neuropsychiatric

symptoms. The questionnaire included binary (yes or no), multiple-choice, and Likert-scale

questions. The therapies considered include the most common neurorehabilitation therapies

(Aldridge, 2008; Greenwood et al., 2003), namely: exercise and mobility programs, speech

therapy, cognitive training, psychotherapy, social skill training, music therapy, and art therapy.

Following Cowen and Keltner (2017), the 27 varieties of emotional experiences and the wheel

of emotions by Plutchik (1980) to identify emotional states were adopted. Sound sources

classification adopts the ontology proposed by Ellis et al. (2017), which distinguishes between

seven main sound sources: human sounds, animals, music, the sound of things, environment and

background, natural sounds channel, and source-ambiguous sounds. These are then further

divided into multiple subcategories, which include but are not limited to human voices, home

sounds, musical instruments, vehicles, and acoustic environment. The analysis of the collected
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Neurocognitive Disorders

data was conducted in SPSS12 software to calculate means, test correlations, frequencies and run

a statistical significance using a t-test (p > .05 is adopted to test the null hypothesis).

To complement the identification of potential negative impacting sound sources and their

spectral attributes, additionally, the auditory environment in a psychotherapist’s office in the city

center of Vienna, Austria was recorded. The building was located on a busy street; however, the

room faced the inner courtyard and was therefore distinguishably quieter than other rooms in the

area. A Zoom H5n with an X/Y microphone capsule was used for the recording, which consists

of two matched unidirectional condenser microphones set at a 90-degree angle, mounted on a

tripod. The soundscape was recorded three times for 15 minutes during an hour with the

microphone in the middle of the room and the door shut. The connecting room was a kitchen

followed by a bathroom and a second therapy room where a session was going on, but the door

was closed. Therefore, any sounds recorded would have come from the neighbors, courtyard, or

the people present in the session in the other closed-off room.

3.2.2 Results and Discussion

The participants (n=62) of the questionnaire were family and friends of the person with

dementia (77.4%), professional caretakers (21%) — as proxies of dementia patients —, and one

person with dementia (1.6%). The participants from the DACH region were geographically

distributed as follows: Germany (50%), Austria (32.2%), and Switzerland (14.5%). One

participant did not release the location. The stages of dementia ranged from suspected dementia

to stage 7, with the most common selected being stage 6 (22.6%) and stage 5 (19.4%). Slightly

more than half of the participants stated the person was not currently in therapy (53.2%). The

therapies indicated were mobility and exercise programs (54.5%) of which participants were

able to select multiple choices (see Figure 14), cognitive training (72.2%), psychotherapy

(40.9%), art therapy (18.2%), social behavior training (9.1%), music therapy (22.7%), speech

therapy (9.1%).

12 IBM SPSS Statistics [website] https://www.ibm.com/products/spss-statistics (accessed February
19 2021)
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Figure 14

Distribution of therapy activies the demented individuals participate in weekly

Significant statistical results were found between the different engagements during

interactions in therapy facilities compared to home environments as perceived by relatives,

friends, and caregivers. The engagement during treatment was perceived as much lower with a

mean of 1.78 compared to 3.13 in home environments on a 5-point scale, 1 being no

engagement; 5 being very high engagement in interactions with others.

The perceived emotions in dementia patients while at home (n=62) versus during therapy

in therapy facilities (n=20) showed differences in emotional experience. The perceived emotions

at home, of which multiple were selectable at once, were awkwardness (59.7%) and joyfulness

(53.2%), followed by confusion (53.2%) and apathy (30.6%). In therapy facilities, the perceived

emotions were joyfulness (35%), apathy (60%) followed by confusion (35.5%), and

awkwardness (40%) in percentages of selection. There was further significance regarding noise

levels at home compared to therapy settings. As visualized in Figure 14, the normal curve is

visible as a black line referring to the entered data in regard to frequency and noise level, the

data suggests higher levels of experienced noise during therapy in facilities (mean=3.87)

compared to at home (mean= 2.51) across a 5-point Likert space where one corresponds to very

quiet and five to very loud. However, the smaller number of responses for therapy (n=15)

compared to home (n=59) indicates the potential heightened noise levels, and further responses

should be collected to draw a cohesive conclusion on noise differences. In both conditions, the

most common noisy sound sources identified were: human voices, household noises and

devices, instrumental music played by neighbors, and traffic noises. This set of sounds are in

line with the recordings taken in the psychotherapist’s office, shown in Figure 15.
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Figure 15

Perceived noise levels at home (on the left image) compared to in therapy facilities (on the right

image). Solid black lines denote the normal distribution.

Figure 16

Spectrogram of the collected sound environment in the psychotherapist’s office.

From the collected audio recording in the psychotherapist’s office, which spectral

representation is shown in Figure 16, where cold colors refer to low amplitude and warm colors

to high amplitude, noisy sound sources were identified which include household applications

such as water boilers (1-2 minutes) and fans (3-5 minutes); (unintelligible) human voices from

adjacent rooms filling the middle of the spectrum most notably between 3 kHz and 5 kHz (1-15

minutes). The identified sound category sources align with the collected categories in the

questionnaire.
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3.2.3 Conclusion

The raised hypothesis regarding that the engagement during non-invasive treatments for

demented individuals can be affected by the noise levels and negative auditory stimuli present

within environmental treatment facilities was positively indicated. It was found that 1) the

engagement levels of dementia patients while interacting with others in therapy facilities was

higher than at home, 2) the emotions perceived when interacting with people at home were more

positive in comparison to during therapy sessions where increased apathy was found, 3) the

perceived loudness of the environment in therapy facilities was significantly higher than at

home, 4) the source sounds perceived that negatively impact the patient were similar in both

environments, at home and in the therapy facility with the most common being human voices

and household noises and appliances. The dementia patients’ engagement perceived by relatives

and caregivers during therapy is lower than at home, which can be due to the unfamiliar

environment regarding the associated emotions of apathy, awkwardness, and confusion. There is

a correlation between sound levels and engagement, which are lower during therapy compared

to a home setting. The most frequent negative impacting sound sources identified are human

voices, household devices, and general household-associated noises.

3.3 Chapter Conclusion

One important implication of the findings and results is the potential application of a

soundscape in both home and treatment facilities to positively impact the engagement of people

with dementia by minimizing and masking the identified noise sources found in this study to

ultimately minimize the impact of noise. To this end, imposed sound with different spectral

attributes seeks to mask negative impacting sound sources based on a dataset researched by Fan

et al. (2017) and Andringa and Lanser (2013). To account for the evolving nature of the

soundscape based on short soundscape recordings, the model adopted by Bernardes et al. (2016)

and Bernardes (2020) can be used in future developments. These findings will be instrumental

to our prototype development and the implementation discussed in the next chapter.
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Generative Soundscape Development to Mask Negative Auditory Stimuli

4. Generative Soundscape
Development to Mask Negative
Auditory Stimuli

This chapter details the prototype, named NeuroEngage, which aims to mask negatively

associated sound sources through their frequency attribution established in Chapter 3, in the

form of a generative soundscape to be implemented during treatment for neurorehabilitation

therapy. Therefore, firstly an overview of the architectural development process of

NeuroEngage will be given. Secondly, the choice and criteria of sound selection to be used in

the prototype will be discussed. Then the preprocessing steps of the audio files will be discussed

and finally the procedural generation of the soundscape detailed. The research methodology will

be discussed in terms of the scientific approach and a breakdown of the elements forming the

prototype will be detailed.

4.1 Prototype Development Architecture

In order to establish a generative soundscape, three main phases of development are

presented throughout the use of modules in Figure 17. First, the input is created by three chosen

audio files to cover the associated frequencies. In the case of this particular project, the Audio

File IDs are noted in Figure 17 for clarity in regard to which sound files are implemented from

the Emo-Soundscape. The files individually go through pre-processing to prepare their audio
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properties for further implementation. This is discussed in detail in Section 4.3.2. The following

module highlights the Factor’s Oracle which is fundamental to the production of the generative

soundscape. It enables a loop-like approach with ever-changing attributes, meaning, it uses one

audio file to create a number of variations which enables a longer piece that varies in patterns.

This eliminates the monotony of simply looping a sound and introduces a new rearrangement

and ultimately composition of an audio file. Further discussed in Section 4.3.3. The last module

before the output is the actual union of the three individually processed audio files into one

generative soundscape that will then be ready for output.

Figure 17

Architecture of NeuroEngage system

4.2 Establishment of a sound dataset based on soundscape and
emotion taxonomies

The premise of the proposed prototype was fundamentally rooted in the choice of sound

samples. Those not only mask specific frequencies associated with negative auditory stimulation

by introducing another sound but also evoke emotions that contribute to health and well-being.

In order to successfully implement the aspired approach Schafer’s (1993) soundscape taxonomy

which focuses on promoting positively associated sounds was explored. Subsequently, sounds

were chosen from a soundscape dataset with emotional category labels, Emo-Soundscape, by

Fan et al. (2017). This dataset was adopted as it includes Schafer’s taxonomy as a reference
point as well as establishes a sound-based emotion taxonomy based on their literature review on
this topic.
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Andringa and Lanser (2013) in their cognitive science model state that quiet and general
pleasurable sounds promote health, while annoying sounds impede it. Broadly, the study shows
similarities to Fan et al.’s (2017) research, as they also base their model on the definitions of
arousal and valence as a core understanding of sound perception. Through extensive literature
reviews, they concluded that an environment should not be completely silent but either calm or
exciting to create a safe environment that lies at the intersection of uneventful, eventful and
pleasant. Andringa and Lanser (2013) argue that this will create a safe sonic environment and
increase the availability of sound-based safety indicators. Furthermore, it encourages freedom of
mind and enables engagement in proactive behavior, thus increasing the individuals’ quality of
life and health. In order to achieve such a sonic environment, they propose to focus on not just
one monotonic sound source. However, too many elements can lead to overstimulation and high
arousal, which instead of creating a safe and calm environment can foster agitation and
annoyance in the individual. Andringa and Lanser (2013) share pointers of awareness to create a
safe environment:

● Masking of reassuring sounds
● Loudness
● Mismatching situational awareness
● Explicit indications of danger, typically through source properties
● Indications of lack of social reassurance

Ultimately, Andringa and Lanser (2013) believe that the adjustment of an environment can
enable individuals to achieve a higher level of control over their mind-states subsequently,
possibly increasing engagement. They argue that this can be achieved by the creation of a sonic
stimulus strengthened by auditory safety indicators and adjustments to loudness, minimizing
masking of reassuring sounds and the adjusted perception of how individuals perceive their
environment, calm, boring, eventful, and other. This can enable individuals to achieve a higher
level of control over their mind-states subsequently possibly increasing engagement. Those
findings have been taken into consideration for the establishment of selected sounds during the
development of NeuroEngage.

4.3 Development of Generative Soundscape

The development of the generative soundscape for the experiment can be broken down into

three stages. The first stage concerns the selection of sounds from the Emo-Soundscape dataset,

as well as the definition of conditions from Andringa and Lanser’s cognitive model. Further, the

sounds’ frequency range of the chosen sounds from the Emo-Soundscape dataset is taken into

consideration to mask negative psychoacoustic properties. The second stage relates to the
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pre-processing of selected sounds in Logic Pro X13 to adjust their frequency range, continuity

and length. In the final stage a generative system in Pure Data14 (Pd), based on Bernardes et al.

(2016) and Bernardes (2020), is adopted to procedurally generate infinite variations of the

pre-processed sounds.

4.3.1 Sound Selection

The sound selection took into consideration the findings collected in the literature review

and was further narrowed down into a sound dataset in Section 4.2. In greater detail, the

selection of sounds followed the following criteria: in which the 1) Emo-Soundscape, 2)

Schafer’s Taxonomy and 3) Andringa and Lanser’s cognitive model were discussed. Based on

the questionnaire responses and conducted sound recordings in the psychotherapist’s office the

main common negative auditory stimuli could be identified and three unique sound files were

used to create frequency ranges that mask the majority of those elements.

The files are assigned an ID that refers to the Excel file included when downloading Fan et

al.’s sound database. Particular sounds can be easily identified and used in future research

projects. The sounds are all part of Schafer’s “Quiet and Silence”. All three sounds’ arousal and

valence ratings in regard to the Fan et al.'s ranking categorization from low to high place average

to high on the scale. Further, they needed to be pleasant and eventful/uneventful in classification

by Andringa and Lanser’ (2013) to ensure a pleasurable experience that promotes a safe

environment. Furthermore, the frequency range and tonality of the sound files were taken into

consideration to enable natural fit to mask negative auditory sound elements present in the

environment and not heavily adjust the quality of the natural chosen sounds in the next steps in

order to achieve the needed frequency range. A summary of the major outline of sounds and

their categorization can be found in the below table (see Table 6).

Table 6

Sound selection categorization

Emo-Soundscape
Audio File ID

157007 129679 178190

Sound Description Low winds Quiet nature sounds Snowflakes on umbrella

Schafer’s
Taxonomy

Quiet and silence Quiet and silence Quiet and silence

14 Pure Data [website] https://puredata.info/ (accessed 27 March 2021)

13 Logic Pro [website] https://www.apple.com/logic-pro/ (accessed 27 March 2021)
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Table 6 (continued)

Arousal (A) and
Valence (V)

A: 5
V: 4

A: 5
V: 3

A: 4
V: 4

Andringa and
Lanser’s Model

Pleasant/Uneventful Pleasant/Uneventful Pleasant/Eventful

Frequency Range15 20-200 Hz 200-800 Hz 1000-3000 Hz

Note. The Arousal and Valence numbers are based on a five-point Likert-scale ranging from:
1- low arousal/valence to 5- high arousal/valence

The selection of sound also took into consideration the harmony within the soundscape of

each audio file. Therefore, it was important to choose elements from the same or related

category of Schafer and establish a relatable environment, i.e., that the occurring sounds can be

found together in nature. For example, wind and rain can occur together and are experienced

frequently by individuals, but traffic noises and a volcano eruption would be quite an ordinary

and unrelatable soundscape for most of the population. The reliability of the files together was

key for the next steps of adjusting the files in a sound-based editing software and later importing

them into a visual programming application to create the generative soundscape.

4.3.2 Preprocessing of Audio Files for Further Implementation

For the selected sound files to create a pleasant generative soundscape, they needed to

fulfill certain conditions which were considered during the selection and enforced by applying

transformations strategies in Logic Pro X. The following four criteria were considered in this

stage:

1. Loudness Level Balance: all sounds were processed to have a perceptually equivalent

mask across all the frequencies of the negative noise elements they were assigned to. As

the human voices were perceived more frequently in the questionnaire results presented

in Section 3.2.2 and also appear louder in the recording in the therapy facility, they were

slightly raised compared to the other two sound files (see Figure 18)

15 Shows the adjusted frequency range discussed in detail in Section 4.3.2
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Figure 18

Sound File Characteristic in Logic Pro X

Note. 1st picture shows the original files, 2nd the edited outcome

2. Controlled Frequency Range: Adjustment of frequency to cancel out the negative

associated auditory elements by ensuring the correct range. Using the Channel Strip to

add an effect called “Channel EQ”, which is a multi-band Equalizer (EQ) that allows for

adjustments in frequency, gain and bandwidth with a graphic control panel and

color-coded frequency bands that allow the modification by touch and drag. This

specific EQ was chosen as it includes a Fast-Fourier-Transformation analyzer that

visualizes the frequency curve of the analyzed track in real-time.

3. Consistency: Editing the sound files to be similar in velocity and length. This was

achieved by cutting the files to similar lengths ensuring that the start and end of the

sound file were not decreasing in loudness, but as consistently perceived as the middle

of the tracks and adding reverb in the form of Logic Pro’s plugin “SilverVerb'' which is

a low-frequency oscillator. This was used to give fluidity to the sounds and create a mix

that merges the sounds closer together through a reverb in the bass region. A high cut

was applied to minimize the creation of overtones and other noisy perceived

high-pitched elements in the reverb that could have disrupted the original sounds.

4. Overall Balance: Making sure the sounds go well together, aren’t masking each other

and have naturally perceived flow by choosing elements that occur in nature together.

This was tested by simultaneously playing the sounds together. Exporting them as a

single file and testing them within the environment without visual association to the

audio editing software.
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Those adjustments in Logic Pro X were essential to pass to the next step of the prototype

development in Pure Data.

4.3.3 Procedural Generation of Soundscapes

The application based on Bernardes et al. (2016) and Bernardes (2020) was adjusted to

create a generative soundscape from the three selected sound files. The resulting soundscape

captures the structure of the selected sound examples but is procedurally played to promote

seemingly infinite variations. It was important for the prototype to display a safe environment

through the consistency of the audio elements, but at the same time minimize boredom by

creating slight variation in the patterns perceived. A Factor Oracle (FO) algorithm was adopted

to automatically infer looping points, which create fluid continuations in time.

Factor’s Oracle

The FO is based on the research in string pattern indexation which is applied, amongst

other areas, in sequential content databases and pattern discovery in macromolecular chains

(Bloch & Assayag, 2007). In the context of sound and musical processing, the FO enables the

transformation of musical sequences into a model that identifies all substrings of the original

sequence. These substrings are referred to as factors. In the resulting structure, the discovery of

repeated factors is highly efficient, which are referred to as patterns. The patterns are used in text

and string matching algorithms to find repeating patterns with memory and time efficiency

(Bernardes 2020). When there is an array in the same sequence in the past it either goes forward

in the sequence or tracks backward. For example, in Figure 19 there are two types of links in the

resulting FO structure. Suffix links denoting repeated sequences and forward links denoting

continuations.
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Figure 19

A Factor Oracle structure for the string abbcabcdabb

Note. Figure by Bernardes, 2020. Copyright 2020 by Bernardes.

Pd Patch

The application, NeuroEngage, is based on Bernardes et al.’s (2016) project which was

based on arbitrarily extending environmental recorded audio while preserving its main structure

by creating a generative system named SEED. A threshold is established that implements that

the higher the threshold the fewer sounds are considered as similar and subsequently less

elements are grouped. Evidently clustering very similar sound parts. The patch also indicates the

number of segments and number of different elements found which should be high in nature to

allow for factor points and pattern variation.

The Pd patch (see Appendix C) bases its algorithm on the FO as it links similar sound

elements to factors that are presented as a unique string of numbers which can be shown in the

patch when printing the suffix links, sfx, which stands for repeating sequences. The discussion

to be made is what to consider as similar sequences and can be adjusted by increasing or

decreasing the deviation of the expression average in the subpatch of “pdAnalyzeSounds”. It

then utilizes the information to essentially create good cutting points for looping. The sound can

be generated under “2. Generate” and will be exposed to a randomized decision which 5-30% of

the time will decide to go back into one of the links and the remaining percentages will continue

progressively forward as a decision (Bernardes et al., 2016; Bernardes, 2020). An example of

the factor’s oracle created connections within the patch can be seen in Figure 20 below where

past suffix links in the past and a sequence exists.
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Figure 20

Pure Data Patch visualization of Factor Oracle implementation. Strings visualize the areas of

looping possibilities within the sound file

4.4 Conclusion

The implementation of the pre-experimental, specifically, a one-group pretest-posttest

mixed-method research design allows for a systematic approach to the research questions and

hypothesis creating an experiment that focuses on a particular group and controlled

circumstances. The sound selection needed to be established early to create a soundscape that

not only masks negatively associated audio elements but also establishes a safe environment that

possibly improves the health and well-being of the participants and subsequently reduces

neuropsychiatric symptoms such as apathy. The adjustments in Logic Pro X further strengthen

the purposes and allow for easy embedding in the patch that ultimately enables the creation of a

generative soundscape based on the research in relation to factor oracle.
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5. Evaluation

In this chapter, an experiment assessing the engagement rate and emotional reaction to the

NeuroEngage prototype during a cognitive training session will be detailed. The chapter is

organized into three main sections: 1) project overview in which the experiment design will be

discussed, 2) implemented procedures highlighting safety measures taken, participant

recruitment and the experiment setup and 3) results which includes further discussion on the

outcome.

5.1 Project Overview

To evaluate NeuroEngage, we conducted an experiment to assess the engagement rate and

emotional reaction to the soundscape and analyze the perceived effectiveness of engagement

when minimizing negative auditory stimuli in the environment. The collected data and feedback

on the usefulness, experience, and possibly heightened engagement and minimization of NPS of

participants in the study. Due to the fact that safety was the number one priority for this thesis

project and the COVID-19 pandemic did not halt, the decision was made to recruit participants

who suffer from NPS and MCI or also only suffer from NPS instead of individuals with NCDs.

This decision was made as literature has proven that over NPS are very common (>90%) in

individuals experiencing a NCD. NPS include apathy, the lack of engagement and the

measurement and potential improvement of engagement was the primary aim of the study.

Therefore, the preliminary experiment was planned that uses NeuroEngage during cognitive

training sessions to analyze if the minimization of negative auditory stimuli improves

engagement and relieves NPS. This will be measured by using the OME and OERS protocol as

well as qualitative interviews in a mixed-method approach.
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5.1.1 Experiment Design

The conducted preliminary experiment aims to collect participants’ feedback and

information on NeuroEngage when added to their treatment environment while simultaneously

analyzing their engagement and emotional response towards the presented experiment. The

study is based on a mixed-method pre-experimental, specifically a one-group posttest-only

research design. The mixed-method research was established in social sciences, but in recent

history expanded to the domains of health and medical sciences as it provides an encompassing

assessment of the research questions, as it takes into consideration qualitative as well as

quantitative data (Creswell & Clark, 2011). Quantitative collected data refers to the duration of

engagement in the stimulus (cognitive exercise sheet). Qualitative data collected refer to

observations in this project from the OME and OERS protocols and interviews which aimed to

answer the central research question and capture the perception of the participants.

The pre-experimental research design, specifically the one-group posttest only design,

was chosen. This allows for the observation on the effect on an independent variable while using

a singular group of participants and administering a posttest to immediately analyze the attitude

towards the sessions in the experiment. Furthermore, the possibilities to combine quantitative

and qualitative methods enable the observation of numerical and conceptual data during the

experiment, which are complemented with interviews that will shed light on the analysis of the

quantitative data and provide a broader understanding of the collected data.

5.2 Procedures

Four procedures were met in place to ensure the participants’ full awareness of the project

so that we could collect their consent. Lastly, protocols existed for the data collection and

storage tools used to ensure the analysis can be conducted seamlessly.

5.2.1 Information Distribution to Ensure Participants’ Safety

The participants received an information sheet outlining the experiment, their tasks and any

associated risks of unpleasant sounds (see Appendix D). The document stated that the data will

be collected via audiovisual recording and stored anonymously and will only be available to the

master’s dissertation student and supervisor. The audiovisual recordings will be deleted after the

completion of the study. Furthermore, it stated all adopted COVID-19 safety precautions, which

consisted of taking a COVID test 48 hours before the mandatory use of a face mask throughout
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the experiment. Further, a consent form was distributed with a signature needed from the

participant to verify they have read the information sheet and agree to the study and conditions

(see Appendix D). Before the experiment, a phone call was conducted to clarify any existing

questions or doubts and explain the order of events on the day to the participant. On the day of

the experiment, participants were asked e to sign the content form to make sure they are always

comfortable and in control of their decision. These steps ensured that the participants were

comfortable and familiar with the general terms and conditions as well as the setup of the study.

5.2.2 Participants Recruitment

The recruitment of the participants was limited due to the pandemic and restricted to a

search in the immediate area of current residency in Vienna, Austria. The option in the

questionnaire detailed in Section 3.2 to leave an email address if the demented individuals were

interested to participate in the study was not used due to COVID-19. Instead, persons with NPS

were recruited. Patients in psychotherapy in the area of Vienna, Austria, were contacted through

public online forums for participation. There were four major steps to the participant’s

experience in the study (see Figure 21):

1. Assessment of eligibility: The first stage of the experiment included the assessment of

eligible candidates by following established guidelines of inclusion and exclusion

criteria based on health status, age and presence of NPS (see Table 7).

2. Enrollment: During the recruitment, the experiment was further discussed in detail. An

understanding of the experiment setup and procedures were provided. Moreover,

measured to ensure safety without collecting any personal information, pictures or video

footage were implemented.

3. Allocation to intervention: The intervention consisted of two sessions in one day with

a break between sessions. The allocation was done alternatingly ABABAB (further

discussed in Section 5.2.3. Description of the sessions:

a. Session A (without the intervention of the generative soundscape)

b. Session B (with the intervention of the generative soundscape)

Additionally, the possibility of discontinuation of the study by participants’ ability of withdrawal

at any time and the option of their data being excluded due to unforeseen circumstances was

noted as well as the analysis of the collected data which was conducted after the experiment.

Figure 21
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Overview of participants’ recruitment flowchart

Table 7

Inclusion and exclusion criteria for participation in experiment

Participants Inclusion Criteria Exclusion Criteria

Basic requirement to be met
by all participants

Experiencing NPS regularly
and seeking professional
treatment at least bi-weekly
with a mental health
professional, doctor or
related. Self-reported NPS
also accepted.
Available for both sessions.
Between the ages of 50-65.

No underlying health
conditions that can cause
concerns during the
experiment such as for
example frequent seizures.
Further untreated hearing
impairment/ low hearing is a
criterion of exclusion.
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5.2.3 Experiment  Set-Up

The experiment was setup in the room where the participants usually conduct their

cognitive exercises. A room at their home was chosen due to the COVID-19 pandemic

restriction, which moved most therapeutic sessions to telematic consults from home.

Figure 22

Mockup room set-up with speakers and chair in which participant conducts experiment

A chair, pen and desk with the printed cognitive exercise sheets on paper (the stimulus)

were placed centrally in the room. The cognitive exercises were chosen from online resources

validated by the Brain Training Society Vienna, “Gesellschaft für Gehirntraining e. V.”16 (see

Appendix E). No more equipment was positioned on the desk beside a beverage to minimize

distractions and extra stimuli. Two speakers were placed two meters from the walls and the ideal

listener approach was created by a triangular positioning of the subject and the two speakers

with the toe of the speakers aiming to build the focal background point behind the listener for a

comfortable auditory experience (see Figure 22). The speakers used were a pair of Yamaha

HS717, which are active 2-way bass-reflex near field monitors with a frequency range of 43Hz to

30kHz. NeuroEngage was played through those speakers with a laptop set up hidden from clear

sight to minimize distractions. After everything was set up a 10-minute recording of the room’s

17 https://de.yamaha.com/de/products/proaudio/speakers/hs_series/index.html

16 https://www.gfg-online.de/
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soundscape was taken to analyze the frequency of possibly negatively associated stimuli in the

environment. As the apartment was in a lively community the same noise elements as in the

preliminary questionnaire and recording of the psychotherapist’s office were identified.

Two sessions were conducted on a singular day during the weekend as three participants

were not in retirement yet and the experiment needed to be conducted on an off day to exclude

work exhaustion as a possible misassociation to performance and results. A minimum of a

two-hour break in between sessions was calculated to ensure the attention span and motivation

was not compromised by two consecutive sessions that would, when including the interviews,

potentially last over an hour in total duration. The sessions themselves consisted of Session A,

where participants were filling out the cognitive exercise sheet without NeuroEngage and

Session B, with the soundscape incorporated. Each lasted ten minutes in duration as this was the

recommended time spent on cognitive exercises by consulted therapists. The sessions were

alternatingly attributed with half the participants receiving Session A first and the other starting

with Session B (see Table 8 for reception of session in order). The first session was followed by

a shortened interview for the participants to reflect on their experience. The second session

experienced a longer conducted interview in which a reflection, but also a comparison of the

participants’ perception of both sessions was given.

Table 8

Participants’ receptions of Session A and Session B

Participant
ID

First
Session

Second
Session

P1 A B

P2 B A

P3 A B

P4 B A

P5 A B

P6 B A

63



5.2.4 Data Collection and Tools

The data collection was achieved by conducting audiovisual recordings while the

participants were doing the test to later allow for the analysis of the participants’ engagement

and emotional state via the OME and OERS protocols which included quantitative and

qualitative elements. Further, an organic interview was conducted between both stages of the

experiment. The principal questions being:

1) How are you doing right now?

2) Did the experience evoke a certain emotion or feeling in you if yes which one?

3) Was there anything that surprised you/that you did not expect?

4) What was difficult or strange about this task?

5) What was easy about this task?

6) What was missing from the experience to make it more comfortable if anything?

7) Did you find a difference in the first and 2nd experience (only second time)

However, the approach of the interview also allowed them to dive deeper into

sub-questions and share their own narrative of the experience to get a comprehensive

understanding of their perception.

5.3 Results

Scenario A in this section will again refer to the experiment conducted without

NeuroEngage, Scenario B refers to the session with exposure to the soundscape. The results are

based on the data analysis through the engagement protocols OME and OERS and the

conducted interviews.

5.3.1 Participants Demographics

Initially, 10 people were assessed for eligibility of participation. However, due to health

concerns associated with a recent stroke in one, seizure occurrence in one, and impaired hearing

with two individuals they were not included in the study (see Table 7 for inclusion criteria).

Therefore, the experiment consisted of 6 participants of which 3 were male and 3 female (see

the summary of participants’ information in Table 9). Their age range was from fifty to sixty and

all experienced NPS in the past year, three additionally have mild cognitive impairments due to

TBIs. Four people were moderately familiar while two participants were extremely familiar with
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cognitive training exercises and further all were seeking psychotherapy at least bi-weekly for

their NPS. The participants further had normal hearing and no other current severe health

conditions associated with them at the time of the experiment. The participants were from

Austria and the experiment was conducted in their native language of German. All participants

finished both treatment sessions, one with the soundscape and one without.

Table 9

Demographics and characteristics of final participants

Participant
ID

Age Gender In
Retirement

Experience with
cognitive exercises

MCI NPS

P1 65 Female Yes Moderate Yes Yes

P2 51 Female Yes18 Extensive Yes19 Yes

P3 54 Male No Extensive Yes Yes

P4 51 Female No Moderate No Yes

P5 56 Male No Moderate No Yes

P6 62 Male Yes Moderate No Yes

5.3.2 Observed Change in Engagement

The observed change in engagement was analyzed using the OME protocol measured in

this experiment through visual and motoric feedback as well as eye contact with the stimuli (the

cognitive training sheets). Further, the duration participants were occupied with the stimulus,

measured in seconds (s) and the attitude towards the stimulus was measured through the

observation of the participants’ facial expressions, verbal content or physical movement. Three

categories of the OME were implemented, measurement of attention, attitude and the duration

of engagement with stimulus in seconds. The rate of refusal was excluded as no accurate

measurement could be conducted in the setting.

19 Most severe case of MCI in the group

18 Early Retirement
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Table 10

Results of OME Scale during Session A

Participant
ID

Attention20 Attitude21 Duration engagement
with stimulus (in s)

P1 3 4 540s

P2 2 3 290s

P3 4 4 580s

P4 4 4 570s

P5 3 3 480s

P6 4 4 585s

Session A (see Table 10) showed a somewhat attentive state in 1 of 6 participants, an

attentive state in two participants and a very attentive state in three. This was discovered when

rewatching the audiovisual footage and taking into consideration their visual and motoric

feedback and eye contact with the stimulus. P2 stopped the work on the cognitive exercise sheet

after less than five minutes and instead was watching her surroundings which led to the

decreased value in attention. Subsequently, the attitude towards the stimulus was also affected in

P2 reflecting a score of three as she did not interact with the stimulus for over five minutes. P1

and P3’s scores on attention were rated as attentive as they interrupted their work repeatedly and

took their focus away from the stimulus. P3, P4, and P6 were very attentive as only in the

beginning there visual and motoric feedback was not directed at the stimulus which is also

reflected in the collected time of engagement with only a maximum of 30 seconds not directed

at the stimulus.

21 1- very negative, 2- negative, 3- somewhat negative, 4- neutral, 5- somewhat positive, 6- positive,
and 7- very positive

20 1- not attentive, 2- somewhat attentive, 3- attentive, and 4- very attentive
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Table 11

Results of OME Scale during Session B

Participant
ID

Attention Attitude Duration engagement
with stimulus (in s)

P1 4 5 560s

P2 4 4 500s

P3 4 5 580s

P4 4 4 576s

P5 4 5 488s

P6 4 6 586s

Session B (see Table 11) experienced an increase in attention, attitude and engagement

values in multiple participants. P2 had an increase of 42% in the duration of engagement with

the stimulus and heightened attention with a very attentive score. The attitude to the stimulus

was neutral. The other participants experienced positive attitudes towards the stimulus as could

be observed in their facial expressions and motoric gestures.

Table 12

Mean of attention, attitude and engagement of Session A and B

Session
(mean)

Attention Attitude Duration engagement
with stimulus (s)

A 3.33 3.66 507s

B 4 4.83 548s

While the mean (see Table 12) of the attention increased by 16.75%, attitude by 24.22%

and the duration engaged with stimulus increased by 7.48% no significant difference (p<0.05)

was found using the OME protocol. However, results suggest that the increase in all three areas

can be attributed to a positive change. Especially when looking at the participants and their

individual progression in detail as the increased scores by participants P1 and P2 were larger.

Those individuals suffer from MCIs which could be a contributing factor in a heavy association

to the generative soundscape and affection of noise pollution, but greater sample size is needed

for analysis.
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5.3.3 Observed Change in Emotions

For the measurement of emotions, the OERS protocol was used. The duration of use for

this protocol is ten minutes which is the exact time the sessions were long. Therefore, the

implementation was seamless. The results (see Table 13 and Table 14) show that while general

alertness was given by 83% of the participants, the factors anxiety/fear experienced in Session A

decreased by 50% while sadness decreased by 100% during Session B. Additionally, in Session

A no pleasure can be analyzed in participants while this increased to two participants (33%) in

Session B due to the expression of laughter and smiling that was exhibited once less than 16s in

P3 and between 16-59s in P1 and P6. The general alertness during the task was given by all

participants but one (P2) in Session A and by all participants (100%) in Session B.

Table 13

Results of OERS Scale22 during Session A

Participant
ID

Pleasure Anger Anxiety/
Fear

Sadness General
Alertness

P1 1 1 2 2 6

P2 1 1 5 5 5

P3 1 1 3 2 6

P4 1 1 2 2 6

P5 1 1 2 2 6

P6 1 1 2 2 6

22 1- Not in view, 2- Never, 3- Less than 16s, 4- 16-59s, 5- 1-5min, 6- more than 5min
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Table 14

Results of OERS Scale during Session B

Participant
ID

Pleasure Anger Anxiety/
Fear

Sadness General
Alertness

P1 4 1 1 1 6

P2 1 1 3 1 6

P3 3 1 1 1 6

P4 1 1 1 1 6

P5 1 1 1 1 6

P6 4 1 1 1 6

The differences in scores when comparing session A and B (see Table 15) notes an increase

in pleasure and decrease in anxiety/fear and sadness. The general alertness also increased

slightly from a mean of 5.83 to 6. The mean raise from 1 to 2.33 in pleasure can be due to the

soundscape but can also be associated with a particular task in the cognitive training sheets as

exercises varied.

Table 15

Mean of OERS values in Session A and B

Session
(mean)

Pleasure Anger Anxiety/
Fear

Sadness General
Alertness

A 1 1 2.66 2.50 5.83

B 2.33 1 1.33 1 6

5.3.4 Shared Perception of Participants during Interviews

In this section, the previously stated interview questions will be answered based on the

participants’ responses and later a summary of the findings of the interviews will be stated.
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1. How are you doing right now?

All participants stated that they were in a good mood and currently comfortable. They

did not share any issues or state of concern and were rather uninterested in going into detail

about their current mental state at this stage of the interview.

2. Did the experience evoke a certain emotion or feeling in you if yes which one?

During Session A four participants (P1, P4, P5, P6) noted that a buzzing noise or hum and

household noises were noticeable to them. Participants P1 and P5 mentioned that this made

them have to reread certain phrases repeatedly, feeling slightly irritated and annoyed. P3 noted

that he felt relaxed during Session A.

Meanwhile during Session B all participants, but one (P2), felt calm during the session and

at ease describing the heard sound as ocean noise and related to vacation feeling. P6 felt

particularly amused during Session B by some of the exercises in a positive light. Further

participants P1, P5 and P6 noted that during Session B when advancing in certain exercises they

felt a sense of excitement through the challenges making them more eager to advance. They

further stated that at first, they were aware of the soundscape but later did not actively focus on

it or perceive it, fully concentrated on the stimuli. P2 who has MCI however first found the

sound pleasant, but later identified it as irritating as she could not blend out the sound and it

became a primary focus of her attention. A summary of the experienced emotions described by

participants can be seen in Figure 23.

Figure 23

Contrast between the emotions experienced during Session A and Session B
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3. Was there anything that surprised you/that you did not expect?

One participant (P6) noted that he felt his focus increased during the second round.

Interestingly P1, P2, P3, P4 shared that they were eager to solve the tasks and enjoyed the

unexpected variety in cognitive exercises. 50% of those 4 participants had already extensive

experience with cognitive exercise training and still found the tasks surprisingly varied.

4. What was difficult or strange about this task (the stimulus)?

Participants P2 and P3 with extensive experience in cognitive training exercises noted that

the numeral exercises were the most difficult followed by the rearrangement of letters to create

words. Further, the longer reading comprehension and reflection tasks were perceived as difficult

by participants with MCI and also by P5 who noted that he forgot most of the isolated attributes

that were asked for after reading the text. Summarized, all participants were pleased by the

exercises and variety and did not note any major strange or difficult situations in regard to the

task itself besides the specific types of exercises where some were noted as more challenging

than others. They further did not find the visual appearance of the speakers in the space

distracting or strange.

5. What was easy about this task?

The tasks that did not include numbers or letter rearrangement were perceived easiest by all

participants. The drawing aspect was harder for two participants (P4 and P5), they both noted

that this was due to their uncreativity. The drawing section was however in contrast perceived as

easiest by two other participants (P1 and P2). Overall the majority of the exercises were

achievable by the participants.

6. What was missing from the experience to make it more comfortable if anything?

Nothing was noted by the participants. Especially during Session B they felt more

comfortable than in the other except for one participant (P2), but could not give a particularly

articulated reason for the cause, rather it was simply a feeling.

7. Did you find a difference in the first and 2nd experiences (only asked after finishing

both sessions)

Three participants (P1, P3, P6) stated their focus and concentration increased during

Session B and they felt as if they forgot their environment for most of the ten minutes as they

were fully engaged in the task. Recalling Session A P1, P4, P5, P6 stated they experienced an
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increased disruption caused by their surroundings which were mostly due, as they noted,

because of the humming sound experienced in Session A. There was also a noted difference in

time passing as session B felt as if it was shorter to P4 and P6. P5 did not perceive a significant

difference between Session A and Session B. P2 noted the disturbance when the soundscape

was added. First not minding NeuroEngage, but as time passed being more and more aware of it

and unable to focus. Therefore P2 preferred Session A and could focus better. See Figure 24 for

a summary of the differences in perception and reactions during Session A and Session B.

Figure 24

Differences experienced during Session A and Session B

Summary

Although in the first questions all participants were both times reluctant to share their

emotional state to a great extent throughout the follow-up question a better insight into their

perception was possible. The perception of the soundscape was positively perceived by five out

of six participants (83%). Notably, the pleasantness of the soundscape might differ based on the

severity of MCIs and potentially NCDs as the participant who experienced discomfort was P1

with the most severe case of MCI in the group.

Further, the fact that both participants with more extensive cognitive training experience

found the tasks surprisingly varied was unexpected and raises the question if the cognitive

training resources available during cognitive neurorehabilitation might be too monotonous and

hinder engagement in that way.
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5.3.5 Discussion

There were no statistically significant differences in sessions A and B in regard to the OME

mainly due to sample size. However, the results show that there has been an increase in the

duration of engagement and a slight improvement in attitude and attention towards the stimulus

in Session B compared to Session A. Those scores were consistent and appeared to not be

affected by the alternating approach of assigning the session procedure. Further, the positive

perceived emotions increased and were visible for a longer duration of time during Session B.

The qualitative interviews gave an insight into the perception of the participant and were

very valuable in raising awareness on more individualized taking into consideration the severity

level of the progressed MCI and in the future also NCD for the creation of the NeuroEngage.

This was established as participant P2 noted distress due to the soundscape, but in the OME and

OERS protocol measurements from an observational perspective, this internal issue was not

visible and instead suggested the opposite, that the participant was displaying more attention

and positive attitude during Session B.

Further, the real unexpected results happened as some of the participants came together

after the experiment. Throughout the experiment, people were quiet and also during the breaks

did not socialize with any person close to them. However, after the experiments were finished

they compared the results with each other and involved the immediate circle to look over the

achieved results. This was met by encouragement and figuring out the unanswered questions

together. They suggested that making a board game out of it and playing with family would

perhaps be a fun task. By comparing the results and seeing how far the individuals have come in

the tasks compared to others competitiveness as a driving motivation factor can also be noted.

The discussion continued for over half an hour and by the end, all the cognitive exercises were

solved in a combined effort and by request, the sheets were analyzed on accuracy based on the

results sheet showing all answers. Social interaction and the creation of a responsive

environment seem further to act as a driving factor for the increase of engagement. By

implementing a multiplayer board game that incorporates elements of cognitive training and a

soundscape that masks negative auditory stimuli, perhaps with choosing sounds in the

Emo-Soundscape database related to the gameplay narrative could further increase the

engagement. This could be achieved by masking noises and incorporating a social aspect that

encourages interaction with the stimulus of cognitive exercises, but also each other.

Important Note: Although this was not part of the experiment I sought permission to
include the observation in this document and all participants agreed to the inclusion.
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6. Conclusion and Future Work

The research project, Generative Soundscapes for Enhanced Engagement During

Non-Invasive Neurorehabilitation Treatment, highlighted the negative effects noise can have on

a patient with NSP and MCI during treatment. This was achieved by the found significant results

of noise environments in the questionnaire responses and further by the engagement protocol

results during the conducted experiment.

The results further suggested that there need to be potential distinctions in the sound

application based on the severity of MCI or NCD as found in the conducted interview responses

to the pleasantness of the sound. This also confirms why a mixed-method approach was valuable

as the quantitative measurements did not suggest unpleasantness in the participant and only the

interview alarmed this perception during the soundscape exposure.

The central and sub-research questions, as well as the hypothesis, can be therefore

answered as followed:

Hypothesis

The engagement rate of non-invasive treatments for neurocognitive disorders can be

improved by identifying and intervening on negative psychoacoustic properties within a

treatment setting and the active masking of negatively associated sound stimuli through a

generative soundscape implementation.

The questionnaire responses have confirmed that there is a significant correlation between

reduced engagement and the increased presence of negative auditory stimuli. The preliminary

experiment based on the results further suggests that the generative soundscape implementation
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can function as an intervention to improve the engagement rate. However, the soundscape needs

to be further individualized based on the severity of cognitive impairments and tested in further

experiments with a bigger sample size to achieve concluding results.

Central Research Question:

Can the incorporation of technology in the form of a generative soundscape positively
affect the participant’s engagement?

Yes, results indicate an improvement in positive emotional response and a longer duration

of engagement during the incorporation of the generative soundscape.

Sub-Questions:

● How loud is the typical environment in which patients seek treatment for neurocognitive

disorders?

The typical environment is louder than average compared to a home environment.

● Is there a notable difference in engagement when individuals with NCD interact with

people at home compared to in treatment facilities during therapeutic sessions?

Yes, the engagement decreases drastically in treatment facilities during sessions

compared to a home environment.

● Do the emotions experienced by individuals with NCD differ in a home environment

compared to treatment facilities?

Yes, while joy places first in a home setting it decreases to 4th place in a therapy session

while apathy claims the top spot of perceived emotions during therapy.

● Are there prominent auditory stimuli that trigger negative neuropsychiatric symptoms?

Yes, similar negatively associated auditory stimuli are found in therapy sessions and at

home but in noise variations the highest perceived are: human voice, household noises

and household appliances

● Can we improve the engagement dimension by adapting a particular soundscape to

intervene on negative auditory stimuli during therapeutic neurorehabilitation treatment?

Yes, but further research is needed to confirm the properties needed based on the

severity of MCI and NCD.

● How engaging is the enhanced experience for participants during treatment?
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The engagement improves slightly during the enhanced treatment with the soundscape.

Limitations

Due to the COVID-19 pandemic, unfortunately, the accessibility to participants with NCD

decreased and individuals with NPS were consulted to ensure the safety of people with health

issues. This certainly minimized the participant pool and made for a smaller sample size in the

questionnaire as only online reach was possible, but also for the experiment as health and safety

for participants was always prioritized and therefore resulted in minimizing participants and

long duration of contact exposure during the time of the still ongoing pandemic.

Future Work

The findings are promising that in future work the elimination of negative auditory

frequencies can improve engagement and therefore strengthen results of neurorehabilitative

therapies. In order to further validate the experiment an improved generative soundscape based

on alterations in relation to the interviews should be initiated and an experiment with a wider

group of participants preferably not only with NPS but also NCD should be involved and a

control group implemented for a pretest-posttest experiment.
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