VISUALIZING A VIRTUAL-REALITY FUTURE
Virtual and augmented reality are moving to the mainstream.
We analyze market trends, policy and regulation requirements
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Highlights
• Virtual and Augmented Reality have passed Gartner’s “peak of inflated expectations.” As many in the news

media begin to doubt the usefulness of VR and AR, this is exactly the moment the technology is ready to gain
market traction.

• Beyond entertainment, VR and AR have the potential to improve:
o the way we learn
o the eﬀectiveness of healthcare
o how we travel
o how we buy products

• In order for the technology to become widespread, updates will need to be made to 3G/4G broadband networks
and smartphone hardware

• As VR/AR spread, data regulators will have to address how personal data privacy and intellectual property rights
will be enforced in this new technology frontier

• Collaboration between the private and public sectors is vital to develop the policies and regulations required to
accommodate VR/AR

• While most of the core technology is being developed in the United States, Chinese consumers are adopting
VR/AR at the fastest pace in the world.
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Introduction
For many, elaborate alternate universes in the style of the 90’s movie The Matrix spring to mind when virtual reality
is mentioned. While this type of world is still a long way oﬀ, in just 20 years virtual reality (VR) and its sister
technology, augmented reality (AR), have evolved to the point where they are starting to to have major impacts
on society (as brought home by the Pokémon Go phenomenon). Their potential extends beyond their early use
in games and entertainment to sectors such as tourism, retail, education, and medicine.
In less than a decade from now, it could be commonplace to project images of grocery store items into your
kitchen while you shop online, or consult ‘in person’ with your doctor by sliding on a pair of goggles. But if we
are on the cusp of such monumental changes, why haven’t we all heard more about VR/AR yet?
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Figure 1: Gartner 2016 Hyper Cycle for Emerging Technologies

[1]

The Gartner 2016 Hype Cycle for Emerging
Technologies can give us clues. In Figure 1, we
see that both VR and AR have moved beyond
what Gartner refers to as the ‘peak of inflated
expectations’ and currently find themselves in the
‘trough of disillusionment.’ Companies who have
invested in this technology, known as ‘enablers,’
anxiously wait for demand to grow, but the rate of
failure is high at this delicate stage. Paradoxically,
as many in the news media begin to doubt the
usefulness of VR and AR, this is exactly the
moment when we should expect to see
applications of the technology increase. A small
number of companies who are most successful
in developing the technology will begin to
dominate the market. As we enter new territory
with VR and AR, it will entail updates to
telecommunications infrastructure, laws, and
regulations. This means we need to understand
and project how people will interact with the
technology and what issues may arise.

[1] Walker, Mike J. “Track Three Trends In The 2016 Gartner Hype Cycle For Emerging Technologies,” August 29, 2016. Forbes. https://www.forbes.com/sites/gartnergroup/2016/08/29/track-three-trends-in-the-2016gartner-hype-cycle-for-emerging-technologies/#4d64771c5e6c
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Definitions
In order to better understand the possibilities and limitations of these emerging technologies, it is important to
establish concrete definitions. In news reports on VR and AR, it is common to see puzzling descriptions that either
do not clearly describe their functions, or do not diﬀerentiate between the two. In Figure 2 we compare various
aspects of virtual and augmented reality to more clearly define the technologies.
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Figure 2: Understanding Virtual and Augmented Reality

VIRTUAL REALITY

AUGMENTED REALITY

What is it?

An experience where the real world is replaced by a virtual
world. Users can no longer see their physical setting and
are instead immersed in a computer-generated, threedimensional world.

An experience where the real world is combined with
virtual objects, images or words. Users can still see
their physical setting, but computer-generated images
are projected onto it.

Why would you
use it?

VR is useful in situations where transporting yourself to a
specified place is inconvenient or impossible.

AR is useful in situations where seeing additional
information would improve a real-life experience.

How do you use
it? Device (s).

1. Headset
A virtual world is projected via 360
degree video within this device. As
users move their head, the images
move with them. 2016 marked the
launch of commercial headsets,
with Oculus Rift, HTC Vive, Sony
PlayStation VR, and Samsung Gear
VR dominating the market.

1. Head mounted display
Glasses or goggles with information
overlaid. Google Glass and
Microsoft HoloLens are currently in
the development phase.
2. Smartphones or tablets
Display both computer images and
real objects using the camera.
3. Spatial Display
Computer images are projected
onto the physical environment.[3]

[2] By Loïc Le Meur (Flickr: Loïc Le Meur on Google Glass) [CC BY 2.0 (http://creativecommons.org/licenses/by/2.0)], via Wikimedia Commons
[3] Perdue, Tim. “Applications of Augmented Reality,” April 7, 2017. Lifewire. https://www.lifewire.com/applications-of-augmented-reality-2495561

[2]
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VIRTUAL REALITY
In what sectors
can we expect to
see it?

AUGMENTED REALITY

In some fields we see both VR and AR:
• Video games
• Healthcare
• Education
• Engineering & Design
In other situations where you cannot or do not need to be
physically present, VR makes more sense:
• Virtual tourism
• E-commerce
• Real estate
• Live entertainment
• Business meetings

When you need to manipulate a physical object,
AR makes more sense:
• Museums & Tours
• Interior Design & Construction
• Retail Stores
• Vehicle Navigation
• Mechanical Repairs

Now that we understand what the diﬀerent technologies are, will virtual reality come on to the scene more quickly, or is it augmented reality
that will start seeing more use?
In Figure 2, we see that VR headsets are more advanced commercially than AR hardware is. Although many experts have expected to see
VR come into mainstream use more quickly, in 2016 the biggest success in the industry was Pokémon Go, an AR game that only requires
the use of a smartphone. As of 2017, there is much speculation among industry experts about exactly how and when these technologies will
take oﬀ. But the consensus is they will, as applications become clear to industries able to benefit from them, and proper infrastructure is in
place for widespread use.

“The internet democratized knowledge, VR will democratize experiences.”
(Pete Sena, founder of Digital Surgeons)

| 9

VR/AR Development and Applications
To better envision what the future of VR/AR will look like, we will examine use cases in four sectors: video games,
healthcare, education, and retail.
GAMING
As with many technologies, the video game industry has been the pioneer of virtual and augmented reality.
Beginning in the 1990s with 3-D headsets like the Virtual Boy by Nintendo, later devices such as Microsoft’s Kinect
and Nintendo Wii used motion sensors for players to interact with virtual games. Currently, the VR headset market
is geared towards games and entertainment applications, as this is the first consumer market to interact with the
technology. Goldman Sachs predicts video games will remain the largest market by 2025, but will open the door
for other applications.
HEALTHCARE
VR and AR promise enormous gains in the field of healthcare, in both training and service provision. VR can allow
medical students to practice surgery in a highly realistic environment in which they can aﬀord to make mistakes.
Similarly, in real-life situations, VR enables doctors to better plan a surgery using 3D images of the actual organ
they are going to operate on. This reduces risk and allows for more precise preparation in dire circumstances.
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An illustrative example of this took place in June 2016, when a cardiologist in Miami used VR to save the life of a
baby who was born with only one lung and half a heart.[4] The physician downloaded images of the infant’s heart
onto his iPhone and used Google Cardboard, an inexpensive but eﬀective VR headset, to explore the inside of the
heart from all angles—something not possible on a computer screen or with a 3D printout. This technology was
key to his planning and inventing new surgery techniques. As cases like this become better known, we can expect
to see greater investment in VR/AR for healthcare purposes.
In June of 2016, a cardiologist in Miami used VR to save the life of a baby who was born with only one lung
and half a heart. The physician downloaded images of the infant’s heart onto his iPhone and used Google
Cardboard to explore the inside of the heart from all angles.
EDUCATION
VR and AR have the potential to revolutionize educational experiences akin to the way the Internet changed the
process of accessing knowledge. Research in child development and education has proven children learn and
retain knowledge better from concrete, first-hand experiences than more passive forms of learning, such as
listening to lectures. With VR, students will be able to virtually build models or machines, or ‘travel’ to distant lands
and interact with students from diﬀerent cultures.
[4] Cohen, Elizabeth. “Google Cardboard Saves Baby’s Life,” January 7, 2016. CNN.com. http://www.cnn.com/2016/01/07/health/google-cardboard-baby-saved/

zSpace, an ‘edtech’ startup in Silicon Valley, is already providing such experiences for students. With zSpace 200,
students use AR to dissect holograms of animals using special glasses and a stylus.[5] While devices such as this
are currently too expensive for widespread use in public schools, economies of scale will kick in. As the
technology matures and its penetration expands, prices will go down, as was the case with the smartphone
industry.[6]
RETAIL
While e-commerce is booming, there remains an annoying downside to shopping online—opening a box to find
what you were delivered is not what you expected. While more and more consumers turn to online retailers like
Amazon for convenience, many still prefer to shop in-store because they want to see and touch the item or try on
clothes.[7] VR has the potential to change the online shopping experience by allowing people to interact virtually
with the item they are viewing as if they were there in person. In stores, AR can also be used with smartphones to
scan a product and display reviews and information about it. It can also allow you to project how a new piece of
furniture will fit into your home. Both technologies stand to improve the experience for the shopper and increase
sales.

[5] zSpace.com https://zspace.com/videos/how-to...zspace-200
[6] Sena, Pete. “What the coming educational VR revolution teaches us about the tech’s future,” December 16, 2016. TechCrunch. https://techcrunch.com/2016/12/16/what-the-coming-educational-vr-revolutionteaches-us-about-the-techs-future/
[7] BI Intelligence. “More retailers are adopting AR and VR technology,” June 22, 2016. Business Insider. http://www.businessinsider.com/more-retailers-are-adopting-ar-and-vr-technology-2016-6
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Markets, Policies and Regulations
In order for virtual and augmented reality to have the type of impact Goldman Sachs (see Figure 3) is projecting,
investing in technology development is not enough. Governments will need to work with industry leaders to design
policies to facilitate the widespread use of AR/VR, as well as craft regulations to protect users to prevent having
rights infringed upon. In this section we assess initial market trends and discuss several areas that will be new
policy and regulatory territory for VR/AR.
China is outpacing the United States in investments in VR, even though much of the innovation is still
coming from American firms. While initial VR use in the U.S. has been limited to those willing to invest in a
headset, in China VR Internet cafes and “experience zones” have allowed more consumers to access and
rent the technology.
MARKETS
Markets are beginning to move both to develop the technologies and to have consumers adopt them. At the
moment, China is outpacing the United States in investments in VR, even though much of the innovation is still
coming from American firms. In 2016, there was an estimated two thousand VR and AR companies worldwide,
with a projected market potential of $150 billion by 2020, with the U.S. leading.[8]
[8] Hamblen, Matt. “Virtual reality needs US gov’t backing,” August 2, 2016. Computer World http://www.computerworld.com/article/3103564/virtual-reality/virtual-reality-needs-us-govt-backing.html
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But while initial VR use in the U.S. has been limited to those willing to invest in a headset, in China VR Internet
cafes and ‘experience zones’ have allowed more consumers to access and rent the technology—in essence
providing beta tests.[9] Due to the popularity of these experience zones, a greater number of companies is
investing in VR in China than anywhere else.
In 2016, Goldman Sachs released a report with its hardware (devices) and software (applications) projections
for the industry. The report examined potential in video games, healthcare, engineering, live events, video
entertainment, real estate, retail, military, and education. It found a combined market opportunity of $65 bn by
2025. Figure 3 breaks down the sectors standing to be impacted the most, both in terms of potential revenue
and number of users.

[9] Hanson, Lisa. “China’s Year of Virtual Reality,” December 23, 2016. Forbes. https://www.forbes.com/sites/lisachanson/2016/12/23/chinas-year-of-virtual-reality/#3c3c002858b0

| 14

Figure 3: VR/AR Revenue Opportunity 2025
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POLICY VS. REGULATION
To better understand how this technology will need to be managed, it is important to distinguish between policy
and regulation. Policy refers to a government’s plan of action regarding some societal issue needing to be
resolved. In order for legislatures or executive agencies to draft laws or ordinances on any given issue, there
need to be suﬃcient incentives to act, usually in the form of aggregated crises or opportunities illuminating the
magnitude of the issue at hand.[10] As AR and VR are still in the development phase, there are unfortunately very
few policy incentives at the moment, except for upgrading of telecommunications technologies to 5G.
Regulations, on the other hand, refer to the explicit rules with which industries must comply in order to achieve
the plans laid out in policies. In general, regulations restrict free market behavior in order to ensure equity,
sustainability or eﬃciency. Governments typically delegate regulation to agencies staﬀed by bureaucrats who
have suﬃcient knowledge about the industry and its issues, such as the Federal Communication Commission
(FCC) and the Federal Trade Commission (FTC) in the United States.
In order to have concrete policies and regulations in the VR/AR industry, first governments need to be convinced
the technologies need constructive public action to flourish. More importantly, policy makers need to believe it is
worthwhile to support them—and understand the possible negative consequences of an unregulated industry.
The process for communicating the need for policy addressing VR/AR should be threefold.
[10] On the diﬀerences between policy and regulation of IoT, see Tavares, Ricardo, “Policy and Regulatory Implications of the Booming Internet of Things,” TechPolis Research Note No. 4, November 2014, p. 7-9,
http://techpolis.com/wp-content/uploads/2014/11/Techpolis_IoT-ResearchNote.pdf
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Firstly, clearly explain the benefits of VR/AR for society, particularly in the military, medical, and education sectors.
Secondly, outline the infrastructural updates necessary for implementation and, thirdly, identify the potential side
eﬀects of an unfettered industry.
The deployment of 5G advanced wireless networks is a major policy area gaining traction globally which is key for
VR/AR development. In the regulatory area, the personal-data privacy of individuals and the intellectual-property
rights of companies emerge as the two most important issues in the initial phase of VR/AR adoption.
TELECOMMUNICATIONS INFRASTRUCTURE
Before VR and AR interfaces can become common household appliances, countries will need to update networks
and devices with which VR/AR need to communicate. For starters, existing wireless 3G/4G broadband networks
do not have the bandwidth capacity to run data-intensive, low-latency VR/AR applications. In order to expand to
5G, new spectrum will be required for mobile operators to deploy the next-generation technologies essential for
the data speeds and bandwidth to provide a satisfactory VR/AR experience. To expand coverage, this new
infrastructure will require access to perhaps millions of small cells. Access to buildings and public spaces to
deploy small cells will be essential.
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For this to happen, both government backing and private investment will be necessary.[11] Fortunately, the
evolution of wireless networks to 5G has gained enormous government support worldwide. Governments from
the United States to the United Kingdom to China to Brazil have developed policy frameworks to incentivize the
deployment of this new technology. Those policies have so far included the facilitation of mobile operators’ access
to new bandwidth in high-band, millimeter-wave spectrum (such as 28 GHz in the US, Japan, and South Korea),
as well as R&D funding in the European Union and the UK. While the rationale for those initiatives and investments
extends well beyond VR/AR, it is clear these technologies are part of the drive for public policy to incentivize 5G
deployment.
In addition to 5G implementation, our current phones, tablets and computers will need to be updated with more
sophisticated hardware and software robust enough to handle the new applications. Thus, it is important to think
about investment in both VR/AR infrastructure and the devices which will make it possible to use the new
technologies on a regular basis.

[11] Collier, Chelsea. “5G key to unlocking digital future including virtual reality,” August 3, 2016. The Hill. http://thehill.com/blogs/congress-blog/technology/290184-5g-key-to-unlocking-digital-future-includingvirtual-reality
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PERSONAL DATA PRIVACY & INTELLECTUAL PROPERTY RIGHTS
Similar to the Internet of Things, the rollout of VR/AR will necessitate updates and considerations of the personal
data privacy rights of individuals and intellectual property rights of individuals and companies. In the first case,
since augmented reality encodes information about real-world objects, this massive data collection could violate
privacy rights as they are currently understood. These problems are already evident with the proliferation of big
data, and will only increase with VR and AR. In addition to companies being able to track personal information
about people, a person wearing Google Glass could record the actions of another person without her or him being
aware. Thus, while it is true that the internet has democratized knowledge, it has also provided a platform for
people to more easily bully, stalk, and steal other people’s data and identities. VR and AR have the potential to
exacerbate these issues, and policy makers will need to address this upfront.
The information-tracking capabilities of VR/AR could have similar eﬀects on issues of copyright protection.
As users are more and more able to produce their own media using VR and AR, it is likely traditional ideas of fair
use and methods of attributing rights will be neither suﬃcient nor easy to enforce. In the U.S. mobile apps and
platforms are now considered intermediaries by the Digital Millennium Copyright Act (DMCA) and are thus not
liable for copyright violations of their users. Whether this will be extended to VR and AR devices is an issue for
federal agencies to deliberate on.[12]

[12] Hobson, Anne. “Reality Check: The Regulatory Landscape for Virtual and Augmented Reality,” September 2016. R Street Policy Study No. 69.
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Conclusion
Developers of virtual and augmented reality find themselves at a monumental crossroads. Just as some are losing
faith in the potential of these technologies, history shows us that things are about to take oﬀ. VR and AR could
make our daily lives easier, open doors to new experiences, and connect us more with the people we care about.
They could also cause us to lead more public lives, in ways that can be harmful. In order to plan and prepare for
this future, decision makers in the private and public sectors need to come together and construct policy and
regulatory frameworks that will enable us to move forward.
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About TechPolis
TechPolis provides international consulting services to leading players in the technology sector. We help them
navigate ever-evolving policy, regulatory and strategy challenges. This includes guiding government relations,
producing research-based thought leadership, forecasting regulatory impact of new technologies, building solid
industry alliances, and designing advocacy campaigns. We combine a deep understanding of political and
governmental structures with detailed, ongoing monitoring of market developments and state-of-the-art knowledge
of technology innovation.
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