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C R I T I C A L FOCUS
Brian J. Ford

AI: Artificial, Yes. Intelligent, Not.
Today's digital automation and machine learning are wonderfully efficient, but they pale
in comparison to the genuine intelligence and complicated mechanisms of the living cell.

W

hy did the microbe cross the microscope? To get
to the other slide. We all like jokes in microscopy (you need a sense of humor to work in the field,
particularly if you have commercial clients). And what
about practical jokes? Here are a couple you might
like to try, and they must be high-quality pranks, for
they were composed by the most brilliant of minds.
First, try putting googly eyes on someone’s computer
mouse so that it won’t work. Then you could hide all
of the entrance to your office building if it only has
one entrance, put food coloring in the mailbox, or glue
all the eggs in the hubcaps of someone’s computer.
Yes, this is all unmitigated drivel. These jokes make no
sense at all, yet they should, for they were all devised
by the wonderful brain power that people say is going
to surpass us all – artificial intelligence, AI for short.
Computer enthusiast Janelle Shane explains on
her “AI Weirdness” blog (March 29, 2018) how she collected practical jokes from online lists and fed them
into a neural network before asking the algorithms
she had devised to invent new pranks. The examples
I have quoted may seem weird, though others became
bafflingly bizarre: take the doorknob off your kid’s
shoes, or hide an alarm clock in someone’s keyboard
who isn’t a very good typist. Most were idiotic ideas,
like rearranging somebody while pretending to pee,

or conference calling two people then, when, when
your kid asks what it is, say “Dinner.” There is a message here that shines out like a beacon. Artificial intelligence may be many things, but one thing is certain:
it is not intelligent.
Today’s commercially focused world is changing academic science from a quest for new truth into
a racket designed to control the public and dominate
the market. We have glimpsed how astrophysics is
founded on hype and wanton invention (“Fantastic
Physics, and Worlds We Never See,” The Microscope,
64:3, pp 119–129, 2016), and now we can see how AI is
dominated by wild-eyed specialists who are exaggerating their work and creating an aura of all-knowing
insights that the rest of us cannot understand. We are
now being warned that, wherever you look, there are
threats to the public as we move closer to the “singularity” — the stage when AI is so darned clever that it
is just as smart as you. People are repeatedly told that
they will all lose their jobs as super robots invade the
workplace. Humans will become irrelevant; alongside
digital machines, we will seem stupid. Robots are fashionable, and many have been aimed at children, like
Photon promoted as “the robot that grows with your
child”; and Cubetto, claimed to be the “friendly wooden robot that will teach your child the basics of com71

SoftBank Robotics describe their robot Pepper as kind and
endearing. They claim that it is the first robot programmed to
“perceive emotions.” Those who try to interact with it find that it
often fails to respond. In reality, it is little more than a digital doll.
puter programming.” In 2015, Pepper came on stream,
designed for adults as a “robot companion that can understand and feel emotions.” The first 1,000 units sold
out within a minute. The robot is 4 ft. tall (1.20 m) and
it weighs 62 lb. (28 kg). Powered by a lithium-ion battery with a capacity of 795 watt-hours, it can run for
up to 12 hours. It has a 10.1-in. touch-sensitive display,
and it is equipped with microphones, digital cameras,
and touch sensors. The promotional literature says it
is here “to bring people joy” and is useful for greeting people, showcasing events, attracting an audience,
and becoming a companion with emotional sensitivities. Pepper was created in Japan by SoftBank Robotics
and is currently being developed in France. You can
buy one only in Japan; in the U.S., they are only for
hire. This requires an upfront payment of $1,700 followed by monthly payments of $134 a month for maintenance. It is rather worrisome that there is an added
$89 fee each month just for insurance.
The media rejoiced over this magical robot. Pepper was taken to meet VIPs and filmed by the world’s
top news organizations. And the truth? It pains me to
say so, but Pepper is a doll. That’s all. You may recall
those children’s dolls and toy soldiers that reply with
a recorded voice when a string is pulled. That is Pepper. The voice is somewhat more up-market and the
responses are selected by voice actuation, but Pepper
is still just a glorified doll. The notion of emotional sensitivity and companionship is marketing propaganda.
Of course Pepper can “bring people joy.” That’s what
dolls do. It is what they have always done.
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Pepper went to meet the editor of the Financial
Times and was greeted by managing editor Robert
Shrimsley who said, cheerfully: “Hello! I’m Robert.
What’s your name?” The robot moved a little and
beeped mysteriously. “How are you?” asked Shrimsley, and was given the same burbling beep in response.
“I’m just here to say hello,” Shrimsley went on. The
robot responded. “Pardon?” it squeaked. “I’m sorry, I
didn’t understand, I didn’t understand …”. That was
the end of their conversation. When the robot went to
meet editor Lionel Barber, it was worse. In a boardroom crowded with top writers, as if Pepper was a
visiting dignitary rather that an expensive toy, Barber
offered his hand and loudly announced “handshake.”
Nothing happened. “Handshake!” explained one of
the technicians in attendance, but all Pepper could do
was emit those gurgling beeps. It was a PR disaster,
though a perfect example of what I am saying: this
is just a toy. Because Pepper is a Japanese product,
you elicit a more robust response in the Japanese language. “Pepper can even tell jokes,” said one Japanese
student. Sure it can — just as Shane’s AI system can
conjure up novel practical pranks.
The latest growth industry is in sex robots, which
mutter compliant responses to the user’s grunted
requests, and have solenoid-controlled hands that
can move rhythmically up and down. They are programmed to emit a prerecorded moan when the
breasts are pressed, which is not unlike the squeezing of an old-fashioned car horn on a vintage automobile (you can see why they call them hooters). Marina
Adshade of the Vancouver School of Economics at the
University of British Columbia even said in April 2018
that using sex robots could complement human companionships in marriage.
CENTURIES OF ROBOTICS
The media hype currently surrounding AI and
robotics is shameful. Intelligence and communication
are the hallmarks of living cells, not machines, and
multi-cellular organisms potentiate those attributes to
the full. It is simple to crudely reproduce a few of the
characteristics of living organisms with a digital machine, but that’s not creating a “companion.” And it
isn’t new. The oldest known example is a 15-inch tall
mechanical monk in the Deutsches Museum, Munich,
constructed in 1562. It seems to walk — actually moving on concealed rollers, though the feet take steps —
and it turns its head. Most remarkably, because it is
over 450 years old, the eyes and the lips move as if
praying. There is a similar example dating from 1590
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Left: Incredible automatons were created in the 1770s by Pierre
Jaquet-Droz and his son Henri-Louis of Geneva, Switzerland. Their
life-size boy can write with a pen on paper, dipping into an inkwell from
time to time, and following the words with his eyes. The girl seems
to breathe while watching her fingers. Right: King Philip II of Spain
prayed to the saints for his sick son to recover, and to commemorate
his gratitude, he commissioned court clockmaker Juanelo Turriano to
construct this 15-inch automaton of San Diego de Alcalá, a monk who
died in 1463. Constructed in 1562, the mechanical monk walks around
praying while striking his chest with one hand and raising a rosary with
the other; his eyes and head also move.
in the Smithsonian, and a third is at the Iparművészeti
Muzeum (Museum of Applied Arts) in Budapest. The
Hungarian model still rings a bell, which actually uses
a concealed glockenspiel chimer hidden within.
By the 1700s, European clockmakers were regularly making robotic automatons that imitated human
actions. Pierre Jaquet-Droz, a Swiss watchmaker who
lived in Paris, London, and in his hometown of Geneva, created some astonishing mechanical robots. One
account of a clock he constructed said:
There were seen on it a negro, a dog, and a
shepherd; when the clock struck, the shepherd
played six tunes on his flute, and the dog approached and fawned upon him. This clock was
exhibited to the King of Spain, who was delighted
with it. “The gentleness of my dog,” said Droz,
“is his least merit; if your Majesty touch one of
the apples, which you see in the shepherd’s basket, you will admire the fidelity of this animal.”
The King took an apple, and the dog flew at his
hand, and barked so loud, that the King’s dog,
which was in the room, began also to bark; at this
the Courtiers, not doubting that it was an affair of
witchcraft, hastily left the room, crossing them-

selves as they went out. The minister of Marine
was the only one that ventured to stay. The king
having desired him to ask the negro what o’clock
it was, the minister obeyed, but he obtained no
reply. Droz then explained that the negro had not
yet learned Spanish.
—From The Mirror of Literature, Amusement
and Instruction, Vol. 10, No. 275,
London: J. Limbird, Sept. 29, 1827.
This example is now lost to us, though some of the
astonishing automatons made by Droz in the 1770s
survive. They include birds that open their beaks as
they sing, magical moving worlds that are displayed
when burnished golden vanes move aside and reveal
mechanical treasures within, even a life-size boy whose
eyes move as he writes words on paper with a quill
pen, which he dips into a nearby inkwell. He is comprised of 6,000 separate parts and can be seen in operation at the Musée d’Art et d’Histoire of Neuchâtel in
Switzerland on the first Sunday of each month. There,
you may also see a girl who plays a pipe organ and
moves her body and head as she breathes — her chest
rises and falls realistically, and her head makes slight
movements as though concentrating on the music. A
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This life-size Silver Swan was constructed by James Cox in 1773,
with its mechanism designed by John Joseph Merlin. The swan
looks around, then preens itself to musical accompaniment and
catches a fish in a stream made from twisted rods of blue glass.
The performance lasts less than a minute.

Adolph Whitman of Berlin designed and built his robot Radiomensch Occultus in 1909. The body was replete with flashing
lights and moving dials, though I believe that the life-like face was
actually an actor’s, who poked his head through the backdrop.
His red beard gave rise to its nickname, Barbarossa.

In 1780, Cox created the Peacock Clock with three life-size
mechanical birds. Friedrich Jury, a German craftsman, designed
the mechanism. It is one of the main attractions at the Hermitage
Museum in Saint Petersburg, Russia, and also appears daily on
Russian television.
Parisian inventor, John Joseph Merlin, constructed
birds, including a magnificent life-size silver swan that
can be viewed at the Bowes Museum at Barnard Castle in the north of England. It was constructed about
1770 and, when Mark Twain saw the Silver Swan in
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Paris in 1867, he wrote in his diary that “it had a living
grace about his movement and a living intelligence in
his eyes.” Each day at 2:00 p.m. it is switched on and
seems to glide on a moving river, watching for fish and
grooming its feathers.
Merlin designed this in cooperation with James
Cox, an English jeweler, who was to construct a large
robotic automaton in which a peacock unfurls its
feathers as an owl awakens and a rooster stretches up
to herald a new day. This is an astonishing automaton, and I have seen it at the Hermitage Museum in
St. Petersburg, Russia, where it operates every
Wednesday at 7:00 p.m. Automata were not confined
to Europe. Around 1790, the first Karakuri puppets
were produced in Japan. They would bow, perform
traditional dance movements, or pour tea. During the
19th century they became popular possessions among
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Eric was one of the first autonomous robots and rose to give the
opening speech at a major engineering exhibition in London in
1928. American newspapers described this robot as “an almost
perfect man.” A working replica was reconstructed by the Science
Museum in London in 2017.

Press reports aroused international interest in Eric, who was designed to respond to verbal commands and could move his limbs
and eyes. After being exhibited in London in 1928, the original
Eric toured the world, but within a decade, he disappeared and
was never seen again.

the middle classes, and later versions wrote elegant
Japanese characters on parchment.
All of these were objects that brought people joy,
and for their time they were remarkably complex
mechanisms. Some people were exposed to other
emotions, too. In 1780, James Cox was commissioned
to create an erotic automaton for a Maharaja, in which
a pastoral scene of dancing peasants is topped by a
secret compartment inside where two couples can be
seen passionately copulating. Does Pepper the robot
do that? Not yet.

ciety of Model Engineers at the Royal Horticultural
Hall in London. Eric was built by William H. Richards
and Alan Reffell. Early in World War I, Reffell had
joined the Royal Flying Corps as an engineer and later
met Richards, who was a noted journalist. Together
they constructed Eric from aluminum and, when it
was announced that the Duke of York would be unable to open the engineering exhibition, it was Eric
who took his place. At the appropriate time, the robot
rose to his feet, looked right and left, bowed, and then
delivered a four-minute opening address. Eric made
headlines and went on to travel the world. In 1929, he
was on an exhibition tour of the U.S. and then disappeared without trace.
The Science Museum in London has rediscovered
the original plans and launched a project to rebuild
Eric. Although the Victorian automatons had no ability to respond to external stimuli in real time (which
is one of the advantages that today’s robots have), Eric
was programmed to respond to voice commands. He
could stand, sit, and move his head and his eyes, all
in response to audio signals. He also answered questions, though these were voiced for him by a remote
operator and relayed through a loudspeaker in his
head. Richards built later versions, including one
named George that was equipped with audio sensors
and was claimed to respond to verbal instructions.
In 1932, Alpha appeared, a larger-than-life robot
constructed by Henry May, a London inventor. Alpha’s voice recognition was improved, and it was said

MECHANICAL HUMANS EMERGE
Yet Pepper had long-forgotten ancestors, the first
of which was constructed 110 years ago. In 1908, a
German inventor, Adolph Whitman, built a life-size
humanoid robot he called Radiomensch Occultus,
replete with gears, drive wheels, and dials. The body
looked highly complex, and it was topped by a remarkably realistic head with flowing hair and a prominent flame-red beard. It soon acquired a popular
nickname, Barbarossa (red beard). This was a hoax;
although it whirred impressively, and lamps lit up
across its chest, the head was that of an actor poked
through a curtain.
Even so, interest in mechanical humans was
growing, and exactly 20 years later, a real robot was
revealed to the world. This was Eric, who in 1928,
made headlines by opening the exhibition of the So-
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George, an improved version of Eric, posed with his English
inventor, William H. Richards. The press said: “He is the leader
of a new race of beings; a marvelous scientific product.” His
pre-recorded voice was said to allow him to respond in English,
French, German, Hindustani, Chinese, and Danish.

In 1932, stage star Muriel Angelina posed in New York with
Alpha, an autonomous robot constructed from chromium plate
by Harry May. The right hand was adapted to hold a pistol, which
was raised and fired on command. Alpha once fired it prematurely and badly burned May’s arm.

that he would respond autonomously to a range of
commands controlled by a cathode-ray oscillograph,
which was programmed to recognize specific wave
forms. Known changes in frequency and amplitude
triggered relays that initiated playback from a variety of cylindrical phonograph recordings. When May
spoke, the robot would stand and sit on command,
though the words had to be in a recognizable order.
Thus, if you asked: “How many days are there in a
week?” Alpha would reply “Seven” but if you enquired: “A week has how many days?” the machine
was unable to respond. Alpha was also equipped with
a pistol held in the right hand. At a public demonstration in Brighton, on the English south coast, May
commanded the robot to sit but it did not respond correctly, and walked forward instead. The robot slowly

raised the pistol and women in the audience started to
scream and men shouted in panic. “Sit down!” May
ordered but Alpha did not respond and, as May instinctively raised his hand, the robot squeezed the
trigger and the blank discharge burnt May’s arm up
to the elbow. A doctor came to dress the wounds,
and May admitted: “I always had a feeling that Alpha would turn on me some day, but this is the first
time he ever disobeyed my commands. I can’t understand why he fired before I gave the proper signal.”
The press followed the story, and one newspaper said
that Mary Shelley’s Frankenstein was with us at last.
This bold new world of automation was to be feared.
The conclusion was that “mechanical men of our own
creation were sure to destroy us all.” There was so
much interest in the U.S. that in 1934 Alpha the robot
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came on tour and went on display on the fifth floor of
R.H. Macy & Co in New York. Remember, this was
more than 80 years ago, and already the media were
warning everyone about the dangers of robotics.
Elektro the Moto-Man was built by the Westinghouse Electric Corporation at their Mansfield, OH
laboratories in 1938. He stood 7 ft. tall (2.1 m) weighed
265 lb. (120.2 kg). He responded to voice commands
and could emit a vocabulary of 700 words recorded on
a 78 rpm disk player. Elektro could move his head and
arms, and his photoreceptor eyes could distinguish
red and green light. Most interesting was his ability to
blow up balloons — and to smoke a cigarette, regarded at the time as the hallmark of sophisticated maturity. He appeared at the 1939 New York World’s Fair,
and in 1940 he was joined by Sparko, a robotic dog
that on command could sit, beg, and bark. You may
see him to this day, exhibited at the Mansfield Memorial Museum in Ohio, and a replica went on display at
The Henry Ford Museum in Dearborn, MI.

A mechanical dog named Sparko was constructed by Don Lee
Hadley in 1940 as a companion to Elektro, a humanoid robot.
Sparko was modeled after Hadley’s own Scottish terrier and was
said to bark, walk, sit, and beg in response to verbal commands.
Three versions were made, but all are now lost.

ARTIFICIAL “ORGANISM”
These were all electrically powered humanoids,
but 70 years ago this year another great step was taken
by William Grey Walter, a neurophysiologist at the
University of Bristol, who was born in Kansas City
and later became British. He created the first artificial
living organism — at least, that’s what he proclaimed
it to be. This was Elmer, a robot shaped like a helmet
that trundled about on casters, finding its way past obstacles and negotiating a safe course for itself. Elmer
was followed by Elsie, and the two of them looked like
“tortoises,” which became their nickname. Walter said
that tortoise was the perfect popular name because
they “taught us” about life. Elsie had a few improvements; when the battery power dropped to a low level, Elsie would use what remained to return to a small
hutch in which the battery could be automatically recharged. Spectators commented on how lifelike these
tortoises were, and Walter decided to give them Latin
names, like a living organism. Elmer and Elsie were
classified by Walter as Machina speculatrix, and he
used to claim that they showed as much intelligence
as an animal with two neurons. I saw them when they
appeared on television in 1949, and even as a child
I realized how foolish was the comparison. Living
things reproduce themselves and provide their own
energetics. These robots were man-made mechanical
toys equipped with devices like electric motors and
photoelectric cells that relied on a power plant to recharge their batteries. The report was one I never for-

Helmet-sized tortoises were created in 1948 by William Grey
Walter, born in Kansas City, who studied alpha waves of the human brain and worked on radar during World War II. His robots
would avoid obstacles using a photoelectric sensor, and he even
gave them Latin names, as if they were creatures.

got, and I used my memories of that early program as
keywords to search online for the original television
report — and found it without any problems. The way
these robots behaved was considered cute, and they
featured in the 1951 Festival of Britain in London. The
official Bristol university page headed “Grey Walter
and his tortoises” says they were later lost, but this is
untrue; one is still on display at the Smithsonian.
The world’s first mechanical squirrel was introduced in 1951. This was Squee, the brainchild of
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Edmund C. Berkeley invented Squee the electrical squirrel in
1951. This 2-ft. long robot could find and collect illuminated
“nuts,” which were retrieved with scoop-like “hands” and brought
back to its nest.
Edmund C. Berkeley of Massachusetts, who published
Giant Brains, or Machines That Think in 1949. Squee was
electrically powered and was fitted with two photoelectric sensors and two contact switches, several relays, a steering motor, and a second small motor to
control its scoop-like “hands.” Squee could identify
a “nut” (actually a tennis ball) when a flashlight was
shone on it. The robotic squirrel would travel over
to it, open and close its scoops around the “nut” and
carry it back to its “nest.” It would return to collect
more, stashing them all together. Squee worked only
in a darkened room and was poorly finished, so as a
work of art, it was unsatisfactory — but its seemingly
intelligent way of hunting for its “food” and storing
it away delighted audiences in Pittsburg, New York,
and Minneapolis.
Public interest was soon growing, and in the April
1953 issue of Radio & Television News, Jack H. Kubanoff
showed how enthusiasts could construct Timothy
Turtle at home. His article began: “Timothy is an electronic turtle with an ability to perform in a manner
comparable to his living counterpart. He can see, he
can interpret information, he can follow instructions,
he can think, search for food, memorize, and is able to
learn. He may be relied upon to retain what he learns
for an indefinite period of time.” The era of the domestic robot had arrived — 65 years ago. Do not allow the present-day enthusiasts to convince you that
there is anything new in today’s overstated claims. Of
course, modern robots have better voice recognition
and improved performance through the development
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of integrated circuits (as indeed they should), but their
antecedents were remarkable, and we should remember them.
The idea of robots began in ancient history. Over
3,000 years ago in the reign of the Chinese emperor
King Mu of Zhou, an inventor named Yan Shi was said
to have created a life-size mechanical human out of
wood and leather. In Book XVIII of Homer’s Iliad, dating back to the eighth century B.C., Hephaestus the
god of fire is aided by robots who “looked like real
women and could not only speak and use their limbs
but were endowed with intelligence and trained in
handwork by the immortal gods.” There were said to
be doll-like automata 1,000 years ago in China and India, and by 1495, Leonardo Da Vinci had designed a
mechanical knight. The word “robot” was coined in a
play entitled “R.U.R.” by a Czech writer, Karel Čapek
in 1920. The abbreviated title stood for “Rossum’s
Universal Robots” though Čapek’s idea of a robot was
not of a mechanical person but of a flesh-and-blood
living human created in a laboratory (eventually they
rise up and exterminate humanity).
SINGLE CELL WONDERS
The idea of robots is ancient — and so is the tendency of the researchers to overstate their achievements and grossly to exaggerate their potential. Although William Grey Walter’s creations were claimed
to be as capable as a creature with a two-cell brain,
they were nothing of the sort. Walter knew little of the
abilities of cells. If you would care to accompany me
to the light microscope, we can set these remarkable
developments into context — as ingenious engineering but having no relationship to the incomparable
complexity of real life. Elsie, Elmer, and Squee could
certainly follow lights and respond to simple stimuli,
but what living cells do is infinitely more complex.
It is difficult to comprehend the intricacies of the living cell, but as one example we can consider a singlecelled coccolithophore. These cells can measure from
5 μm to 100 μm across. Let us take a typical example
measuring 20 μm, approximately the size of a typical plant cell and one-third the width of a human
hair. If you were to place 20,000 of these cells in line,
they would reach the same length as that of Elsie the
robot tortoise. Now we will zoom into the anterior
portion of this cell, to a field of view 5 μm across. This
is smaller than the diameter of a human red blood
cell (7.5 μm). Here we can glimpse the inner workings
of the cell. The cells of coccolithophores are protected
by at least 30 rounded calcareous scales, which are
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often delicately sculpted. The cells absorb inorganic
carbon and calcium ions to produce calcite (calcium
carbonate) and carbon dioxide, from calcium and bicarbonate by means of a reversible chemical reaction:
Ca2+ + 2HCO3– ←→ CaCO3 + CO2 + H2O
Although the chemistry is simple, the construction is not. In some remarkable manner, these tiny
scales, or coccoliths, are formed within dedicated
vesicles that develop from the Golgi body inside each
cell. Nobody has discovered how they do this, or why;
though it may be that the density of the calcite helps
to regulate the buoyancy of the entire cell. The tiny
rounded coccoliths move from the cytoplasm towards
the exterior and they emerge through a pore near the
anterior pole of the cell, being slowly transported to
the correct location and are then properly oriented
before coming to rest. These processes involve extraordinarily complicated mechanisms, none of which
we understand. And here is where the sheer ingenuity of the cell comes into play: sometimes, the scale
is extruded and oriented upside down. Each scale is
convex, like a shield, and needs to be the right way
up. This poses a problem. You might deduce that these
incorrectly oriented scales cause imperfections in the
cell surface, or perhaps that they are discarded and
drift away into the surrounding water. Either explanation is perfectly reasonable, but the coccolithophore
is smarter than this. When a scale emerges with the
concave surface facing outwards, microscopic cytoplasmic projections take hold of it and turn it the correct way up. Reflect on this: the scales are secreted by
Golgi vesicles (but we do not know the nature of these
vesicles or how they operate), they are passed through
the cell by dedicated systems of cytoplasmic streaming (details of which we cannot fathom), and emerge
from the anterior pore (through mechanisms of which
we are ignorant). Their orientation is monitored (by
senses that elude us) and, if one is found to be inverted, then microscopic mechanisms are invoked (of a
totally mysterious nature), and the microscopic calcite
scale is flipped over with the dexterity of a hamburger
being flipped on the grill.
Flippy, a robot designed by Miso Robotics to perform this task, was installed in a hamburger joint in
Pasadena, CA in March 2018 only to be decommissioned a day later for being unable to perform fast
enough. Yet the germ-sized coccolith is flipped by a
microscopic mechanism in a microscopic portion of
a microscopic cell, all of which is beyond our comprehension. These scales may be minute, but the coc-

Flippy the hamburger-turning robot was installed in a Pasadena,
CA restaurant on Sept. 19, 2017. The next day, the robot was
retired for performing too slowly. This is a complex and costly
piece of equipment, yet it cannot imitate the coordinated behavior
seen inside a living microbe, let alone a human.

coliths discarded from dead cells account for 50% of
the vertical CaCO3 and inorganic carbon flux in ocean
waters. One-third of the ocean floor is buried under
these coccoliths in drifts that are often a mile deep. Yet
each minuscule scale is a work of art, meticulously
constructed and oriented with precision by mechanisms that science cannot begin to comprehend. Do
not try to pretend that our crude digital robots come
close to any of this.
The public dismiss chlorophyte algae as pond
scum or witch’s hair and regard green pond water as
stagnant and diseased. We microscopists know better:
these aquatic samples provide the most entrancing
of spectacles. This has been about since August 1674,
when Antony van Leeuwenhoek went on a boat trip
across a lake in Holland and became the first person
to inspect the greenish growths under a microscope.
He was fascinated, and he wrote how their movement
and activity was “wonderful to see.” Leeuwenhoek’s
descriptions are detailed, so we can recognize many
of the organisms he observed. His descriptions of
spiral structures are typical of Spirogyra or Dolichospermum, and his excited comments on euglenoid
organisms and protozoa darting round and about
showed him that the creatures of the microscopic
world have much in common with what we see with
the unaided eye in our everyday world. In past centuries we have progressively lost sight of that sense
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together, and they detect each other’s
presence (through mechanisms about
which we know little) and begin to
extrude papillae that eventually join
adjacent cells together. In Korea, Minchul Yoon, Man Kyu Kim, and Gwang
Hoon Kim have shown that lectins
accumulate between the tips of the
papillae, and they remind us that depletion of nitrogen has been suggested as a triggering factor (Algae, 24:1,
pp 39–45, 2009). But how the cellulose
cell walls produce these connecting
tubes, breaking down and synthesizing complex molecules in a choreographed sequence, remains beyond
our understanding. Much the same
is true of conjugating diatoms, which
meticulously construct connections
between adjacent cells — selectively
dissolving away the silica of which
their frustules are composed — and
fuse with energy and abandon, as
though relishing every moment. Diatoms are abundant in nature and are
primitively oogamous, though their
fusion can also be isogamous or anisogamous. In some pennate and
raphid diatoms, the gametes and
gametangia are indistinguishable but
behave differently; in one gametangium the gametes are active (and act
as sperm cells), while the other lies
passive (like an ovum). It may be
that here we are observing the development of differentiated gametes
— the evolutionary origins of sperm
Left: Ingenious behavior shown by single cells can be studied when coccolithophore
and egg. In any event, these mechaalgae can correct a wrongly oriented cell plate. I extracted this high-magnification
nisms are bewilderingly complex.
sequence from a film made by Jeremy Pickett-Heaps, showing a plate (arrow) flipped
over by mechanisms we cannot comprehend. Right: A single ciliate cell in this sequence The chemistry is complex, the physiology impossible to understand, and
inspects a diatom, decides it is unsuitable, then pauses to inspect a swimming
the motivation can only be guessed
Paramecium before pouncing and consuming it. The inconceivable complexity of this
decision-making process is incalculably greater than can ever be shown by computers. at. All of these phenomena are happening within a space no larger than
the average pollen grain, and each
of wonder. One of the reasons that the public are so
aspect is far more complex than the most futuristic deeasily bamboozled into thinking that mechanical rosign you might envisage for a state-of-the-art robot.
bots are almost human is because nobody these days
Ciliates have an astonishing ability to be selecappreciates that greater wonders by far are revealed
tive. We are taught that the vortices they set up via
by the light microscope.
the beating peristome bring microbes into the oral
Sexual reproduction is common in the chloropouch and waft them down to the buccal funnel,
phytes. Filaments of the Zygnematales come to lie close
where they are digested and absorbed. It is not so
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simple: they choose what they want and reject what
they don’t (nobody has any idea how they do this).
The structure of a single sessile cell, like Stentor or Vorticella, is infinitely complex and changes continually.
One minute corner, something the size of a bacterium,
we might one day crudely model — but the machinations of these curious little creatures are far beyond
our ability to describe, let alone comprehend. Freeswimming ciliates have extraordinary senses. Some
hunt down their prey. There is a vivid example captured on film by Jeremy Pickett-Heaps in Melbourne,
Australia, who spoke at Inter/Micro a decade ago
(“Inter/Micro — The First 60 Years,” The Microscope,
56:2, pp 67–85, 2008) and captured microorganisms on
film better than anybody else. He shows a predatory
ciliate cruising through its watery environment until it encounters a pennate diatom. This single-celled
creature briefly inspects the algal cell and rejects it as
unsuitable as food. How does it inspect? What are its
senses? Where are its organelles that detect external
objects? In what way does it decide? Moments later, it
happens upon a grazing Paramecium and it stops in its
tracks. It turns towards the cell and pauses for a splitsecond to assess its suitability and then, with a sudden
rush — just as a fox would pounce on a mouse — it
darts forward, engulfing its prey and capturing it. As
it swims on, its captive prey can be seen held tightly
within a vacuole, struggling vainly to escape.
Yet, this is all done by a single cell. Cells manifest
levels of cognition, consideration, and consequence
that no digital device could hope to emulate. Amoebae
can construct shells for themselves from singly selected sand grains; the damaged cell of a rhodophyte alga
can be intelligently repaired by its neighbor. These
tiny cells are a trillion or more times more complex as
the best device humans can produce. Emulating living
cells by robots is unthinkable; imitating humans is a
ridiculous fantasy.
Wherever we look at life, we will find that the behavior of cells is unfathomably complex. We love to
feel that science is on the point of explaining everything, but in studying the behavioral science of cells
we have hardly begun. In a recent paper, I have looked
closely at the relationship between the intelligent behavior of the single cell and our scientific understanding. It is triggering a reappraisal of our appreciation
of microbial life and truly shows how inappropriate
are comparisons with robotics (Ford, B.J. “Cellular
Intelligence: Microphenomenology and the Realities
of Being,” Progress in Biophysics and Molecular Biology,
131, pp 273–287, 2017).

Joseph Marie Jacquard’s punched cards were based on Basile
Bouchon’s design dating from 1725 (though Bouchon had used
punched rolls of paper). Three years later, Jean-Baptiste Falcon,
tried to use decks of punched cards instead of paper, and this
was the principle later adopted by Jacquard.
AUTOMATION ON THE RISE
There is nothing new, either, about the notion that
automated technology will inevitably supplant human ingenuity. In 1725, a French silk worker from
Lyons, France, named Basile Bouchon produced an
automatic control mechanism for looms in which a
roll of punched paper selected the warp threads that
would be raised and lowered during weaving to create
patterns without a skilled weaver. His idea was progressed in 1737 by Jean-Baptiste Falcon, whose design
replaced the paper strip with a chain of punched cards.
By 1741, Jacques de Vaucanson was trying to improve
Bouchon’s original system, but it became too complicated to be worthwhile, until in 1802, when Napoleon
Bonaparte decided to place large orders for silk goods
from the Lyons producers. It fell to a weaver and merchant, Joseph Marie Jacquard, to revive the idea of
Falcon’s punched cards and develop the idea into a
workable system of control. By 1804, he had successfully mechanized lace-making with machines widely
thought to rival human intelligence, and the idea of
using punched cards was soon adopted by fairground
operators for organs that could play music without
an organist. Meanwhile, the Jacquard looms were so
successful that the Croix-Rousse area of Lyons, where
weaving was centered, began rapidly to expand. There
were 2,885 Jacquard looms in operation in 1834, and by
the end of the century, the number had risen to 20,000.
Some have survived, and I have watched them at work.
Today the term Jacquard is still used to describe fabrics woven this way and this automated loom was the
start of the concept of industrial automation. Rectan-
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well as in our motorcars, hundreds of these little
robots are doing more things for us than we realize, taking care of the routine tasks, and leaving
us to live, and work, and play in greater ease and
comfort — and safety.

This spherical colony of the green alga Eudorina, photographed
by my late colleague Hilda Canter-Lund, has been infected by the
chytrid fungus Rhizophydium, some cells of which have injected
fine projections into the algal cells. No artificial digital device can
emulate this incredible complexity.
gular punched cards were used by Herman Hollerith
of Buffalo, NY, who founded the Tabulating Machine
Company in 1911 — eventually renamed IBM. My
American Express monthly statements always used to
come with punched cards right through the 1970s. So
Jacquard’s perfection of Falcon’s idea underpinned the
development of today’s computerized control systems.
Robotics is simply a vernacular formalization of
the concept. And robotic control gets everywhere.
Here a quote from a typical information movie; all you
have to do is to date it:
A car engine likes its meals served not too hot,
and not too cold; so, in the intake manifold, a
mastermind with a nervous system sensitive to
heat uses hot exhaust gases to warm the mixture
before it goes into the engine. One little robot, a
very small but intelligent brain, sits at the back
of the engine near the voltage regulator and
keeps close tabs on the generator, to see that the
generator produces enough current to keep the
battery fully charged — but not too full. Then, in
the vacuum powered gear shift, there’s a robot
strongman who thrives on almost nothing at all.
With a bit of a vacuum, this sturdy fellow can
almost shift gear for himself, if we tell him just
what we want him to do. Robots have even taken
up the art of dial-twisting on our [car] radios. All
we need to do is push the button … and listen.
Driving wouldn’t be half so much fun if we didn’t
have that phantom crew of intelligent robots to
help us. Every day, in our homes and offices, as
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The style will have you thinking that this is not a
movie of the modern era, and you’re right. Might it date
back to the 1980s? The 1970s perhaps? It was actually
commissioned in 1938 — 80 years ago. The film was
created for the New York World’s Fair held in Flushing Meadows-Corona Park in 1939 and was released
as Leave It to Roll-Oh by the Jam Handy Organization.
“AI” was the title of a movie directed by Steven
Spielberg in 2001, based on a novel by my late friend
Brian Aldiss. Aldiss saw AI as a wonderful device for
fiction — and most of what we are told about it is fictional still. Computer aided diagnosis, for instance, is
absolutely not intelligent; it relies on the near-instantaneous integration of digitized data covering most
of the scope of human medical knowledge, like scanning every medical encyclopedia in the world. This is
a fabulous facility, but it relies on established facts, not
intuitive insight. In June 2018, IBM announced Project
Debater, AI software that debates humans. Spectators
commented on how easily it located facts and figures
online. Of course it did! That only shows how intelligent were the designers — not the program. A computer can beat a human at chess. It alone can incorporate every possible move into its course of action.
It is equally obvious that you can teach a machine to
excel at playing Go (the ancient Chinese board game),
though that did not stop the world from raving about
it in 2017 when Google’s AlphaGo computer beat Go
world champion Ke Jie. Machine learning is how AI is
often described, but learning facts does not confer intelligence. An autonomous car is not controlled by AI,
but by digital automation. As such, it will apply the
brake quicker than the driver might do on their own.
That’s useful — but it isn’t intelligent. If the car was intelligent, it could help you retrieve your lost keys from
a drain or mend your marriage. The digital control of
vehicles by AI means they can be hacked, or their integrity compromised. We all know how the Volkswagen company conspired to incorporate software into
their cars that cheated emission tests, but less wellknown is the use of unlawful software to permit diesel
trucks from pouring out pollutants (like Nox) into the
air we breathe. More than 30,000 Americans die on the
roads in accidents each year, while more than 50,000
die from pollution due to traffic. Computer control encourages trucking companies to get away with murder and ensures that nobody will find out.
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One of the most popular uses for robots is in surgery, though the term is misleading. It is the surgeon,
not the robot, that carries out the operation. The computer is a digital micromanipulator, and its use — as
you would hope — brings specific benefits for the
patient. In complex procedures, robotic assistance
can allow minimally invasive surgery in cases where
a surgeon’s hands would not be so efficient. There is
an obvious improvement, just as a sewing machine
produces more even stitches than you might obtain
if you sewed by hand, or as a lawn mower cuts grass
better than you might manage with shears. Intelligentsounding adjectives are dropped into brand names and
marketing material like noodles in broth. Insomniac patients with aching limbs prefer a mattress topped with
low-resilience polyurethane foam (LRPu), because it
is a low spring back product that allows them to sink
into it a little. And what do they call it? “Memory foam”
— but all it does is dent. Slowly. It doesn’t remember anything. A missile with a fire-and-forget onboard
guidance system, they say, is smart. According to some,
even water can be smart. Last year, sales of Dasani in
America were 9.4% of all bottled water, while Glacéau
SmartWater was not far behind at 7.2%. Smart? Water?
WORKERS AND SNOOPS
The replacement of manual labor by machinery
has marked out society for centuries. Edward Ludlam,
who became better known as Ned Ludd, is said to have
broken two automatic knitting machines in 1779 during
a fit of rage because they replaced human labor. They
were not new, even then, for they had been invented by
Rev. William Lee in 1588, 430 years ago. He is forgotten
now but was the person who quietly launched industrial production. Now everyone who dislikes technological advance is called a Luddite. Automating laborious
tasks has been a hallmark of progress for centuries, and
some factories (like those making cars) have had hardly
any human workers for years. At the Spyce restaurant in
Boston, computer engineers from MIT have recently installed automated food-preparation cooking pots they
call “robot chefs,” and in Nagasaki, Japan, the Henn-na
robotic hotel has opened, where clients are greeted
by life-size digital automatons. Yet so much so-called
advance is much less glamorous than it seems, and the
imperative for hype, myth, and wanton exaggeration is
everywhere. Computers are still no more than calculating engines, not brains, and AI exhibits not a scrap of
intelligence. The workings of a robot could not match
the functioning of a tiny part of a living cell, and the
intelligence shown by microbes remains unfathomable.
You may already own, or be contemplating the

purchase of, a virtual (digital) assistant. These are online gadgets that emit voice-like responses and call up
information from the web, like a search engine with
natural-language processing. These devices — such
as Siri, Alexa, and Cortana — mostly have feminine
names and women’s voices. Their ability to respond to
human voice input is not remarkable. Alpha was reacting to the human voice back in 1932, though the chattysounding response of a virtual assistant is certainly appealing early in the morning. They do not respond to
everything, of course. You must use the correct syntax;
word order matters, just as it did to Alpha. A virtual
assistant is alerted by a recognizable trigger: “hey!” is a
commonly used activation input. I don’t have one, nor
would I ever. Just think: these are permanently online
and run algorithms to interpret every word you mutter,
waiting for activation. Do I really want to have a device
monitoring every word, every squeak of delight, every
kiss or fart, every soliloquy or secret promise while
connected to the internet, where anybody could hack in
and snoop? Within two years, somebody, somewhere is
going to release a recording of something said at home
by a politician or celebrity, who naively thought their
virtual assistant was there to only help them figure out
the day’s weather. This is an eternal eavesdropper on
each private moment. I would get rid of it if I were you
— or gift it to somebody you really don’t like.
So many personal decisions are now governed by
algorithms, which have an aura of unquestionable authority about them. Yet programmers — fallible people,
just like you and me — compile algorithms and their
use and value are predicated upon the level of understanding and experience of their creator. Programmers
are usually young, so the algorithms they produce are
sometimes riddled with inconsistencies that greater
experience might resolve. Even the idea of an algorithm is older than we think. The term is the Latinized
version of the name a pioneering Persian mathematician, Muḥammad ibn Mūsā al’Khwārizmī, the man
who was primarily responsible for popularizing what
we now call Arabic numbers. And when was he was
writing his seminal works? That was 1,200 years ago.
Robotics is being touted as magnificently new,
but as we have seen, it dates back centuries. Machine
learning is wonderfully efficient, but it exists in a sterile environment detached from intellectual rigor or
social insight. The best of today’s digital automation
is extraordinary, but it isn’t intelligent. It’s incredibly
crude compared to the simplest of living organisms,
which have been around for more than 4 billion years.
Forget what the gurus and visionaries proclaim about
AI. It’s the microbes that perform the miracles. Always
have, always will.
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