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As discussed in previous sections, the markets for VR education and VR training are very different, with a different

client base, different funding and different business models. So despite many similarities in terms of technology, the

typical pattern is that companies act as providers of either VR education or VR training, but typically not both.

>

6.1
Education

» 6.1.1.VRSCHOOL

Focusing on K-12 and vocational education, VRSCHOOL provides a complete VR teaching solution to schools
and further education establishments in China. A “VRmaker classroom” of PCs and VR headsets can be

deployed in schools.

As well as the hardware, the company provides a range of education software, allowing teachers to begin
using VR immediately. The software includes a VR content production engine and class management system.
The engine can help students to develop their own VR contents. The production process could improve
student’s creative thinking, understanding on art and logics, as well as teamwork spirit. The class
management system enables teachers to manage and control the learning experience and student’s
behaviour. VRSCHOOL also provides value added services, such as class development and teacher training.
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\ VR Education & Training Provider Profiles

Traction: Currently, the hardware generates around one third of total revenue, and software and content
contributes the remainder. The company has achieved positive cash flow in 2017, and expects the overall

market to double in the coming year.

» 6.1.2.FLYVR

FLY VR provides a total solution including hardware, software and content for K-12 school market. FLY VR
also provides additional services such as content subscription. FLY VR’s hardware products include the VR
headset, AR smart desk and 3D light immersion solution. FLY VR’s software includes the content, class
management and device management. The solution facilitates one to many teaching, but also one to one.
Control and teaching tools allow for classroom management by teacher. The content has a focus on science
and vocational education, also other aspects of school life such as fire and earthquake drill practice.

FLY VR develops education contents by themselves and also partners with some content producers. The
company has built many partnerships for hardware (HTC, Dell, Oculus), software (Unreal, Unity), as well as
strategic education partners such as schools, universities, and government and provincial education

agencies.
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Traction: FLY VR’s revenue was up to RMB 70 million in 2017. The company has around 140 K-12 customers,
including around 40 “pilot schools” and around 100 paid customers. FLY VR has also done hundreds of VR

education projects for vocational schools or colleges.

» 6.1.3.NetDragon

Better known as a games developer, NetDragon Websoft Holdings Limited has used its expertise in creating
3D environments to move seamlessly into the education sector. 2016 was the first year the company’s

revenues from education overtook revenues from what was previously its core gaming business.
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NetDragon’s focus in VR education is mainly on the VR professional education and developer training, while
they are also using VR to improve regular (K-12) classes. NetDragon is collaborating with China’s Ministry of
Education (MOE) for the Vocational Student VR Skill Competition, and more than 300 vocational schools are
involved. NetDragon is working with MOE to establish VR labs in colleges for teacher’s training and support
VR start-ups by students. MOE has provided RMB 260 million funding for the VR labs, with a target to
establish 200 labs in Chinese colleges. NetDragon founded a VR Education Alliance for the continuing
education schools. The schools in the alliance can share VR education content to accelerate the adoption of

VR education.

NetDragon also develops some VR education content, particularly for vocational schools, such as the VR
classes for high speed train maintenance, and human anatomy. In the K-12 market, NetDragon is
collaborating with local government to develop VR classes, mainly for science education. An example is the
VR assisted biology class in all middle schools of Shanghai. However, only 10% of NetDragon’s education

revenues were from this market.

Traction: NetDragon’s overall education business (including VR but also other education technologies)
recorded revenue of RMB 2,105M for the year 2017, up 37.9% year-over-year. In China, revenue increased at

an even faster rate, by 82.2% year-over-year to RMB 329.5 M.

p 6.1.4.1dealens

Initially Idealens’ business focused on VR headsets. But in VR education market, the margin of hardware
business is too low, and software is an important component. So the company developed its software, and its
system integration and solution business. This allowed them to achieve fast growth. Currently they focus on
K-12 schools because the number of K-12 schools is large, and the content for K-12 market is almost

standardized.
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Idealens has set up a VR teachers alliance to share the experience and lessons about VR education. Idealens
also provides a VR content editor to teachers to encourage teachers to create their own “UGC” content and

learning materials.

Traction:In 2017, the solution business achieved around RMB 20 million revenues, accounting for about 40%
of total company revenue.

» 6.1.5.Google Expeditions

Google Expeditions is a VR platform focussed on allowing students to take “virtual field trips”. Expeditions
allows a teacher acting as a guide to lead classroom-sized groups of explorers through collections of 360°

and 3D images while pointing out interesting sights along the way.
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The video and images, along with additional educational data points for specific locations in the
environment, are produced by Google and partners. Partners for content creation include American Museum
of Natural History, Chateau de Versailles, National Geographic, National Museum of Korea, and the WWF.

Expeditions runs on smartphone-based VR headsets such as the Google cardboard. This is potentially a very
low cost solution for hardware - as long as students can provide their own smartphones. Distribution of
“Expeditions Kits” is handled by local partners, such as Best Buy in the US and Redbox in the UK. These kits
include not only the viewers, but also smartphones, a tablet for the “guide” (i.e. the teacher), a router and a
case which can charge the devices simultaneously.
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P 6.1.6.VR Education Holdings

VR Education Holdings is a VR software and technology group based in Waterford, Ireland, dedicated to
transforming the delivery methods of education and corporate training by utilising VR technologies to deliver

fully immersive virtual learning experiences.

The Group’s core focus is the development and commercialisation of its online virtual social learning and
presentation platform, ENGAGE, which provides a platform for creating, sharing and delivering proprietary
and third-party VR content for educational and corporate training purposes. It allows multiple users to have
avirtual presence using avatars in multi-user VR environments. In essence, ENGAGE is a multiplayer VR
“game” but with the addition of features aimed at teaching, such as an interactive whiteboard, presentation
capabilities, and file sharing.
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The ENGAGE platform has been designed to overcome certain limitations of currently available online
courses, known as MOOCs, and traditional learning methods by allowing for virtual face-to-face education

and training in a variety of environments regardless of the geographical location of the user.

ENGAGE is currently in “alpha” stage of development, but has already been used by the University of Oxford
to help train medical professionals. VR Education Holdings also has some education apps already in the
market. They include the Apollo 11 and Titanic VR exploration apps aimed at the education market, and a

medical training app developed in conjunction with the Royal College of Surgeons in Ireland.

Traction:the company achieved just under €0.5M revenues in 2016, and is on course to grow revenues by
25% in 2017.The Apollo 11 app has been downloaded over 80,000 times.
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6.2
Training

» 6.2.1.STRIVR

STRIVR was created by an expert in virtual reality and a football coach together at Stanford University. It has
since broadened its customer base beyond football to other sports, and into other industry verticals as well.
STRIVR’s product for enterprises has three components. The “Creator” allows organisations to set up virtual
training environments and construct training programs. The “Classroom” is the app that employees actually
use for training, and finally the “Analyser” allows trainers to measure the performance of the students and

produce reports.
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Traction: Since 2015, STRIVR has grown its client base to 50 businesses across multiple verticals including
sports (including various NFL and college football teams, and MLB), retail (Walmart, Lowe’s), and finance
(VISA, Fidelity Investments).

p 6.2.2.Innoactive

Initially creating VR collaboration tools for enterprises, Germany’s Innoactive has also begun developing VR
training programs. In order to productise its VR training, the company can provide clients with the tools to
build their own training programs with its own editor, and for more advanced use cases, an SDK for popular
third party VR development toolkit Unity.
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Traction: A major client is Volkswagen Group, which will bring VR training to 10,000 employees of Audi, SEAT,
SKODA and Volkswagen brands. Over 30 VR training experiences cover a broad range of skills from vehicle
assembly to customer service.
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VR Education App Distribution

Since VR training apps tend to be bespoke pieces of software for specific companies, public distribution is rare.
However, there are some types of training that can be standardised across multiple companies. An example is
Diversifly’s diversity training, and the app is distributed via consumer-facing app stores. However, examples like this
are rare for VR training. For VR education, as well as working with education institutions directly, some providers also

use consumer-facing app stores for distribution.

7.1
D Education App Availability

The selection of VR apps currently available to end users through dedicated VR app stores sheds light on how
the VR education market is developing. Strategy Analytics has collected data from the top international
dedicated VR app stores, including the stores for Samsung Gear VR and Oculus Rift, and the VR apps
available via Steam. These stores have a dedicated Education category, allowing us to track the development

of this market over time.
Education is consistently the second largest app category (after games). The availability of VR education

apps has grown at a very fast rate - from only 59 apps to a remarkable 172 apps, which represents a 292%

increase in one year.

VR Education App Availability
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This growth in app availability demonstrates the strength of the VR education market. Although the total
number of apps may seem relatively low, it is worth bearing in mind that not all VR education providers use
public-facing app stores for distribution. Each single app also typically provides multiple courses and topics,

so the count of apps significantly underestimates the broad range of educational content available.

7.2
D Education App Pricing and Business Models

Pricing data from the app stores also helps to demonstrate how education apps’ business model has slowly
changed over time. Free apps are consistently the largest proportion, and the % of free education apps has

been increasing over time, growing from 66% to 76%.

Education Apps Pricing
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Why so many free apps? Isn’t anyone making any money? Actually, the opposite is true, and “free” has
become an important business model for apps across all categories.“Free” does not always mean

“completely free”. Free distribution can be monetized though different business models:

» For some companies, free apps are an important part of marketing activities. Media companies create free
apps to support their content brands. For example, broadcasters who are creating educational
programming might also create free education apps for marketing those brands. Some of the free VR
education apps are from the BBC, Discovery and other broadcasters. This type of activity is helping the

overall VR education market to grow by allowing educators to try out VR apps and see the benefits.

Apps can be free to download but subsequently generate revenue through either in-app purchases or the

delivery of advertising within those apps. Including advertising is likely to be seen as a negative by

educators. However, in-app purchases are common for education apps aimed at students (rather than
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schools or other educational establishments), typically allowing students to download additional course
material. A language app might have some basic content for free (learning to say hello,or counting to 10)

but require in-app purchases to download extra modules to continue learning.

Apps may be free to download but require the user to have a paid subscription to fully access the content.
This is the major business model being used today by VR education apps. Some of the case studies,
including VR Education Holdings,are using this business model. In effect, they are using app store
infrastructure as a cloud distribution channel. This helps them build their business by increasing the
distribution channels available and means that these companies do not have to invest as much in their
own cloud infrastructure. For the providers of the app stores, hosting free apps is a tiny incremental cost.
Anything which increases the number of apps available to their consumers is important for their marketing
and helps “lock in” customers to their ecosystem. So this is a “win win” scenario for VR education app

providers and VR app stores.
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Bottlenecks and Challenges

As discussed in the Ecosystem sections, proving the value of VR in the enterprise sector is a particular challenge for
training. Funding is the main challenges facing VR education companies today. But what other issues are there?

Although VR education and VR training are different markets, they share together the other issues they face.

8.1
D Content

“The content is limited. There are no

Developing content in VR is not a trivial undertaking. As a

. result, much of the content provided today is
'systematic VR textbooks' yet, and so the ) o ) L
L . professionally generated. This is expensive, driving up
existing VR lessons are nothing more . .
. costs. It typically also means that the lessons in VR are
than test pieces.” . ) L
not being created by the teachers who will be guiding

. pupils through the lesson, which can lead to subsequent
Professor Huang Ronghuai, Smart
. . problems.
Learning Institute at Beijing Normal

Universit
y The content created may also be difficult to standardise.

As noted earlier, each country has its own curriculum, so content developed for China may not be useful
when addressing the education market in the USA. This can make it difficult for companies to operate
outside their home market.

Standardisation of content can exist within one country, but typically only for K-12 content. The school
curriculum for that age group is usually standardised at a national level. However, for higher education, and
for vocational courses, the curriculum is rarely standardised. Content creators may have to produce specific
VR education content for each customer. This drives up costs, and may price VR education solutions out of

the budget of many schools and colleges.

Creating the content is more challenging for higher and vocational education, where there is much less
standardisation of curriculum materials than for K-12 education. Here, providers for both VR education and
training face similar challenges around creating customised content for each customer. As shown in the
provider profiles, enterprise VR training providers are aiming to overcome this by creating development
toolkits for their customers to use.

In addition to generating content, another challenge is protecting it. One way of protecting copyright,
particularly for the education sector, is to take a cloud delivery approach. It is easier to secure a server than

potentially hundreds of individual devices.
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8.2
Hardware

p 8.2.1.Cost

One of the issues today is the cost of VR hardware, particularly in the education sector. With limited budgets
and sources of funding, schools cannot all afford to install VR classrooms. Most education apps are also
aimed at “high end” VR headsets such as the HTC Vive. While there are some education apps targeting lower

cost hardware, most notably Google Expeditions, the limited technology also puts restrictions on the learning

experience and therefore the benefits provided. Expeditions only allows for very simple interactions —

moving around a 360 environment and receiving some additional data on specific points of interest.

p 8.2.2.End-User Pain Points

Strategy Analytics has compiled consumer feedback
from owners of a range of VR headsets. What are the key

“pain points” for end users — the students themselves?

* Nausea is acommon complain across all devices, and
is a typical consumer pain point about VR in general.
We also find a correlation between the type of content
and the level of nausea. Content where the user

“The quality and experience of VR
hardware is a bottleneck. Particularly in
K12 schools, parents and teachers
usually have concerns about the impact

of VR headset on student’s vision.”

Yang Wei, CEO, VRSCHOOL

remains in a static position (such as video) led to fewer complains, compared to apps which involve a high

degree of motion (such as driving games).

For smartphone-based VR, the most common complaint was heat. VR content typically uses the maximum

capabilities of the smartphone, generating a lot of heat and draining the battery.

» For more advanced headsets, the most common complaint was the difficulty of setup. In order to provide a

high quality experience with rich user input mechanisms, devices use “outside in” sensors which must be

placed around the room by the user and calibrated before use. This may cause issues when setting up a

classroom for a VR lesson.

* The cable was an issue for users of PC-tethered VR headsets. Cables can become a trip hazard as users

move around. Also, several users noted that the cable felt heavy, particularly after prolonged use. This may

limit the length of lessons in VR.
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8.3
Network

In education, class sizes can vary significantly. In K-12 equivalent education in China, class sizes of 45 or
more are not uncommon. In the enterprise sector again there is wide variety, but the numbers of user being
trained simultaneously can reach even greater figures. 45 or more simultaneous connections streaming VR

content generate very high pressure on the network.

8.4
Who Trains the Trainers?

Much of the focus on VR education has been on the benefits to the pupils. However, schools must also
provide training for teachers. Typically an older demographic than their pupils, not all teachers will be

familiar with VR technology, and training will add to both the cost and time required for successful VR

deployments in both education and enterprise.
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Opportunities for Operators

9.1
D Market Growth

VR education and training are markets experiencing growth, and service providers should seriously consider

how they can take a role in growing and supporting market development.

Despite being a relatively early stage market, VR education is already showing promising signs of market

growth. Key signs include:

« The increasing investments governments are making in ICT in education, and particularly the Chinese
government, as detailed in section 4.

» The traction shown by the various case studies.

- VRSCHOOL achieved positive cash flow in 2017, and expects the overall market to double in

the coming year.

- FLY VR’s revenue was up to RMB 70 million in 2017.

- NetDragon’s education revenues have overtaken what was its core gaming business. Revenue
grew 37.9% year-over-year to RMB 2,105M for the year 2017.

- ldealens VR education solution business achieved around RMB 20 million revenues,
accounting for about 40% of total company revenue, up from zero two years ago.

- VR Education Holdings achieved just under €0.5M revenues in 2016, and is on course to grow
revenues by 25% in 2017.

« The increased availability of VR education apps, from only 59 apps at the end of 2016 to 172 apps at the

end of 2017,a 292% increase in one year.

Increased funding from governments and other institutions in both China and abroad will continue to grow
this market in the coming few years.

Market growth in the enterprise sector is harder to quantify, but the rapid growth in the client base of the

companies in this sector demonstrates that it is a market also on a significant upwards trajectory.
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9.2
Overcoming Bottlenecks

Operators and service providers can play a role overcoming some of the bottlenecks and challenges facing

the market today.

As discussed earlier, cheaper but limited hardware such as Google Cardboard limits the value of the
education delivered via VR. Operators already play a role in distributing other categories of devices to

enterprise consumers. Operators can therefore also play a role through hardware distribution.

Furthermore, operators can leverage network assets to reduce the cost of VR to end users. This can be done
by distributing “thin client” hardware in combination with cloud technology, although the appropriate

network features need to be in place to support content delivery to such devices.

Cloud VR delivery can decrease equipment costs and help drive the market. If the computational power is
shifted from the device and into the cloud, the VR headset can be little more than a screen and a network
connectivity module (a “thin client”). Educational institutions need not already have (or need to purchase) a

high-end PC in order to deploy VR education content.

A particular challenge with “tethered” VR headsets (i.e. those attached to a PC or console) is the lack of both
mobility and portability. The cable also causes comfort issues and adds extra weight, which can limit time
spent using the device. Using a network to transmit data over the “last Tm” from a device to the headset can
therefore improve the user experience. Service providers can improve this aspect of VR delivery. This could
be through the use of mobile networks, especially 5G. For fixed line operators, this can also be achieved by
providing schools and enterprises with routers featuring later generation Wi-Fi capable of fast data transfer

speeds required for VR apps.

9.3
Telecom Operator’s Role in the VR Education Ecosystem

The growth of global connectivity market has been flat. Strategy Analytics forecasts the global wireless
service revenue will grow 1.1% in 2018 as revenue per subscription falls by 2.2%. By 2023, the CAGR of
global wireless service revenue will be just 0.6%. In residential broadband market, the CAGR of global
service revenue from 2017 to 2023 will be only 2.4%. Therefore, telecom operators have to seek new growth
sources to keep their businesses sustainable. VR education — with good growth potential — is a valuable

vertical sector for operators.

On the other side, VR players are facing some challenges, as discussed in above section. Telecom operators
can leverage their resources to help VR industry to overcome these bottlenecks and accelerate the VR
adoption. So telecom operators and VR players can build “win-win” collaboration in VR education market to

benefit both parties.
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Network operators could potentially open up some of the network to trusted VR training and education
providers. Since VR education and training is typically a “one to many” interaction, there may be many
students taking part in lessons simultaneously, placing high demands on the network. This could not just be
in a classroom or training facility, but also delivering VR to multiple locations at once to provide remote
learning, or remote training. This particular market segment for education in particular is likely to grow
through MOOCs, which are being promoted by governments in China and abroad to improve access to
learning for remote communities. Guaranteed Quality of Service on the network may be important and gives
service providers a USP if they wish to address this market.

There are other elements of cloud computing which operators can put in place to facilitate VR education,
such as providing content editing or storage capacity, and CDNs closer to the edge of the network can lower
latencies. CDNs also play a role in content creation so operators can place themselves in a good position not

only for enhancing distribution but also providing services to content creators.

Finally, many service providers and mobile operators have, by necessity, become experts in mobility device
management and running secure cloud infrastructure. This can allow operators to take a role in ensuring

copyright protection and secure delivery of proprietary training materials.

9.4
How can Operators Participate in VR Education Market

« The market is growing and will continue to grow as governments and other institutions invest further in

education ICT. Operators should seriously consider what role they can take in this ecosystem.
» Operators can play a role in device distribution, as they already do for mobile phones and other hardware.

« By using network infrastructure and other assets, operators can participate in and grow the market by:

- Taking a role in providing network connectivity to schools and other education institutions. This
network capacity can be through improved fixed line infrastructure and WAN (notably 5G)
deployments to improve the overall bandwidth available, vital for data-heavy VR applications.
At a more local level, deploying next generation Wi-Fi infrastructure into buildings can facilitate
the one-to-many simultaneous connections required for teaching entire classes of students in
VR.

- Reducing hardware costs for all players in the ecosystem, further driving growth, by introducing
“thin client” devices, enabled by shifting processing power to the cloud.

- Building a content service platform that can help content producers to reach more consumers.
Users can easily access copyrighted and high-quality Apps, and pay for it, which in turn will

promote VR education content development.

- Investing in cloud computing and CDNs at the network edge to ensure efficient content

delivery. 4
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