Where’s the next
major innovation
coming from? Being
alert for weak

signals could clue

you in.
By S. Dyer Harris and A fundamental tenet of futurists, strategists, and planners
Steven Zeisler everywhere is that the future can be envisioned to a useful

degree of accuracy. But even a cursory glance at forecasts
and events of the recent past reveals just how poorly
prognosticators are performing.

Increasingly, the quest for accurate prediction of even
the short term is difficult. And the reason is that, in spite of
how we believe them to be, virtually no social, political, or
business systems follow straight-line paths of predict-
ability. Rather, they behave in nonlinear ways because
they are chaotic,Complex Adaptive Systems (CAS)
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Much has been written about chaosustomers know what they want in thé&ecurity funding for 30 more years
theory, ranging from scholarly treatiseguture. That threats come from well-with plenty left over for other projects.
to pop sound bites. Most of thes&nown enemies. Then the economy retreated.
articles encourage us to think But: Why does it rain on our picnic? Itis this sensitivity that chaos pioneer
metaphorically about the world aroundVhy do species, stable in the fossiEdward Lorenz said is the critical
us as chaotic. The truth is that theecord for millions of years, suddenlyrequirement of CAS. And if small
metaphor is not enough. If we are talisappear? Why did the Berlin Wallchange can make a big difference, then
improve our ability to think about andcrumble overnight? Why does the stoclsmall events, ignored or dismissed by
plan for the future, we must accept thenarket move hundreds of points on astandard future-seeking approaches,
reality that, ultimately, all social officialOs whimsical statement? Whynust be purposefully sought out.
systems are complex adaptive systemdidnOt we foresee the effect of DDT oBpecifically, we can learn to find what
These systems have five primaryeaglesO eggs or chloroflurocarbons awe termweak signals and to determine

characteristics: ozone? Why didnOt the personalhich ones we should pay attention to.
¥ sensitivity to small change, computer, the Internet, ATM machinesFinding the OdotsO is more difficult
¥ adaptability to changes in the overnight mail delivery, the compactthan connecting them.

environment, disc, Post-it Notes, or CNN arise from The second important characteristic
¥ determinism, not randomness, customer demand? Why didnOt wef a complex adaptive system is that it

foresee the tragedy of Rwanda or ofs adaptive. Within the system is a web
September 11? We were taught wrongaf intricate linear and nonlinear
Our models are too simple. The worldeedback mechanisms that enable the
'és complex. It is adaptive. And it is system to self-adapt to new situations
and the interplay among them, not onlﬁensmve to small change. _ and mform it to evolve, mutate,
is it imprudent to rely on tools and. Each.example abpve describes CABaenerg|ze, grow, and surprise. A
techniques designed  for predictior{nteracuqns‘ The sciences of chaos anpbmpentor in your marketplace
within a linear system, but it is complexity reveal r_]ow single elementsmtroduces a new product, and you
increasingly futile to predict the futuresuch as a species or stocks, .selblrcumvent the normal approval
by, for example, extrapolating trengLrganize in nonhnear_ ways intoprocess to a_ccele.rate the Iaunch of your
forward. The complex adaptive Systemgomphcated _structures _Ilkg gcosystemaewest offering (linear). Fuel prices go
we must deal with do not behave th nd economies; how individual starap, and you Ic.)ad.your trucks up to
way we were taught. As a result, w orm galaxies; and how spoyvﬂakesmake more deliveries per run (Imear).
must acquire new ways of thinking ecome avalanches. Predicting thRaise tariffs on steel, and be surprised
about and anticipating the future. futu_re of nonlm_ear systems with toolsat the disproportionate and unexpe_cted
Understanding the five importantqes'gned for dl_scernlng the future ofespon_ses from other cqt_m_tnes,
characteristics of a complex adaptivé'near systems is faulty at bgst. Newndus_trles, and feII_ow polltlc!ans
system can help those involved in théools are necessary for dealing r_nor(a”uonlmea_r). Corporations experience
effectively with complex adaptive consecutive quarters of poor earnings,

tud f the fut th "
[S)ouss)ilbil(i)ties ebroi;éi (t)r?:nral;%e g'}systems. and a charityOs annual fund drive

¥ complexity, and

¥ short-term forecasting possibili-

ties and long-term forecasting futility.
As a result of these characteristic

: . ffers (linear). The stock market sags
scenarios, and improve the odds fob .. surter: ; .
o h terist fC 1
successful anticipation. al‘a.c eristics of Complex on Frlc_iay, and | dec@e to forgo eayng
Adaptive Systems out this weekend (linear). Two kids
Discerning the Future in The first important characteristic of aform a business in a garage, and the

complex adaptive system is that it i®ersonal-computer industry explodes
extremely sensitive both to initial (nonlinear). Because we have been
We are all intelligent, educatedconditions and to small changEhese taught to expect proportionate
people. We have learned certain truthgmall differences can be amplifiedresponses to feedback - for every action
That forecasts of the weather aredisproportionately from their initial there is an equal and opposite reaction -
accurate and trustworthy. That speciestate, causing very unexpecte®Ur prognostications ignore unintended
evolve logically to equilibrate with gutcomes. A minor earth tremor far offconsequences and surprise in favor of
their environmenfThat the geopolitical the Japanese coast spawns a rogtie familiar and linear.
division between the East and West ig;ave that materializes thousands of A third important characteristic of
permanent. That markets trend towarghiles later as a Killer tsunami in NewCAS is that they are popelled by
the equilibrium of supply and demandGuinea. In 2001, government leaders ifleterministic processes, not random
That environmental effects can behe United States predicted large tagvents. CAS are systems in which
modeled by NewtonOs lawsThat revenue surpluses assuring  Social many interacting factors influence and

Complex Adaptive Systems
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impact each other in complex ways. Adusinesses arise to meet needs--alike rafative to the system being considered,
a result of these complex relationshipa distance, different in detail. Due toeven then it can not be precisely
and nonlinear transactions amondroad economic patterns, the dolladefined. For weather trends, short term
elements, the system may appear tises and falls; suppliers multiply,is measured in hours and days, long
many to berandom--but, indeed, thediversify, and combine; and sociaterm in weeks or months. For geologic
system is not. Underneath, CAS arsupport systems expand and contraathanges, short term may be measured
driven by physical laws or purposefulThe characteristic of complexity, thenjn years, while long term is centuries or
human activity--often a simple set ofcreates incredible variety and diversityeven millennia. In business, short term
rules that govern the activities andamong systems and, as we are about teay be this quarter and long-term five
interactions--as if these systems werdiscover, makes forecastingor 10 years out.
obeying a hidden yearning for order. frustratingly difficult. Despite the difficulty of prediction in
This insight gives us some hope of At some point, CASeach a critical CAS, one can dare (as we are all wont
influencing, if not predicting, events.mass of complex elements ando do)to make some prediction of what
The success of a product introductiolinteractions, then rapidly transformwill happen next. But if we are honest,
may not depend on the roll of the dicefrom linear to nonlinear. Because theswe will admit that systems and their
but on hard work. A potentially systems are intricately adaptive, factorsomponents  become increasingly
disastrous event can be avoided ifonstantly adjust and respond to actionisarder to predict, the time horizons of
proper steps are taken. Shorelines aead responses from other elements imeaningful prediction becomes shorter,
formed not by random events, but bythe system. Computer softwareand more and more frequently
the interplay among tidal elements andertainly deterministic and logical in itssurprises--unintended consequences
surface structures. Nations evolvelevelopment, rapidly reaches a point adind unforeseen second- and third-order
because of recurring patterns of theomplexity and intricate feedback thaeffects--occur.
physical, social, and economic needs aleclare it a complex adaptive system. With these five characteristics in
people. And the responses (freezes, crashesind, we can now consider the
Because, for a while at least, thesstrange characters) of the software tonportance of weak signals, and, by
patterns play out in seemingly lineawvarious combinations of keystrokes andelating the circumstances in which
ways--especially when the system isonditions cannot be predicted even bthey are observed to the key
viewed macroscopically--we areits designers. Prediction of events in aharacteristics of complex adaptive
deceived into believing that thesecomplex, nonlinear system with linearsystems, perhaps increase our insight
patterns and the systems are constatmpls and logic becomes ineffective.  into the possible consequences of these
ultimately predictable, relatively stable, An outbreak of bovine encephalitissignals.
and not subject to dramatic change deads to the cancellation of an
weak signals. But we are wrong. Thesaternational sporting event. Linking
systems are incrediblcomplex--the the Argentine peso to the dollar, in an¥Veak Signals
fourth key characteristic of CAS. Thoseattempt to curb inflation, creates a Because CAS are extremely sensitive
shorelines, although alike from satellitenonetary inflexibility that leads toto small changes and due to the
photos and to the uninformed observeexport markets lost to foreignnonlinearity of how their components
wandering on the shore, arecompetitors. Due to the design of anteract, forecasters must deliberately
dramatically different in detail due toballot, an election teeters, andook for small events that have the
the complex interplay among tideshistorically reliable forecasts based ompotential to make a big difference. We
currents,  temperature,  geologicakxit poll data are suddenly meaninglessall theseweak signals. Most planning
structures, salinity, flora, and fauna. Prediction of a complex adaptiveapproaches, however, fail to generate
While the varying elements of asystem by extrapolating trends forwardsuch signals or, having generated them,
social system may respond taand assuming linear feedback loops thalismiss  them  because  typical
essentially the same human needs, tlatempt to simulate how these elementsvaluation techniques support only
number of components that becomeespond is often specious and all tostrong trends.
involved, their makeup, how theyfrequently tragic, as demonstrated by Weak signals are weak becaukey
interact with one another in feedbackhe events of September 11. This, theare easily obfuscated by other factors,
loops, the way they adapt--these myriai$ the fifth characteristic of CAS: While including current mind-sets, attitudes,
possibilities create  extraordinarilyshort-term predictability can be and biases of those involved in the
complex variances that form differentpossible, there can be few meaningfulsearch for the future. In business, weak
structures:  democracies, republicsand accurate forecasts of the long termsignals that emerged as the Swatch
monarchies, dictatorships, and We recognize that the definition ofwatch, Amazon.comOs  ObricklessO
rebellions. Because of market patternsyhat is short term or long term isbusiness model, or the personal
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computer did not arise from theorganisms in his petri dishes-- Jdentifying Weak Signals
incumbent market or technologydiscovering what had been ignored by
leaders. himself and others for decades. But thaﬁnd examples of weak signals in
Weak signals are deemed weak ndurprise (penicillin) changed the worldhindsight it is tougher to identify them
because of lack of importance, bubf antibiotics and altered medicineand their potential importance i
because they are so small as to Herever. foresight. Where do you look? How do
obscured by other irrelevant factors or In the arts, weak signals are whatyoLI know one when you see it? What
dismissed as inconsequential  bynfuse a work with richnes$reat artis 5.a the characteristics? Obviously there
guantitative extrapolations. They aregreat at least in part because it is load nnot be a single simple answer to
actually very important, becausewith weak signals. The canvas or SCOMg ase questions. But you can begin by
recognizing them may make thebecomes supercharged Withapplying some general guidelines to
difference between success and failui@formation and meaning, because roactively search for, rather than trip
of an enterprise. But the traditional waywe develop this ability to see and Iisteagn a weak signal. Th1ese can augment
of thinking about business, the futureto a wider range of weak signals, the’ more traditional tools already in use
strategic planning, and many of thanteract at deeper levels with the artis{n most organizations.
tools we use to assist us may, in facand the art. We go beyond mere romember that weak signals only
limit our ability to recognize and take observation and become a part of ave the potential to be amplified if
advantage of weak signals. complex system of feedback an hey are part of a complex adaptive
Classic forecasting, planningpols, adaptation, and as a result the visual %E/stem. Therefore, the starting point is
and ways of thinking about the futurg¢onal composition is constantlyto determine if t,he environment in
align with a clockwork notion of our transformed. which you are looking for weak signals
world, business, and organizational As observers, we bring our OWNis \within the edge of chaos of a CAS. If
systems. They are modeled alongxperiences and perspectives; we €3Nis. then an identified weak signal can
classical linear theories with theiralso discover weak signals when Wemplify all out of proportion to its
underlying tenet that small changesncrease our knowledge of the greatarii “size. If it is not. then weak
produce small results. While they mayenvironment surrounding thebjectOs signals have no chancé of exploding
suffice with some effectiveness increation.The viewer or the listener can, .o game-changing events. Here is a
periods of high stability or over shortrevisit pieces again and again and ma ggested process.
time frames, classical strategic planningew discoveries, uncover previously First view each CAS as a continuum
models and thinking ignore thehidden weak signals and, along with th?anginé from purely deterministic (drop
nonlinear nature of business systemgiece itself, be changed again. your coffee mug and it goes down to
and cycles. Because they call for
guantitative measures of strength and
probability, they discount or ignore the
weak signalsSo weak signals such as ¢  iisak signais s what infuse & work of st with rdehasss, sy suibon 5 Dper
1999 National Intelligence Council — Hasris sl Sieven Znisles & pasning liks Vincant wan Sogh's et Seid s Crows
report noting Othat Al Qaeda suicidi beccmas suparcharged with Masaning as we detsct waak signals. Tha bokd color

. . . ard saiage brish sirokis delut the paining snd highight the struggie batween e
bombers could ﬂy an aircraft filled with anrth ard ihe hoavers. the suthoms nobe. The oows, symbols of death, morph gl of

explosives into the Pentagon, CIA e sieem cdouds snd descand spon ihe whasl. AdSionsl weak sigrats imbus he
Headquarters, or the White House' W0 wilh grmatar maaning: e vewer s swassness of van Gogh's deleromiing man

(Nation June 10, 2002) or FBI field m-;w:;l:;ﬁmm;:am:m Gﬂﬁ;ﬂ;ﬁiﬂ
memos stemming from investigating b fieid ans s hamsslf 1o deamn

the enrollment of foreign students in
American flight schools are
overshadowed or dismissed.

In the physical sciences, weak
signals are often undetected by
instruments not designed to reveal dal
outside their parameters; weak signal
are overlooked because the focus of tt
observer is in a different direction.
Bacteriologist Alexander Fleming was
surprised when he finally took note of
the substance that was Kkilling

While it may be reasonably easy to
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the floor) to total randomness (theedge, sometimes closer to order anarts? Plato believed that changes in the
winning lottery numbers or other eventstructure, sometimes nearer tarts predicted major political and social
whose course is nearly pure chancejandomness and the undefined, theghange.

The range between the two extremes iscrease their odds of uncovering weak The deliberate search for weak
a mixture of order and disorder. signals. signals, especially in the edge of chaos,
However, the continuum is not quite The edge of chaos, then, shows you will ultimately yield a bountiful crop of
linear. There appears to be an arelarge map. To zoom into the details yothem. That is the first step. The next
albeit ill-defined, that is popularly need a variety of tools and techniquesstep is evaluation--but the danger is to
called theedge of chaos (so called by Uncovering weak signals from thesubject weak signals to the standard,
M. Mitchell Waldrop in Complexity: marketplace requires you to lookquantifiable screens and sorting filters
The Emerging Science at the Edge dfeyond current customers. Expandinghrough which trends and other strong
Order and ChaosSimon and Schuster,your vision to include the customerOsignals are evaluated. Doing this will
1992). Weak signals abound in thicustomer and membemot only of the eliminate them. A different filter is

periphery. Those weak signals thasupply chain but the entirevalue required.
ultimately emerge as breakthroughs imetwork will increase the likelihood of
products, businesses, servicegletecting weak signals that could be the
processes, solutions, and surpriseanguard of the next innovation. WhafAmplifying Weak Signals
futures are most frequently foundare the vague or fuzzy things contained By their very nature, weak signals
within the edge of chaos. in your customers® complaints? Plosannot be quantified as the way we
Too far in one direction and thethe information and entertainmentguantify trends, surveys, hard data, and
rigidity of the system will only permit sources your next-generation customersther strong indicators. Weak signals
strong signals and quantifiableare tapping today. Make sure youare more qualitative and need to be
paradigm-consistent trends to reach thi@formation sources reach well beyonémplified if they are to bubble up to the
surface. For example, the over-the-tothe traditional, the domestic, and theurface for keylecision makers.
embrace of bureaucratic procedures ardbminant language of your country. We have derived a process that uses
linear, quantifiable processes (such asLooking beyond served markets cam  weak-signal  amplifier  for
Total Quality Management andix also uncover weak signals. Where arqualitatively filtering weak signals
Sigma) could ultimately drive out thetechnological shifts occurring in anyfrom the noise and other weak signals
value of variance and stifle weakeconomy or industry outside those irby comparing their potential for
signals that herald innovativewhich you operate? What are they®ausing change in eomplex adaptive
approaches, products, and solutions. Where are wealth or informationsystem The result of the filtration does
recent years, those companies that hadéstribution shifts appearing? Who arenot rank or prioritize according to a
invested significantly in these morethe newly wealthy in economics orquantifiable scale, nor does it weigh or
deterministic ~ processes, includingnformation? Where are shifts of powehandicap them in some grid or matrix
DuPont, Motorola, and Generaloccurring and where are new businedsrmat. It would be counterproductive
Electric,c have fallen behind indesigns and models appearing? Listeto surrender to the pull of determinism
innovative output even as the quality ofo what the experts are saying and whaly adding up a score.
their goods and services may havthe strong trends are--then consider the This filter is not precise. Since we are
demonstrably improved. opposites and look for weak signalspplying it to weak signals in a
Too far in the other direction andthat indicatecountertrends. Think aboutcomplex adaptive system, such things
disorder rules because the organizingew or unusual words or novel uses fatannot be precise. But it is better than
principles are indistinguishable fromwords promulgated by fringe or affinity guessing or, worse yet, dismissing the
the noise events happen more by pureggroups (Oflipping,0 OavatarsO). Tiweak signal out of hand. The weak-
chance than intent. The dot-comsame holds for new or shifting symbolsignal amplifier is also a dialogue and
shakeout may be a good illustration ofOswoosh® logos) and myths (OtHearning tool. When used in teams and
those companies that did noheroesO, Oboys-will-be-boysO attitudegjoups, it sparks a conversation that
incorporate  sufficient  structures, Other rich sources for weak-signalwill identify blind spots, surface hidden
processes, and practices that impartetbtection reside on the fringes. Whand potentially restrictive paradigms,
systematic approaches. and what are comedians lampooning iand open up perspectives and thinking.
But oscillating within the edge of comedy clubs? Remember that Lenny In order to use the weak-signal
chaos is the rich environment in whiclBruce anticipated civil rights shifts andamplifier effectively, you must identify
weak signals are most likely to beAndy Kaufman predated the masdhe perspective you wish to take to
found. As individuals and enterprisegpopularity of wrestling and Ochaos@xamine the weak signal. It may be
become adept at looking within thistelevision. What are the trends in thegour organizationOs viewpoint or

THE FUTLIMST  PMovewsher-Diecrmber 20417 6



Virgin Group chairman Richard
Branson endows his business
ventures with a “sense of fun,” de-
tecting many weak signals ignored
by more staid and conventional
entrepreneurs, according to authors
Harris and Zeisler.

that the weak signal has potential to
catch fire, then are you--or someone
else (depending on your perspective)--
able tolight the fire? Will the weak
signal yield to internal know-how?
Does the expertise exist to fulfill the
potential of the weak signal? Is there an

anotherOs--perhaps a  competitorOsNow, let us assume that an identifiedNfrastructure capable of dealing with
Once you have identified theweak signal is in fact a game-changin{!iS complexity level? What can one
viewpoint, vigorously maintain that factor in acomplex adaptive system accurately predict in the short term
perspective through the next steps. Yo@ur weak-signal amplifier directs us to?P0Ut resources, investments, and costs
can always change perspective and rumo other considerations that ard'€eded for this weak signal to occur?
the process from the nevantage point perhaps moreractical. Are these resources available?
at a later time. The second step involves asking All three of these steps must be
With your perspective firmly in Owill it catch fire?0 Since we havePOsitive, and clearly so. It is easy to get
mind, your first step is to determine ifpreviously determined the weakPOSitlive answers to these questions if
the weak signal hagame-changing signal®s game-changing status, we ndgt have a bias (Othe idea was mine!O).
potential. This is absolutely a must assess honestly any restraints thif€ ~Process —works Dbest when
qualitative determination, a pure Oifwould prevent its energy from beingtonsidered openly, — with  many
then® hypothesis. If the consensus igleased. Are there considerations th¥{€WPOINts expressed. . o
that it would not have the potential tomight limit, maximize, or protect the 'n€ weak-signal —amplifier isnOt
dramatically change the Orules of thgame-changing potential of the weatnfallible, butitis an indicator of which
game,O regardless of the probability aignal? ~ These  might  includeSignals you should pay attention to and
it occurring, then do not pursue itcompetitive response as a limit. Is thd/hich ones you should disregard.
further. weak signal easy to copy or counterP€cCause reasonable people may
If the answer isyes, then you must Could there be prohibitive financialdiS2dree on whether an element is or
confirm that the system or environmentequirements or cultural barriers?SNOt positive, the final conclusion is not
in which the weak signal will play is aProtection could include patentability8X@ctly either, but the dialogue that
complex adaptive system and that ior technical difficulty. Maximization [@kes place as a result of the
ideally is in the area deemed the edgeotential could include familiar factorsdisagreement can help you decide
of chaos. Drawing a simple continuunsuch as significantly lower cost to user¥/hether or not to take action. Once you
bar and locating the system on it can ber significantly higher value (the d€Cide & weak signal is actionable, then
helpful. Review the five characteristicsinterpretation of Osignificant® can varjl® more traditional tools--scenario
of a CAS that we have discussedbut if it implies a factor of 10 instead ofP/@nning, research, market testgnd
sensitivity, complexity, adaptability, two or less, you have something)@nalysis--can kick in.
short- but not long-term predictability, Maximization could include infectious
and underlying drivers that areattributes, such as fads typify: Ol gottActing on Weak Signals
deterministic, not random. The weakhave one.O The world abounds with examples of
signal will not have the potential to Step three follows a positiveweak signals dismissed and discovered.
rock your world unless it is embeddedesponse to the first two. If you areConsumable coffeeOs market leader of
in acomplex adaptive system confident that it is a game-changer anthe early 1980s applied linear models
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Applying the Weak Signal Amplifier:
An Example

The veterinary industry, which provides health products and services for domestic animals, has a history of act
new technologies that are perceived to benefit and attract patients.

A small company in the veterinary industry is exploring the opportunity to capitalize on a weak signal: digital rac
Currently, X-rays taken in the field must be transported to a facility for chemical processing, which can delay dia
by hours. Digital radiology provides instant display of images, thereby facilitating immediate diagnosis.

« Step One: Does Digital Radiologyave Game-Changing Potential in this market? Yes. Digital radiology offers &
radical departure from current film/chemical use. It meets significant and unfulfilled needs for instant imaging ar
diagnosis both in the field and the clinic.

 Step Two: Digital radiology have the potential to catch fire in this market? Yes. The demand for speed - in this
instant imaging/rapid diagnosis - is clear. Once veterinarians experience instant imaging, the belief is they will v
capability. Although current digital radiology equipment is expensive, there are a significant number of veterinar
practices that have sufficient resources. In addition, prices can be expected to drop as the cost of computing g¢
Currently, there are no substantial digital radiology offerings in the veterinary market.

« Step Two: Does this company have the capability to ignite the weak signal in this market? Does the environme
to make the weak signal thrive? Yes. This company has the internal know-how and technical expertise to fully
an excellent digital radiology solution. In addition, prediction of short-term resources needed is accurate and m¢
and it does have those resources. The chief issue in determining if this company has the capability to fulfill the
of the weak signal is the company's ability to deal with the complexity of supply chain infrastnattarally.

- S. Dyer Harris
and Steven Zeisl

and frameworks to forecast a declining While there are many more casedbout the Authors dent of Eai

market for coffee consumption andeasily identifiable in hindsight, weakEi'gaiirri:gr;':r';g?;nezagini‘;‘:i':gf:rzsuIting
embarke_d on a Ocash cowO s;rateg;gngls are only valuabl_e if we_ ca?nanol design firm, His interest in chaos and
Meanwhile, a couple of small-businessdentify and leverage their potential incomplexity stems first from early work as an
entrepreneurs in Seattlgere sensitive foresight. Without this ability, we will engineer confronted with process cooling systems
to frequencies not on the dial of anyind that surprises are increasinglyio© complex to be analyzed with traditional
incumbent and they detected a weakequent and, that unexpected ©n9ineering equationblis address is 3501

. N > . 2 . . . Silverside Road, Wilmington, Delaware 19810.
signal--the  OcafZ experienceO--thapportunities will be accompanied byE-maiIsdharris@dca net

resulted in the most signifi_cantunanticipated problems and unwantedsteyen zeisleis director of the international
transformation in the coffee businesgosts. We have presented a tool andbasiness consulting firm Zeisler Associates, Inc.
since the invention of freeze-drying way of thinking, based on the growingHe is a futurist, author, and recognized expert in
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