International Journal of Scientific & Engineering Research Volume 11, Issue 12, December-2020

ISSN 2229-5518

1328

Changing the Paradigm of Mixed Reality (MR) In
Education Sector through Microsoft HoloLens

1Syed Mustafa Imam, 2Hirdesh Kumar, 3Faraz Afsar, “Adeel Ansari, °*Adeel Karim

1.2345Dept. of Computer Science, Shaheed Zulfikar Ali Bhutto Institute of Science and Technology, Karachi, Pakistan.

1cs1812134@ szabist.pk
2cs1812114@szabist.pk
3faraz.afsar@szabist.pk
‘adeel.ansari@szabist.edu.pk
Sadeel karim@szabist.pk

Abstract— In this research paper, the discussion will be regarding the advance and evolutionary use of Mixed Reality (MR) experience
with Microsoft HoloLens. MR is referred to as hybrid reality, in which the real and the virtual world are merged and the user’s digital objects
can interact with the physical world. This technology can enable the collaborative learning process in classrooms. It unlocks a dimension of
understanding and exploration, which students were not able to learn by conventional teaching methods. The assortment of MR will be a
great substantial product that will have a prominent effect on the pedagogical collaborative learning method. The early results of this
methodology have shown some promising outcomes of this technique. Hence, bridging the gap between the complete and partial
interpretation of the curriculum for a student, and professional. With the use of MR technology, a new facet is accessible to students. To
fulfill the void which the traditional learning methods were not able to provide due to lack of resources and safety constraints. Hence,
students were not able to completely understand the high-level concepts of their course material easily, which they are required to

implement in their future.

Index Terms—Augmented Reality, COVID-19, Microsoft HoloLens, Mixed Reality, Virtual Lab, Virtual Learning System, Virtual Reality

1 INTRODUCTION

usiness and trade analysts are observing a change in societies.
It is primarily due to the technological advancements that en-
abled the society to be upgraded into a smart society. Histori-
cally, there has always been a correlation between changes in
the industrial revolution and changes in society. Similarly,
there is also a transition from the third to the fourth industrial
revolution (also known as Industry 4.0). This transition hap-
pened because of deficiencies and requirements in the arts,
agriculture, education, economy, health care, and science. For
industries to cope up with the needs of the society they need a
strong skilled and dynamic workforce. Generally, employers
have this criticism that their employees often lack certain skills
based on their profession. These recent graduates might have
not received an in-depth and complete understanding of ab-
stract and theoretical concepts in their formative academic
years. For students to grasp a firm hold on these essential ide-
as, it would need them to have a strong, vivid imagination of
things that they may have not seen or experienced. To meet
the gap between inexperienced graduates and industry pro-
fessionals. It would require a shift from an old to a new para-
digm of learning, where Mixed Reality is employed in the ed-
ucation sector and the development of software applications
in MR is promoted.

By using Mixed Reality, the education sector can redefine the
perspective of learning. Students can experience history by
visiting the key moments in history like the independence of
Pakistan. They can perform various experiments like mixing
different chemicals, building new circuitry, and experimenting

with different things that are nearly impossible in the real
world because of the availability, cost, reachability, and safety
concerns. Hence, it is necessary to establish a virtual learning
environment where students are given the right to do any ex-
periment and learn, consequently this approach would give
the world great minds like Abdul Qadeer Khan, Jabir-ibn-
Hayyan, Avicenna, and other great scientists.

1.1 Virtual Reality (VR)

A set of a picture and audio, generated by a computer that
transports a user to an artificial environment. The key ele-
ments in this technology are the image and sound which are
generated from a computer that causes the participant to feel
the artificial environment generated by the computer [1].

1.2 Augmented Reality (AR)

An enhanced version of reality created by the use of technolo-
gy to overlay digital information onto an image of something
being viewed through a device (such as a smartphone cam-
era). This explanation perfectly captures the entire structure of
this technology. As a participant is able to interact and im-
merse himself or herself in digital content through a computa-
tional device [2].

1.3 Mixed Reality (MR)

A medium made by computer generated elements to the real
world in a way that allows them to link in the real-time. This
definition understates the scope of this technology [3].
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Mixed Reality merges features of both Virtual Reality and
Augmented Reality. It is also known as “enhanced” AR. It
would be right to call the environment of this technology hy-
brid as there is a marriage between real and virtual objects
during the implementation of this technology [3].

1.4 Augment Reality Vs Mixed Reality Vs Virtual Reality
These technologies are distinct regarding the functions and
hardware required for the working. Augment Reality layers of
digital images are around the user's environment. Thus, users
cannot interact or manipulate the data around the boundaries

[2].

While Mixed Reality grants access to interact and manipulate
with these images and information. By the use of hand ges-
tures and command prompts [3].

Conversely, Virtual Reality does not involve any part of func-
tion interacting with real-world objects. Although, the VR sys-
tem requires mapping the space where the user would be us-
ing it [4]. So, VR applications function perfectly within the
parameters of the room as the difference between them is
shown in figure 1.

VIRTUAL
REALITY (VR)

AUGMENTED
REALITY (AR)

MIXED
REALITY (MR)

Fully artificial environment Virtual environment combined

with real world

Virtual objects overlaid
on real-world environment

pugd ¢

Full immersion in virtual
environment

Interact with both the real world
and the virtual environment

|

The real world enhanced
with digital objects

Fig. 1. Difference between Augmented Reality, Virtual Reality and Mixed
Reality [5].

Additionally, VR systems require VR headsets, noiseless
headphones, and motion capture. Mixed Reality equipment
includes built-in microphone array, binaural sound capabili-
ties, a camera for recording, a depth sensor, head-tracking
cameras, and an inertial measurement unit which helps track
your head movement as well this system requires high-speed
processing. So, it is the reason the Microsoft Holographic Pro-
cessing Unit is used, along with CPU and GPU, to track where
the participant is viewing and decipher commands and ges-
tures. While Augment Reality equipment requires a normal
smartphone or tablet sort of device for complete functionality.

1.5 Research Questions:

RQ-1. Would you like to have an educational envi-
ronment like shown in this video at your home?
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RQ-2. Are you comfortable getting all the facilities that
you get in the practical class (like art, archeolo-
gy, biology, chemistry, and physics) in a holo-
graphic environment?

Do you think the controls and way of operating
this device as shown in the video are difficult to
understand?

Do you think that all colleges, schools, and uni-
versities should adopt this technology?

How likely are you to recommend this technol-
ogy to an associate, acquaintance, friend, and
family?

Do you think that students and teachers should
be given the training to use a Mixed Reality
(Microsoft HoloLens) environment in educa-
tion?

RQ-3.

RQ-4.

RQ-5.

RQ-6.

1.6 Research Objectives:

Traditional learning methods in today's education environ-
ment are generating students with in-depth theoretical
knowledge but lacking in critical thinking for real-time scenar-
ios. At the same time, pandemics like COVID-19 always hin-
der the progress of young bright students. As they are not able
to do their practical part of their coursework, and online clas-
ses are not as successful as intended, they are not able to rec-
reate the same kind of learning environment of a classroom or
laboratory. In order to tackle this issue, alternative procedures
are being employed. Like, the Mixed Reality through Mi-
crosoft HoloLens applications are being used to fulfill the
technical aspects of conceptual and hands-on learning experi-
ence.

The purpose of this research is to highlight how Mixed Reality
applications alter the way of delivering education. As educa-
tors are immensely determined to provide a high-quality edu-
cation to their respective students. So, researchers are experi-
menting with this new technology to enhance the quality of
education. Hence, it is necessary to find out the effectiveness
of such old and new methodologies by reviewing previous
research studies to reach a conclusive stance on the subject
matter.

2 LITERATURE REVIEW

As demonstrated in this document, the numbering for sections
upper case Arabic numerals, then upper case Arabic numerals,
separated by periods. The United States Army ordered 40,000
Microsoft HoloLens handsets for military training purposes.
Military forces can use this Mixed Reality tool to train soldiers
for ammunition, close combat, survival, and war-like scenarios
through a stimulating environment as referred to figure 2.

The United States Army ordered 40,000 Microsoft HoloLens
handsets for military training purposes. Military forces can
use this Mixed Reality tool to train soldiers for ammunition,
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close combat, survival, and war-like scenarios through a stim-
ulating environment as referred to figure 2.

Rl o
£y

Fig. 2. Soldiers training for war like scenario with Microsoft HoloLens [6].

According to an article in the foundry, “How Mixed Reality is
sending people across the solar system” as shown in figure 3.
In this article, the author mentions that NASA has been using
VR technology for a space training program for more than
four decades. Now the MR tech is also viewed for the recrea-
tional purpose for astronauts as space missions are mentally
hectic. The results for this idea are encouraging in handling
the astronaut’s mental health. Also, the scientist at NASA is
using AR and MR tech to create an environment similar to
Titan (Saturn’s moon) to land robot craft landers in this envi-
ronment for research purposes. As their high probability of
finding life here as it has liquids in the form of rivers, lakes,
and seas on its surface [7].

Fig. 3. Microsoft HoloLens to discover promising paths for a

Mars rover to explore [8].

A group of researchers, at Politecnico di Milano Milan, were
able to treat patients with Alzheimer’s disease through use of

Microsoft HoloLens. By making their own cognitive training
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Mixed Reality apps for treatment, they were successful in de-
laying the memory loss and other mental disorders related to
Alzheimer’s disease [9].

COVID-19 pandemic has significantly affected healthcare
workers. This emergency has forced them to alter their opera-
tional protocols. To maintain minimal contact and social dis-
tancing from fellow staff members and patients, several hospi-
tals in London are adopting Microsoft HoloLens technology. It
has significantly reduced the need for multiple staff in a single
ward, as higher-level interconnectivity through Mixed Reality
has been very effective [10].

Microsoft HoloLens can be incredibly useful for under train-
ing doctors as they can virtually perform an autopsy, diagno-
sis, and surgeries on the virtual bodies. In this way, they do
not have to preserve a body and not to use it for their practic-
es. This also limits the chemicals and drugs used for practice.
AR Liver Viewer by SO-FORM. It is a 3D real-time, patient
communication tool featuring incredibly detailed anatomical
models. 4D Anatomy another AR application related to the
same area [11]. For a better understanding, can refer to the
figure 4.

Fig. 4. Child birth MR simulator using Microsoft HoloLens [12].

Mixed Reality introduces a new technique of human computer
interaction called Tangible User Interface (TUI). TUI is a way
where through physical objects, users are able to manipulate
the digital information. This novel strategy is proven to have
positive effects on learners on many levels. There is improve-
ment in their cognitive and motor skills as multiple senses
were involved. This technology was able to be inclusive to
people with learning disabilities because they found it more
intuitive and easier to understand. It also promoted a better
environment of collaborative learning [13].

A research project named Holodisaster was started under
York University’s Disaster, Emergency and Rapid Response
Simulation (ADERSIM) initiative. Its primary motive was to
design disaster simulations, like train derailment, plane crash,
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terror attack, tornado, volcano eruption, mass shooting, or
crowd incidents, through Microsoft HoloLens applications. In
order to prepare students for disaster management and emer-
gency protocols required in such scenarios. They believe that
they would be effectively able to train individuals to become
trained professionals for such events as it would let their stu-
dent’s crisis management skills to be tested. Students can train
their basic emergency management like search and rescue op-
erations, evacuation, mass casualty management, and provi—
sion of social services in reception centers. It will definitely
polish their practical and research skills through such immer-
sive experiences [14].

More than 250,000 deaths and their damages cost up tol tril-
lion dollars due to medical errors of nurses [15]. One of the
reasons why these medical errors occur is because the cogni-
tive processes of nurses are not developed properly, as they
are not able to do critical thinking regarding the patient’s care.
These nurses’ education programs already use computer hu-
man patient simulation under the supervision of a course in-
structor. This process is not perfect as success is dependent on
the instructor’s specialty, level of training and type of experi-
ence which may lead to incorrect “habitual” training and
feedback [15]. Hence, Microsoft HoloLens was used in stimu-
lation learning of these nurses and response to this training
was satisfactory as the nurses were able to develop a strong
cognitive skill as healthcare professionals.

3. RESULTS AND DISCUSSION

3.1 Research Methodology

The entire research methodology was designed after the
analysis of previously published literature material. So,
relevant questions are included in the research survey, to
find out the effectiveness and wider implementation of this
technology in education from the perspective of the general
public. A one minute and forty-eight seconds video (com-
pilation of applications of Microsoft HoloLens) was shown
to respondents before the start of the survey, for them to
know what is Microsoft HoloLens and how it works, in
different domains as shown in figure 5.
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Please watch this video before starting the survey. It will help you to gain a better
understanding of Mixed Reality technology through devices like Microsoft
HoloLens.

Watch later

ed
Share

Applications Of HoloLens In Mixed Reality |...

N

Fig. 5. Video embedded in questioner to gain a better understanding of
MR through Microsoft HoloLens.

3.2 Questioner

The survey was planned as an assessment for individuals
from diverse fields, to get a decent variety of responses. Sixty-
five individuals responded to this assessment. There were a
few people that didn't know about these advancements in
Mixed Reality. The respondents viewed a video about Mixed
Reality’s functionalities and its applications, it provided the
respondents a better context of Mixed Reality. Hence, enabling
them to participate in the survey.

As this survey was carried out in Karachi during the COVID-
19 pandemic. The majority of the participants were students
and teachers that were engaged in online education activities
due to the strict lockdown maintained by local governing bod-
ies. Both of these stakeholders were facing predominant issues
from respective ends while remote learning.

As shown in figure 6, respondents were asked if they would
install this technology at their homes. 87.7% agreed to this
novel idea, as this technology could successfully be able to
recreate a formal and immersive class environment that online
classes are not able to provide.
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RQ-1. Would you like to have an educational environment
like shown in this video at your home?

® Yes
® No

Fig. 6. First question of the questioner.

When asked that both students and teachers are willing to
have their laboratory classes in a holographic environment,
figure 7 illustrates 49.2% said yes as they would have a com-
plete laboratory experience without any physical contact dur-
ing the health pandemic. While 30.8% were not sure about this
idea. One of the possible reasons that this technology has diffi-
culty in controls, procedures, and settings to understand.

RQ-2. Are you comfortable getting all facilities that you get in
the practical class (like art, archeology, biology, chem-
istry, and physics) in a holographic environment?

® ves
® No
@ Maybe

Fig. 7. Second question of the questioner.

So, the question was asked from the interviewees were they
able to easily understand the controls and functions to operate
this technology. Figure 8 shows, 38.5% of the respondents
were not sure about the controls of this device. While 36.9% of
participants found functions of this technology not difficult to
comprehend.
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RQ-3. Do you think the controls and way of operating this
device as shown in the video are difficult to under-

stand?

® Yes
® No
@ Maybe

Fig. (8). Third question of the questioner.

Another question was asked, should all educational institutes
adopt this technology. Figure 9 states, 30.8% strongly agreed
with this proposition while 46.2% agree with this thought.

RQ-4. Do you think that all colleges, schools, and universities
should adopt this technology?

A

Fig. (9). Fourth question of the questioner.

@ Strongly Agree
@ Agree

@ Undecided

@ Disagree

@ Strongly Disagree

Further, the question was asked whether they recommend
this to their associates. Figure 10 provides that 36.9% strongly
recommended this to their friends and family while agreeing
to the argument.
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RQ-5. How likely are you to recommend this technology to
an associate, acquaintance, friend, and family?

@ Strongly Agree
® Agree
Undecided
@ Disagree
@ Strongly Disagree

Fig. 10. Fifth question of the questioner.

The final question was asked whether there needs to be train-
ing programs regarding the Mixed Reality platform; Figure 11
proves the 86.2% of the participants of the survey are willing
to engage in such kinds of programs.

RQ-6. Do you think that students and teachers should be giv-
en the training to use a Mixed Reality (HoloLens) envi-
ronment in education?

® Yes
® No
Maybe

Fig. 11. Sixth question of the questioner.

3. LIMITATIONS

The research survey might also have few biased samples. As
the participants that answered the questions, English was not
their first language. It is possible that they may have not
properly understood what was asked from them. It is also
possible they might not completely understand the technolo-
gy, as they were not using Mixed Reality devices themselves
before answering the question.

There are many hurdles that need to be addressed while im-
plementing Mixed Reality on a huge scale. Cost of this revolu-
tionary technology is very high to purchase this equipment for
educational purposes due to this technology being restricted
for developers only up till now. At the same time, all stake-
holders require some sort of training before using the equip-
ment. The way that this technology’s working was confusing
to 38.5% (as given figure 8) of the respondents.
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4. CONCLUSION AND FUTURE WORK

In this paper, an exceptional method for creating a Mixed Re-
ality environment has been proposed for the educational sec-
tor. By the use of Microsoft HoloLens for conducting classes
and labs virtually. It would be a great addition to the online
education system. As it is not enough for the students to grasp
the whole understanding of the topic by simply watching the
teacher and taking notes of any lecture or practical in an
online class. This technology provides an attentive and im-
mersive environment while learning abstract theoretical con-
cepts in the classes.

The quantitative and qualitative evidence presented in the
research proves that this Mixed Reality is beneficial for all ed-
ucators and pupils. So, there is an encouraging response from
all educational stakeholders to use this setup on a larger scale.
It can be incorporated with the current MOOCs (Massive
Open Online Courses) offered by many top institutes of the
world. To counter a situation where another pandemic out-
break happens in the future. Everyone in the educational sec-
tor is comfortably able to function effectively and smoothly
from home without a compromise on the quality of education
being risked. As the students would be experiencing Mixed
Reality through Microsoft HoloLens. Each pupil would be
having his or her augmented laboratory to discover new
things and also to help them to discover themselves. Through
this way, students are allowed to follow their passion and to
experiment with things to get more in-depth knowledge of
that particular subject. Hence, this innovation in the educa-
tional sector would open new dimensions of learnings and
opportunities that would be helpful in revolutionizing the
world.

The findings of this study suggest that students and teachers
have a positive response towards shifting their entire lab work
for the course digitally. A virtual science laboratory applica-
tion by using Mixed Reality can be made for students. If any
student has the bug of curiosity or the desire of creating, ex-
perimenting, or understanding highly difficult scientific con-
cepts, like nuclear fission, hydrogen bonding or DNA analysis,
can potentially reshape the entire world of knowledge. Stu-
dents can simply use this Mixed Reality application to get an
in-depth understanding of these concepts.

Additionally, using the laboratory in groups may not be effec-
tive as each member may not be performing experiments. So,
the students may not be able to fully understand the chief
purpose of the topic. Hence, this technology allows them to
learn without any logistical or physical problem, so the stu-
dents can explore freely and learn with ease.

5. ACKNOWLEDGEMENTS

This paper and the research would have not happened, if our
supervisor Faraz Afsar had not been continuously motivating
and supporting us. For which we hold a tremendous regard

IJSER © 2020

http://www.ijser.org


http://www.ijser.org/

International Journal of Scientific & Engineering Research Volume 11, Issue 12, December-2020

ISSN 2229-5518

and respect for him. We would like to acknowledge the efforts
of Adeel Karim, he would always provide us material and
resources throughout the entire study and writing process. A
special gratitude to Adeel Ansari for taking out time from his
busy schedule to revise the research and suggest improve-
ments at various stages of the paper.

REFERENCES

S. M. C. Loureiro, J. Guerreiro, and F. Ali, “20 years of
research on virtual reality and augmented reality in tour-
ism context: A text-mining approach,” Tour. Manag., vol.
77, p- 104028, Apr. 2020, doi:
10.1016/j.tourman.2019.104028.

Y. K. Ro, A. Brem, and P. A. Rauschnabel, “Augmented
Reality Smart Glasses: Definition, Concepts and Impact
on Firm Value Creation,” in Augmented Reality and Virtual
Reality: Empowering Human, Place and Business, T. Jung and
M. C. tom Dieck, Eds. Cham: Springer International Pub-
lishing, 2018, pp. 169-181.

M. Speicher, B. D. Hall, and M. Nebeling, “What is mixed
reality?,” in Proceedings of the 2019 CHI Conference on Hu-
man Factors in Computing Systems, 2019, pp. 1-15.

M. Farshid, J. Paschen, T. Eriksson, and J. Kietzmann, “Go
boldly!: Explore augmented reality (AR), virtual reality
(VR), and mixed reality (MR) for business,” Bus. Horiz.,
vol. 61, no. 5 pp. 657-663, Sep. 2018, doi:
10.1016/j.bushor.2018.05.009.

“The Difference Between Virtual Reality, Augmented Re-
ality And Mixed Reality.”
https:/ /www.forbes.com/sites/quora/2018/02/02/ the-

difference-between-virtual-reality-augmented-reality-
and-mixed-reality / #77fb9d8b2d07 (accessed Sep.
2020).

K. Mizokami, ““Mixed Reality’ Goggles Will Give U.S.
Army Soldiers Super Vision,” Popular Mechanics, Feb. 13,
2020.

https:/ /www.popularmechanics.com/military /a3089851
4 /mixed-reality-goggles-army/ (accessed Sep. 19, 2020).

I. Sluganovic, M. Serbec, A. Derek, and I. Martinovic,
“HoloPair: Securing Shared Augmented Reality Using
Microsoft HoloLens,” in Proceedings of the 33rd Annual
Computer Security Applications Conference, New York, NY,
USA, Dec. 2017, pp- 250-261, doi:
10.1145/3134600.3134625.

A. K. Noor, “The hololens revolution,” Mech. Eng., vol.
138, no. 10, pp. 30-35, 2016.

B. Aruanno, F. Garzotto, and M. C. Rodriguez, “Ho-
loLens-based Mixed Reality Experiences for Subjects with
Alzheimer’s Disease,” in Proceedings of the 12th Biannual
Conference on Italian SIGCHI Chapter, 2017, pp. 1-9.

[10] G. Martin et al., “Use of the HoloLens2 Mixed Reality
Headset for Protecting Health Care Workers During the
COVID-19 Pandemic: Prospective, Observational Evalua-
tion,” J. Med. Internet Res., vol. 22, no. 8, p. 21486, 2020,
doi: 10.2196/21486.

19,

1334

[11] T. Sielhorst, T. Obst, R. Burgkart, R. Riener, and N.
Navab, “An augmented reality delivery simulator for
medical training,” in International workshop on augmented
environments for medical imaging-MICCAI Satellite Work-
shop, 2004, vol. 141, pp. 11-20.

[12] J. Nafarrete, “This HoloLens Childbirth Simulator Helps
Train Medical Students,” VRScout, Jan. 15, 2018.
https:/ /vrscout.com/news/hololens-childbirth-
simulator-train-medical-students/ (accessed Sep.
2020).

[13] J. Mateu, M. ]. Lasala, and X. Alaman, “VirtualTouch: a
tool for developing mixed reality educational applications
and an example of use for inclusive education,” Int. J.
Hum.-Comput. Interact., vol. 30, no. 10, pp. 815-828, 2014.

[14] A. Asgary, “Holodisaster: Leveraging Microsoft HoloLens
in Disaster and Emergency Management,” IAEM Bull,,
pp. 20-21, 2017.

[15] W. Zhao, W. Matcham, C. Mclennan, S. Koc, R. Chen, and
D. Siegler, “Minimizing Errors in the Nursing Profession
with Technology-Enhanced Education and Training,” in
2019 IEEE SmartWorld, Ubiquitous Intelligence & Compu-
ting, Advanced & Trusted Computing, Scalable Computing &
Communications, Cloud & Big Data Computing, Internet of

19,

People  and  Smart  City  Innovation (Smart-
World/SCALCOM/UIC/ATC/CBDCom/IOP/SCI), 2019, pp.
196-201.

IJSER © 2020

http://www.ijser.org


http://www.ijser.org/



