What Does the Future Hold, and What Will

Be Our Role in It?
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It has been a privilege to communicate with you in these columns,
and to spark some comment and conversation. One reader sug-
gested that I write a column about the future of the organization.
It seemed a daunting assignment, full of if's and maybe's, but once
I got started, I found I had a lot to say. What follows is my view,
informed and limited, no doubt in equal measure, by how I see the
world. I hope it inspires you to follow the same thought experi-
ment. We need all of you to navigate the future, that frontier that
is never more than a moment away and stretches on forever.

First the trends that are driving the present into the future at
high speed. Moore's "law" continues to hold, against even expert
expecta‘[ion.‘*’9 There is no doubt that this has driven other trends,
enabling computational mathematics, modeling and simulation,
and the accumulation and manipulation of the enormous
amounts of data generated by the study of complex biological sys-
tems. The ability to sequence the DNA of an individual human is
now a simplistic example. The first human genome sequence
(really a composite of five) cost US$3 billion and took more than
a decade of work by multiple teams in multiple nations. Today a
better quality read, from an individual genome, can be had for
$1000 in a little more than a day, and the limits have not been
reached.>® Our stunning computational power also feeds trends
toward automation, autonomy, and artificial intelligence.? Self-
driving cars presage self-flying aircraft;! automated decision-
making algorithms will continue to change the face of medicine;’
and the software to manage 3D printing will enable regeneration
of limbs.®

The computing power that drives imaging and chemical
analytic systems, systems biology, and exquisite sensors also
enables developments in biology that are now making the per-
ilous transition into medical practice: recognition, manage-
ment, and harnessing of the multitude of fellow travelers that
compose the microbiome; advances in stem cell biology; gene
therapies and related approaches to infectious disease; subtle
interactions of living biochemistry that drive immune responses;
inklings of the basis of mental illnesses.

I told myself that I would save the headliner of commercial
space until last, but I can't help myself: our expanding role in
space is also a trend that feeds off of, and feeds into, the others.

An underappreciated trend is the increasing capability of new
national players at the forefront of science. Information science
has a low threshold for entry. Low and getting lower. Nations
whose resource constraints have prevented them from building
cyclotrons or space launch facilities will increasingly be able to

" The journal, Artificial Intelligence in Medicine, began publication in 1989.
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bring to bear their human capi-
tal in the information sciences.
This includes computing, soft-
ware, mathematics, and the
sciences that depend on them.
Biology is increasingly an infor-
mation science. Medicine is increasingly an information science.
And every nation that invests in health and education will reap
human capital, and be able to enter a virtuous circle.”

So what does all of this portend for us? Change, certainly,
some definitely for the good, some ambiguous, some in need of
careful management. Here is what I see ahead.

First, the new and ever-evolving technological environment
will create new human environments for performance and explo-
ration. There will be new displays to interpret and new controls to
manage, so the sciences of human-machine interface will con-
tinue to be challenged. At the same time, autonomy will create a
whole new class of human factors problems involving the ability
to trust, predict, and adjust to the actions of automated systems.
Human systems integration will have no shortage of needy appli-
cations, and the art of simulation will advance to the point of
offering valuable predictive tools to practitioners in this area.

Medical advances have been lengthening not just life, but
active, productive life, for some time.”® We are now facing the con-
sequences of aging, in a world where frailty is (this is good news
even if it doesn't sound like it) the primary mode of death. I have no
basis on which to predict that frailty will yield to scientific advances,
other than the fact that money and minds are being put to work
on its many facets every day. Articles on stem cells in the central
nervous system are promising, but promises are cheap. In the
meantime, aging passengers, aging aircrew, and aging controllers
are a fact. Aerospace medicine and human performance sciences
will continue to be called upon to accommodate the trend of aging.

I have written before about the future of gene therapy and its
near-term impact on aerospace medicine. We can expect a similar
course for gene therapy to that of laser eye surgery: as the risks
become ever more predictable and manageable, the bar for condi-
tions suitable for treatment will be lowered. Even more interesting
are investigations into therapy based on understanding DNA
and RNA pathways without affecting the genome itself, using

" From businessdictionary.com, "Self-propagating advantageous situation in which
a successful solution leads to more of a desired result or another success which
generates still more desired results or successes in a chain."
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RNA editing, epigenetic editing, and systems biology approaches.
Understanding how these therapies interact with human perfor-
mance and with the demanding environments of aviation and
space will fall to us.

Another fallout of genomic science coupled with computing
power is personalized medicine, the idea that medical management
can truly take into account the unique composition and history of
every individual. This has exciting potential to increase human
performance at all levels, improving baseline health, resistance to
illness, recovery from injury, and adaptation to desired activities
and exposures. More people will be able to fly than ever before.

And now the headliner that I foreshadowed earlier: commer-
cial space. It is certainly the star for 2018, seeing the success of the
Falcon Heavy and the even more spectacular landing of the
booster rockets. There is much more to be done in the way of engi-
neering and especially the energy expenditure to escape Earth's
gravity, but the means to do so is becoming more widely distrib-
uted. I have no gift of prophesy and so many things can go wrong,
but I am willing to place a bet that I will live to see a commercial
manned space launch and recovery, sooner rather than later. The
role for us in that will not be new. But it will be spectacular.

So what do we do now? Prepare with the best minds, the best
education, reaching across these many fields of endeavor that must
work together to progress into the future. Maintain high stan-
dards for scientific rigor. Contend with a previously overwhelm-
ing complexity of information. Seek out the synergy of interaction,
crossing divides and pushing boundaries. Recruit continuously to
keep our specialties infused with new ideas, recent discoveries,
and vigor. Continue to be a multinational association of profes-
sionals unified by vision.

I return now to where I began, with my humble gratitude for
the privilege of serving as President of the Aerospace Medical
Association this past year. At the end of the Annual Scientific

Meeting, I will pass the gavel to my worthy successor, Dr. Roland
Vermeiren. I would say that I wish you all the best, but it sounds
too much like parting. Instead, I will say that I look forward to a
long association with you, navigating the future, which will always
be the final frontier.
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