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Abstract

Stress is a major problem all around the globe. However, research on this topic is
mostly done by developing new strategies to prevent stress from manifesting. Hence,
this paper strives to combine two concepts dating back to the middle of the 20th century
to counter stress in a modern manner. The integration of biofeedback in virtual reality
applications is a topic that is rarely researched. Modern health and lifestyle applications
mostly integrate biometric data by acquiring vital signs data sets via smartwatches.
This data, however, is not precise enough to make an accurate assumption about the
user's mental state. The goal for this thesis project is to integrate biometric sensors
in a VR application for wireless realtime biofeedback, as well as evaluating captured
biometric data with research-grade bio sensors in combination with a questionnaire,
which the participants �ll in directly after capturing their biometric data. This data is
later utilized to evaluate the application itself, as well as the used sensors. Furthermore,
approaches for implementing biofeedback integration and concepts for a virtual reality
relaxation application are discussed in this thesis.
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Kurzfassung

Stress ist ein groÿes Problem auf der ganzen Welt. Aber die Forschung zu diesem
Thema erfolgt vor allem durch die Entwicklung neuer Strategien, um zu verhindern,
dass sich Stress manifestiert. Die Kombination von zwei Konzepten, die beide auf die
Mitte des 20. Jahrhunderts zurückgehen, wird genutzt um Stress in einer modernen Art
entgegenzuwirken. Die Integration von Biofeedback in Virtual-Reality-Anwendungen
ist ein Thema, das nur selten erforscht wird. Moderne Gesundheits- und Lifestyle-
Anwendungen integrieren meist biometrische Daten, indem sie biometrische Daten über
Smartwatches erfassen. Diese Daten sind jedoch nicht genau genug um eine präzise An-
nahme über den psychischen Zustand der Benutzer zu tre�en. Das Ziel dieses Projektes
ist es biometrische Sensoren in eine VR-Anwendung für drahtloses Echtzeit-Biofeedback
zu integrieren. Zusätzlich wird die Auswertung der erfassten biometrischen Daten mit
biometrischen Sensoren in Kombination mit einem Fragebogen, den die Teilnehmer di-
rekt nach der Erfassung ihrer biometrischen Daten ausfüllen, abgehalten. Diese Daten
werden später zur Auswertung der Anwendung selbst sowie der verwendeten Sensoren
verwendet. Darüber hinaus werden in dieser Arbeit Ansätze zur Implementierung von
Biofeedback-Integration und Konzepte für eine Virtual-Reality-Relaxationsanwendung
diskutiert.
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Chapter 1

Introduction

Reading human vital signs data sets with biometric sensors and evaluating captured data
or visualizing data via biofeedback is practiced by doctors, therapists and clinicians all
around the globe. The topic of biofeedback is not a new one. It dates back to the 1970s,
when guidelines and practice areas were determined. These guidelines for biofeedback
in physical therapy and psychotherapy were created by John V. Basmajian, a professor
for Medicine and Anatomy from McMaster University, Ontario, Canada [2]. Looking
back, biofeedback in the late 70s and early 80s was mostly electromyography, visualiz-
ing muscle activity in the treatment of cramps or headaches. Nowadays, biofeedback is
used in a variety of areas, reaching from incontinence to sleeping disorders and other
forms of �bromyalgia. As new areas for biofeedback were developed, technology became
increasingly more reliable and processing power skyrocketed. With new technology such
as combined sensor kits with home-ready EEG and ECG sensors and revolutionizing
technologies like virtual reality (VR), new ways to utilize biofeedback arose. The goal of
the corresponding thesis project is to incorporate biofeedback in a virtual reality relax-
ation application and to start testing new ways of utilizing biofeedback in application
areas like work-environment-stress and relaxation. Additionally, evaluation of the relax-
ation e�ect of the tested relaxation application is conducted through a questionnaire,
which is held after the execution of three relaxation exercises inside the virtual world.
Furthermore, evaluation of the acquired sensor data is done by means of comparison of
the captured data and provided data from the seller of the biometric sensors.

1.1 Thesis structure

This thesis is structured into �ve main chapters. In chapter 2, Embodiment and Presence
in VR, biofeedback methods of modern times are provided and biofeedback systems are
inspected. Furthermore, this chapter provides an overview of modern virtual reality
systems and combinations of di�erent areas of application for virtual reality. As the last
part of this chapter, current papers are analyzed, summarized and a conclusion showing
what can be learned from these papers is given. Chapter 3 provides insights into the
concept behind the virtual reality relaxation application and on di�erent rendering
styles utilized in virtual reality applications. In chapter 4, the implementation of the
corresponding thesis project is shown and code as well as strategies are provided. In

1



1. Introduction 2

chapter 5 acquired vital signs data sets are evaluated and the results of the conducted
questionnaire are presented. As a conclusion, chapter 6 focuses on �ndings and the
accumulated knowledge which was acquired during this thesis project. Furthermore,
future problems regarding biofeedback data for assumptions about the human relaxation
level are presented.



Chapter 2

Embodiment and presence in VR

Improving virtual experiences has been the goal of many researchers and scientists in the
past 60 years. In the beginning, being immersed in a virtual world started by utilizing
computer screens and haptic input devices such as mice and keyboards.

2.1 Immersion through visual stimuli

One of the �rst researchers to develop a method to immerse users further into a virtual
world was Ivan E. Sutherland, a professor at Harvard University, with the help of his
student Bob Sproull. They began working on what they called �the ultimate display�,
resulting in the �rst head-mounted three-dimensional display. In his paper, Sutherland
describes that stereoscopic display is not as important as the kinetic depth e�ect to
make a virtual scene appear to be 3D. The kinetic depth, as described, is that moving
perspective images appear strikingly three dimensional without stereo display. Having
created the �rst virtual reality head-mounted display (HMD, see �g. 2.1) Sutherland
was already considering eye tracking inside of a virtual reality HMD but considered it to
be too di�cult and expensive at his time, in perspective of not needing it for rendering
because rendering was only dependent on head position and rotation. Today, eye track-
ing inside an HMD is becoming increasingly popular, which shows that this technology
and idea has existed for a long time, but was stalled by technological di�culties. As a
result, Sutherland's project birthed the augmented reality HMD named �the Sword of
Damocles�. This project was given this name because it was suspended from the ceil-
ing, enabling stationary use without having wiring blocking the �oor and opening weak
points, such as technical failure due to unplugged cables [24].

As the �rst cornerstone for three-dimensional rendering inside a virtual reality head-
set was set, research steadily improved rendering techniques and rendering quality and
as the next step, scientists and companies began to research new ways to improve im-
mersion into a virtual environment by means of audio technologies. In 1989Crystal
River Engineering Inc, a company founded by Scott Foster after being contracted by
NASA, that was focusing on head-related transfer function for realtime applications,
which was acquired byAureal Semiconductor in 1996, developed the �rst realtime bin-
aural 3D audio processing unit for NASA's VR Workstation Project VIEW [28]. VIEW
(The Virtual Interface Environment Workstation) is a head-mounted stereoscopic dis-

3



2. Embodiment and presence in VR 4

Figure 2.1: Mini-CRT Displays combined into a head-mounted display [24]

.

play system in which the display is either an arti�cial computer-generated environment
or a real environment relayed from remote video cameras. The operator can �step into�
this environment and interact with it. Not only focusing on 3D audio to enhance immer-
sion, NASA also developed a haptic interaction device, the DataGlove, and full-body
tracking, the DataSuit, for users of VIEW (see �g. 2.2). The DataGlove has a series
of �ber optic cables and sensors that detect any movement of the wearer's �ngers and
transmit the information to a host computer; a computer-generated image of the hand
will move exactly as the operator is moving his gloved hand. With appropriate software,
the operator can use the glove to interact with the computer scene by grasping an object.
The DataSuit is a sensor-equipped full-body garment that greatly increases the sphere of
performance for virtual reality simulations by reporting the motions, bends, gestures and
spatial orientation of the wearer to the computer [53]. This project included many tech-
nologies to greater immersion and enabled users to interact with virtual environments,
which are still in use in today's consumer state-of-the-art virtual reality devices. But at
that time, projects of this extent were connected to large �nancial expenses, which could
only be carried out by big companies and were by far not ready for commercial use. The
�rst virtual reality headset that made it to the market shelves was called VFX1 by Forte
Technologies, which was released in 1995. The pricing was set at nearly the same level as
modern consumer virtual reality headsets at USD 695 and it was shipped with an exter-
nal input device, designed especially for virtual reality interaction. The VFX1 consisted
of a VR headset, which had adjustable focus and adjustable interpupillary distance,
a haptic input device called �Cyberpuck�, which tracked pitch and roll of the device
itself, and an external interface which the headset and the computer were connected to.
Around the same time, Paul Milgram introduced the �Reality-Virtuality Continuum�
(see �g. 2.3) and renewed the de�nition of the term �Mixed Reality� (MR). This term
acts as a superordinate concept for the terms �Virtual Reality� (VR), �Augmented Real-
ity� (AR) and �Augmented Virtuality� (AV) and was introduced because the term MR
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Figure 2.2: NASA employee using VIEW [53].

Figure 2.3: The �Reality-Virtuality Continuum� by Paul Milgram [14].

was constantly misapplied. The �Reality-Virtuality Continuum� de�nes a scale for MR
applications, ranging from entirely real environments to completely computer-generated
ones, to clarify the de�nition of AR, VR and AV [14]. Years from that, little commercial
projects were available, but research on greater immersion into virtual environments
continued. A turning point for commercial VR was the creation of a Kickstarter cam-
paign for a revolutionary commercial VR headset. In 2014,Oculus, a company acquired
by Facebookin the same year, produced the world's �rst consumer-ready virtual reality
head-mounted display. The company had started as an ambitious Kickstarter campaign
and quickly evolved into one of the biggest VR headset companies on the current market.
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After presenting their �rst prototype at E3, Oculus was quickly acquired by Facebook.
With a�ordable hardware and high-resolution displays, Oculus revolutionized the Vir-
tual Reality business and created a big hype around the topic by also addressing the
general public. The release of the device started the so-called �virtual reality revolution�
and opened the gates for various �elds of application for virtual reality systems beyond
the domains of gaming and entertainment [33, 48]. Early research utilizing commercially
available VR headsets was done in gastrointestinal endoscopy training regarding cost
e�ciency, availability and novice education. The future of endoscopy heavily relies on
virtual endoscopic simulators with now two simulator kits ready for purchase. Espe-
cially novice trainees can bene�t from virtual simulators as they enhance their training
procedures for upper and lower gastrointestinal endoscopy [25]. WithOculus opening
the market and showing the newly gained potential for consumer VR headsets,HTC,
a company formerly known for their mobile phones and creating the �rst smartphone
running Android OS, partnered with Valve, a company known for their gaming platform
�Steam�, created a revolutionizing virtual reality system, which was released in 2016
and elevated immersive VR experiences to the next level. With theHTC Vive , not only
a�ordable hardware with high resolution displays were combined, but room-scale VR in
combination with tracked motion controllers with haptic feedback was introduced to the
public, too. Room-scale VR allows its user to move freely in a limited space while being
tracked by the virtual reality system. The technology enabling room-scale tracking are
the so-called Valve Lighthouse sensors. In contrary to many other tracking solutions,
Valve's Lighthousetrackers do not rely on optical tracking. Inside a Lighthouse tracker
is a laser system that �oods the play-area with non-visible light. The main idea behind
Valve's tracking solution are photosensors. ALighthousesensor sends out a non-visible
�ash and the VR system counts how long the lasers take to reach the photosensors on
the tracked devices. This way, the exact 3D positions of the headset and the controllers
can be calculated. As the �rst VR system with room-scale capability, the HTC Vive
additionally ships with motion controllers that utilize vibration as haptic feedback to
its user. This includes yet another sense to further immersion into virtual environments.
With this technology, moving freely while playing VR games was made possible. As with
VR itself, this revolutionary adaptation to VR systems opened the gates for even more
�elds of application.

One of the most nameworthy �elds is psychotherapy. Fighting against phobias can
be a di�cult journey to master for a patient and his or her psychologist. Therefore,
companies have speci�ed themselves on �ghting phobias with the help of virtual reality
systems. An exceptionally good example is �ghting Acrophobia with VR training. Acro-
phobia, most commonly known as the fear of heights, prevents people su�ering from it,
from being able to function normally when being on elevated terrains. With virtual
therapy, patients will not have to climb mountains or have to have a psychotherapist
on their side when they tackle their phobia.

In 2018 a study led by Professor Daniel Freeman, from the Department of Psy-
chiatry at the University of Oxford, enlisted 100 volunteers with clinically diagnosed
acrophobia. Of those 100 volunteers, 49 were able to complete the two-week virtual
reality therapy, the other 51 were volunteers served as the control group. During this
treatment, volunteers used a VR headset to meet with a virtual coach that led them
through six therapy session, each 30 minutes long. Volunteers were confronted with real-
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life scenarios, ranging from climbing a tree to crossing over a considerable height on a
rope bridge. Between the sessions, participants were encouraged to expose themselves
to real-life heights. After the virtual reality therapy, 34 of the 49 volunteers expressed
that they no longer su�er from Acrophobia. All of the volunteers in the control group
had no change in their fear of heights.

This study demonstrated that virtual reality treatments have a valid right to exist
in the psychotherapeutic �eld of application and this study is going to lead to more
research in virtual reality treatment, which is exceptionally important for patients that
su�er from severe mental health problems and cannot leave their home [5, 44]. Exposing
participants to virtual worlds with the intention of helping them overcome phobias or
traumatic events is called �Virtual Reality Exposure Therapy�, short �VRET�. In this
area, a growing number of applications is being tested. Research on the topics like
arachnophobia, the fear of spiders, aquaphobia, the fear of water, and Post Traumatic
Stress Disorder in soldiers suggests that on-site exposure is no longer needed in the
treatment of patients and can be replaced by �VRET� [12, 15, 60].

Another relevant �eld of application for virtual reality systems with room-scale ca-
pabilities is physical health. The American companyBlack Box and the Swiss company
Virtual Reality Fitness have both specialized in �tness studios supported by virtual
reality. While Virtual Reality Fitness focuses on training with pre-made software and
using virtual worlds to train their customers, Black Box uses a di�erent approach.Black
Box has custom software in which users can compete and even �ght against each other
in virtual worlds. Workout stations rigged with sensors allow its users to control ac-
tions inside a virtual environment, pushing users to their limits with challenging either
real-life opponents or speci�cally designed non-player enemies. To enhance the quality
of immersion of VR experiences, an old concept that was mentioned before comes into
play. As Sutherland already imagined in 1989, eye tracking is the newest adaption to
virtual reality HMDs. Being very processor intensive, processors in 1989 were not e�-
cient enough to track eye movement while tracing head position and orientation. With
processor development and more processing power, eye tracking is the new state-of-the-
art technology inside VR headsets. Outside of HMDs, eye tracking can be realized by
utilizing external eye tracking devices, such as theTobii Eye Tracker 4C (see �g. 2.4 a).
External eye trackers work in a similar way like built-in versions. The external devices
emit near infrared light and track the re�ection patterns of the eye (see �g. 2.4 c).
Utilizing HMDs, the eye is not visible to an external device, so a built-in version is the
most pragmatic solution. Eye tracking inside of a VR headset works similar to external
tracking. The near infrared light emitters are positioned around the eye of the user
and cameras placed between the emitters capture the eye's re�ection (see �g. 2.4 d).
Tacking the eye position is not only important for measuring points of interest from
application users, but it also increases immersion and performance. VR headsets only
render images sharp and clear in the middle of the screens inside the HMD and blur the
outsides to decrease rendering load. As a result, only head movement in�uences which
part is rendered sharply and therefore immersion is not as deep because normally, users
would not move only their head and look straight forward, but also move their eyes
to look around. Utilizing eye tracking, the sharply rendered part of the images inside
the VR headset can be rendered according to the position the users look at. This tech-
nique is called �foveated rendering�. Therefore, the system increases performance by not
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(a) (b)

(c) (d)

Figure 2.4: This �gure depicts two di�erent approaches for eye tracking. Tobii Eye
Tracker 4C [43] (a), the insides of aVive Pro Eye [31] (b), an explanation graphic for
external eye tracking (c) and an explanation graphic for internal eye tracking [54] (d).

having to render a whole sharp image and it also increases immersion by allowing the
user to focus on an object not only by head movement, but also by moving their eyes.
Additionally, this feature for VR systems enhances immersion especially in multiplayer
applications because the eye movement of users in the same virtual space are tracked
and represented accordingly by their virtual avatar. State-of-the-art technologies for eye
tracking not only include out of the box eye tracking included in consumer hardware,
but are also systems that are separately developed and sold by third-party vendors. A
built-in out-of-the-box solution is included in the newest version of the HTC Vive , the
HTC Vive Pro Eye (see �g. 2.4 b), which is shipped with the latest built-in eye track-
ing solution by Tobii Gaming, a company founded in 2001 and since then, a leading
developer in eye tracking solutions.

Opening VR up to eye tracking also increases the use cases in therapy. A study
about virtual eye rotation vision exercises [29] shows that training participants that
su�er from binocular vision disorder with 12 one hour treatments with the speci�cally
developed application VERVE showed clinical success in seven out of nine participants
and the remaining two participants reported serious improvement in both eye-accuracy
and holding on to a target. As virtual reality was adopted into the gaming scene, con-
cepts for immersion from 2D screen games were adopted to virtual reality, including,
amongst other things, vital signs data sets used for biofeedback and realtime changes
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to the environment. For increased immersion in virtual reality environments vital signs
data sets of the user are measured with biometric sensors to assume the user's psy-
chological state and thus, change the virtual world according to the user's data. To
understand why vital signs data sets and biofeedback are used to enhance immersion,
the following chapter will elaborate the term biofeedback, biometric data acquisition
and demonstrate one way of evaluating biometric data.

2.2 Enhancing immersion quality

By including biometric data to change virtual worlds and by extending the user's senses
inside a virtual world, virtual reality applications become increasingly realistic and im-
mersive. This does not only have entertainment purposes, but �nds its integration in
modern medicine. Nowadays, stress can be a major problem in working environments
and private life. Stress is one of the main issues that lead to mental illness such as
burnout and anxiety. Treating and countering stress and other psychic or physical ill-
nesses and especially treating chronic illnesses biofeedback has a high status in the med-
ical �eld. In general, biofeedback is a scienti�c method or a learning process that teaches
users to control their unconscious body functions. Biofeedback is utilized by doctors,
psychologists and other therapists to teach their patients to control their unconscious
body functions by displaying their vital signs data and elaborating the changes their
body is undergoing when, for example, under stress. As with many illnesses, easing pain
and restoring a normal course of life are the most important parts in the treatment.
Medication, especially in the �eld of attention-de�cit or hyperactivity disorder, often
has unwanted side e�ects and on top of that medication for this psychological illness
contains substances that are cardiovascularly toxic. This poses a considerable problem
to treating illnesses and biofeedback is able to relieve pain and treat those illnesses with-
out side e�ects, making it a very safe treatment. However, taking biofeedback as some
kind of all-curative treatment, which cures illnesses without the need of medication or
other precautions, is far from reality. It is well documented that biofeedback is able to
help patients to relax and that it is able to treat certain psychological and physiological
illnesses, but in some �elds of medicine inconclusive results are displayed. In case of
fecal incontinence in women test results show that only half of the patients in this study
were showing signs of improvement of their rectal and vaginal squeeze pressure and it is
yet to be discovered, why biofeedback was only e�ective for 50 percent of these patients
[6, 16]. Other �elds of application of biofeedback are supervised, not only by doctors
but by trainers, coaches and even by private individuals in a variety of areas like sport-
and �tness training, entertainment, mental training and concentration training.

2.2.1 Relaxation with biofeedback support

Learning about one's own body is the main purpose of biofeedback. Physiological re-
sponses to stress can be detected and countered by employing relaxation techniques
like meditation or visualization. Visualization of biofeedback data mainly supports the
concept that a patient receives realtime output of his or her physical qualities and de�-
ciencies to portray, if the utilized exercises are e�ective against stress. By learning how to
counter stress more e�ectively and e�ciently, time consumption of employing relaxation



2. Embodiment and presence in VR 10

exercises constantly declines. Because stress is a main trigger for psychological illness,
countering stress as it is still underway, helps to prevent illnesses from manifesting.

Research on relaxation with biofeedback support was predominantly conducted in
the �eld of medicine. Treating headaches with biofeedback supported relaxation training
has proven to be a reliable countermeasure. In one study, during the time span of four
weeks, baseline data were collected from 98 patients with chronic headaches ranging from
18 to 68 years in age. After receiving a ten-session relaxation regimen, patients who did
not show signi�cant headache reduction were given a twelve-session relaxation regimen
with biofeedback support. This biofeedback therapy led to a signi�cant reduction in all
patients who received this therapy. Within this study, the e�ectiveness of relaxation
therapy with biofeedback support to counter chronic headaches was demonstrated [4].

2.2.2 Biofeedback as means for immersive experiences

Utilizing biofeedback to immerse users into a virtual world can be seen as an extension
of the user's senses. Biometric data is collected via sensors that are attached to a partic-
ipant and this data is sent to a computer for further processing. In the case of immersive
experiences, virtual reality plays a big role, but standard 2D games, which are playable
on a simple screen, are modi�ed to be immersive using biofeedback as well. Applicability
of biofeedback is found in many di�erent genres of games. The spectrum ranges from, on
one side, biofeedback used in relaxation applications to support users with their data to
accelerate the relaxation process and on the other side, horror games use biofeedback to
intensify the user's experience. In modern relaxation applications, users are immersed
into a relaxing virtual surrounding or are presented 360 degree videos captured at beach
sides or in forests. In combination with soothing audio and biofeedback to better control
the user's level of relaxation, the following applications support relaxation for users at
home without medical supervision.

Provata VR by StayWell

As mentioned on StayWell's website [30, 59], this application was developed focusing
on the economic impact stress has on our current generation. Being able to push de-
clining amounts of workload because of mental stress, which can lead to burnout, is an
important �eld worth tackling. Including consumer market smartwatches with built-in
biometric sensors such asApplewatchor Fitbit watch, users can utilize cost-e�cient bio-
metric sensors. InProvata VR, 360 degree videos are presented to its user and biofeed-
back data is captured to detect which exercise and day of time are best for its user's
level of relaxation (see �g. 2.5 a). Seen from a user's perspective,Provata VR lacks
variation in 360 degree videos, boring its users after a few sessions. Additionally, this
application only captures heart rate as biometric data. The human heart rate is highly
dependent on other factors such as the current respiration rate and age of the user.
Capturing additional biometric data to increase the accuracy of relaxation detection
increases measuring precision and evaluation potential.
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SoundSelfby Orpheus Self-Care Entertainment

In this application, the user's voice acts as biometric input data. By detecting sound
from its user, the application alternates between di�erent abstract environments (see
�g. 2.5 b). For this application, it is best to use it lying down because each session
lasts for one hour [58]. A major point of criticism on this application is its long session
duration. Being inside a virtual environment for an hour is exhausting, especially for
inexperienced users. Furthermore, having only one interaction possibility for one hour
will bore the user and will decrease user retention.

Deep VR

This application utilizes abstract underwater 3D scenes and an innovative control system
to guide its user to a substantial relaxation level (see �g. 2.5 c). The project is developed
in collaboration with scientists at the Radboud University and the Games for Emotional
and Mental Health Lab. In Deep VR, users control their in-game movement with their
breathing rate. The game's environment encourages the player to take deep long breaths
by giving its users a visual representation of their respiration rate [40].

2.2.3 Intensifying experiences with biofeedback

Contrary to relaxation applications, horror games intend to scare their users. How fright-
ening a game is perceived is strongly dependent on the user's experience with horror
themed media. As inexperienced players tend to be frightened a lot more than experi-
enced players, some games might be either too terrifying for beginners, or not terrifying
enough for professional players. Developers of horror games have to keep in mind the
target group of players and fans of horror games are split up into di�erent groups, which
minimizes the targeted fans and with that, the estimated income the game will bring
back to the studio. This problem is tackled by the studio calledRed Meat Games. With
their game Bring to Light , arti�cial intelligence assisted with biofeedback data decides
on whether their game has to be more or less frightening, depending on the user's heart
rate [55].

The development of applications that utilize biometric sensors for data visualization
after sessions or for realtime changes to the application itself is gaining popularity,
especially in combination with VR technology. However, only capturing vital signs data
sets and using this data is not enough to make generally valuable assumptions about
the mental state of a user. Vital signs data sets greatly vary from person to person,
not only in their experience of stress or relaxation, but also because of their physiology.
Age, Gender and other health factors are in�uencing the captured data. To be able to
extract certain elevations in captured biofeedback data, a baseline has to be acquired,
which shows vital signs data sets of the user's normal state. Normal meaning, neither
relaxed nor excited.

2.2.4 Establishing a baseline

A baseline is comprised of the expected values or conditions against which all perfor-
mances are compared. A baseline is a �xed reference point. A baseline in medicine is
information found at the beginning of a study or other initial known value which is
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