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Understanding megatrends allows individuals

and organizations to align with and benefit
from the richness of trending technologies.

egatrends are major movements at a global
scale likely to have a significant impact on the
global economy, society, and ecology. Mega-
trends are composed of many correlated, mu-
tually dependent trends. A megatrend is both the sum of
trendsand a guiding force since it influences its component
trends. A megatrend impacts the evolution of these multi-
ple trends, hence the importance of understanding mega-
trends. Trends are hard to predict, and megatrends are hard
torecognize. Evolution is easier to observe at the trend level
because it is more dynamic with more immediate results.
However, the impact of megatrends is broader and larger.

INTRODUCTION

We have been working on predicting technology trends for
over 15 years.1'2345 During the last few years, we decided
to also explore megatrends. Predictions are difficult to
make due to the uncertainty and the complex interplay of
amultitude of factors. Megatrends both impact and depend
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’

on four factors that are the source of
this continuous interplay: economic,
sociopolitical, ecological, and tech-
nological factors. Each factor is asso-
ciated with several megatrends and
many trends.
Technology factors may be the simplest, but technol-
ogy also depends on other factors, especially business,
which is driven by the economy. Sociopolitical factors can
disrupt other factors as they inherently depend on human
and humankind behavior. The ecological factor presents
its own complexities. Consequently, understanding meg-
atrends is nontrivial. Figure 1 presents these relationships
from the perspective of technology (center). Factors are
represented by associated megatrends, all of which influ-
ence each other. Relationships, dependencies, and cor-
relations between these factors can be quite complex.
If we focus on technology megatrends only (see Figure 2),
three distinct megatrends are digital transformation,®
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PREDICTIONS

sustainability,” and artificial general
intelligence (AGI).8 The three meg-
atrends dovetail, from mature (e.g.,
digital transformation) to emerging
(e.g., AGI).

issue identification,’ ranking, voting,
discussion, reranking, and agreement
(which is described in subsequent sec-
tion). The selection of the three meg-
atrends was the outcome. It was not

Megatrends both impact and depend on four

factors that are the source of this continuous

interplay: economic, sociopolitical, ecological,
and technological factors.

IDENTIFYING MEGATRENDS

How did we choose these three mega-
trends, and why not others? We estab-
lished a process within the IEEE Future
Directions Committee that resembles
our annual predictions process. This
process involved Delphi-like rounds of
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Health

Cost of Climate
Change

\/

Technological

trivial to make the final selections. To
better understand the selection, we
created a diagram, listing all the grand
challenges that humanity is facing,
applications of technology, emerging
technologies, and finally megatrends
in the center (see Figure 3).

Emerging
Markets

Emerging
Global Wealth

Economical

Shifting
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Sociopolitical

Demographics
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Regulations

FIGURE 1. Technology versus other megatrends.

Sustainability

Digital Transformation

FIGURE 2. The technology megatrends.
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People who work with modern tech-
nology are usually enamored with itand
believe that it is a megatrend. Examples
we faced were quantum computing, dig-
ital health, and climate change. While
all three are extremely important, they
are not megatrends—quantum comput-
ing is a technology, digital health is the
application of technology, and climate
changeisagrand challenge.

Forthisreason, we established the fol-
lowing criteria to identify megatrends:

» global, worldwide importance
with geopolitical implications

» critical enough to require
regulation

» encompasses multiple technolo-
gies and technology trends

» evolves over years if not decades.

We also identified a loose defini-
tion of what megatrends are not:

» atemporary popular or fashion-
able technology

» coming from a single contribut-
ing community or a society

» ofinterest to alimited region or
agroup.

All three megatrends we listed meet
the above criteria. They are all of global,
worldwide importance with numerous
geopolitical implications. For example,
sustainability is important for many
areas of the world, be it rainforests,
ice melting, or flooding around the
world caused by climate change. AGI
has caused concerns and excitement
equallyin many countries. Even though
staged in their maturity, all three meg-
atrends have been around for many
decades and are likely to continue for
more. They each encompass numerous
technologies and their trends.

Some participantsin the process be-
lieved that ethics and diversity, equity,
and inclusion (DEI) are megatrends.
We felt that, while critically import-
ant, they are not megatrends. Human
rights apply to everyone (rather than
society as a whole) and are listed in
the Universal Declaration of Human

WWW.COMPUTER.ORG/COMPUTER
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PREDICTIONS

Rights. Since these principles should
guide all decisions and activities we
pursue related to any of the factors or
megatrends, we placed human rights,
ethics, DEIL, and humanity as a whole in
the center of Figure 3.

TRACKING AND
QUANTIFYING MEGATRENDS
Most technologies tend to follow the
so-called Gartner hype curve.l® Mega-
trends, however, follow an S curve (see
Figure 4), which follows given that they
typically involve multiple technolo-
gies that aggregate into this one curve.

Over the years, we have developed a
process for grading annual technology
predictions along four dimensions:
the likelihood of success during the
next year, the impact on humanity
they will have once eventually devel-
oped, maturity, and relative market
adoption. For megatrends, we added
a fifth dimension: which megatrend
these technologies belong to. Be-
cause we are still selecting and grad-
ing megatrends and technologies, we
used the 2023 technology predictions
process and marked them with mega-
trends as an outer ring (see Figure 5).

Instead, we track the evolution of technologies that
compose them and then draw conclusions about
the evolution of megatrends.

In addition, megatrends dovetail and
overlap. They do not stop but continue
to evolve over the years. Even if their
momentum slows, they never stop.

Consequently, it is hard to track meg-
atrend evolution. Instead, we track the
evolution of technologies that compose
them and then draw conclusions about
the evolution of megatrends.

Sustainability

Digital
Transformation

2000

2020

FIGURE 4. The megatrend evolution.

The annual technology prediction
team is a coherent team conducting
all activities online in multiple wide-
band Delphi-like phases of selection,
grading, and qualifying. Two teams
conduct the megatrends process. In-per-
son meetings occurred during the
IEEE Board series (three times a year,
lasting two hours). The outcomes are

Artificial General ™a
Intelligence

2040
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provided to the online team, and both
teams proceed with similar phases.
The modified technology prediction
process as applied to megatrends con-
sists of the following phases and steps:

» The selection phase is as follows:

o The Future Directions Com-
mittee (FDC) Industry Advi-
sory Board (IAB) internal team
develops alist of key technolo-
gies (per megatrend) that will
advance over the next year.
This multistage effort starts
with an initial list that is voted
upon, and some technologies
may be merged, changed in
scope, or evolved throughout
the process.

o The FDCIAB external team
reviews and extends the list.

» Inthe grading phase, each of
the technologies is graded (A+
to F-) for
- predicted technology success

in the coming year (2024 in

this case)

(potential for) impact on hu-

manity during its lifetime

predicted maturity in the com-
ingyear (2024 in this case)
predicted relative market

adoptionin 2024
« (oneyear, three years, five

years, 10 years, and 15 years)
for horizon to commercial
adoption.

» Inthe qualifying phase, for
each selected technology, we
prepare a slide: problems/
demand, opportunities, impact,
and sustainable solution/
business opportunity.

» Inthe self-evaluation phase, a
year later, the team conducts a
scorecard (self-evaluation) of
how the predictions succeeded.

We will evaluate whether we can
merge the processes for future an-
nual technology predictions and meg-
atrends into a single coherent one.
Over the years, we have improved
the roster of the teams by expanding

WWW.COMPUTER.ORG/COMPUTER



participation across geographies (e.g.,
adding members from Latin America,
Africa, and Asia), improving gender
representation, and broadening the
scope of expertise of the teams. This
has resulted in much more inclusive
outcomes and stronger predictions.

A frequent question posed to us is,
how accurate are your predictions?
While megatrend predictions are still
in the early stages, and we do not have
sufficient evidence to reflect on our
effectiveness, we have years of experi-
ence in predicting individual technol-
ogies. Approximately one year after
the original predictions, we conduct a
self-evaluation. We are quite rigorous
in self-evaluation, and average grades
range from B/C (2022) to A- (2017). We
were rather successful in some predic-
tions and very unsuccessful in others.
It is interesting that in some cases, for
similar or even the same technologies,
we were successful one year only to fail
in the other. See Figure 6 for the score-
card history from 2016 to 2022.

It is important to point out that in
a few cases, prospective technologies
failed because they were not success-
fully developed. In almost all cases,
it was the timing and interplay of

inform about opportunities for road-
maps and eventually standards (see
Figure 7). Technology trends in-
fluence megatrends, which drive
technology initiatives. In some cases,

The annual technology prediction team is a
coherent team conducting all activities online in
multiple wideband Delphi-like phases of selection,
grading, and qualifying.

economic forces that influenced mar-
ket adoption. The typical examples
include artificial intelligence, which
had its successes in the 1980s, only to
vanish and then have a rebirth with
the introduction of modern computa-
tional accelerators. Another example
is digital currencies, which have had
their ups and downs.

In the context of professional orga-
nizations, such as IEEE, megatrends

initiatives cause the creation of road-
maps. From roadmaps, standards
may evolve.

Each megatrend includes the evo-
lution of its technologies in some
sequence of stages. We presented an ex-
ample of the evolution of digital twins
as applied to digital transformation
in our previous paper.® Figure 8 rep-
resents the evolution of sustainability
megatrend technologies.

5.25 . - -
@ Very Early @ Prototype @Incubating @ Emerging @ Mature @ Broad Adoption
O Artificial General Intelligence O Digital Transformation
é 5 f f
Adaptive [Generative Pharmaceuticals
475 Autonomous Robots and IT for Sustainability B Re(;n\tl)vte He;xllthcare_
Brain-Machine I/F | andYVearables
3D Printing in
2 <}: 4.5 — - . - Personalized Healthcare
c Disinformation Detection/Correction
IS
T 4.25
e ' Autonomous Driving
é & . Avrtificial General Intelligence (AGI) Digital Distributed Manufacturing
— I I "
Global Digitalization of Monetary Huge Graph Open Hardwar
Transactions Neura] Network
| 3.75 / = Augmented Reality |
o0
Trusted Computing Software for Edge2cloud
3.5 |— Sustainable Space - Continuum
Manufacturing Generative Al / Al-Assisted DevOps
Space ICT
& 3.25 |
2.25 2.75 3.25 3.75 4.25 4.75
C/D C B/C B A/B

Success of Technology Development in 2023

FIGURE 5. Five dimensions of technology and megatrends predictions. ICT: information and communication technologies;

I/F: interface.
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IMPACT

Engineers like to measure things to
show impact. Often, impact is estimated
by the number of references to published
work. With the Technology Predictions,
we targeted nontraditional publications,
expressed in terms of press releases and
social media, rather than traditional
publications. Therefore, impact is better
measured by the number of readers (as
measured by downloads). For example,
thetotal potential target audience for the
2023 Technology Predictions press re-
lease was close to 230 million. The report
was also picked up by over 300 media
outlets that further distributed it. This
audience is four orders of magnitude

41st International Conference on
Consumer Electronics, 2023; the
2023 IEEE Consumer Communica-
tions & Networking Conference; and
the IEEE IndustryHUB Silicon Valley
office launch), keynotes Eta Kappa
Nu 2023, and the 2022 IEEE World
Congress on Services (SERVICES
2022)], and presentations (IEEE SER-
VICES 2023, Solid State Lightning
Annex, IEEE Region 2 meeting).

RELATED WORK

Many organizations issue predic-
tions, such as market analysts, for
example, Forrester,! Gartner,12 and
IDC!3; consulting agencies, such as

Our predictions are tied to the mission and purpose
of IEEE, best expressed by its tagline, “Advancing
technology for the benefit of humanity.”

higher than the 46,000 members of the
IEEE computer community to which the
report was also distributed. The report
was downloaded 3,700+ times. On so-
cial media, a campaign conducted by the
IEEE Computer Society achieved 25,000+
impressions and over 650 engagements.

As a result of the audience’s interest
in predictions, in 2019, we started spe-
cialissues of IEEE Computer dedicated to
predictions and have been organizing
them ever since.l-2:34 In the first special
issue, we discussed our approach to pre-
dictions, whichis a subset of this paper.>

Finally, our predictions resulted in
significant interest from various com-
munities, and we organized numerous
related panels (e.g., the 2022 IEEE Global
Communications Conference; the IEEE

Deloitte!®; magazines, such as MIT
Review!?; and the World Economic
Forum (WEF).16

These predictions reflect the pur-
pose of the issuing entity; for exam-
ple, market analysts predict industry
megatrends, consulting companies
cater to their customers, magazines
cater to their readership, and WEF
addresses a global audience. Our
predictions are tied to the mission
and purpose of IEEE, best expressed
by its tagline, “Advancing technol-
ogy for the benefit of humanity.”

SUMMARY AND
FUTURE WORK
In this paper, we have presented
our work on megatrends, which

ATXT NN XN

Tech Trends||»Megatrends ||» Tech Initiatives ||» Roadmaps ||»Standards

\\K\\/A —

r—
7

FIGURE 7. Aworkflow of megatrends and other activities.
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FIGURE 8. The evolution of sustainability technologies. KPI: key performance indicator; STEM: science, technology, engineering, and mathematics.
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evolved from almost fifteen years of
working on technology predictions.
Every year, we improved our approach,
processes, and deliverables. We be-
came more diverse and inclusive, and
we served a broader audience.

In the immediate future, we will be
talking to market analysts to explore
cooperation and mutual benefit. Next,
we will talk to venture capitalists to
include their distinct angle on mega-
trends. We plan to release an annual
megatrend report midyear and annual
technology predictions at the end of
the years to come.

We welcome your opinion and so-
licit your help to review our predic-
tions and make them more useful to
the world.
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