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Tony Seba examines the cost curves 
of several related energy technologies 
and concludes conditions are ripe for 
major economic disruptions in the 
next 5–15 years.7 For instance, the cost 
of a kilowatt-hour (kWh) of electricity 
from solar panels has been exponen-
tially declining for a long time: within 
a few years, electricity from solar pan-
els will be cheaper than from the grid. 
The cost advantage is amplified by the 

W
E LIVE IN  a time of accel-
erating changes. Our 
traditional methods 
of careful prediction, 
planning, and manag-

ing our work according to established 
schedules cannot keep up with the 
pace. More disruptions and even eco-
nomic avalanches are on the way. How 
do we navigate in such conditions?

The idea that navigation is a good 
skill for this world is quite appealing. 
Ship’s captains of old made their way 
to distant, unknown shores, moving 
across open waters beset with storms 
and unpredictable winds, respond-
ing to emergencies, and coping with 
diseases. They used instruments such 
as astrolabes and sextants to deter-
mine their positions and correct their 
courses. What skills do we need as 
navigators to maneuver in our profes-
sional world of unforeseen obstacles 
and unpredictable disruptions? What 
are our sextants?

Several authors have recently given 
us pictures of the world we must navi-
gate. Thomas Friedman sees three big 
shaping forces: accelerating informa-
tion technology (Moore’s Law), global 
markets (trade facilitated by massive 
interconnectivity), and climate change 
(pollution, rising temperatures, more 
extreme storms, and so forth).2 These 
forces seem to have come out of no-
where in the past few years. The sud-
den changes are the effects of exponen-
tially growing technologies.3

Kevin Kelly cites 12 deep forces be-
hind technological change.5 Even if 
particular technologies facilitating 
them become obsolete, the forces will 
continue. For example, sharing is a 
persistent urge of people to share what 
they know. As the connectivity of net-
works grows, there are more people to 
share with. It is inevitable that future 
information technologies will be even 
better at promoting sharing.
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years, the time until adoption by 90% 
of the population has progressively 
shrunk. For example, radio (starting 
1925) took 50 years to reach 90% adop-
tion and World Wide Web (starting 
1994) 20 years. 

Technology Jumping
When a technology passes its inflec-
tion point, many businesses respond 
by jumping to another technology that 
is still in its initial growth stage. The 
result is that the adoption rate con-
tinues to be exponential, even though 
the details of the technology change. 
Moore’s Law, for example, would not 
work without technology jumping. 
Ray Kurzweil argued that the doubling 
pattern of information technologies 
started in the 1920s, passed through 
four generations—electro-mechani-
cal, relay, vacuum-tube, transistor, in-
tegrated circuits—and brought us to 
the fifth IT generation, silicon chips.6 
Kurzweil predicts the IT industry will 
make new technology jumps in the 
near future. There are many candi-
dates such as quantum computers, 
GPUs, and neural circuits. Seba notes 
a similar process with solar panels 
and batteries.

How can we tell when a technology 
has reached an inflection point and it 
is time to seriously consider a jump? 
Andy Grove’s “10x criterion” for an 
emerging technology is a useful rule of 
thumb. He prepared for an inflection 
point by starting research projects in 
the emerging technology so that Intel 
would be ready when the new tech-
nology got on to its own exponential 
growth path.

Tony Seba used a similar approach 
formulated around cost functions of 
technologies. Adoptions increase ex-
ponentially as cost per unit decreases 
exponentially. For Seba, a jump point 
occurs when the cost curve of a new 
technology drops below the cost curve 
of the existing technology. A technol-
ogy disruption becomes possible after 
the jump point because people have 
an economic incentive to choose the 
cheaper technology.

A more sophisticated approach uses 
an S-curve model, such as Bass model, 
fitted to the available adoption data. 
Once the model is fit to the data, it can 
predict the inflection point and satura-
tion limit.

exponentially decaying cost of batter-
ies, which enable storage of excess so-
lar electricity for later use during the 
night or daytime peak hours. Mean-
while, the cost of producing an electric 
car has been dropping, facilitated by 
improving battery technology and by 
significantly fewer moving parts than 
cars with internal combustion engines. 
Seba believes the switch to solar panels 
and electric cars will precipitate a mas-
sive shift away from oil.

In 1992, Andy Grove, Chairman of 
Intel Corporation, wrote about tech-
nology inflection points.4 These are 
moments when a new technology 
emerges that is at least 10x (10 times) 
better than the current technology at 
doing its job. Grove thought those in-
flection points signaled impending 
economic avalanches. His response 
was to start research projects that 
would enable Intel to become good at 
the new technology and be competitive 
when the new markets arrived.

The common feature of the world 
described by these authors is exponen-
tial change, simultaneously in multiple 
technologies. For specific technologies, 
we can find useful trend lines, such as 
the periodic doubling of transistors on a 
chip or halving of solar panel costs. But 
these trends lines must be used with 
care: even though we can confidently 
predict the next generation of chips 
will be twice as fast as the current gen-
eration, we cannot predict the extent 
of adoption of the new chips or what 
people will do with them. Adoption de-
pends on people choosing to embrace a 
technology; their choices are unpredict-
able effects of social context, norms, 
business practices, and receptivity. 
Consequently, John Seely Brown and 
Paul Duguid warn against using tech-
nology trend lines as means to forecast 
adoption.8 More often than not, people 
start to see the impending disruptions 
and take steps to avoid them.

How do we navigate technology 
change when we cannot predict how 
people will use technology?

Underlying It All: 
Exponential Growth
Let n(t) represent an adoption func-
tion: the number of units of technology 
adopted by time t. Moore’s Law uses t 
to index chip generations and says the 
number of transistors doubles with 

each generation: n(t)=2n(t–1). Expo-
nential increase means that n(t)=eat, 
where a is the growth rate.

We are very poor at appreciating 
what exponential growth means. 
Consider this old riddle: Every day 
the rapidly growing lily pads of a 
pond cover twice the surface area as 
the day before, completely covering 
the pond on Day 30. On what day was 
the pond half covered? The answer 
is, of course, Day 29. It seems to take 
a long time to get halfway, then sud-
denly you are all the way.

How can you plan for investments, 
careers, and future markets if some 
exponential change has been going on 
and you do not notice it until Day 29, 
when it is too late? To help us cope we 
try various methods of prediction. If 
only we could see something coming 
on Day 15 or 20, we would have time to 
do something about it.

S-curves
Exponential growth is not a reliable 
extrapolator: at some point the re-
sources to support the growth run 
out. For example, everyone in the 
community has adopted the tech-
nology; or transistors get too small 
to function properly. When we take 
saturation into account, adoption fol-
lows an S-curve: the graph of n(t) has 
an S-shape, exponentially growing 
to an inflection point, then slowing 
down and flattening at the saturation 
limit. The so-called Logistics equa-
tion was invented around 1845 as a 
mathematical model of the S-curve. 
In 1969, Frank Bass introduced a re-
finement that took into account the 
faster adoption rate of early adopters 
and gave a more accurate fit.1

All our modern technologies fol-
lowed S-curves of adoption. Over the 

How do we navigate 
technology change 
when we cannot 
predict how people 
will use technology?
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My recommendation for improving 
your skills at navigation in these expo-
nentially changing environments has 
three parts. First, learn the vocabulary 
used in these discussions; the accom-
panying table summarizes.

Second, learn to use the S-curve 
model, which you can fit to your data 
to estimate where the inflection and 
saturation points are likely to be. This 
model is your sextant.

Third, learn key skills of navigation:
 • Becoming aware of the histories 

of communities, enabling you to 
see the concerns, breakdowns, and 
anomalies that are opportunities for 
innovation.

 • Discerning possibilities that are 
in social space, spotting openings en-
abled by emerging technologies and 
avoiding cul-de-sacs of obsolescent 
technologies.

 • Sensing the moods of user com-
munities, regions, and the world, en-
abling you to detect what people are 
receptive to.

 • Learning which groups, organiza-
tions, or networks have social power, 
enabling you to follow the movements 
of leaders.

Are the historical forces in the seas of 
change so strong that we are adrift and 
navigation makes no discernable differ-
ence? I think not. We are not rudderless. 
Navigation helps us steer the rudder. We 
join fellow navigators who, throughout 
the ages, have crossed the seas. 
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Navigating
These approaches are based on the 
claim that an inflection or jump point 
signals an impending disruption. Be-
cause the models are only approxi-
mate, the exact timing of an inflection 
or jump point can vary considerably. 
Most of the technology forecasters 
who work with these models there-
fore hedge by giving a five-year to 20-
year window in which the disruption 
is likely to happen, if it happens at all.

Even if the modeling error could be 
removed, the prediction of a disrup-
tion depends on many other factors 
that are not captured by the S-curve 
model. The most notable is that the 
adoptions counted by the adoption 
function all reflect human choices. 
Whether a given individual decides 
to adopt depends on a host of fac-
tors such as the opinions of friends, 
the assessment that the new technol-
ogy is more valuable than the old, the 

economic condition of the adopter, 
the perceived cost of the transition, 
the mood of the times (for example, 
bull or bear markets), and an individ-
ual’s own receptivity toward change. 
Professionals have to assess all these 
factors about their clients and mar-
kets before acting on the claim of a 
coming disruption.

Exponential growth 
is not a reliable 
extrapolator:  
at some point the 
resources to support 
the growth run out. 

Terminology for exponentially changing environments. 

Exponential growth  
Accelerating change  
Moore’s Law

The rate of change of adoption function n(t) is increasing 
exponentially over time. Moore’s Law is the exponential 
growth of the number of transistors on a chip.

Tipping point A somewhat subjective point on an exponential curve where 
the extent of adoption n(t) has become noticeable and its 
rate disruptive.

Adoption People commit to using a new technology.

Diffusion Technology adoption over time, spreading throughout a 
community of use.

S-curve The n(t) function rises exponentially to an inflection point, 
after which it flattens out due to market saturation.

Inflection point The point at which an S-curve switches from increasing rate 
to decreasing rate (zero second derivative).

Technology jumping Vendors whose technology S-curve has reached its inflection 
point switch to a new technology whose S-curve is still in 
its exponential growth stage, thereby maintaining overall 
exponential growth.

10x jump point A rule of thumb: An inflection point exists when an emerging 
technology can do a job of the existing technology 10 times 
faster or cheaper.

Contingencies Future events that are possible but not guaranteed.  There is 
no way to predict when or if they will occur. If they do occur 
the environment changes and people change their practices 
in response.

Black swan An improbable, unforeseen contingency.

Deep historical forces Influences that persist over a long time and bring about 
change without any apparent cause.

Disruption A rapid change of practice in a community.

Avalanches Sweeping and profound economic and social changes that 
accompany multiple disruptions. They change professions, 
identities, practices, and commonsense assumptions.

Navigating A skill of finding a way to a goal in the unpredictable swirls 
of the world that accompany historical forces, contingencies, 
black swans, disruptions, and avalanches.


