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This thesis explores the development of fabric electrodes for integration into

Virtual Reality (VR) Head Mounted Displays (HMDs). It covers the development

and validation of these novel electrodes, and their integration into a VR HMD for

the collection of various physiological signals. The work detailed in this thesis

has been motivated by the convergence of the fields of Extended Reality (XR) -

encompassing both VR and Augmented Reality (AR) - and physiological sensing.

The last decade has seen an exponential growth of commercially available, af-

fordable physiological sensors and HMDs. This has spurred the development

of new research approaches to measure quantities such as cognitive load and

emotion in AR and VR. However, this work has also demonstrated a need for

sensors that are not made up of hard material, or require gels or saline solutions

to perform optimally. These are uncomfortable to wear, and limit the time that

can be spent wearing an HMD.

This thesis addresses the issue by detailing the development and validation of a

comfortable fabric sensor that could be integrated into a VR HMD. As part of the

development process, a gel based head phantom was also developed to test and

validate these electrodes. Results demonstrate that the fabric electrode perfor-

mance is on par with existing electrode types. Both gold cup electrodes and gel

electrodes were comparable to the textile electrodes when tested on the phan-

tom. The developed Galvanic Skin Respone (GSR) sensor also showed similar

performance to the shimmer3 GSR+ sensor. Pilot testing with a VR HMD inte-

grated with fabric electrodes demonstrated that they were capable of recording

good quality physiological data. The electrodes also proved to be comfortable in

comparison to gel based, hard plastic or metal electrodes.
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1
Introduction

This thesis covers the design, development and initial implementation of fab-

ric electrodes in a virtual reality (VR) head mounted display (HMD). There is a

growing demand for integrating physiological sensors into HMDs in the research

and commercial domains. Broadly speaking, this is to achieve the ability to de-

tect emotion, cognitive load, stress etc. across a range of applications extending

from clinical through to industrial scenarios. However, one of the impediments

to successfully integrate physiological sensors into VR HMDs that can be worn

over long periods have been the sensors themselves. Their reliance on gels and

saline solutions, or a hard plastic and/or metal construction make these sensors

uncomfortable to wear for long periods. This results in lesser time spent in a VR

environment.

This project seeks to address these issues through the development, validation

and integration of fabric electrodes into a VR HMD to collect physiological data.

While fabric electrodes themselves are not new, to the best of my knowledge,

they have not been used in this manner before. Given the challenges of integrat-

ing electrodes into a VR HMD, novel methods of development and testing had

to be adopted in order to meet the goals set out for this project.
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1.1 Motivation

The overarching goal, and primary motivation, driving this project was to im-

prove the quality of interactions in a virtual environment (VE). For this project in

particular, I chose to integrate the fabric electrodes into a VR HMD as it provided

an ideal test bed. Over last decade or so we have witnessed a rapid convergence

of wearable technology and physiological sensing. From smart watches 1 to a

pair of eye glasses 2, these sensors have been integrated into a range of every-

day objects in order to help us monitor our physical activity, sleep, heart rate,

movement etc. As a result we are now able to receive real-time updates on our

physical and mental states. The commercial market for wearable devices incor-

porating numerous sensors was an estimated to be USD 115.8 billion in 2021,

and is projected to grow to USD 380.5 billion in 2028 (Sanu, 2022; Research,

2022).

From a research standpoint, there has been an immense interest in integrating

physiological sensors into HMDs. A primary driving factor for this work has been

the ability to detect emotion, cognitive load and stress among a host of other

physical and mental states. A significant portion of this work has been dedicated

to integrating sensors into VR HMDs. As the use of VEs expands, there is great

value in studying how participants interact with one another and the VE itself.

Physiological sensors help us achieve this goal. Researchers have utilised Elec-

troencephalograph (EEG), Electromyograph (EMG) and Galvanic Skin Response

(GSR) among other sensors in order to realise the ability to gather this informa-

tion. Given this interest in acquiring physiological data in VR, the recent past

has seen some companies develop and release VR HMDs with integrated phys-

iological sensors such as EEG, HR, eye tracking etc. For example, Looxid Labs3

released a headset with integrated EEG and eye-tracking while HP has a headset

- Omnicept4 - on the market that integrates eye tracking, pupillometry, hear rate

and a face camera. More recently, OpenBCI has released the Galea5 VR headset

that integrates multiple physiological sensors into a single compact package.

1tinyurl.com/zzuuz93p
2https://www.spectacles.com/
3https://looxidlabs.com/
4https://tinyurl.com/y9rcrfvn
5https://galea.co/
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However, one of the major issues we see with current physiological sensor inte-

gration in VR HMDs is the sensors themselves. They tend to rely on gels or saline

solutions (wet and semi-dry electrodes), or hard plastic and/or metal compo-

nents (dry electrodes) to enable signal acquisition. The electrodes that rely on

gels or saline solutions to ensure a good quality signal acquisition tend to re-

quire careful setup in order to function well. The use of gels or saline solutions

mean they cannot operate reliably for extended periods as the gel and saline so-

lutions need to be replenished at regular intervals. These type of electrodes also

come with the added disadvantage of having to clean one’s hair after use. Plastic

and/or metal electrodes address some of the issues faced by wet and semi-dry

electrodes. This is achieved by fashioning some of these electrodes as spikes.

This allows them to penetrate hair to make contact with the scalp in the case of

EEG electrodes. The ones used for GSR and EMG on the other hand tend to be

flat. However, despite this advantage, these electrodes tend to be uncomfortable

to wear. The hard plastic and mental can impress a significant amount of pres-

sure on parts of the body they are applied to making them impossible to wear

for long periods. These electrodes also tend to be more susceptible to noise,

and do not appear to possess the same fidelity in signal acquisition as those that

rely on gels. Given these issues with existing electrodes, this thesis explores an

alternate material in the form of a conductive fabric to serve as an electrode to

monitor physiological signals. I describe in detail the process of developing such

an electrode, and the work that has gone into testing, validation and integration

of this electrode into a VR HMD.

1.2 Research Approach

While the focus of this thesis is the development of fabric electrodes, it must

be noted that the overarching goal is to enable better interaction in VR that

can be facilitated by physiological data. This project achieves this by exploring

the current technological state of physiological sensors, their use in VR, their

interoperability with VR equipment and the issues that limit their usage. Based

on this some of the questions that drive this research are:
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1. What are different kinds of physiological sensors commonly used commer-

cially and in research?

2. How, and for what are physiological sensors used in current VR based re-

search and what are the drawbacks of the current generation sensors used

in VR?

3. How can the development of textile electrodes help address these issues?

4. How were the textile electrodes developed and validated and integrated

into the VR HMD?

5. How well did the electrodes perform in terms of signal collection and us-

ability?

The questions listed above provide a step-by-step approach to the research un-

dertaken as part of this project. I have first exhaustively reviewed the literature

to not only narrow down the sensors that are most commonly used, but also that

find the greatest usage in VR. Following this I have looked at the disadvantages

of of using the current generation of sensors in a VR HMD. I have proposed the

development of fabric sensors to address some of the issues identified during a

review of literature that explores the use of physiological sensors in VR. Finally I

cover how the fabric sensors were developed, validated and integrated into a VR

HMD. A short description of a pilot study is followed by a brief look at the data

collected by the sensors and the participants’ views on wearing these sensors.

1.3 Structure of Thesis

The chapters in this thesis is structured in a manner that they answer the ques-

tions posed in the previous section in a ordered manner.

Chapter 2 addresses questions 1 through 3. This chapter covers literature related

to the different types of sensing, physical and physiological, and how it related

to this thesis. It presents an overview of some of the sensors used for both

these forms of sensing and concentrates on the ones that are relevant to the

work detailed in this thesis. It also covers the use physiological sensors in VR.
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The review of current physiological sensors demonstrates that there is a need

to develop a new sensor that allows for both high fidelity signal capture and

comfort. I also cover some literature on phantom development for testing and

validating electrode function.

Chapter 3 covers the development and validation of the fabric electrodes. This

addresses question 3. It is important to note that this chapter also covers the de-

velopment and validation of a head phantom. the development of this phantom

has allowed us to validate the functioning of the electrodes and is an important

part of this project.

The hardware integration and pilot study are described in Chapter 4. The pilot

study included four participants who were required to move through a VR en-

vironment while wearing the VR HMD integrated with fabric electrodes. This

answers question 5.

Finally, Chapter 5 summarises the work undertaken as part of this project. I

cover some of the challenges encountered during this project and reflect on its

learnings. I then present a direction for further work to be carried out in the

area.

1.4 Research Contribution

This project started out an attempt to address some of the issues we faced in the

lab when using physiological sensors. Chief among them were the lack of good

quality signals and comfort when using these sensors. The sensors capable of

providing high fidelity signals were not able to do so for sustained periods due

to their reliance on conductive materials like gel and saline solution, and those

that did not need these materials proved to be uncomfortable to wear for long

periods, and unreliable in the quality of signals they captured. In research that

explores interactions, both interpersonal and those with the environment, based

on physiological senses these drawbacks can prove detrimental.

The results from this project contribute to the development of technology that is

capable of facilitating capture of physiological data in an accurate and sustained
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manner while being comfortable for the user. I have been able to demonstrate

that fabric electrodes are capable of meeting these requirements, and present an

attractive alternative to the current generation of physiological sensors.
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2
Background and Related Work

This chapter summarizes previous related research that is relevant for our work.

In particular, research is reviewed in the main topics of Sensing Emotion, Phys-

iological Sensors, Physiological Sensing in Virtual Reality, and Phantoms. The

research gap that this research addresses is also described, and the novel contri-

bution that we are making.

2.1 Sensing Emotion

As described in the previous chapter, for many VR applications it could be im-

portant to measure user’s emotional response. For example VR games could be

made more engaging if they responded to the user’s emotional state, VR training

could be more effective if they adapted to user stress level, and avatars in social

VR applications could reflect the emotions of the people driving them.

Measuring human emotion using computational methods is generally done

through measuring physical or physiological signals. Physical signals can be

broken into facial expressions, gesture, body posture and speech. Whereas

physiological signals can be broken into variables that are majorly based on

the Peripheral Nervous System (PNS) and the Central Nervous System (CNS).

The PNS can be further split into the Somatic Nervous System (SNS) and the

Autonomic Nervous System (ANS). The ANS comprises of motor and sensory

neurons which operate between internal organs and the CNS. Changes in the
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ANS occur due to the emotional state of the body. For example, it has been

demonstrated that GSR and Heart Rate Variability (HRV) can be used to assess

autonomic functions (Wu, Liu, and Hao, 2010; Lanata et al., 2017; Valenza

et al., 2014). In addition to these signals, the cerebral cortex controls the CNS,

and an EEG scan is a common method for analysing this brain activity, making

EEG an extremely useful tool for analysis emotional data.

In the research detailed in this thesis, both physical and physiological sensing is

of importance. This is because a large part of the work covered here is motivated

by the current shortfalls of physiological sensing equipment used in VR. In the

remainder of this section I will review literature that addresses the topics of

physical and physiological signals.

2.1.1 Physical Sensing

The physical signals associated with emotion include facial expressions, gesture,

body posture and speech. Facial expressions form an important cue we reply on

in interpersonal interactions. Arguably, they are one of the most easily under-

stood cues giving us near instantaneous feedback on the quality of interactions.

Research on collaborative systems has demonstrated that participants are easily

able to understand how their partner(s) feel when shown a facial expression

(Cohen and Garg, 2000), irrespective of how rudimentary the depiction is (Lee

et al., 2016).

Another important physical cue is speech. Speech allows humans to communi-

cate with one another and to articulate their feelings. However, one of the most

overlooked aspects of speech is its ability convey information through timbre,

vocalisation and intonation. These three aspects of speech are able to inform

us of who we are talking to, where the person could be from, and potentially

their mood. The non-visual nature of speech makes it an especially interesting

physical trait capable of delivering important information.

Similarly, hand gestures also play an important role in interpersonal commu-

nication. Several researchers (Wickey and Alem, 2007; Fussell et al., 2004;

Amores, Benavides, and Maes, 2015; Teo et al., 2018; Huang and Alem, 2013)
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have demonstrated a number of ways to implement hand gestures in remote col-

laboration scenarios. These studies show the importance of implementing hand

gestures in such an environment. The use of hand gestures in a remote collabo-

ration setting has also been shown to provide a greater sense of social presence

(Bai et al., 2020).

2.1.2 Physiological Sensing

Physiological sensing generally refers to monitoring signals generated by the

body "that cannot be seen". For example, ordinarily we cannot see an individ-

ual’s heartbeat. However, by placing an Electrocardiogram (ECG) sensor over

the heart we are easily able to accurately detect the heartbeat. Physiological

sensing has begun to gain popularity as a tool to aid the detection of emotion,

cognitive load and several other seemingly intangible aspects of the human con-

dition. The availability of low-cost, high quality sensors has spurred research

and commercial use. For example, products such as the Apple Watch1 integrate

ECG for measuring heart rate into a commercially available device.

Physiological signals are controlled by the ANS and cannot be actively influ-

enced, or suppressed or controlled by an individual like physical signals. This

aspect of physiological sensing has made it a popular choice over the physical

or behavioural observations that have been used in research for several decades

(Chu et al., 2017). Physiological sensing has been used by researchers to study

several aspects of human behaviour that were, until recently, based almost en-

tirely on models built from observing individuals. The widespread availabil-

ity of physiological sensors has allowed researchers to explore aspects of flow

(Lee, 2020), inter-brain synchrony (Gumilar et al., 2021), emotion (Gupta et

al., 2020a), pain intensity (Chu et al., 2017) and cognitive load (Gupta et al.,

2019), among others. In many studies, researchers made use of at least two

physiological sensors to help classify the different mental and/or bodily states

that they were attempting to monitor. These studies have shown that combin-

ing data from different physiological sensors appears to provide better results.

1https://www.apple.com/nz/healthcare/apple-watch/
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However, it must be understood that modern day analytical methods rely sig-

nificantly on the use of machine learning algorithms. The rationale for using

multiple sensors appears to be to provide these algorithms with as much and

varied information as possible in order to increase recognition accuracy.

Another important development in the field of physiological sensing is the avail-

ability of validated data-sets that researchers can use for their studies. One of

the most widely used physiological data-sets is the Database for Emotion Anal-

ysis Using Physiological Signals (DEAP) (Koelstra et al., 2012). This data-set is

derived from a study that had participants watch and listen to music video clips

and then rate their arousal, valence, like/dislike, familiarity, and dominance.

Alongside EEG, other physiological signals recorded included GSR, respiration

amplitude, skin temperature, electrocardiogram, blood volume by PPG, facial

electromyography (fEMG), and electrooculogram (EOG). Similarly, research car-

ried out by Lisetti and Nasoz displayed a set of movie clips that were rated for

anger, amusement, disgust, fear, sadness and surprise emotions (Lisetti and Na-

soz, 2002). During the experiment, HR, facial expressions, GSR, skin tempera-

ture, and vocal inflection were recorded. Two other data sets, the eNTERFACE

2006 emotional database (Savran et al., 2006) and MAHNOB HCI (Soleymani

et al., 2011) have also seen widespread usage among researchers who use phys-

iological data to detect emotions. The eNTERFGACE 2006 data base uses EEG,

functional near infrared spectroscopy (fNIRS), facial videos and spontaneous

responses to emotional images from the International Affective Picture System

(IAPS) (Lang, Bradley, Cuthbert, et al., 1997). The MAHNOB HCI database

consists of EEG, eye gaze, audio and facial expression data.

In the databases that are available to researchers it is a common practice to com-

bining physiological and physical signals to determine bodily and mental states.

Based on existing evidence, it can be argued that there is a definite advantage

to combining these different forms of data. Researchers report greater accuracy

when more than a single type of physiological signal is captured. As the research

has already demonstrated, there is also great value in capturing both physiolog-

ical and physical data. This helps us reconcile information from two separate

sources of information, and can prove vital in applications where the knowledge

of a participant’s mental and/or physical state is important irrespective of their

physical display of a mental or bodily state. Keeping this in mind, I have adopted
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this approach for the work detailed in this thesis. In particular, I have looked at

using EMG, EEG and GSR as input signals for classifying emotional states in VR.

The next sub-section will cover different types of sensors that are used to capture

this information. I will cover the materials that are used to construct sensors,

the methods employed to collect data using these sensors and the relative ad-

vantages and disadvantages of the sensors used to capture physical and physio-

logical information.

2.2 Physiological Sensors

In the previous section we have covered the two sensing types that enable us to

differentiate the data that we can capture in order to interpret bodily and men-

tal states. However, capturing this data requires purpose-built sensors. For the

purposes of this thesis, the sensors I will cover are only required to capture elec-

trical activity resulting from certain bodily functions. However, it must be noted

that there is a significant difference in the levels of electrical activity produced

by these functions. It is therefore necessary to have sensors that are capable of

accurately detecting and recording this activity. As mentioned in the earlier sec-

tion, the scope of this thesis extends to EEG, GSR and EMG sensors. Keeping this

in mind, the rest of this subsection will cover the different sensors types used to

capture these three signals.

2.2.1 Electroencephalography

Electroencephalography (EEG) is the electro-physiological monitoring of brain

activity. It is defined as "electrical activity of an alternating type recorded from

the scalp surface after being picked up by metal electrodes and conductive me-

dia" (Schomer and Silva, 2017). EEG is a non-invasive procedure, making it

one the most important neuroimaging modalities and brain computer interface

tools (Luo et al., 2020). Both EEG and EMG recordings involves the place-

ment of electrodes on the scalp and/or forehead and on other parts of the body.

EEG is used by researchers and commercial systems across a number of use
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cases, for example for well-being (Gruzelier, 2014; Fingelkurts, Fingelkurts, and

Kallio-Tamminen, 2015), human-machine interaction especially related to mo-

bility (Tanaka, Matsunaga, and Wang, 2005), and others. The next sub-section

will look at the varying uses of EEG as reported in literature over the last few

decades.

EEG has a long and varied history. From its first documented use by Richard

Cayton in 1875 on the brains of rabbits and monkeys to Hans Berger’s first

recordings of human brain activity in 1924 (Collura, 1993), EEG has come a

long way. Modern EEG devices allow researchers to record multiple channels

of data remotely while allowing them to simultaneously view the signals. EEG

monitoring has many applications, both clinically and in various other research

areas. In clinical applications, EEG has been used as a diagnostic/investigative

tool for brain conditions such as epilepsy (Teplan, 2002; Noachtar and Rémi,

2009; J. Engel, 1984; Varelas et al., 2003), ADHD (Alchalabi et al., 2018) and

sleep disorders (Liu, Pang, and Lloyd, 2008). It has application in monitor-

ing brain activity in coma patients and the confirmation of brain death (Teplan,

2002; Varelas et al., 2003); and in identifying areas of damage due to head

trauma, strokes, or tumours (Teplan, 2002; Varelas et al., 2003). There is also

a significant amount of research being done which utilises EEG as a BCI (Brain-

computer interface) tool to enable human-computer interaction. BCI can also be

used to enable mobility for people with significant neuromuscular disorders and

other motor impairments, such as stroke patients, and patients with spinal cord

injuries (Ang and Guan, 2017; Shih, Krusienski, and Wolpaw, 2012; Lazarou

et al., 2018). EEG is also being applied in the development of neuroprosthetics

(Shih, Krusienski, and Wolpaw, 2012; Vidal, 1973; Schwarz et al., 2020) i.e.

prosthesis that can be controlled using neural activity.

Outside the clinic the use of EEG is an expanding field of research. It has var-

ious applications in monitoring brain activity in real-world environments such

as consumer neuroscience and neuro-marketing (Regina W. Y.Wang, 2016;

Golnar-Nik, Farashi, and Safari, 2019; Prabhu, 2019), urban behaviour (spa-

tial cognition and urban design) (Panagiotis Mavros, 2016), mobile phone/BCI

interfacing (Campbell et al., 2010), understanding and detecting drivers fatigue

(Huang et al., 2016; Li and Chung, 2015), and sports training (Fronso et al.,
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2019; Wang, Moreau, and Kao, 2019), among others. “Real-world” EEG mon-

itoring is made possible because EEG devices have a high temporal resolution

(millisecond range) compared to other neuro-imaging devices such as fNIRS,

MRI etc. (Teplan, 2002). Furthermore, advancements have been made in this

field which facilitates its use in real-world applications (Prabhu, 2019). For ex-

ample, the digitisation of EEG significantly increases the portability of the device,

in turn, making it more accessible. Another more modern use of EEG is emotion

recognition (Gupta et al., 2020b). A significant amount of research is currently

underway that seeks to understand how emotions can be reliably detected by

monitoring neural activity.

Of most relevance to our research is the use of EEG in AR/VR applications (Chin

et al., 2010; Lotte et al., 2012; Blum et al., 2012). As Virtual Reality devices

increase in quality and decrease in price, applications from training, education,

fitness and entertainment are becoming more widespread. The ability to moni-

tor physiological signals, and especially brain activity is important for providing

more immersive and adptive virtual environments (Tremmel et al., 2019). With

OpenBCI’s Project Galea2, the first VR HMDs with EEG electrodes integrated into

them are about to reach the market.

2.2.2 Methods of EEG Recording

EEG recording systems typically include electrodes (1-3mm diameter), conduc-

tive gel (in the case of wet or semi-wet electrodes), hardware amplifiers and

filters, an analogue to digital converter, and a recording device (Teplan, 2002;

Bronzino, 2006). To begin an EEG measurement session, firstly the scalp can be

cleaned using an abrasive paste to lower the contact impedance (Lopez-Gordo,

Sanchez-Morillo, and Valle, 2014; Bronzino, 2006), then electrodes are applied

to the scalp, either individually using glue/cement or using an EEG cap which

contains multiple electrodes; then the gel is applied in the case of wet electrodes

(Teplan, 2002). EEG electrode placement has been standardised, and the elec-

trodes are placed in accordance with the 10- 20 system (Klem et al., 1999).

2https://galea.co/
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Recent developments in materials technology have allowed the use of "dry" elec-

trodes to capture relatively high quality EEG signals.

In this subsection we will cover some of the different types of electrodes that are

used to collect EEG data. The electrodes that are used vary widely in design and

quality of signal acquisition. They broadly fall under the following categories -

wet electrodes, semi-dry electrodes and dry electrodes:

1. Wet Electrodes

Wet electrodes are considered the gold standard for EEG based applica-

tions. They use a conductive gel to help form a conductive path from the

skin/scalp to the electrode (Velcescu et al., 2019), significantly reducing

the surface impedance (Lopez-Gordo, Sanchez-Morillo, and Valle, 2014).

However, over time the gel begins to dry, meaning they are not suitable for

long term measurements, as the electrical interaction between the scalp

and the electrodes begin to change causing artefacts (Salvo et al., 2012).

There are also problems with ease of use due to the steps required for

application, and the clean-up process after use. In many cases this re-

quires specialist technicians to ensure the best possible outcome from each

session (Mota et al., 2013). Despite these drawbacks, wet electrodes are

still the primary type used in hospital or clinical settings (Chi, Jung, and

Cauwenberghs, 2010).

2. Semi-Dry Electrodes

Semi/Quasi-dry electrodes are the middle ground between wet and dry

electrodes. They have been developed in an effort to maximise the ad-

vantages, and minimise the disadvantages of both wet and dry electrodes

(Mota et al., 2013). These electrodes have an internal reservoir which

contains a small amount of an electrolyte solution which is released onto

the surface of the scalp when the electrode is put under pressure (Mota et

al., 2013; Peng et al., 2016; Hua et al., 2019). Furthermore, because the

electrolyte solution is contained within the electrode itself, it significantly

reduces the time required to setup for a study. It also reduces the amount

of electrolyte used, which is beneficial in terms of cost and user comfort
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(Peng et al., 2016). These types of electrodes are not common, but com-

mercial devices like the GT Cap Gelfree-S33 which uses a foam pillar as

its reservoir and saline solution as its electrolyte and the Emotiv Epoc-X4

utilise these types of electrodes.

Figure 2.1: Emotiv Eopc-X Electrodes

3. Dry Electrodes

Dry electrodes do not need a conductive medium like gel or saline solution

to enable signal acquisition. More specific to this area of research, dry

electrodes can be used in HMD’s when physiological sensing is needed.

For example Looxid labs5 (Figure 2.2) sells dry EEG electrodes that can be

fitted to a HMD. There are two types of dry electrodes - contact electrodes

and insulating electrodes.

(a) Contact Electrodes

Dry contact electrodes are in direct electrical contact with the scalp.

In order to achieve this, many dry contact electrodes have “spikes” 6

(Lopez-Gordo, Sanchez-Morillo, and Valle, 2014; Huang et al., 2015;

Liao et al., 2011; Lee et al., 2019) or bristles (Grozea, Voinescu, and

Fazli, 2011; Gao et al., 2020) to get through hair. The major bene-

fit of dry electrodes is that they are much faster to set up as there is

no application of glue and/or gel to each electrode. This also makes
3https://tinyurl.com/4s29da8r
4https://www.emotiv.com/epoc-x/
5https://looxidlabs.com/
6OpenBCI Ultracortex Mark IV
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Figure 2.2: Looxid Labs Dry EEG Electrodes

it more accessible and practical for research applications outside of

a medical clinic (Salvo et al., 2012). They also enable longer mea-

surement sessions because there is no chance of artefacts caused by

the drying of the gel (Lopez-Gordo, Sanchez-Morillo, and Valle, 2014;

Salvo et al., 2012). However, these spikes can be quite uncomfortable

to wear (Lin et al., 2011), especially if they are made from a stiff

material. "Soft” materials such as flexible polymers (Velcescu et al.,

2019; Slipher et al., 2018; Chen et al., 2014) are being used to com-

bat this issue, however they require spikes to get through hair (Figure

2.3a).

(b) Textile Electrodes

Another dry electrode technology are textile based electrodes

(Löfhede, Seoane, and Thordstein, 2012; Lin et al., 2011; Natarajan

and Thilagavathi, 2018; Muthukumar, Thilagavathi, and Kannaian,

2016; Löfhede, Seoane, and Thordstein, 2010). Textile electrodes are

made from conductive yarn, so they are more comfortable to wear

and also more environmentally friendly compared to their plastic

counterparts. They are much more suitable for long term health
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(a) Dry Contact Elec-
trode (Velcescu et al.,
2019)

(b) Insulating Electrode
(Lopez-Gordo, Sanchez-
Morillo, and Valle, 2014)

Figure 2.3: Dry Electrodes

monitoring applications as well (An and Stylios, 2018). Textile elec-

trodes are typically knitted, woven or embroidered (Scilingo et al.,

2005; Priniotakis et al., 2007; Paradiso, Loriga, and Taccini, 2005;

Mestrovic et al., 2007) with the knitted being the most common.

However, there is no consistent conclusion to which textile structure

or material performs best. These electrodes are the most ideal for

integrating into a VR HMD.

(c) Insulating Electrodes (Figure 2.3b)

Dry insulating electrodes (capacitive electrodes or non-contact elec-

trodes) do not need to be electrically in contact with the scalp and

instead use a dielectric film as the contact. These operate through the

use of displacement currents as opposed to ‘real currents’ (Spinelli

and Haberman, 2010). This is because the electrode-skin interface

can be more analogous to a parallel plate capacitor (Harland,

Clark, and Prance, 2001). The major downside is that capacitive

coupling is relatively weak, meaning the electrodes have high contact

impedances (Lopez-Gordo, Sanchez-Morillo, and Valle, 2014). In

order to produce accurate EEG readings the electrodes must be larger

than typical. Resulting in a lower same spatial resolution compared

to wet electrodes (Portelli and Nasuto, 2017).



18

2.2.3 Electromyography

Whenever we contract a skeletal muscle, a bioelectrical pulse called an "action

potential" is generated. Electromyography (EMG) can be used to measure the

electrical activity that occurs in the muscle. This is particularly useful for medical

professionals and researchers, allowing them to assess muscle performance.

EMG determines a muscles capacity in terms of contractile functions and changes

in various conditions (Stegeman et al., 2000). It is a useful clinical test which can

be used to help detect neuromuscular abnormalities, diagnosing back pain, soft

tissue injury, temporomandibular join dysfunction, scoliosis and other conditions

(De Luca, 2006; Mills, 2005). Additionally, EMG has been used extensively

in sleep studies, intensive care, breathing studies, sports studies and human

computer interaction or more specifically, muscle computer interaction (Hutten

et al., 2010).

There are two main types of EMG. The first is intramuscular electromyography.

This uses needles like electrodes to penetrate into the muscle itself and read the

voltage produced during nerve impulses (De Luca, 2006). It is highly accurate,

but also invasive, and can be time consuming and expensive. The other, more

common alternative is surface Electromyography (sEMG). sEMG has a much

wider variety of uses and can be operated in many different environments, mak-

ing it particularly beneficial for human computer interfaces (Sun et al., 2020).

A typical EMG set up will have a reference electrode, usually placed on a nearby

bony section such as the hip or elbow, as well as the detecting electrodes which

are placed on the locations of interest (Jamal, 2012). While the sensor is built

differently to an EEG sensor, EMG uses similar electrodes to the EEG sensors,

usually metal and are placed on any muscles on the body (Mills, 2005). The

typical frequency of motor unit firing is 7-20 Hz (De Luca and Hostage, 2010).

EMG uses a dipole to record, requiring two electrodes, and the voltage differen-

tial between these electrodes is recorded.
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2.2.4 Facial Electromyography

Facial EMG is where electrodes are applied to muscles on the face of an indi-

vidual. In particular, measuring the elecrical output of the corrugator supercilii

muscle is useful as an indicator of our emotional state and how that state is

expressed to others (Tassinary, Cacioppo, and Vanman, 2007). Facial emotional

expressions are largely uncontrollable (Yang and Yang, 2011), therefore it is ben-

eficial to use fEMG to accurately record the corrugator supercilli muscle activity

along with other facial muscles. The Corrugator Supercilli has a strong negative

linear relationship to emotional valence, therefore it is a reliable indicator of the

emotional significance of a given stimulus (Tassinary, Cacioppo, and Vanman,

2007). One study showed the fEMG activity responses to affective visual stimu-

lation (Tan et al., 2011), demonstrating how fEMG can be used to find emotional

states.

Facial EMG can also be used on other muscles in the face to get the expression

of the user (Wolf, 2022). Facial expression is useful for emotion recognition and

also other areas, such as giving Virtual Avatars the corresponding facial expres-

sions or movement of face while they talk. Studies have looked at the fEMG

response to auditory stimulus, pictures and emotional stimuli (Tan et al., 2011;

Lang et al., 1993; Schwartz, Ahern, and Brown, 1979; Sirota and Schwartz,

1982; Dimberg, 1990).

A newly emerging area of research is facial expression recognition within VR.

Facial expressions are important for emotion recognition but also they are im-

portant for communication (Bekele et al., 2013). Currently, there are not many

systems that allow for facial movements to be recognised within a VR HMD as

the HMD covers a large section of the face. The integration of fEMG into an

HMD is an ideal way to detect facial expressions inside an HMD. However, one

of the main drawbacks preventing its widespread usage is the lack of comfort

one experiences given that the electrodes are generally made of metal.
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2.2.5 Galvanic Skin Response

Galvanic Skin Response (GSR) is the change in sweat gland activity and skin con-

ductance that is caused by the emotional state of the user (Boucsein, 2013). As

arousal increases, so does skin conductance. Typically, GSR signals are recorded

on areas that have a high number of sweat glands, such as the hands and feet

(Gray, 1918), with hands being the most common for GSR recording. Skin con-

ductance is not something that is able to be controlled actively. It is modulated

through sympathetic activity. This also drives cognitive and emotional states

(Critchley, 2002) which is why it is important in the context of emotion recogni-

tion.

GSR is used in a large variety of emotion detection applications. For example,

looking at frustration (Lazar, Feng, and Hochheiser, 2017), engagement in VR

(Ventura and Porfiri, 2020), and responses to threats inside VR (Centifanti, Gille-

spie, and Thomson, 2022). As mentioned previously, most commercial GSR sen-

sors, like the Shimmer3 GSR+ sensor7, detect skin conductance on the hands.

This is not ideal for VR applications as the controller is grasped in the hands as

well. This leads to significant movement artifacts. Integrating a GSR sensor into

the VR HMD would fix these issues.

In this section we have covered physiological sensors in general, but have con-

centrated on the use of EEG, EMG and GSR sensors. For the purposes of the

work detailed in this thesis, these sensors are the most relevant. From the re-

view of each of these sensors we can see that there is benefit in incorporating

them into wearable devices and VR. Their ability to measure our physiological

and physical activity is capable of providing us with real-time feedback on our

physical and mental states.

However, some there are a few drawbacks these sensors have that limit their

use:

1. Specialist Knowledge

Some of the high quality sensors that are available commercially require a

high level of specialist knowledge to setup and operate. This is especially
7https://shimmersensing.com/product/shimmer3-gsr-unit/
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true of those that use use gels, saline solutions and pastes as conductive

media for signal acquisition. An improper use of too much conductive me-

dia, and a lack of preparation of the skin surface can lead to degraded

signal acquisition. This means that such sensors are not suitable for re-

searchers and hobbyists that do not have the requisite knowledge to setup

and operate them.

2. Sensor Integration

As we have seen, different physiological sensors appear to have varying

form factors. Given that a lot of research utilising physiological sensors

use of two or more sensors simultaneously, so their integration onto a spe-

cific part of the body or into a device such as a VR HMD becomes cumber-

some. The varying shapes and sizes these sensors come in adds an extra

dimension of complexity.

3. Sensor Construction and Usage

Physilogical sensors are generally constructed from hard plastic or metal.

Based on their usage, these can be integrated into a cap as with EEG sen-

sors or can be applied directly to the skin via adhesive materials, pastes,

gels and straps as with EMG and GSR sensors. Irrespective of the sensor

type, one of the major drawbacks of using these materials is that they tend

to be uncomfortable to wear. Hard plastic or metal electrodes - cups, flat

or spiky - can be uncomfortable to wear for long periods. Individuals re-

port experiencing some pain even when these are worn for up to twenty

minutes. In the case of electrodes that use gels to ensure good signal ac-

quisition quality, usage is limited by duration the gel remains viable as

a conductive material. Another drawback of using gels and pastes is the

need to clean the parts of the body to which they were applied, and the

equipment used with them, such as a VR HMD.

Given these drawbacks with the current generation of physiological sensors, this

project proposes the development and use of novel fabric electrodes to capture

physiological signals. The impetus behind developing these sensors is to circum-

vent the limitations listed above. The work I have done also goes some way in

addressing the issue of material selection for fabric electrodes mentioned earlier.

Making sensors that are easy to use, integrate and wear is likely to help provide
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data that can help gauge the effects of long-term usage of wearable devices and

VR HMDs among others. Then development of these sensors will also lower the

barriers for entry into fields of research and industry that utilise these physio-

logical sensor for a range of scenarios. In the next section I will briefly cover

the use of physiological sensors in VR. This is a growing area of research and of

great relevance to the work presented in this thesis.

2.3 Physiological Sensing in Virtual Reality

Over the last decade, there has been a significant increase in the availability of

VR and AR devices. AR and VR HMDs are now available at lower prices than

ever before. This has resulted in numerous applications being developed for

these devices, ranging from enterprise solutions to entertainment. Arguably, VR

HMDs have been more visible given their use in the entertainment, training and

health industries. They are also being used as social tools to work and meet

others in collaborative virtual environments (CVEs). A primary driver of this

has been the COVID pandemic which has encouraged the rapid adoption of such

technology. Collaborative applications such as AltSpace VR 8, Mozilla Hubs 9

and Vive Sync 10 along with VR headsets such as the HTC Vive 11 (Figure 2.4a)

and Samsung Gear VR 12 (Figure 2.4b) among others have seen a rapid rise in

usage.

Given these various uses for VR, there in an increasing interest in how individ-

uals interact in VR, and how VR systems can understand the user’s physical and

mental states. The main way to do this via the use of physiological sensors. For

example, Marin-Morales et al. (Marín-Morales et al., 2018) have demonstrated

the use of EEG and ECG to measure valance and arousal in a VR environment.

Other researchers (Gupta et al., 2020b) have made use of GSR, HRV and EEG

among others to measure physiological output and predict emotion (Horvat et

8https://altvr.com/
9https://hubs.mozilla.com/

10https://sync.vive.com/
11https://tinyurl.com/279v9fb4
12https://tinyurl.com/2cznuwu9
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(a) HTC Vive (b) Samsung
Gear VR

Figure 2.4: VR Headsets

al., 2018), measure presence (Dey et al., 2020) and even detect simulator sick-

ness (Martin et al., 2020) in VR.

It is interesting to note that the motivation behind using physiological sensors in

VR is to be able to accurately measure the differing physical and mental states.

Up until recently, this was done by administering questionnaires such as the

IPQ(Regenbrecht and Schubert, 2002; Schubert, 2003; Schubert, Friedmann,

and Regenbrecht, 2001), and PANAS (Crawford and Henry, 2004), etc. While

these subjective questionnaires help in gauging the different mental and physi-

cal states, researchers had to rely on participants recollections of their feelings

during a study. However, with physiological sensors it is possible to get empirical

data that can provide near real-time updates of a user’s physical and mental state

in VR. The use of physiological sensors has also allowed researchers to correlate

and corroborate sensor data with that obtained from questionnaires.

Another important development enabled by VR has been the rise of CVEs (Steed

and Schroeder, 2015). These are virtual spaces where individuals are able to

work and socialise together irrespective of geographic location. Researchers

have been studying CVEs to understand how these environments can be best

used to improve collaborative experiences (Piumsomboon et al., 2018; Yang et

al., 2020). VR based CVEs allow users to interact with one another using avatars.

However, one of the major issues with such forms of interactions is the lack of

proper communication cues. Participants are not able to perceive facial expres-

sions, eye movements and other cues that are normally present in face-to-face
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interactions. To address this issues researchers have proposed the use of eye

tracking (Steptoe et al., 2009), and EMG sensors for facial expressions (Gib-

ert et al., 2009; Lou et al., 2019) to facilitate better interpersonal interactions.

However, one of the major issues is the integration of physiological sensors into

VR HMDs. The current form factors of sensors makes them unwieldy and hard

to integrate into a VR HMD in manner that allows for long term usage. This

project seeks to address this issue by developing fabric electrodes that can easily

be integrated into any VR HMD. The objective of doing this is to be able to eas-

ily place multiple sensors inside a VR HMD without having to worry about the

quality of signal acquisition or the duration for which this can be achieved.

2.4 Phantoms

In order to use physiological sensors in VR applications it is imperative that they

work well. Whether for clinical purposes or use in Human-Computer Interaction,

individuals rely on these sensors for accurate information. In order to work

accurately, sensor functions need to be validated, ideally on the target they will

be recording i.e. a body part on which the sensor will be placed. Since it is not

always possible, or even desirable, to test on live human subjects "phantoms" are

used to carry out sensor testing and validation.

The development of phantoms has a long history. Once the use of ionising ra-

diation as an imaging method gained popularity, it became apparent that the

use of phantoms was necessary to ensure that patients were receiving safe doses

before exposing them to radiation. In the decades since, the development of

limb and body phantoms has progressed rapidly to accommodate a range of dif-

ferent testing needs. In particular, the rapid rise and availability of high quality

physiological sensing equipment has necessitated the development of phantoms

specifically for the purpose of testing and validating such equipment.

Since the scope of this thesis is limited to the development of novel fabric based

physiological sensors, this section reviews the literature that deals specifically

with the development of phantoms for the purpose of testing and validating

physiological sensors.
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Broadly speaking, phantoms are of two types:

1. Flat Tissue Phantoms

These phantoms are designed to to mimic conductive properties similar

to human tissue. These are generally constructed from gel by pouring a

mixture onto a flat surface and letting it cure to form a tissue phantom.

These are easy and cheap to make and serve as a good starting points to

test equipment.

2. Anthropometric Phantoms

These phantoms are designed to physically represent the body or a part of

body in detail. These phantoms tend to be of the approximate dimension of

the target body part. They are also relatively realistic in their composition

in that, such phantoms can be produced with bones and tend to demon-

strate conductivity similar to that of the human body. These phantoms are

extremely useful for testing and validating the function of equipment that

needs to be placed on specific parts of the body. Anthropometric phantoms

are relative complicated to construct, and require significantly greater ex-

penditure of time and money.

While the type of phantoms that can be use for testing and validation are im-

portant, it also worth noting that the materials used to construct the phantoms

are equally important. For example gelatin (Farrer et al., 2015), saline (Shep-

hard et al., 2011), clay (Hunold et al., 2018), silicone (Collier et al., 2012), and

polypropylene (Audette et al., 2020) are all materials that can be used to make

phantoms. The use of these materials is dictated by what the phantom will be

used for. In the following part of this section I will list some of the phantom

types that are commonly used for testing and validation. As mentioned ear-

lier, there are a large number of materials from which phantoms can be created

either using a homogeneous/single layer approach or a multi-layer approach.

2.4.1 Homogeneous Phantoms

Homogeneous head phantoms appear to be the most common in literature

(Owda and Casson, 2020; Farrer et al., 2015; Hairston, Slipher, and Yu, 2016;
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Figure 2.5: Homogenous Phantom (Farrer et al., 2015)

Symeonidou et al., 2018; Kohli, Krachunov, and Casson, 2017; Kohli and

Casson, 2017; Casson, 2019). They are made up of a single homogeneous layer,

which has approximately the same electrical properties as the human head;

embedded with electrodes to generate repeatable signals for EEG recording.

They are most commonly made out of ballistic gelatine (Owda and Casson,

2020; Farrer et al., 2015; Hairston, Slipher, and Yu, 2016; Symeonidou et al.,

2018; Kohli, Krachunov, and Casson, 2017; Kohli and Casson, 2017; Casson,

2019) as shown in Figure 2.5. They are produced using a combination of

gelatine, deionised water, and sodium chloride (NaCl). These phantoms are

likely so popular because they are quite simple and relatively cheap to produce.

The major downside to this method is that a phantom made using this method

has a shelf life of approximately one week (Owda and Casson, 2020). However,

techniques are now being developed to enhance the shelf life of these phantoms

(Audette et al., 2020). There are single layer phantoms using carbon-doped

polypropylene instead of gelatine which has a significantly longer shelf life.

Audette et al. created a phantom that was slightly different to the other single

layer phantoms because it has an outer shell rather than a single layer, they

demonstrated that this phantom had a high fidelity(Audette et al., 2020).
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(a) Phantom Layout (b) Parts of Phantom

Figure 2.6: Multi Layer Phantom (Collier et al., 2012)

2.4.2 Multi-Layer Phantoms

A Multi-layer model is naturally more complex than the single-layer model. Usu-

ally, a multi-layer phantom will consist of three layers representing the brain,

skull and skin (Owda and Casson, 2020; RUSH and DRISCOLL, 1968). Simi-

lar to the homogeneous models, they contain electrodes for signal generation;

however, in this case, they are housed explicitly in the “brain” compartment

of the phantom (Collier et al., 2012). Multi-layer phantoms made specifically

for EEG applications are not particularly prevalent in literature (Owda and Cas-

son, 2020), however, (Collier et al., 2012) presented a multi-layer phantom de-

signed to test EEG caps (Figure 2.6a & 2.6b), they used carbon doped urethane

resin (brain) and silicone (skin and skull) and reported realistic electrical poten-

tials were recorded. However all of these phantoms currently lack an important

fourth layer - Hair - which is one of the largest obstacles to good skin-electrode

impedance levels (Velcescu et al., 2019; Hua et al., 2019; Huang et al., 2015).

2.4.3 Real Tissue Phantoms

These phantoms include biological tissues as part of their composition. Exam-

ples include; use of a human skull (Leahy et al., 1998; Baillet et al., 2000),

porcine skin (Sinks, Nonte, and Hairston, 2019; Owda and Casson, 2020), and
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human cadavers (Owda and Casson, 2020; Barth et al., 1986). Real tissue phan-

toms are used when the material properties found in real tissue cannot be easily

substituted by another phantom material. For example, the skin’s deformative

properties or the irregular morphology of the skull (as shown in Figure 2.7.

Real tissue phantoms are quite uncommon for EEG applications as the phan-

tom materials are improving with 3D printing, allowing for replicating the skull

morphology (Zhang et al., 2017), and the continued prevalence of human trials.

Figure 2.7: EEG and MEG Head Phantom from Human Skull
(Leahy et al., 1998)

To develop new sensors, a new or modified testing protocol is needed, and vali-

dation is an extremely important step. One that is difficult to do on live partici-

pants. ’Phantoms’ are a specifically designed object that acts as a replacement for

a real life physiological aspect. For example a manufactured arm that contains

anatomically correct looking bones. This can be used for validating x-rays.
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Figure 2.8: Recent Study Using Physiological Sensors in VR
(Gupta et al., 2020c)

2.5 Summary

In this chapter I have covered the different forms of sensing and types of sensors

that can be used for physical and physiological sensing. Based on the review

of physiological sensors it is clear that there are advantages to using them in

VR applications. However, there are a few drawbacks that have not allowed re-

searchers to fully realise the potential of physiological sensing in VR. Given that

researchers have tended to use two or more sensors (Gupta et al., 2019; Marín-

Morales et al., 2018) (Figure 2.8), their integration into a VR HMD has proved

problematic. Specialist methods are required to integrate them into a HMD,and

the electrodes materials can cause user discomfort. However, the development of

fabric electrodes appears to be a way to address these issues. While conductive

fabric electrodes have been developed in the past (Löfhede, Seoane, and Thord-

stein, 2012; Lin et al., 2011; Natarajan and Thilagavathi, 2018; Muthukumar,
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Thilagavathi, and Kannaian, 2016), there exists no consensus on what materi-

als can be used to provide good signal acquisition and comfort. There also has

been little research exploring how fabric electrodes could be integrated into VR

HMDs.

The work detailed in this thesis goes some way in addressing these questions.

The development of the fabric electrodes has been accompanied by the simul-

taneous development of a head phantom to test and validate these electrodes.

The next chapter describes in detail how the electrodes were developed and val-

idated using a head phantom. This is followed by a chapter on the integration

of the electrodes into a VR HMD along with details of a pilot study. This study

was conducted to assess the quality of signal acquisition. Finally, I conclude by

summarising the work that has been done as part of this project and present

future directions that the work detailed in this thesis could be continued.
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3
Hardware Design

In this chapter we describe the hardware designs of the EMG and GSR sensors

and supporting electronics developed. For each of the fabric sensors we needed

to develop hardware to capture the sensor data and send it to the PC running the

VR application. We describe the various fabric sensors tested to arrive at the best

sensor options. We also describe a phantom developed that can be used to test

and validate EEG/EMG sensors, and the test results from the fabric sensors we

created. Finally, we report on electrode and sensor validation from real people

wearing the hardware.

3.1 Sensor Development

3.1.1 EMG Sensor

To record EMG data we used a circuit based on the LT1167 nerve impulse ampli-

fier, shown in Figure 3.1. The LT1167 is a low power, precision instrumentation

amplifier. When combining this component with on board filtering, an output

signal is able to be read. This circuit was connected to the Arduino Nano 33 BLE

microcontroller and sends information over the serial port in binary. This partic-

ular code runs at 100 Hz. However, this is fully customisable and can easily be

altered to whatever is desired.
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Figure 3.1: Circuit Diagram for LT1167 Nerve Impulse Am-
plifier

3.1.2 GSR Sensor

The GSR sensor is essentially a voltage divider that measures the change in

conductivity/resistance across two electrodes. Any changes in the resistance be-

tween the electrodes (due to sweating) alters the ratio of voltages, therefore

changing the measured potential difference across the known resistor. To cap-

ture the GSR data, the circuit shown in figure 3.2 was developed. A small voltage

Figure 3.2: Image of the GSR sensor on a bread board circuit
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is applied across the electrodes and it is used as the top resistor, the bottom resis-

tor is a 330 kΩ resistor. The output is separated from the rest of the circuit with

a follower op amp. A passive low pass filter at 4.8 Hz (using a 3.3 MΩ resistor

and a 10 nF capacitor) is included to minimise unwanted noise.

Testing of the GSR sensor was initially done through comparison to a gold stan-

dard provided by the Shimmer3 GSR+ commercial sensor. The Shimmer is

a bluetooth capable sensor that provides the data acquisition for GSR, optical

Pulse/PPG and Heart Rate. It has a sample rate of 15.9 Hz.

3.1.3 Validation of the GSR Sensor

A participant was asked to wear the GSR fabric and shimmer sensors on both

hands in the same position. They were then asked to complete a Visual Stroop

test (Scarpina and Tagini, 2017). This is a standard test that examines the ability

to separate word and colour naming stimuli, and is designed to create cognitive

load or stress. The participant is shown a series of names of colours (i.e. "Red")

where the font colour is changed. For example, they might see the word "Red"

written in a green colour. The participant needs to say the colour of the font or

read the name depending on the test being done (Tryon, 2014). This is used

to increase cognitive load and therefore increase stress levels in the participant,

which can be measured through GSR. Additionally, data was captured with the

participant relaxing, watching a negative video as well as the participant follow-

ing a guided meditation. These tests lasted from 2 minutes to 15 minutes. Some

of the data captured is shown in Figure 3.3. This data was first down sampled

to 8 Hz and then a fifth order low-pass Butterworth filter was applied. This is

because skin conductance changes at a very slow rate. Down sampling saves pro-

cessing time and conserves memory. Additionally, there is no useful data above 8

Hz. LedaLab is a Matlab based software which was used for the analysis of skin

conductance data. This allowed us to separate the data into its tonic and pha-

sic components through continuous decomposition analysis (Hernando-Gallego,

Luengo, and Artés-Rodríguez, 2018). Once they were separated, we could com-

pare the phasic data, specifically looking at the number of peaks in the dataset.

However, we were also interested in the amplitude and duration of the peaks as
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Figure 3.3: Comparison of Shimmer3 GSR+ and Textile
Based GSR Sensor

well. When counting the number of peaks, the textile electrode sensor had 88%

the number of peaks compared to the Shimmer3 GSR+.

3.1.4 Fabric Electrode Development

There are several options for fabric electrodes, so there were several ’soft’ elec-

trodes that were in testing. These included copper tape, 3D printed electrodes

and conductive fabric over neoprene (silver and copper), as shown in Figure

3.4. All of these were tested for conductivity as well as user feedback on how

the sensors felt when attached to the HMD. Most of these electrodes were large

which made it difficult to easily fit them into the HMD. Of these options, the

copper based conductive fabric had the best conductivity and tied for the best

feel. However, this electrode quickly oxidised when exposed to sweat, making

the silver fabric option the best choice.
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Figure 3.4: Image of all electrodes previously considered.
From left to right: Silver Fabric, Copper Fabric, Copper Tape,
3D Printed

Following this, the "Textile Design Lab"1 helped with creation of new textile elec-

trodes. This is a research and development group at the Auckland University of

Technology which does work with conductive fabrics and sensing for sportwear.

They frequently collaborate with commercial partners, designers, educators, and

researcher institutes.

The first step of this process was to choose a conductive yarn, the options were:

1. Shieldex 235 f36 4-Ply HC+B

2. Shieldex 117f17 dtex 2-Ply

3. Zimmerman Stretch Conductive 27 Dtex

4. Shieldex 235/36 2-Ply HC+B

5. Polyester/Stainless Steel Conductive (80% polyester 20% Stainless Steel)

400Dx "Schoeller".
1https://tdl.aut.ac.nz/
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Of these, the first option had the lowest resistivity and was chosen.

The next stage was designing the layout for the electrodes. A sleeve was wanted

which could fit over the facepiece of the VR HMD (using the HTC Vive as our

target VR HMD). We noticed that the size of the electrodes didn’t seem to im-

pact the performance as long as an adequate area was in contact with the skin

(roughly 1 cm2). Offsetting them also allowed for more electrodes to be included

on the same cloth, as shown in Figure 3.5.

Figure 3.5: Image of the Textile Electrodes with offset pattern

Separate electrodes were also wanted, this would be for collecting EMG from

different muscles not under the facepad, also GSR on other sections of the face

or fingers etc. So extra sleeves were created.

Originally the textile electrodes were tested using crocodile clips, shown in Fig-

ure 3.6. However, this solution was not useful to apply to a high number of

electrodes or when trying to fit the strip of electrodes into the HMD. Therefore

"gripper stud’s" were used. The other half of the gripper studs were soldered to

a wire and attached to each electrode, as shown in Figure 3.7. Each ’electrode’

had several loose yarn ends from the sewing process. These were purposely left
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Figure 3.6: Image of the Textile Electrode attached to a
crocodile clip for testing

long so that they could be wrapped and clamped under each gripper stud. Elec-

trical tape was used to ensure no threads came loose and that no overlapping

due to folding or scrunching of the material could cause a short circuit.

3.2 Phantom Development

In addition to creating fabric sensors and data capture hardware, we also created

an EEG phantom. Currently, EEG systems are often validated on human patients.

EEG electrodes are typically mounted on a cap worn by the patient. Due to an

EEG cap’s nature, simultaneous recording between a prototype system and a

gold standard is generally not carried out. EEG caps cover the entire head,

therefore it is not possible to place multiple caps on one person. Testing is then

carried out at different times or even on different subjects. Both these methods

can be extremely unreliable given the variance in neural activity over time for

the same individual, and between individuals (Fermaglich, 1982).
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Figure 3.7: Image of the back of the Textile Electrodes with a
gripper stud and wire attached

In order to eliminate such variables, testing is carried out on a human head ana-

logue known as a ’head phantom’. There are a number of different possible head

phantom types, incorporating different formulation techniques, form factors and

materials. The development of reliable head phantoms that mirror the proper-

ties of the human head was needed in order to support the development of high

quality fabric sensors. The head phantoms created used a gelatin recipe devel-

oped by the Institute of Biomedical Technologies at the Auckland University of

Technology. This recipe has a much longer shelf life than other recipes that were

previously mentioned in chapter 2.

3.2.1 Head Phantom Mould

The head phantom was created by pouring the gelatin solution into a mould.

This mould was modified in SOLIDWORKS, using a 3D model of a skull. The

mould was created to clasp together using M8 bolts, nuts and threaded rods.

Additionally, a cut out for a silicone gasket was added. This ensured the mould

would not leak once connected together. The mould was then 3D printed using

Polylactic Acid (PLA) plastic. While more expensive, the melting point for PLA
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is 170 - 180 °C. This was required as the liquid is roughly 60-80 °C and would

warp the mould if traditional plastic was used.

Figure 3.8: Image of the Head Phantom

The process for creating the head phantom was as follows:

1. Prepare gelatin solution and let it set

2. Cool gel overnight until it completely solidifies

3. Melt gel completely and pour gelatin solution into mould

The head phantom has 8 dipoles (made from 3.5 mm speaker cables) that are

placed evenly throughout the inside of the head, in a similar position to where

the brain would sit. The cables run to the bottom of the head and out through a

hole in the side of the base as shown in Figure 3.8.
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3.2.2 Head Phantom Validation

In order to ensure that the phantom could be used for sensor validation we need

to test that the phantom was working as expected.

Figure 3.9: Image of the Head Phantom being tested

Initially, the head phantom was connected to an arbitrary function generator and

a range of voltages and frequencies was applied to the head (tested voltages and

frequencies shown on Table 3.1). Each of these voltages and frequencies were

applied to the phantom and surface recordings on the front, temple, ear, top and

back of the head were taken. Figure 3.9 shows the position of some of these elec-

trodes. These measurements were taken repeatedly over the course of several

weeks to see the performance and degradation of the phantom over time. The

conductivity of the material changed slightly over the course of measurements,

however, the change was not significant.

Voltages (V) 5 3 1 0.5 0.1
Frequencies (Hz) 50 30 10 5 1 DC

Table 3.1: Voltages and Frequencies Tested on Head Phantom

Additionally, different electrode types (sticky 3M ECG, gold cup and textile elec-

trodes) were used to see and compare the effectiveness. The textile electrodes

had 99.8% accuracy performance compared to the electrodes and almost equiva-

lent 92.3% of the gold cup electrodes, assuming good contact. Figure 3.9 shows

the Head Phantom connected to the function generator and oscilloscope, mea-

suring the surface voltage.
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For all raw data visit: https://github.com/NicholasStrachan/

PhantomTestingData & https://github.com/NicholasStrachan/

GSRData22

https://github.com/NicholasStrachan/PhantomTestingData
https://github.com/NicholasStrachan/PhantomTestingData
https://github.com/NicholasStrachan/GSRData22
https://github.com/NicholasStrachan/GSRData22




43

4
VR Integration and Pilot Study

In this chapter we describe how the fabric sensors were integrated into a VR

HMD, a VR application was developed to read data from the sensors, and data

collected from real users in a pilot study.

4.0.1 VR Hardware Integration

The fabric sensors were mounted on the foam faceplate of an HTC Vive Pro VR

HMD, see figure 4.2. The Vive Pro was connected to a Desktop PC with an RTX

2070 graphics card, running the Windows 10 operating system. A Cyton Board

from OpenBCI was used to stream EEG data across LSL to the PC. An Arduino

Nano 33 BLE board was used as way to record information from sensors and

was mounted on the top of the VR HMD as shown in Figure 4.1.

4.0.2 VR Application Integration

Software was developed to enable EEG and EMG data to be recorded from within

VR applications developed by the Unity game engine. This involved developing

the following pieces of software.

These pieces of software enabled us to develop several simple VR applications

and record EEG and EMG data from within these applications. In the next section

we describe a pilot study used to test physiological data collection from VR.
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Figure 4.1: Typical Setup of Pilot Study

4.0.3 Pilot Study

To explore how well the fabric sensors worked for physiological data collection

in VR, we conducted a pilot study with 4 participants (3:1 Male:Female ratio)

all with an age of 23 years. The participant exclusion criteria for this study

included visual or audio impairments, as these both will impact the ability for

the participant to fully engage with the task.

The participants were briefed about the study and were asked to take a pre-study

questionnaire with questions about their gender, age, previous experience with

physiological sensors, previous experience with virtual environments and how

often they use them. The full questionnaire sheet can be found in the appendix

(Figure A.1.1). After this, the textile based sensors and VR Headset were placed

on the participant.

A baseline reading of 60 seconds was taken while the participant was asked to

sit still and focus on calm breathing. After this, they were asked to complete

a task based on the VR environment that they were in. There were four VR

environments used for this study:



45

Figure 4.2: Textile Electrodes on the HMD Faceplate

1. Joy Forest - a forest environment with midday lighting, classical music, a

video rated for happiness and four sentence prompts that have been rated

for positive emotions (Seibert and Ellis, 1991).

2. Relaxing Forest - a forest environment with similar lighting to Joy, chirping

birds, wind and rustling leaves, and a guided meditation video, followed

by sentence prompts that are rated for positive emotions.

3. Sad Forest - a forest environment with evening lighting, no music and

rustling leaves, and a video rated for negative/sad emotions followed by

negative rated sentence prompts.

4. Scary Forest - a forest environment with night time lighting, witch laughing

audio, wind rustling, distorted breathing, fog, footstep noises, street lamps

and spider eyes in the distance. The participant explored this area for five

minutes.

These environments can be seen in Figure 4.3.

Participants experienced all four VR environments, for 6 minutes each. While

in the VR environment they were asked to explore the surrounding area and
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Figure 4.3: (a) Joy Forest, (b) Relaxing Forest, (c) Sad Forest,
(d) Scary Forest

watch a short video clip that was inside the virtual environment. The order of

the VR environments was randomised to ensure no fatigue effects or long term

emotional effects on the experiment.

Once each session was finished, participants were asked to fill out a Positive

and Negative Affect Schedule (PANAS) questionnaire in VR (Watson, Clark, and

Tellegen, 1988). The PANAS is a scale that contains a list of words that are rated

for positive or negative affect. These words are:

Interested Distressed Excited Upset

Strong Guilty Scared Hostile

Enthusiastic Proud Irritable Alert

Ashamed inspired Nervous Determined

Attentive Jittery Active Afraid

The PANAS scale is a reliable self-report questionnaire which evaluates positive

and negative affect. The participant is asked to rate themselves on a scale of 1-5

depending on how well the concept of each word applies to them at that time.

Where 1 is very slightly or not at all and 5 represents extremely. The sum of

the score for all positive words is totaled and the sum for the negatives as well.

This gives the Positive Affect Score and Negative Affect Score. The participant

responses and Positive/Negative Affect Scores were recorded into a text file.
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Figure 4.4: Raw GSR Data from Sad Environment

Figure 4.4 shows the raw GSR data from the Sad VR Environment for one par-

ticipant.

Figure 4.5: Raw GSR Data from Sad Environment

Figure 4.5 shows the GSR data over 30 second segments of non-overlapping

data for each environment. The Happy environment shows a clear increase in

skin conductance. The relax environment shows a downward slope which is also

expected. The sad environment has a very similar pattern to relax but the graph

is less steep and slightly curved. The scary environment shows erratic peaks.

This is also expected for a high arousal stimulus. Overall, the GSR data from

the pilot study shows clear indication that the environments are providing the

desired emotional stimulation. Additionally, this also shows the application of

the textile electrodes in the context of GSR sensing.
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4.0.4 User Feedback

The PANAS test overall had average affect scores of:

Environment Joy Relax Sad Scary

Positive 33 18.67 15.67 23.67

Negative 11.67 10 17.67 22.67

The participants reported the lowest average negative affect for the Relax En-

vironment and the highest average negative affect for the Scary Environment.

The lowest average positive affect was for the Sad Environment and the highest

positive affect score was for the Joy Environment.

This showed that the overall goals for each environment were met, however,

there is room for improvement. An unstructured interview was conducted after

each participant completed the study. The feedback showed that the textile elec-

trodes were extremely comfortable to use for the duration of the study. However,

feedback also noted that the "Scary" environment was not scary enough. This

lined up with the PANAS score. As this environment had a slightly higher positive

affect score than negative. Feedback said to include more sound clips, decrease

vision through more fog and lowered lighting and add animal noises.

4.0.5 Summary

The PANAS scores, post study interviews and GSR results confirmed that the

VR Environments were performing adequately. The desired reaction for each

environment was occurring. However, the pilot study and feedback raised some

issues.

1. The VR HMD should be secured more strongly to the participant to stop

any significant movement of the textile electrodes.

2. A border around the edge of the map should be made so that participants

cannot walk and fall off the edge.
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3. A Self Assessment Manikin (Bradley and Lang, 1994) should be included.

This is to measure the pleasure, arousal, and dominance associated with a

person’s affective reaction to stimuli.
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5
Conclusions

This thesis has described the design, development and validation of fabric elec-

trodes for VR HMDs. The key questions driving the work presented in this thesis

were outlined in Chapter 1. These include studying the different types of phys-

iological and physical sensors commonly used in the research and commercial

domains (Q1), the use of physiological sensors in VR and the drawbacks that

limit their effectiveness (Q2), a proposal for addressing these drawbacks in the

form of fabric electrodes (Q3), the development and validation of the fabric

electrodes (Q4) and their performance when integrated into a VR HMD (Q5).

A comprehensive review of physiological sensors in general followed by a review

of EEG, EMG and GSR sensors is provided in Chapter 2. This review covers the

different uses of three specific sensors along with their advantages and draw-

backs. This is followed by a review of the use of physiological sensors in VR.

It is important to remember that the overarching goal of developing the fabric

sensors is to enable better interactions in VR. I believe this is only possible when

the fabric sensors meet the dual goals of being able to record physiological sig-

nals with a good amount of fidelity and being comfortable for the user to wear. I

end this chapter by covering some literature on phantoms and their importance

in testing and validating electrodes. The work covered in Chapter 2 addresses

Q1 and Q2. It also partly address Q3 in that it presents fabric electrodes as an

alternative to the current generation of electrodes used for physiological sensing

purely based on the comfort that they can potentially offer.
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The work presented in Chapter 3 addresses Q4, and partly addresses Q3. This

chapter describes in detail the development and validation of the fabric electrode

alongside the development and validation of the head phantom. This chapter is

important as it clearly demonstrates the ability of the fabric electrode to be used

as any of three types of sensors - EEG, EMG and GSR. This establishes the adapt-

ability of the fabric electrode to be used as any physiological sensors of one’s

choosing. Tests comparing the electrode functions as different physiological sen-

sors demonstrate that they perform nearly as well as the gold standards. This

part of the chapter addressed the usability and functionality aspect of Q3. The

development and validation of the head phantom is also an important part of

this project as it has allowed me to demonstrate that there is a need for such

hardware. Creating a head phantom allowed me to reliably compare the func-

tional parameters of the fabric electrode with established gold standards.

Chapter 4 addresses Q5. The VR integration and pilot study detailed in this chap-

ter demonstrates that fabric electrodes show great promise for VR applications.

While I was not able to run a full study, the four participants who took part in

the study rated the fabric electrode favourably. Signal plots from the electrode

functioning as a GSR and EMG sensor clearly demonstrated that the fabric elec-

trodes are capable of recording good quality signals. This chapter demonstrates

that custom integration of the electrodes can easily be designed and deployed

with users/researchers choosing sensor placement and designation.

5.1 Limitations

As seen from the work presented in this thesis, the development of the fabric

electrodes was a multi-faceted endeavour. While I have been able to demonstrate

a good level of functionality and usability of the fabric electrodes there are some

aspects of the work that could be improved.

1. Materials used for the fabric electrodes

Prior to undertaking the development of the fabric electrode, I tested five

conductive yarns. This was done after testing an initial bath of electrodes

among the copper fabric blend which demonstrated good performance.
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However, after a some testing it was found that the Shieldex 235 f36 4-Ply

HC+B yarn performed the best among the five choices of yarn that were

presented to me. This, unfortunately, meant that the choice of conductive

yarn was limited. Future iterations of the electrodes could be done to test

more conductive fabric before settling on a specific choice. It also remains

to be seen if there are differences between conductive fabric types when

employing them for use as different sensors. Future work can explore

whether different conductive fabrics can be used for different physiological

sensors to improve their performance.

2. Form factor of electrodes

The electrodes that were constructed for this project measured 1cm x 1cm.

While this appeared to be an adequate size for the purpose of the pilot

study, more work needs to be done to study if and how the size of the

electrodes may affect performance. Furthermore, it is also worth explor-

ing the smallest sized electrodes that can be constructed. This will help

increase electrode density, and potentially lead to increased accuracy in

signal acquisition. This can be especially beneficial for EMG sensors that

are integrated in a VR HMD to record facial expressions.

3. Limited functionality

Results from this project demonstrate that fabric electrodes function well

as physiological sensors. However, it must be noted that they do not func-

tion well in the presence of hair. This means that fabric electrodes cannot

serve as EEG electrodes except when used on the forehead to record signals

from the Fp1 and Fp2 sites. Future work can explore how fabric electrodes

can be modified to allow them to capture signals through hair, especially

on the head.

4. Duration of usage and longevity

One of hypotheses that pushed the development of fabric electrodes was

that they would be more comfortable to wear in comparison to the hard

plastic and/or mental electrodes that are currently used. Fabric electrodes

don’t require gels, saline solutions or pastes, adding to the comfort factor.

While this has mostly been confirmed by participants of the pilot study, I

was not able to test the duration for which these electrodes could be worn

without reporting discomfort. This is an important aspect of usability to
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study as the part of the benefits of fabric electrodes depends on the ability

to wear them for long periods without feeling uncomfortable. Long term

usage must also be explored to gather data on longevity and whether these

electrodes show any degradation of in the quality of signal acquisition.

5. Phantom development

The development of the head phantom allowed me to test and validate the

electrodes in a structured manner. However, one of the drawbacks of the

phantom was the inability to generate electrical signals of varying ampli-

tude over its surface. Despite several attempts to implement this function-

ality, I found it hard to achieve this. Future iterations of the phantom could

be developed in a manner that allows for varying amplitudes of electrical

signals to be generated across the surface. Such a setup can help more

closely mimic the manner in which electrical activity occurs and is spread

around different parts of the body simultaneously.

6. User testing

Due to time limitations, the prototype hardware was only tested in a pilot

study with four participants. While the results were encouraging a full user

study should be conducted in the future to validate the effectiveness of

the fabric electrodes. This should include comparison against traditional

sensors such as the Shimmer for HR and GSR, and OpenBCI for EEG. It

would also be good to test in a wider range of desired VR tasks, to measure

how the electrode perform in typical VR applications.

5.2 Contributions and Future Work

The key contribution of the work presented in this thesis is that it demonstrates

that fabric electrodes could prove useful for use as physiological sensors inte-

grated into VR HMDs. The ability to adapt electrodes to serve as multiple physi-

ological sensor types provides the user with the freedom to customise both lay-

out and sensor designation. This helps contribute to the overarching goal of

bettering interactions in virtual environments.
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Another contribution made is in the area of phantom development. I have been

able to demonstrate the development of a homogeneous gel based phantom cre-

ated from a relatively simple recipe. One of the most important achievements in

the development of the phantom has been its longevity. While gel phantoms are

known to have a relatively short shelf life of approximately two weeks, the one

used in this project has lasted over five months showing almost no degradation

in performance.

One of the main areas in which the research could be continued in the future

is electrode testing. As mentioned earlier, the current pilot study involved only

four participants who spent approximately thirty minutes each in the VR envi-

ronment. To gain a better understanding of how the electrodes function over

time and whether they continue to remain comfortable as reported by the par-

ticipants of the pilot study, longer studies must be initiated. These can inform

the development of a new generation of fabric electrodes.

One of the major drawbacks of fabric electrodes is their inability to record elec-

trical activity through the hair. Future work in the area must attempt to address

this issue in order to enable the development of caps containing fabric electrodes

that can be worn over the head. Other avenues of research that can be pursued

are the exploration of different conductive fabric materials for different sensor

types and electrode form factor.

Finally, and most importantly, future testing must involve larger groups of peo-

ple, and explore how these electrodes could actually help improve interactions

in virtual environments. This can involve studies of an hour or more that ex-

amine how people interact with one another and the virtual environment they

inhabit as their physiological signals are monitored, interpreted and shared. The

work detailed in this thesis is a small step towards realising the creation of an

empathic computing interface - one which is not reactive, but proactive and un-

derstands the needs of its user, and help user’s better connect with each other.
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A
Appendix

A.1 User Study

A.1.1 Pre-Study Questionnaire



                                                  

PRE-TASK QUESTIONNAIRE

1. Gender:         Male              Female            Other 

2. Age:                              years

3. Do you have any previous experience with experiments that measure neurological 

activity? Conducting, participating or assisting.

Yes          No

4. Do you have any previous experience with experiments conducted in virtual 

environments (Augmented Reality or Virtual Reality)? Conducting, participating or 

assisting.

Yes         No

5. Have you used or do you use AR/VR devices? How often do you use one or more of 

these devices?

Yes         No

6. If yes, how often do you use these devices

Everyday       Few times a week         Few times a month        Few times a year       

I’ve used them once  
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A.1.2 Consent Form



                                                          

CONSENT FORM  

THIS FORM WILL BE HELD FOR A PERIOD OF 6 YEARS  

Project Title: Fabric Electrode User Study  

Name of principal investigators: Amit Barde. 

Name of co-investigator: Mark Billinghurst. 

Name of student researchers: Nicholas Strachan.  

 I have read the Participant Information 

 I agree to take part in this research 

 I understand the nature of the research and why I have been selected.   

 I have had the opportunity to ask questions and have had them answered to 

my satisfaction.  

 I understand what is required of me if I agree to take part in the research.  

 I have been informed of and understand the risks associated with taking part 

in this research study.  

 I understand that participation is voluntary, and that I may withdraw at any 

time without penalty. 

 I understand that I am free to withdraw my participation and any data 

traceable to me up to 31/12/2021  

 I understand that any information or opinions I provide will be kept 

confidential, and will only accessed by the researchers named on this project.  

 I do / do not wish to receive the summary of the findings 

If yes provide an email address: __________________________ 

Name:  _______________________________  

Signature: ______________________________        Date:  __ __  / __ __ / 2021 

 

Approved by the University of Auckland Human Participants Ethics Committee on …… 

for three years. Reference Number ….……. 
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A.1.3 Participant Information Sheet



 

 
PARTICIPANT INFORMATION SHEET 

Fabric Electrode User Study 

Name of principal investigators: Amit Barde. 

Name of co-investigator: Mark Billinghurst. 

Name of student researchers: Nicholas Strachan. 

 

Researcher Introduction 

This study has been initiated by Prof. Mark Billinghurst and Dr. Amit Barde, at the Empathic 

computing Laboratory based within the Auckland Bioengineering Institute. They are being 

assisted by Nicholas Strachan. A student at the empathic computing laboratory. 

Project Description 

Welcome! You are invited to take part in this study which is part of a larger project investigating 

the application of fabric electrodes and physiological sensing within Virtual Reality. You have 

been chosen for this study since you responded to a call for participants. For this study, we will 

record your neural activity. As part of the experiment, you will be required to wear the following 

equipment on your person. 

● EEG Headset: This is a device used to record neural activity. This will be placed on your 

head to allow the electrodes to make contact with your scalp. 

● Virtual Reality (VR) Head Mounted Display (HMD): This device will project the virtual 

environment within which you will be seated during the experiment. 

● Shimmer: This is a device used to record several physiological signals, such as Galvanic 

Skin Response (GSR), Heart Rate (HR), and Heart Rate Variability (HRV). This device is 

placed on the wrist with electrodes on the fingers. 

● Electromyography (EMG) will record facial muscle activity. This device is placed on the 

face on the faceplate of the HMD. 

Your participation in this experiment is voluntary. If at any time you do not feel comfortable 

having your neural activity recorded, or if you feel that the VR experience may induce motion 

sickness, you are free to withdraw at this stage. 

If you’re a student that belongs to the research group conducting this study, your non-

participation/withdrawal from the study will not affect your grades or evaluation of your academic 

work in any way. 



 

This study requires you to be over the age of 18 and have no audio or visual impairments. 

Additionally, if you do not want your head to be touched or any headsets to be placed on your 

head, you will be excluded  from the study. Please advise one of the researchers if you meet 

any one or more of these criteria. 

Procedure: 

The study, from start to finish, will take approximately 30 minutes. It will include the following 

basic components. 

Consent form: You will be asked to fill out the consent form. 

Demographic Questionnaire: You will be asked to fill out a simple questionnaire for the purpose 

of demographics.  

Introduction to the equipment: You will be shown the equipment and given the opportunity to try 

it out. This is to allow you to gain some familiarity with the equipment.  

Experiment: Following the introduction, we will commence the experiment. As part of this, a 

‘mock trial’ will be run to familiarise you with the environment and the task. This will be followed 

by the main experiment.  

Conclusion: At the conclusion of the study, you will be asked to fill out a questionnaire that will 

ask you to provide some feedback regarding your performance and mental state during the 

task. 

 

A detailed sequence of the experimental procedure is as follows:  

You will fill out the consent form and a demographic questionnaire prior to beginning the 

experiment.  

We will introduce you to the VR HMD, EEG headset and GSR devices. 

You will be allowed to try both on and see how they feel.  

You can withdraw at this stage if you feel that any of the devices are likely to cause any 

discomfort. 

If you choose to proceed, we will explain what you will be required to do in the virtual 

environment. 

Following this explanation, a ‘mock trial’ will be run to familiarise you with what is expected of 

you during the experiment.  

The mock trial will be followed up with the main experiment, which will last approximately 20 

minutes. 

In this experiment you will participate in games that use your memory and ability to recall that 

information. Additionally, you will watch a 360 video which an immersive video inside virtual 

reality that allows you to see all angles. 

If at any point during the study you feel that you cannot or do not want to continue for any 

reason, you are free to call a stop to the experiment and withdraw. 

Following the conclusion of the experiment, you will be asked to provide some feedback on your 

performance and mental state during the tasks in the real-world and virtual environments. 

You are free to request that your data be discarded until 31/12/2021. No requests for data 

erasure will be entertained past this date 

 



 

Right to withdrawal 

You are free to withdraw from participation at any stage during the study. If you have completed 

the study and would not like to have your data stored any longer, please inform the 

researcher(s) before 31/12/2021. No data withdrawal and destruction request will be entertained 

beyond this date 

Anonymity and Confidentiality 

Your participation in this study and the data generated as a result will be treated with the highest 

regard to anonymity and confidentiality. 

● No personal information will be collected. Only population demographics (age, sex etc.) 

which is voluntary and some information regarding your familiarity with Virtual Reality 

and physiological sensors. 

● The post-study questionnaire will only ask participants to rate their performance and 

provide a short description of their mental state at various stages of the task 

● All information will be collected and stored on university computers which are password 

protected on the secure University network. Additionally, they are located in an access 

managed building. 

● None of the questionnaires require you to divulge your name or any other form of 

identity 

● All the data collected will be analysed and published as part of a study submitted to 

conferences and/or journals as well as a masters’ thesis. 

● The form of data collection will not allow for the association of data and consent 

information 

● Participants will not be identified individually, except in a generic manner (i.e. P1, P2 

etc.) to highlight anomalies or unusual patterns seen in the data. 

● No audio or visual recordings will be carried out during the study. 

● All data gathered as part of this study will be destroyed after 7 years. 

● If the PI or any of the investigators with access to the data leave the University prior to 

this period (6 years) they will hand over all access information to the concerned person 

before leaving. 

● Individuals who leave the university will not be provided access or be able to use the 

data unless an approval from the university is obtained for the purpose. 

 

You will receive a $20 gift voucher for your participation in this study. 

Risks 

There is minimal risk of harm in this experiment. We will be using EEG, GSR, HRV and EMG 

sensors, however, these are widely used in research and have low associated risk with them. 

It is possible that the head mounted display could cause nausea/motion sickness when used. If 

this occurs, you are free to stop the experiment at any time until the nausea stops. If it is a 

continuing problem, you are free to end your participation in the experiment. 



 

The electrodes also could cause reactions with the skin such as scratching. This is very unlikely, 

but if it does occur, the placement of the electrodes can be altered, the tightness changed, or 

the experiment ended if these solutions do not help. 

 

This study is funded by Science for Technological Innovation (SfTI). 

Contact 

This research is being carried out by Dr. Amit Barde and Nicholas Strachan. 

If you have any concerns regarding this study, please, please contact either of them on: 

Address: Auckland Bioengineering House, 70 Symonds St, Level 9, Grafton, Auckland 1010. 

Email address:  

● Nicholas Strachan - nstr173@aucklanduni.ac.nz 

● Amit Barde - amit.barde@auckland.ac.nz 

● Mark Billinghurst – mark.billinghurst@auckland.ac.nz  

UAHPEC Chair contact details: 

For any queries regarding ethical concerns you may contact the Chair, The University of 

Auckland Human Participants Ethics Committee, Office of Research Strategy and Integrity, The 

University of Auckland, Private Bag 92019, Auckland 1142. Telephone 09 373-7599 ext. 83711. 

Email: humanethics@auckland.ac.nz  



84

A.1.4 Ethics Form



UAHPEC - The University of Auckland Human Participants Ethics Committee Application 

  

Project ID 22447

Te Komiti mō ngā Tāngata Whai Pānga Matatika o te Whare Wānanga o Tāmaki Makaurau 
UAHPEC 

University of Auckland Human Participants Ethics Committee

Introduction
Whakataki

With the migration of older InfoEd applications into Ethics RM, the pathway to access the appropriate form has changed.
On this page, information is available for the steps required to complete and submit the correct form.

Please click on the relevant option for more information:

New UAHPEC application

Amendment request - Ethics RM Application

Amendment request - InfoEd Application

26 June 2022                                                                                                                                   

Reference #:   UAHPEC22447 Page 1 of 25



Completing the UAHPEC Application

Once you have read the instructions, start the application by clicking on the NEXT action button (top left of the screen) and select
New Ethics RM application on the next screen

General information to consider prior to completing your application:

Check the eligibility criteria for the three ethics committees available to the University of Auckland researchers for review of
research studies involving human participants, and complete the appropriate committee’s application form.  Eligibility criteria for
Health and Disability Ethics Committees (HDECs) are described in their Standard Operating Procedures, and the University’s
Guiding Principles for Conducting Research with Human Participants (section 3.1) list the criteria for submissions to UAHPEC
and the Auckland Health Research Ethics Committee (AHREC)

All clinical/health-related research ethics applications must seek either Health and Disability Ethics Committee (HDEC), or if
out of scope for their review, Auckland Health Research Ethics Committee (AHREC) approval. UAHPEC will no longer accept
applications for clinical/health research studies.
The UAHPEC application form includes a question asking if the application is a clinical/health research study – if the applicant
selects ‘Yes’, then advice will be provided to seek HDEC or AHREC approval, and it will not be possible to continue with the
UAHPEC application.
See guidelines for providing a definition of clinical/health research and examples of what is / isn’t clinical research.

Applications involving the use and collection of human tissue:
All applications involving the use and collection of human tissue as part of the research must now seek either Health and
Disability Ethics Committee (HDEC), or if out of scope, Auckland Health Research Ethics Committee (AHREC) approval, not
UAHPEC approval.

Read the Guiding Principles for Conducting Research with Human Participants.
Go through the UAHPEC Applicants' Reference Manual. 
Check if an exemption applies (see Guiding Principles section 3.1.1)
Visit the?UAHPEC web page for more information about support available for the development and submission of your UAHPEC
application

Questions in the application form marked with an asterisk * are mandatory. 

Please note:  The research may not start until approval from UAHPEC has been obtained.

Assistance available:

For any technical queries, please log a call with the Staff Service Centre at ext. 86000 or staffservice@auckland.ac.nz and the
query will be referred to either the Ethics and Integrity team or the Ethics RM IT support team.
Ethics advisors in your Department or Faculty are available to consult about ethical issues related to your specific study. A list of
Ethics advisors is available from the UAHPEC web page.
For assistance with completing the application form, you can also contact the Ethics and Integrity team for more information
about UAHPEC processes and review, at humanethics@auckland.ac.nz

Acknowledgement:

1. The Ethics and Integrity team wants to convey our appreciation to everyone who contributed to the development and
implementation of the new Infonetica Ethics RM form.  Please provide feedback either directly to the team or in the relevant
application form section.

2. We acknowledge with appreciation Matua Te Wharekotua Turuwhenua?for providing the Maori translations of the Section
headings in the application form. 

Eligibility for UAHPEC review:
Te Māraurautanga mō te Arotakenga o ngā Tāngata Whai 
Pānga Matatika o te Whare Wānanga o Tāmaki Makaurau:

26 June 2022                                                                                                                                   

Reference #:   UAHPEC22447 Page 2 of 25



Select from the following:

New UAHPEC application or amendment request (previously approved in Ethics RM)

Amendment request - InfoEd application

IMPORTANT: This is a new Ethics RM application or amendment of an application previously approved in Ethics RM.

Does your study involve Clinical/Health research?
Definition of ‘Clinical/Health Research’:
Clinical research is defined as “research in which people, or data or samples of tissue from people, are studied to understand
health and disease. Clinical research helps find new and better ways to detect, diagnose, treat, and prevent disease. Types of
clinical research include clinical trials, which test new treatments for a disease, and natural history studies, which collect health
information to understand how a disease develops and progresses over time.” [NIH National Cancer Institute]

Yes No

Is your research study an audit of clinical data only?

Yes No

Will human tissue be used or collected as part of the study?

Yes No

Click the 'Next' action tile on the left hand side of the screen to continue with the UAHPEC application.

Section 1 : Applicants
Tekihana 1 :Ngā Kaitono

1.01. Project
Title:*

Fabric Electrode User Study

1.02. Is this a Research or Coursework application?*

Coursework

Research
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Title Mr

First Name* Amit

Last Name* Barde

Department* Bioengineering Institute

Faculty* Bioengineering Institute

Email* amit.barde@auckland.ac.nz

1.03. Principal Investigator Contact Details:*
For Coursework applications, add the Course Director's information

1.04. Is this a research study with students as participants in a University class where the Course Director permission is
required?*

Yes No

1.05. Are there any other investigators involved in the project (excluding student researchers)?*

Yes No

Title Professor

First Name* Mark

Last Name* Billinghurst

Department* Bioengineering Institute

Faculty* Bioengineering Institute

Email* mark.billinghurst@auckland.ac.nz

Role in the
project*

Co-Investigator

1.05.a. List all other investigators (excluding student researchers), their affiliation(s) and role in the project:

1.06. Will a student researcher or researchers be involved in the project?*

Yes No

1.06.a. Will this research study contribute to a degree or qualification for any of the student researcher or researchers?*

Yes No
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Name and Contact details:

Title Mr

First Name* Nicholas

Last Name* Strachan

Student ID* 539810818

Department /
School*

Bioengineering Institute

Faculty and
University*

University of Auckland

Email* nstr173@aucklanduni.ac.nz

Degree /
Qualification*

Bachelor of Engineering (Honours)

1.06.b. Provide the name, contact details and project role of each of the student researcher(s):

1.07. Is this a research study using only secondary data?*

Yes No

Section 2 : Study Description
Tekihana 2 :He aha te akoranga

2.01. What is/are the principal question(s) or hypothesis the study will address?*
Describe the purpose, hypothesis/research questions and objectives of the research in plain language (language that is
comprehensible to a lay person and free from jargon or undefined technical terms).

Can hybrid conductive fabric sensors which have been developed provide improved performance and wearability in HMDs than 
traditional EEG/EMG/EOG sensors
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2.02 Summary of the study:*

This project will develop a hybrid Electroencephalography (EEG), Heartrate Variability (HRV), Galvanic Skin Response (GSR), 
Electromyography (EMG), and Electrooculargraphy (EOG) sensing system suitable for use in an Augmented Reality (AR) or Virtual 
Reality (VR) head-mounted display (HMD) over long periods of time.

EEG is an electrophysiological monitoring method to record the electrical activity of the brain, while EMG measures muscle activity 
and EOG measures eye movement.

Each of these has independently been used in different research and commercial AR and VR HMDs to monitor user behaviour and 
support new types of interaction in virtual environments. However, these existing systems have a number of shortcomings, such as not 
being able to be worn for long periods of time or the inability to place sensors at desired locations owing to the HMD’s
form factor.

The purpose of this study is to verify these sensors in real-life situations. Testing whether cognitive load and emotions can be 
measured using these new physiological sensors. Additionally, this will verify if these sensors are able to be used for longer periods of 
time without user discomfort.

2.03 How will the study contribute to new knowledge?*

AR and VR are rapidly growing markets in constant need of new techniques to monitor user behaviour and interactions in virtual 
environments. While our work will target physiotherapy and facial stroke rehabilitation, the technology we develop will have wide-
ranging applications in industry and research, ensuring significant economic and scientific benefits from this project.

2.04. Describe the study design:*

This study will recruit participants through posters, email and word of mouth. Approximately 15 people are desired for this study.
Once the participant has arrived, they will read the Participant Information Sheet (PIS) and fill out the Pre-task questionnaire and 
Consent form (CF).
The study will involve the participant putting on the newly developed sensors. They will then put on a VR headset. While in the VR 
environment, they will perform several tasks and games as well as watch 360 videos. This will occur during one session of 30-45 
minutes. The aim of these tasks is to increase cognitive load, which will be measured, as well as induce emotions, such as happiness. 
VR HMD's can cause motion sickness in individuals, this will be presented clearly in the PIS, and if it occurs, the participant can stop 
the study at any time.

During this, their physiological data will be recorded by the new sensors. This will include EEG, EMG, EOG, HRV and GSR.

EEG recordings will be analysed offline in keeping with analysis methods used in the study being referenced for the purpose of this 
experiment. The analysis will take place using a combination of established and emerging analytical techniques.

None of the members of the research team has an association with the potential participants that could be considered a conflict of 
interest or one of perception of coercion.

2.04.a. Attach a flowchart or study protocol for complex multi-phase studies.

2.05. Data collection period (months):*
The start date is when the proposal is approved. The duration of the project is an estimate of how long you expect data collection
will take

3 months
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2.06. Provide a summary of the main ethical aspects of the study and give a brief explanation of how these will be
addressed or managed:*

Refer to the information icon for a list of common aspects of research involving human participants that could be included in your
response.

Anonymity:
All data recorded as a part of this experiment will be anonymized. Identifying the participant through the data collected will not be 
possible. As for the data, only analysis on cognitive load, emotion and other factors will be considered. For the EEG recordings, these 
will only indicate the spatial location of the captured signal along with a time-stamp.

Participants’ rights of withdrawal while participating
The participants are free to withdraw from participation at any stage during the study. 

Participants’ rights to withdraw their data
If they have completed the study and would not like to have their data stored any longer, they are allowed to inform researchers, and 
the data will be withdrawn and destroyed.

Compensation for participation
Participants will be awarded up to $20 in the form of gift vouchers.

Conflict of interest (perceived or actual)
There is no conflict of interest in this study

Risks of harm to participants
There is minimal risk of harm to participants.
This study will use EEG, GSR, HRV and EMG sensors. These are widely used in research and have low associated risk with them.
It is possible that the head-mounted display could cause nausea/motion sickness when used. If this occurs, the user is able to stop 
the experiment at any time until nausea stops. If it is a continuing problem, they are free to end their participation in the experiment.
The electrodes also could cause reactions with the skin, such as scratching. This is very unlikely, but if it does occur, the placement of 
the electrodes can be altered, the tightness changed, or the experiment ended if these solutions do not help.

Cultural aspects that were taken into account
This study requires the researcher to touch the head of the participant as well as the participant having a headset on their head for 
extended periods of time. This may be offensive to Maori people. Information that this will be occurring is clear in the PIS and the 
participant will be excluded from the study if they do not want their head to be touched. This is because it is not possible for this study 
to occur without the headset being worn on the head. This study does not have any other specific impact on Maori or persons as 
Maori. Additionally, there are no other aspects of this research that will raise any specific cultural issues. 

2.07. How is the intended research consistent with Te Tiriti o Waitangi?*

This study looks at the neural activity of the participants as well as a range of other physiological senses. 

This study involves researching a population that is not specifically Māori but, due to the nature of the research, it may include Māori 
individuals taking part. Additionally, this research may involve other Indigenous participants or communities in the same way.

Tino rangatiratanga (self-determination) and the right to participate are important to Maori people if they have an interest in the 
research being done. Kaitiakitanga (guardianship) includes the responsibility to preserve the world for future generations. Therefore it 
creates an incentive for Maori people to participate in research that will impact their role as guardians.

This research will not specifically benefit Maori people. However, it will be beneficial to everyone. It is important that people of Maori 
descent are included in this study so that the results can be applicable to all groups of people. 

Section 3 : Location(s) where research will take place
Tekihana 3 :Te(Ngā) wāhi kei reira nei te rangahau
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3.01. Where will the research take place?*

The experiment will be carried out in Room 439-926

3.02. Will permission be required to conduct the study at the specific location(s)?*

Yes No

3.03. Will the research be conducted in your own place of work?*
Select ‘No’ if the research will take place at the University of Auckland

Yes No

3.04. How many departments/organisations (within or outside of the University of Auckland) will participate in your
project?*

Include only organisations/Departments from which participants will be recruited.

One, only people within the ABI are directly involved with this project.

3.05. Will the researcher be travelling overseas to conduct this research?*
If the study is going to be carried out by using methods such as video conferencing (Zoom), Skype, Google Talk (in which the
participants are overseas), then the study is NOT considered an overseas study

Yes No

3.06. Is this application related to one or more previous applications reviewed by an ethics committee?*

Yes No

3.07. Has an application for this study (or a substantially similar study) previously been declined by an ethics committee in
New Zealand or overseas?*

Yes No
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Section 4 : Māori-focused consultation and engagement
Tekihana 4 :  Arotahinga uiuinga tahi ā Māori

4.01. Describe the research team’s track-record in Māori-focused research:*

The research team does not have any experience in Maori focused research. However, they do have experience with general 
population research which has included Maori people. 

4.02. In what ways have you engaged with Māori organisations or communities in the planning stages of the research?*

No consultation or engagement

Some consultation or engagement

Significant consultation or engagement

4.02.a. Explain why consultation or engagement with Māori organisations or communities was not undertaken:*

This study does not exclude anyone and we encourage all communities or cultural backgrounds to take part. Therefore no 
consultation has been undertaken.

Section 5 : Study Methodology
Tekihana 5 :Tikanga akoranga

5.01. Provide a summary of what participants will have to do when taking part in the study:*

The study will involve the participant partaking in a pre-task questionnaire. They will then put on the newly developed sensors along 
with the VR headset. While in the VR, they will perform several tasks and games as well as watch 360 videos. These games are 
designed to increase the cognitive load of the user, i.e. N-Back test. The 360 video is a video that is projected into 360 degrees within 
the VR environment. This video will ideally invoke emotions in the user.
While this is happening, their physiological data will be recorded by the sensors. 
This physiological data (GSR, EMG, EOG and EEG) will be saved to a CSV file which will have no identifiable information within it and 
only an alphanumeric identifier in the title.
This will all happen in one session, which will be approximately 30-45 minutes.
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5.02. Select the relevant study methodology(ies):*

Interviews

Focus groups

Survey(s) or questionnaire(s)

Observations

Audits and Data Analysis

Secondary Data Analysis

Photography/Film/Video (Do NOT tick this if you are using video to record an interview or focus group. See Applicants’
Reference Manual Section 5.4.7.

Virtual/Augmented Reality (VR/AR)

Other

5.02.c. Attach the questionnaire(s).*

Documents

Type Document Name File Name Version Date Version Size

Surveys or questionnaires EthicsQuestionnaire EthicsQuestionnaire.pdf 14/04/2021 1 73.9 KB

5.02.e. Provide more information about the audit and data analysis:*

The EEG data will be analysed offline using established techniques to measure cognitive load and user emotion. Additionally, the 
other physiological signals will be analysed using established techniques to measure emotion.

5.03. Is this an intervention study?*

Yes No

Section 6 : Anonymity, Coding and de-identification of data
Tekihana 6 :Muna, Tohu Muna me te āraingararaunga

6.01. Will the survey(s) or questionnaire(s) be anonymous?*

Yes No

6.01.a. Explain how anonymity will be preserved:*

The PIS clearly states that participants will not be required to enter their names or any other identifiable information about themselves 
when filing out the questionnaire.
The participants age will be asked instead of date of birth additionally the participants gender will be asked.
None of the information in the questionnaire can be used to trace back to the participant.
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6.02. Will the questionnaire be web-based? *

Yes No

6.03. Will the data be provided to you in identifiable format?*

Yes No

6.04. Will participant responses or data be coded or de-identified?*

Yes No

6.04.a. Explain who will code or de-identify the data and when this will occur.*
Explain in the PIS how confidentiality of participants' identities will be preserved.

The researcher will code the data and this will occur before the data acquisition begins.

6.04.b. Explain the coding process, who will keep the list of codes and who will have access to the list during and after
data collection.*

Also explain the coding procedure in the PIS.

The data will be coded with an alphanumeric identifier e.g. P1, P2 etc. by the researcher. This will be done before the data is 
recorded. Only the researchers will have access to the list during and after data collection. It will also be stored on a password 
protected PC in an identity accessed building.

6.05. Will the identifiers be used for future re-identification of individuals?*

Yes No

6.06. Will information about participants be obtained from third parties (i.e. anyone other than the participant
themselves)?*

Yes No

6.07. Will any identifiable information about the participants be given to third parties (i.e. to anyone other than the
researchers)?*

Yes No
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6.08. Does the research involve evaluation of the University of Auckland services, staff and students or organisational
practices where information of a personal nature may be collected and where participants may be identified?*

Yes No

6.09. Does the research study require participants to comment on their employers?*

Yes No

6.10. Does the research involve matters of commercial sensitivity? *

Yes No

6.11. Does the research involve deception of the participants?*

Yes No

6.12. Has the study design been influenced by an organisation outside the University of Auckland?*

Yes No

6.13. Are you intending to conduct the study in class time?*

Yes No

6.14. Will participants receive any payments, reimbursement of expenses or any similar benefits for taking part in the
study?*

Yes No

6.16. Will participants be recognised in kind, e.g., koha?*

Yes No
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Section 7 : Participants
Tekihana 7 :Te hunga whaipānga

7.01. Select the participants in this study:*

Adults

Colleagues of researcher(s)

Students

Persons aged less than 16 years old

7.01.a. State the age(s) or age group(s) of adult participants*

Only adult participants (over the age of 18) will be used. 

7.01.b. Is it possible that the researcher’s own students could be included as participants?
Ensure that the appropriate assurance statement is added to the PIS (Refer to the the Information icon and also the Applicants'
Reference Manual, section 5.4.11)

Yes No

7.03. Will the study include persons whose capacity to give informed consent (other than children) is compromised or
have difficulty giving informed consent?*

Yes No

7.04. Persons who are in a dependent situation, such as people with a disability, residents of a hospital, nursing home or
prison*

Yes No

7.05. Will the study include other vulnerable groups, such as older persons, persons who have suffered abuse, persons
who are not competent in English, or new immigrants?*

Yes No

7.06. Does the research involve processes that are potentially disadvantageous to a person or group (for example, the
collection of information which may expose the person/group to discrimination)? *

Yes No

Vulnerable Participants
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7.07. If a questionnaire is used, will participants have difficulty completing the questionnaire on their own behalf?*
Consider physical or mental condition, age, language, legal status, or other barriers.

Yes No

7.08. State how many participants you intend to recruit for each participant group?*

15participants for this study.

7.09. What are the participant inclusion criteria for the study?*

Participants that respond to the posters, email or word of mouth will be considered for this study.
They must also have no audio or visual impairments. This is due to the design of the study as they will be using a HMD which has 
audio and visual components. Finally, they must be above the age of 18.

7.10. What are the participant exclusion criteria for the study?*

Participants with audio or visual impairments will be excluded from this study. This is because the tasks undertaken in virtual reality 
have both audio and visual components. If they are hearing or visual impaired they will not be able to engage fully with the tasks.
Additionally, participants under the age of 18 will be excluded. This is to eliminate any risks of non-consensual studies taking place.

7.11. Are there any potential participants who fit the inclusion criteria and may express interest in taking part, but could
be excluded from participating?*

Yes No

Inclusion and exclusion criteria

7.13. How will Māori participate in this research project?*

Māori governance group Lead investigators Co-investigators

Research assistants As participants Co-ordinators

Expert advisors Other

7.13.a. Explain:*

Maori people are welcome to join in this experiment as participants. There is no restrictions on them from joining. None of the 
researchers or assistants in the lab are Maori so they have not been included in these sections for the project.

Inclusion and exclusion criteria
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7.14. How will you ensure that the participants’ whānau will be involved in the study?*

The researchers will ask the user's if they would like their family to be informed about the research and if they would like to participate 
in the study. The focus is not to specifically recruit family members we are happy to accept them as participants.

7.15. Will participants be able to undertake the study in te reo Māori if desired?*

Yes No

7.15.a. Explain:*

None of the researchers are able to speak te reo Maori. Additionally, the lab doesn't have funds to hire a translator for this study.

7.16. Will the appropriate tikanga Māori protocols be carried out when required?*
For example, pōwhiri

Yes No

7.16.a. Explain:*

If the participant feels uncomfortable for any reason, including cultural, they are free to leave the study at any time. Wherever 
possible, practice of culturally appropriate processes will be carried out.

7.17. Describe any other provisions you have made in your study to ensure the cultural preferences of Māori have been
considered:*

Ensure that contact details for cultural support are provide in the PIS

The study requires the researcher to touch and place a headset on the users head. This will be clearly stated in the PIS and verbally 
told to the user. If they are still uncomfortable with this they will be excluded from the study. This is because the study requires these 
aspects and cannot be completed without them. Additionally, none of the content in this study will be offensive to Maori culture.

7.17.a. Attach copies of any support documents with this application.

Inclusion and exclusion criteria

7.18. Will any other population groups be specifically targeted for inclusion in the study*?*

Yes No

Participants- Other Groups
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Section 8 : Information, Recruitment & Consent
Tekihana 8 : Pārongo, Kimi Tangata me te Whakaaetanga

8.01. Provide details of how participants will be recruited for this study.*

Since we are not recruiting participants belonging to a specific demographic (other than seeking to recruit adults), we will put out a call 
for participants via posters displayed on the university campus, email to participants that have taken part in previous studies by the 
researchers and have given permission to be emailed about future studies. Additionally, we foresee some of our participants being 
recruited via word-of-mouth i.e. participants who have completed the study informing their friends and/or family about it.

8.02. Provide details of the strategies that will be used to ensure culturally appropriate recruitment of Māori:*

The call to participants is general and does not specifically focus on Maori people.

8.03. Explain the process by which potential participants will be provided with information about the study, an opportunity
to ask questions, and be asked to give their informed consent :*

Information about the study will be provided through the recruitment documents. Such as the posters, emails and finally the participant 
information sheet.

8.04. Who will make the initial approach to potential participants?*

Researcher

Other

Researcher and/or Other

8.05. Will consent/permission of any organisation be required to access potential participants or their data?*

Yes No

8.06. Is there any special relationship between the participants and the researchers? *

Yes No

8.07. Obtaining consent from participants:*

8.07.i. The study includes consenting participants only

8.07.ii. The study includes non-consenting participants only

8.07.iii. The study includes both consenting and non-consenting participants

8.07.b. Will participants give consent in writing by signing a paper consent form? *

Yes No
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8.07.b.i. Will participants give consent by submitting an anonymous questionnaire?*
Ensure that participants are told on their PIS that submission of the questionnaire will be taken as consent to participate.

Yes No

8.07.b.ii. Will participants give consent by ticking an electronic checkbox? *

Yes No

8.07.b.iii. Will participants give consent by submitting an electronic consent form?*

Yes No

8.07.b.iv. Will participants give oral consent?*

Yes No

8.07.b.v. Will any other methods be used to obtain consent?*

Yes No

8.08. Does the research use previously collected information for which there was no explicit consent?*

Yes No

8.09. Will access to the Consent Forms be restricted to the Principal Investigator and/or the researchers?*

Yes

No

Not applicable

Indicate this on the PIS

8.10. Will Consent Forms be stored by the Principal Investigator in a secure manner, separate from the research data?*
In general, the CFs should be stored securely on University of Auckland premises, e.g., in a locked cabinet, or if
scanned/electronic, on a University-managed storage system. Consent Forms should be stored separately from the research
data.

Yes No

Explain this in the PIS
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8.11. How long will the consent forms be stored?*
Explain and justify proposed time and indicate this on the PIS. If Consent Forms will not be used, reply “Not applicable’.

Six years

8.12. Will you be using invitation or advertisements during the recruitment process?*

Yes No

8.12.a. Attach*

Documents

Type Document Name File Name Version Date Version Size

Default Poster Poster.pdf 28/05/2021 1 153.0 KB

8.13. Will you be using Participant Information Sheet(s) or Consent Form(s) during the consent process?*

Yes No

8.13.a. Attach*

Documents

Type Document Name File Name Version Date Version Size

Default Email Email.pdf 28/05/2021 2 88.2 KB

Default EthicsQuestionnaire EthicsQuestionnaire.pdf 28/05/2021 2 100.9 KB

Default Letter_of_Assurance Letter_of_Assurance.pdf 28/05/2021 1 180.3 KB

Default Participant Information Sheet Participant Information Sheet.pdf 03/06/2021 3 176.9 KB

Default Consent_Form Consent_Form_2.pdf 03/06/2021 3 154.1 KB

8.14. Will public documents be translated once ethics approval has been obtained?*

Yes No

8.15. Are you planning to disseminate (a summary of) the study results to participants?*

Yes No

8.15.a. Detail how (a summary of) the study results will be disseminated to participants:*

Final report sent to participants

Summary of results provided to participants

Hui held with participants and whānau

Other

Ensure that you add a space on the Consent form to collect an email or postal address on the consent form.
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8.15.b. Detail how study results will be disseminated to Māori participants and whānau, as well as to key Māori
stakeholders:*

Pānui/progress reports sent to participants or whānau

Pānui/progress reports sent to Māori governance groups, expert advisors (tikanga research), lead and co-investigators, co-
cordinators and research assistants

Summary of results provided to participants and or whānau

Hui held with participants and whānau

Other

8.16. In which of the following forms will the results from the study be published or otherwise disseminated?*

Journal publication Conference presentation Thesis/dissertation

Other publications Hui Public meetings

Other

Section 9 : Risk and Benefits
Tekihana 9 :Ngā tūraru me ngā huanga

9.01. Describe any direct benefits the study may have for participants:*

Students will be exposed to up and coming research which combines physiological sensing, neurology and AR/VR. They will 
experience firsthand how neural monitoring and other sensors can be used in real life situations such as emotion monitoring.

9.02. Describe any wider/other benefits of the study:*

This research will go towards the development of a fabric electrode EEG cap as well as other physiological sensors using fabric 
electrodes. These types of electrodes will be beneficial to any research done in the AR/VR scene as they will cause much less 
discomfort and the duration of tests can be increased.

9.03. How does this research impact/benefit Māori?*
Describe how this research project can contribute to addressing inequities faced by Māori participants and their whānau, for
example, the steps you have taken to ensure your public documents are appropriate for Māori

This research is beneficial to anyone and it is important to have Maori people in the research so that the research can be applicable 
to Maori people.
Maori people who take part can inform their friends and family of the kind of research which is taking place at the University of 
Auckland. This can spark interest in research by Maori people and show them how the research is applicable to wider life.

9.04. Is the research likely to cause any harm to the participants, such as physical pain beyond mild discomfort,
embarrassment, psychological or spiritual harm?*

Yes No
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9.05. Is it possible the research will involve any risk of harm to the researchers?*

Yes No

9.06. Does the research involve collection of information about illegal behaviour(s) which could place the research or
participants at risk of criminal or civil liability or be damaging to their financial standing, employability, professional
or personal relationships?*

Yes No

9.07. Is it possible that the research could give rise to incidental findings?*

Yes No

9.08. Describe what provisions are in place for the research participants should there be adverse consequences or
physical or psychological risks.*

If, at any point in the study, the user feels distressed or has any other concerns they are free to stop the study. They can do this at 
any point without repercussions It is unlikely there will be any physical risks, except for motion sickness or headaches from the VR 
display. 

9.09 Have the cultural risks of the study been fully explained?*

Yes

No

Not applicable (not part of this study)

9.10. Does the research involve a conflict of interest or the appearance of a conflict of interest for the PI or the research
team in relation to the research participants?*

Click on information icon for examples.

Yes No

Section 10 : Data Management
Tekihana 10 :Whakahaerenga raraunga

Data Storage:

10.01. Explain how data will be stored during and after data collection:*

The data will be stored on a UoA managed, password protected PC in the lab, which only the researchers will have access to. The lab 
is located in a managed access building. (Level 9 in the ABI).
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10.02. For how long will the data generated in this study be stored?*
(including audio-recordings, video-recordings, digital voice recordings, and electronic data)

6 years in accordance to standard policy.

10.03. In what form will data from the study be stored after the study has finished?*

Identified Potentially identifiable Partially de-identified

De-identified Anonymous Other

10.04. Explain how data will be deleted or destroyed:*

Since all the data we will collect will be stored on a computer, data destruction will entail the deletion of the data from the computer's 
hardware storage and any other storage facility such as an external hard drive, cloud storage service etc. Data collected will be 
destroyed/deleted from record if: 
1. Participant(s) indicate that they do not want their data used prior to a mutually agreed date between the themselves and the 
researcher(s).
2. If data collected is incomplete, has been corrupted or otherwise rendered unusable in any manner.
3. It is 6 years old as per the university's data retention/destruction policy.

10.05. Will the results of your study be published in a form that identifies (or could reasonably be expected to identify)
individual participants?*

Yes No

10.06. Will the participants be audio-recorded, video-recorded or recorded by any other means? *

Yes No

Section 11 : Funding
Tekihana 11 :Pūtea Moni

11.01. Will you receive funding for this project?*

Yes No

11.01.a. Who will provide the funding?*

 Science for Technological Innovation (SfTI)
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11.01.b. Provide the
funder's
contract
number:

Cost Code / Contract Number: 9077 / 3721503

11.02. Is this a UniServices project?*

Yes No

11.02.b. University of
Auckland
Project
Number
(PeopleSoft
number):*

n/a - don't have a people soft number?

11.03. Does the Principal Investigator, any Co-investigator, or any direct member of their families have any commercial
interest, or any financial relationship to the study sponsor or funder(s)?*

Yes No

11.04. Will the funder have the potential to influence the analysis or any resulting publication?*

Yes No

11.05. Who will own the intellectual property rights to the study results, and why?*

Both Auckland University of Technology (AUT) and University of Auckland (UoA) will own the rights. This is because the electrodes 
being used were developed by AUT but the integration and project is being done at UoA.

Section 12 :Attach other documents (including memos)

Upload a memo of response to conditionally approved or pending applications

Documents

Type Document Name File Name Version Date Version Size

Memo Memo Memo.pdf 03/06/2021 2 114.2 KB
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Upload any other study-related documents

This section should not be used to attach updated recruitment documents, PISs or CFs that were previously attached to the
application form. When a previously provided document needs to be updated, delete it from the particular question and replace it with
an updated version. The previous version(s) of such amended documents will still be available. Hint: use the version number facility to
distinguish between different updated documents.

This section should be used to provide additional study-related documents (not requested as part of the form) to aid the Committee’s
understanding of the study. However, please do not attach any journal articles here – a summary of the relevance of publications can
be added in the questions of Section 2 describing the study.

Documents

Type Document Name File Name
Version
Date Version Size

Miscellaneous
Documents

Consent_Form_Tracked_Changes Consent_Form_Tracked_Changes.docx 03/06/2021 2
102.7
KB

Miscellaneous
Documents

Participant Information
Sheet_Tracked_Changes

Participant Information
Sheet_Tracked_Changes.docx

03/06/2021 2
138.9
KB

Section 12 :Feedback/Comments

Feedback/Comments

If you wish to provide feedback on the experience of completing this online form, please do so here.

Please do not use this section to make any comments related to the study itself.

Section 13 :Submission and Sign off

Application type
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Please select one of the following:*

INITIAL APPLICATION – default application type for initial applications. Do not change the application type if outstanding
signatures are still required. All sign-offs will have to be obtained again if the application is re-submitted with this application type.

RESPONSE TO PRE-SCREEN – when you have made changes to the application in response to pre-screening and all sign-off
were previously obtained (this option will bypass obtaining sign-off again).

CONDITIONAL APPROVAL – your re-submission is a response to a conditional approval outcome.

PENDING RESUBMISSION – your re-submission is a response to a pending resubmission outcome.

EMPOWERED – your re-submission is a response to changes required following discussions with Committee members
empowered to approve the application.

AMENDMENT REQUEST – you want to make changes to a previously approved application or request an extension of the
approval period.

Are you a student?*
(Doctoral, Masters or Honours or undergrad/summer student)

Yes No

13.02. To submit the application, please click "Sign" *
Sign-Off must be done by the Principal Investigator or Supervisor only.

Signed: Signed: This form was signed by Mr Amit Barde (amit.barde@auckland.ac.nz) This form was signed by Mr Amit Barde (amit.barde@auckland.ac.nz) on on 03/06/2021 3:34 PM03/06/2021 3:34 PM

Please add Summary and Questions for the Committee here

Summary and Questions for the Committee

Please add Review Recommendation here

Review Recommendation

Documents migrated from InfoEd
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The documents associated with your InfoEd project are listed below. You can download these to make changes as appropriate, and
then attach them to the amendment request form (in Section 13).

To complete and submit an amendment request, navigate to the “Introduction” section of this form.

(Please do not upload any amended documents in this section using the “Upload” button below – this section is only to provide
access to the InfoEd documents)
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