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JOHN W. TUKEY: HIS LIFE AND PROFESSIONAL
CONTRIBUTIONS'
BY DAVID R. BRILLINGER

Universityof California,Berkeley
As both practicing data analyst and scientific methodologist, John
W. Tukeymadean immensediversityof contributionsto science, government
and industry.This article reviews some of the highly varied aspects of his
life. Following articles address specific contributionsto importantareas of
statistics.
I believe that the whole country-scientifically, industrially,financially-is better off
because of him and bearsevidence of his influence.
John A. Wheeler,PrincetonProfessorof Physics Emeritus[65]

1. Introduction. John Wilder Tukey (JWT)-chemist, topologist, educator,
consultant,informationscientist, researcher,statistician,data analyst,executivedied of a heartattackon July 26, 2000 in New Brunswick,New Jersey.The death
followed a shortillness.
Tukey was born in New Bedford, Massachusets on June 16, 1915. He was
educatedat home until commencingcollege. He obtainedB.Sc. andM.Sc. degrees
in chemistry from Brown University and then he went to graduate school at
Princeton.At Princetonhe obtained M.A. and Ph.D. degrees in mathematics.In
1985 at age 70 he retiredfrom Bell TelephoneLaboratoriesand from teaching at
PrincetonUniversitywith a "Sunsetsalvo" [97].
While JWT's graduatework was mainly in pure mathematics,the advent of
World War II led him to focus on practical problems facing his nation and
thereafterto revolutionize methods for the analysis of data. This encompasses
most everything nowadays. At the end of the War he began a joint industrialacademic career at Bell Telephone Laboratories,MurrayHill and at Princeton
University.Science and the analysis of datawere ubiquitous.Even afterretirement
his technical and scientific work continuedat a high level of creativity.
An avowed scientific generalist,JWT made a remarkablenumberof contributions to science, academiaand industryand to his nationduringa more than sixtyyear career. His immense productivityand diversity defy ready summary.This
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articletouches on some aspects of his educationaland professionallife, perhapsto
serve futurebiographers.
The articletracesJWT'scareerchronologicallyandthendiscusses specific areas
in which he had substantialimpact.The Appendiceslist: (A) A time line; (B) Some
academic honors; (C) Ph.D. students; (D) Some JWT words and phrases; and
(E) Some sayings.
Some of Tukey's many contributionsto statistical science follow in other
articles in this Special Numberof the Annals. They discuss importantpartsof his
work in statistical science. The authors and articles are: Braun and Benjamini,
"John W. Tukey's contributions to multiple comparisons"; Brillinger, "John
W. Tukey'sworkon time series and spectrumanalysis";Dempster,"JohnW. Tukey
as 'philosopher"';Friedmanand Stuetzle, "JohnW. Tukey's work on interactive
graphics";Huber,"JohnW. Tukey'scontributionsto robuststatistics";and Speed,
"JohnW. Tukey'scontributionsto analysis of variance."
There are many John Tukey stories, and a few are related in Section 15. One
concernsPeterHuber,who has contributedso much to the field of robustmethods.
In the early sixties I was in chargeof the Statistics seminarat Princeton.One day
JWTcame to me quiteexcitedly:"Thereis anothertopologistworkingin statistics!
Please invite him to speak."Thatwas my introductionto Peter Huber.
2. The early years. Tukey was the only child of Adah M. Taskerand Ralph
H. Tukey.One of his ancestors,anotherJohn, came to Portland,Maine from England in 1744. Today there may be found in Maine Tukey's Bridge, Tukey's Road
and many Tukeys.His parentsleft his birthplace,New Bedford,Massachusetts,for
a periodbut returnedto settle therewhen John was 5.
Tukey was a prodigy. His parentshad not realized that he had learnedto read
until on a driving trip there was concern over whether a particularbridge over
the Susquehannawas closed. Aged 3 years, he spoke up to say thatthe bridge was
closed. He hadreada legal notice (!) in the newspaperannouncingthe closure [39].
Tukey received an unconventionaleducation before college: home schooling.
His mother was concernedthat he would become lazy or a discipline problem at
school. Such an educationwas particularlyviable for him because both his parents
were teachersat New BedfordHigh School, andhis mother,being married,was not
allowed to teachfull time. Johndid have semestersof French,chemistrylaboratory
and mechanical drawing at the high school. One way in which he particularly
distinguishedhimself was by helping with the school's timetable of classes. He
later remarkedthat by doing this he learnedhow to show "politely"the teachers
how to do certainthings [7].
In his studies in New Bedford JWT made substantial use of the Public
Library.That librarywas unusual in including the Transactionsof the American
Mathematical Society and the Journal of the American Chemical Society. He
remarkedthat he thought he first trainedas a chemist because he could read the
JACS,but not the Transactions[7]. Concerninghis early mathematicseducation
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JWT noted that he had gotten a lot of calculus out of the way before going on to
Brown University [5].
3. The Brown years.
Perhaps because I began in a hard but usually non-deductivescience-chemistry-and
was preparedto learn "facts"ratherthan "proofs,"I have found it easier than most to
escape the mathematician'simplicit claim that the only real sciences are the deductive
ones.

[93]

John attendednearbyBrown University,enteringin 1933. Because of his home
education, JWT had to enter by way of the College Board exams [7]. His wife
Elizabeth once said that when she told the PersonnelDirector at the Educational
Testing Service that she was aboutto marryJohn, he repliedof John that, "He got
the highest score on the SATs that we have ever seen" [51].
Concerninghis college education JWT said: "When I was at Brown I read a
very diverse set of books from the math library"[7]. Brown was a good choice,
for at that time it probably had the best mathematicslibrary in the country.In
his sophomoreyear JWT was alreadytaking graduatecourses in mathematics,in
particularfrom the analysts C. R. Adams and J. Tamarkin[7]. In the spring of
1937 he took a topology course from S. Ulam [5]. John remarkedthat in those
years he had "a little tin case with 3 by 5 cards in it for what seemed to be
interesting statistical techniques."In 1936, that is, after 3 years, he obtained an
Sc.B. in Chemistry.
John was a Lab Assistant in Physical Chemistry during the period 19351937. In 1937 he obtainedan Sc.M. in Chemistry.It is revealingthat preparation
for that degree involved laboratoryexperimentalwork. JWT often spoke of his
Brown education in chemistry. He had learned as well "large doses of physics
and substantialdoses of geology." The importanceof this to him shows in many
places, such as the articles"Theeducationof a scientific generalist"[15] and "Use
of numericalspectrumanalysis in geophysics" [84].
Tukey was clearly proud of having gone to Brown and often wore its necktie.
After Donald Hornigbecame Presidentof Brown in 1970, he invitedTukeyto join
the Brown Corporation(the governingbody of the university).Hornig and Tukey
had known one another through the President's Science Advisory Committee
(PSAC) and other national service activities. Tukey clearly relished this renewed
affiliation with Brown, devoting much time not only to the Brown Corporation,
but also to helping his alma mater plan for its computer needs, to serving on
a Librarycommittee and to participatingin decisions with Brown Mathematics
Faculty members.Not far from his upbringingin New Bedford and his waterfront
home in WestportPoint, Massachusettsthat he purchasedcirca 1970, Brown was
very much a partof Tukey'shome turf.
Tukey's books went to Brown University in the largest such donationthat the
University received to that point. The 14,000 volumes included scientific and
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technical books; but most of them were his extensive collection of detective,
adventureand science fiction stories.
4. Princeton: The student years.
It ended in a draw.
A.W. Tuckeron a course he taughtand JWT attended[75]

JWT went to Princeton University after Brown. His remarks on receiving
Princeton'sJames Madison Medal in 1984 included:
Like those who have stood here in earlieryears, I am deeply honoredto be here. Unlike
them, I cannot talk of returning,for I enjoyed the PrincetonGraduateSchool so much
that I have not yet left it.

He said thathe had picked Princetonbecause of its ChemistryDepartment.He remarkedthatduringthe summerof 1937 he "fell over the fence" into Mathematics.
4.1. The Tuke. One has the strong impression that Tukey and his friends
had a wonderful time in their graduateyears at Princeton.John arrivedthere in
September1937. The universitywas then very much a male bastionand remained
so until the early 1970s. He lived in the GraduateCollege for the first two years
and again off and on until he marriedin 1950.
The GraduateCollege and Fine Hall, where the MathematicsDepartmentwas
located, were very special places. Tukey'sMadisonawardremarksincluded:
First there were the pre-war days: academic gowns for dinner, whatever was worn
underneath;sad Sunday evening meals when the "Green Pots" appeared;and the
lunchtimeexchangewith a waiter:"chizor frut?"-"what's the frut?"-"cupcake,"that
only a GraduateCollege residentof those times would recognize as referringto mixed
fruit, from a can, over a cupcake.

Friendsincluded:mathematiciansRalph Boas, G. W. King, M. Kanner,A. Sonte,
astronomerLyman Spitzer,mathematiciansFrankSmithies and Henry Wallman.
In later years his group included chemist Bill Baker, G. W. Brown, physicist
RichardFeynman,engineer BrockwayMacMillan,economist OskarMorgenstern
and mathematicianNormanSteenrod.FredMostellernoted that"Nightafternight
Feynman and Tukey dazzled all who could crowd aroundat the graduateschool
dinner"[60].
Tukeyrememberedthathe had met Bakeron a tennis court.It is intriguingthat,
when JWT was elected to the National Academy of Sciences, his colleagues in
Mathematicssigned and gave him a tennis ball. (I saw the presentation,but I don't
know the details of the story.)He did play a lot of ping pong in the fifties, sixties
and seventies.
One graduateschool entertainmentwas a collection of mathematicalmethods
for catching lions! L. Spitzer [73] writes:
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In 1935-1936, when I was a first-year graduate student at St. John's College,
Cambridge,the light banter among us included how to catch a lion in the desert; we
delighted in devising ingenious methods,preferablybased on more reconditescientific
laws or theorems.
During my two graduate-studentyears at Princeton, 1936-1938. this continued to
intrigue us. If I recall correctly,it was John Tukey in applied mathematics,who took
the major initiative in promoting a publishablepaper on this problem. In the end the
paperwas sent off to the AmericanMathematicalMonthlywith a covering lettersigned
by one E. S. Pondiczery,the name proposedby John as a cover for our group.

The material was written up by R. P. Boas and F. Smithies [71] and appeared
in [62]. Partof JWT's assistance was in keeping the nonexistence of the nominal
author, H. Petard and of Pondiczery quiet when the Monthly enquired about
the paper's author. The full identification of Pondiczery was Ersatz Stanislas
Pondiczery at the Royal Insitute of Poldavia. The hope was that someday a
documentcould be signed ESP RIP [7].
The distinguished music and audio writer and critic Edward Tatnall Canby
wrote [25] how Tukeybefriendedhim at the PrincetonGraduateSchool:
Finally, by a fluke, I ended up of all places at the math and physics table .... To my
astonishmentthe conversationat this table was a delight and in no time I was making
new friends.... In no time at all, a stout and genial genius called The Tuke, ..., decided
that my "system"should be improved-first via a baffle .... It was Dr. JohnTukey,The
Tuke, who persuadedme to try to build my own separateamplifier,of course underhis
tutelage.

Tukey came to Princeton to study chemistry. During his first year he was a
LaboratoryAssistantin sophomorechemistry,but complainedthathe could not be
a Demonstratorin Physical Chemistrydespite havingbeen one at Brown. He spent
a lot of time in Fine Hall which then housed both the University's Mathematics
Departmentand the School of Mathematicsof the Institutefor AdvancedStudies.
Tukey attended lectures by Aurel Wintner,"On asymptotic distributionsand
infinite convolutions."Notes for the course were taken by R. P. Boas, F. Smithies
and Tukey,"with sympatheticencouragementfrom C. C. MacDuffee."(JWTused
that same style in the labeling of the notes of his 1963 Mathematics596 course
at Princeton [81].) He also attendedM. Morse's lectures on symbolic dynamics
in the spring of 1938. He said that Steenrodand he did their best to "keepMorse
honest" [7]. (Keeping people "honest"is an expression JWT liked to use.) In a
course given by A. W. Tuckerin 1938, every time Tuckergave a definition of a
combinatorialmanifold, JWT would come up with a counterexample,hence the
Tuckerremark,"Itended in a draw"[75].
In the spring of 1938 JWT passed the doctoral comprehensive exam, and
obtained an A.M. in Mathematics. In 1938 he published two mathematics
papers. For his second year of graduatestudies Tukey was awardedthe Jacobus
Fellowship, the top fellowship in the GraduateSchool.
At this point JWT was working in both analysis and topology. He liked
topology, for "Topologyexists to providemethodologyfor largechunksof the rest
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of mathematics"[7]. His thesis, "OnDenumerabilityin Topology,"was submitted
in 1939, nominallyunderthe supervisionof Solomon Lefschetz.Partof it appeared
in 1940 as No. 2 of the Annals of MathematicsStudies [78]. Of the thesis he
remarkedthathe was seeking to extend convergencetechniquesto generalspaces.
Also appearingin the thesis is the TukeyLemma [78]: "everynonemptycollection
of finite characterhas a maximal set with respect to inclusion."This lemma is
equivalent to the Axiom of Choice. JWT furtherbaptizes Zorn's Lemma in the
thesis.
Tukey'swork on topology was used extensively by Isbell in his book, Uniform
Spaces [48] and is also basic in Howes [46]. NormanHowes wrote us [47]:
Of course John Tukey did not invent uniform spaces, but it seems to me that his
formulationof the concept is the most useful. The first formulationof the concept,
that still remains the most well known, was what I would call a generalizationof the
geometricpropertiesof a topological group.... Tukey'sformulation,on the otherhand,
is a generalizationof a metric space, which allows one to reason aboutuniformspaces
almost as if they were metric spaces .... But Tukey's contributionin this area went
beyond showing us how we should think aboutuniformspaces. His insight was almost
prophetic.He sensed that the most interestinguniformspaces were the ones that were
fully normal .... Tukey predictedthat the fully normal uniform spaces would play a
majorrole in mathematics,and indeed they have.
Finally, Tukey intuitively seemed to understandthe importance of the relationship
between convergenceand uniformstructure.His early terminologyand his arguments
were not as elegant as the vocabularyand argumentswe use today,but the centralideas
were all there. I believe that if John Tukey had been able to express these ideas more
clearly to the mathematicalcommunitythat he would have received more recognition
for his fundamentalcontributionsin this area.

The Britishtopologist D. H. Fremlinwrote [37]:
Of course Tukey's ideas on partialorders did have great influence on me. This was
really throughJ. R. Isbell. ... I still believe that Tukey's notion of cofinal equivalence
gives fundamentalinsight into some importantquestionsin set-theoreticanalysis.

Halmos [43] includes Tukey's thesis among mathematics books that were
influentialin the period 1888-1988. He says thatit is slim, "butpacked a punch in
its day."He continues that "it is in effect a competitorto Bourbaki'sapproachto
topology."Halmos ends by remarkingthatsome of Tukey'sfriendsat the Graduate
School formeda society with the name Gegen TukeySport und Turnverein.
Tukey's name lives on in topology: "Galois-Tukey connections," "Tukey
equivalence,""Tukeyreducibility,""the Tukey theory of analytic ideals,""Tukey
ordering,"as well as "Tukey'sLemma."
At the party celebrating the completion of their graduate studies JWT and
RobertEddy became notoriousfor servingmilk ratherthanthe traditionalbeer [8].
(RobertEddy was the fatherof our statisticalcolleague Bill Eddy,butBill does not
rememberhis fatherbeing a teetotaler.)
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5. Princeton: The early faculty years.
One of the guys, a fella named John Tukey,said: "I don't believe you can read, and I
don't see why you can't talk. I'll bet you I can talk while counting to myself, and I'll
bet you can't read."... By thatexperienceTukeyand I discoveredthatwhat goes on in
differentpeople's heads when they think they're doing the same thing-something as
simple as counting-is differentfor differentpeople.
R. P. Feynman[36]

Tukeywas H. B. Fine Instructorof Mathematicsat Princetonfor the years 19391941. There he came to know the physicist RichardFeynman, then a graduate
student.Tukeyappearsin variousof the books by andaboutFeynman.Forexample
his biographerMehra [57] remarksthat Feynman "discussedmany ... ideas with
fellow graduatestudents,like Bill Woodwardand John Tookey [sic]." One story
relates to keeping time. Feynman knew that he could keep track of time at the
same time as he was reading,but not while he was speaking.He presentedthis as
a challenge, whereuponJWT showed the reverse,thathe could keep trackof time
and speak simultaneously.Both FeynmanandTukeywere renownedfor being able
to do complex numericalcomputationsin theirheads.
Reference has already been made to how much Tukey enjoyed the time he
spent at Princetonin those early years. In 1939 Feynmanand Tukey,togetherwith
BryantTuckermanand Stone, were hexaflexigators.This group formed following
the discovery of certainorigami-likeobjects by the British mathematicianArthur
Stone. Stone had a narrowEnglish binder but, being in the U.S., was forced to
purchase wider sheets of paper.He cut off the right margins so that they would
fit the binder.Being left with stripsof paper,he amusedhimself by folding them.
Thus he discoveredhexaflexagons,polygons folded from paperwith the property
that one can flex or turn them inside out to reveal hidden surfaces. Specifically,
by pinching opposite corners new hexagons with different sets of triangles are
exposed.
A mathematicaltheory of flexagons was worked out in 1940, by Tukey and
Feynman. It was never published, but parts apparentlyhave been rediscovered.
Among the resultsdeveloped is an asymptoticformulafor the numberof different
hexaflexagonswith n sides [34]. Feynmancreated a diagramthat showed all the
possible pathsthrougha hexaflexagon[38]. Perhapsthis was an importantstimulus
in Feynman'sdevelopmentof the Feynmandiagramsof quantumphysics.
Tukey's contributionsto the topic live on in the terminology: Tukey triangles, the Tukey triangle network, Tukey polygon strips, Tukey hexagons (see
H. V. McIntosh's website: delta.cs.cinvestav.mx/-mcintosh).In the late 1940s
Tukeyapproacheda toy companyaboutmarketingflexagons,but this did not come
to pass. The American Philosophical Society archive of Tukey's papers contains
many of the originalforms thatwere created.
In 1942 Stone and Tukeyprovedand generalizedthe Ham SandwichTheorem,
to the effect that,given a piece of ham and two slices of bread,it is possible to find
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a single plane bisecting each of the volumes. This work is sometimesknown as the
Stone-Tukey Theorem.
In 1941 Tukey was appointedAssistantProfessorof Mathematicsat Princeton.
He furtherbegan to take on the many professionalresponsibilitiesthat would be
with him throughouthis career.He listed his interestsin AmericanMen of Science
of 1942 as: point set topology and analysis. As suggested in the introduction,
Tukey's list of interestswould shortlygrow.
6. The war years.
By the end of late 1945, I was a statisticianratherthan a topologist.
[99]

6.1. The Fire ControlResearch Office. Tukeydescribedhimself in the period
1938-1941 as a mathematicianin the narrowsense. Indeed, Mosteller [60] writes
of havingaskedhim a statisticalquestionat the graduatedormitory,to which Tukey
answered"I don't do statistics."
Things were changing. Even six months prior to Pearl Harbor, Princeton
University girded for the inevitability of U.S. entry into World War II. In May
1941, Tukeyjoined the Fire ControlResearchOffice (FCRO)located in an office
building at 20 Nassau Street.This was a departmentof the University supervised
by the mathematicianMerrill M. Flood (later credited with co-discovery of
the Prisoner's Dilemma). Tukey's title there went from Consultantto Assistant
Director during the years 1941-1945. Among those working in this office were
G. W. Brown,E. Cuffey,W. J. Dixon, L. L. Rauch,A. M. Mood, VirginiaMosteller
and C. P.Winsor.Virginiaservedas Flood's secretaryuntil her husbandwas sent to
NYC to help establishthe StrategicBomb Groupof Princeton.When F. Mosteller
returnedto graduateschool at Princetonat the end of the War,she became Flood's
secretary again. Recreations of the FRCO group included tea and kriegspiel at
Mood's house [58].
The FRCO supportedthe work of the National Defense Research Committee
chaired by J. B. Conant. The Princetonoffice was concerned with many aspects
of artilleryfire control including mathematicaloptics, ballistic behaviorof rocket
powder and stereoscopic height and range finders. A particularconcern of the
FRCO was the precision of machine gun fire from a B29 bomber [3]. The Office
had one of the firstIBM cardmachinescapableof performingmultiplication.
6.2. Timeseries and code breaking. A letterfromMIT mathematicianNorbert
Wiener dated June 20, 1942 indicates that Tukey was already interested in the
autocorrelationanalysis of time series at that time. The letter is reproduced
in [18]. The mathematicianSaunders Mac Lane [55] writes about how Tukey
provided considerablestimulus to L. Cohen (a Princeton-trainedtopologist) who
was working on the problem of computing leads for machine guns aiming
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at fighter planes. Cohen was working in the Applied Mathematics Group at
Columbia.
Tukey was involved in code-breakingduring and after World War II. W. 0.
Baker [10] said:
John was indeed active in the analysis of the Enigma system and then of course was
partof our force in the fifties which did the really historic work on the Soviet codes as
well. So he was very effective in that whole operation.

6.3. Statistics. While working at FCRO,Tukey had many meals and interactions with CharlieWinsor.These proveda majorinspiringinfluenceon Tukey'sensuing careerinterestin data analysis. Winsorwas a Harvardengineer,but because
of his Ph.D. in physiology he was known as an "engineer-turned-physiologistTo quoteTukey:"Itwas Charlieandthe experienceof working
turned-statistician."
on the analysis of real data, thatconvertedme to statistics"[99].
JWT called himself a statistician by the end of 1945. His first published
statisticalpaperis Scheff6 and Tukey [69]. It is revealingto know just what JWT
then viewed as the subjectof statistics.One finds him saying [79]:
Statisticsis a science in my opinion, and it is no more a branchof mathematicsthanare
physics, chemistry and economics; for if its methods fail the test of experience-not
the test of logic-they are discarded.

He also remarksthat statisticsis "somethingthathad the purposeof being used
on data"[35]. JWTcontrastedthese ideas with those of the mathematicianWalther
Mayers,who preferredthe situation"thatif I say gik has certainproperties,it really
does" [87].
In 1965 JWT wrote his view of the structureof mathematics. He saw its

componentsas [83]:
Abstraction,calculation,free assembly,logical solidity and security,precision, quantitativenessand symbolism.

JWT indicated that he learned statistics by reading the Journal of the Royal
StatisticalSociety Supplement,and he often recommendedthis approachto others.
In the 1948 issue of AmericanMen of Science Tukeylisted his interestsas point
set topology, fire control equipment,military analysis, mathematicaland applied
statistics.This list remainedin his entry as the years passed.
7. The industrial world-Bell Telephone Laboratories.
Where could I ever find anotherBell Labs?
JWTto his wife Elizabeth[77]

In early 1945 John,"Mr.Tukey,"beganhis long associationwith Bell Telephone
Laboratories, Murray Hill, New Jersey. Bell Labs is perhaps the foremost
industrialresearch organizationthat the world has known and Tukey never left.
This content downloaded from 202.28.191.34 on Thu, 24 Dec 2015 18:44:53 UTC
All use subject to JSTOR Terms and Conditions

1544

D. R. BRILLINGER

In succession he was: Member of Technical Staff 1945-1958, Assistant Director
of Research, Communications Principles 1958-1961 and Associate Executive
Director, Research-InformationSciences 1961-1985. He retired from both the
Labs and Princeton in 1985 at age 70, these retirementsbeing mandatedunder
Federallaw. At Princetonhe became Senior ResearchStatistician.
At the Labs JWT startedout working for HenrikBode on the developmentof
the Nike antiaircraftmissile system in whose researchand developmentthe Bell
System played a principalrole [33]. Tukey had gone to the Labs as a "computer
topologist""[5] with the thought of working on the Nike project only, as an
outgrowthof Fire ControlResearchOffice work,but endedup workingmuchmore
broadly.
At JWT'sretirementevent W. 0. Baker,now RetiredChairof the Boardof Bell
Labs, remarked[12]:
John has had an incisive role in each major frontier of telecommunicationsscience
and technology: uses of transistorsand solid state; digital coding and computers;...;
evolution of software and operations support systems; earth satellite and other microwavetechniques;electronicswitching;laser-basedphotonics;topology of integrated
circuits ....

At the Labs John gave courses, cross-fertilizedresearchers,attractedrenowned
visitors, reviewed, wrote many technicalmemoranda,made personneland project
decisions, enlivened seminars.To put it directly,he had a presence. To provide an
example, HarryHart,one of the Labs workersresponsiblefor patentapplications,
also lived in Princeton. During the drives between Princeton and MurrayHill,
Hart would probe Tukey with questions about the science involved in his current
patenting work. I can tell you from personal observationthat Tukey invariably
knew the answers,over a wide arrayof esoteric topics.
He received patents, for example, one with J. R. Pierce and C. Shannon [63]
for a cathode ray device. (All three coinventorswould in due course be awarded
National Medals of Science.) There were influentialpapers, for example, Bode,
Mosteller,TukeyandWinsor[115]on being a scientificgeneralist.Of this particular
paperArthurBurks [22] writes how much it influencedthe way that the graduate
programin Computersand Communicationsat the University of Michigan was
establishedand organized.
The developmentof the cepstraltechniquefor estimatingthe depth of seismic
events was carried out at the Labs with B. P. Bogert and M. J. R. Healy [116].
One can also mention Tukey's work with Atal, Chang and Mathews on the vocal
tract [9]. His Bell Labs and later assistant, Mary Bittrich, has told the story of
how JWT'sneeds for tabulardisplays in papersled to the developmentof the tbl(
functionin the Bell Labs developed UNIX typesettingpackagetroff [12].
JWT worked with I. C. Ross at the Labs on the project to index the literature
of statistics [67, 68]. Indeed, the Labs supportedmuch of Tukey'smore academic
research,as he has acknowledged.Bell Labsprovidedhim with practicalproblems,
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access to the fertile minds of manybrilliantengineersand scientistsandcomputing
and secretarialsupportof which he made such effective use. As W. 0. Baker's
remarks above show, the Labs lauds him as one of their most importantand
influentialworkers.
8. The academic world-Princeton.
the firsttime I was in a statisticscourse, I was thereto teach it.
[95]

8.1. Some chronology. In September 1945 JWT came back to a half-time
position as Assistant Professorof Mathematicsat Princeton.At that time he was
still doing some mathematics,and in particularhe was preparingmany pieces for
MathematicalReviews. He was recorderof the mathematicssession at the 1946
Princeton Bicentennial Conference. He was a Member of the Council of the
American MathematicalSociety in 1947. Yet he had become a statisticianand
begun to move steadfastlyinto the statisticalcommunity.He was a Councilorof
the Biometric Society in 1947. He was the CentralNew Jersey Representativeof
the American Statistical Association in 1948. He provided answers to statistical
queries sent to Biometricsand TheAmericanStatistician.He turnedto producing
a steady streamof researchpapersin statistics.
At Princeton,JWT was a member of the Section of MathematicalStatistics,
in the MathematicsDepartment.The Section was headed by S. S. Wilks. The
combinationof Tukey and Wilks was a potent force for statisticsfor many years.
On Wilks' untimely deathin 1964 Tukeywrote an affectionatememorial[82].
In the 1947 appraisalfor Tukey'spossible promotionto Associate Professorand
tenurethe Cornell (laterPrinceton)probabilistW. Feller [5] wrote:
Tukey's interests and activities cover an incredibly wide range. He is rich in ideas,
has a fifth sense for new possibilities, and develops an infinite amountof energy. He
works almost at the same time on supersonic flow, computing machines, theoretical
statistics and special biometrical problems. The main value of his papers lie in the
lucid exposition, andin the ease with which Tukeypopularizesnew ideas andcombines
methods and resultsfrom differentfields.

Needless to say Tukey was awarded the promotion. In 1948-1949 he held a
Guggenheim Fellowship and worked out "polykays"in the Fine Hall lounge.
These are unbiasedestimates of the expected values of particularpolynomials in
randomvariables.A lot of algebraicmanipulationand perseverancewas required.
The word "polykay"has been describedas "linguisticmiscegenation"by Kendall
and Stuart[52] because of its combininga Greekprefixwith a Latinsuffix. (Tukey
did it again later with the word "polyspectrum.")
JWT became Professor of Mathematicsin 1950 and held that position until
1966, when the StatisticsDepartmentwas formed.
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During his career he wrote a numberof articles describing and analyzing the
life of applied mathematiciansand statisticians.In 1955 his paper "Mathematical
consultants,computationalmathematicsand mathematicalengineering"appeared
in the AmericanMathematicalMonthly.
M. Schwartzschild,L. Spitzer(Princetonastrophysicists),J. Wheeler(physicist)
and Tukey met for lunch regularly in the 1950s to share ideas on science and
the state of the world. Tukey called their group the "Chowderand Marching
Society" [106]. Wheelergoes on to say:
John Tukey,like John von Neumann,was a bouncy and beefy extrovert,with interests
and skills in physics as well as mathematics.

A surprisingJWT anecdoteconcernsthe historyof computerdevelopment.The
classic work by Burks, Goldstine and von Neumann [23] states in the Preface:
"Theauthorsalso wish to express theirthanksto Dr. JohnTukey,of Princeton,for
many valuablediscussions and suggestions."When I askedArthurBurksjust what
Tukeydid, he wrote [22]:
John Tukey designed the electronic adding circuit we actually used in the IAS
Computer.In this circuit, each binary adderfed its carryoutput directly into the next
stage without delay. As I recall, experimentalmeasurementshowed that the complete
carrytook about 4 clock pulses. And this was the circuit actually used because it was
reliable and much simplerthanthe alternative.

Tukey did not allow himself to be nominated for high offices in too many
societies [60], but he was Vice Presidentof the American StatisticalAssociation
for the period 1955-1957. In 1956 he set up the StatisticalTechniquesResearch
Group (STRG) at Princeton. The first electronic computer on the Princeton
campus, not counting von Neumann'sat the Institute,was very possibly the IBM
650 at STRG's Gauss House on Nassau Sreet. The STRG had many important
membersand visitors and its technicalreportswere highly influentialat thattime.
For the period 1951-1956 JWT was Supervisor,Military Systems Analysis at
Princeton'sForrestalResearchCenter.He was instrumentalin setting up a branch
of the Institutefor Defense Analysis (IDA) on the Princetoncampusin 1960. (IDA
moved off campus in 1970 during the period of studentprotests over the war in
Vietnam.Tukey served on its Boardof Trusteesfor decades, though unmentioned
on his CV.)
JWT was Vice Presidentof the Society for Industrialand Applied Mathematics
in the late fifties. For the period 1960-1961 he was Presidentof the Instituteof
MathematicalStatistics. One innovative step he took as President was to carry
out a survey on the IMS members' feelings on the need for a separatejournal of
probability.The resultswere in favor,but TheAnnals of Probabilitydid not appear
until 1973.
In the early sixties JWT was Advisor to the EconometricsProjectat Princeton,
headed by OskarMorgenstern.Among other accomplishmentsthat circumstance
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led to the appearanceof the book Spectral Analysis of Economic Time Series
(1964) by Clive Grangerin associationwith Michio Hatanaka.
A Statistics Departmentwas created at Princeton in 1966 with JWT as first
Chair.His appointmentas Professorof Statisticslasteduntilhis retirementin 1985.
From 1976-1985 he also held the DonnerChairof Science. In 1978 JWTreviewed
the history of Statisticsat Princetonin an essay [9 17].
As previously mentioned, Tukey had been involved in scheduling at the New
BedfordHigh School. It is thereforeno surprisethatfrom 1945 to 1970 he chaired
PrincetonUniversity's Schedule Committee.It was said that he would lie flat on
his back and call out answers to scheduling problems. (On various occasions he
called himself a "horizontalconsultant.")
Tukey made other contributionsto the administrationof the University. He
developed a method of merging class scores from the sections of Princeton's
larger undergraduateclasses. In addition Tukey and Sam Wilks sought to assist
the Princetonfootball team with rudimentarydataanalyses of game statistics.
From 1960 on Johnreceivedmanyhonors.He receivedhis firsthonorarydegree
(one of seven) from Case Institute of Technology in 1962. The words of the
citations at the ceremonies included:
A self-described"miscellaneoustype" in an age of specialization....
PrincetonUniversity,1998
He has pioneered developments in fields that intersect with every departmentin
mathematics facilities ....

Universityof Waterloo,1999

8.2. Teachingand Students.
Well, what I thinkyou need is folk dancing.
JWT to Leo Goodman, 1949

Tukey's teaching style was somewhat on the oblique side. Indeed, some wondered whetherhe wasn't being deliberatelyobscure.Perhapshis own educational
backgroundled to his sometimestreatingothersa bit like studentsin conversations.
My personal impressionis that he wanted the people with whom he interactedto
figure things out on their own, to the degree possible. One ChristmasTukey gave
his studentsbooks of crosswordpuzzles as presents. Upon examining the books
the studentsfound that Tukey had removed the puzzle answers and had replaced
them with words of the sense:
Doing statisticsis like doing crosswordsexcept that one cannotknow for sure whether
one has found the solution.

Fred Mosteller has said, "He always did two things: took a pass at the problem
I askedhim aboutandthen he'd always suggest somethingelse, somethingentirely
differentto work on" [3].
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In the late 1940s a first-yeargraduatestudent, Leo Goodman, got asked by
Tukey how things were going. When Leo replied, "I don't know,"JWT gave him
an oral exam on the spot. Then after a bit of reflection, hand on chin, Tukey
made the remarkquoted above. For more than a decade John was a folk dance
instructor,and thatis how he met his futurewife, Elizabeth.LaterLeo had another
experience indicative of Tukey's teaching style. Tukey had received a postcard
with a statisticalquery.He suggested that Leo deal with it. This led to Leo's first
statisticalpublicationin TheAnnals of MathematicalStatistics (1949).
The Applied Statistics Seminar which began in 1946, was an importantpart
of the education of the Princeton graduatestudents. It was the traditionof the
seminar that participants,ratherthan remain silent, contributewhat they could,
even if it were confused or incorrect.Remarkswere never to be held against the
one speakingout. Anothertraditionwas thatthe presenterneed not have a solution
to the problembeing presented.
The courses JWT presentedwere state-of-the-art,indeed introducingthe art in
many cases. Special topics included:Monte Carlo, fractionalreplicationand time
series. Majorinvestigators,such as CuthbertDaniel, joined in.
John'sinteractionswith studentsoften took place at the house on ArretonRoad,
particularlyon weekends. Notably Tukey held gardeningto be a social activity.
This resultedin his advisees sometimes having to compete with the power mower
(or saw) to be heard.Otherswould weed flowerbeds.
Tukey's busy schedule obliged him to develop clever strategiesfor managing
his time. He would schedule four classes each week. From the four availablehe
then picked the three times that were the most convenient for the week at hand.
Anothermethod he employed was to schedule classes for, say, 2-4 Tu/Thinstead
of the usual 2-3:15 pm and then sometimes skip a class or at other times run it
longer.
Princetoncreated an undergraduateconcentrationin statistics in 1970. Undergraduatestudentsinfluencedby JWT include:Bill Cleveland,David Donoho, Bill
Eddy,Don MacLaughlin,CharlesSmith, Paul Tukey (a fifth cousin), Roy Welsch.
Some of JWT's undergraduatecourses were famous, particularlyStatistics 411.
The content of the course changed a great deal from year to year. The attendees
included graduatestudentsand senior researchers,with the undergraduatesgiven
precedencein asking questions and seating.
It is revealingto thinkback to what it was like to be Tukey'sstudent.(His Ph.D.
studentsare listed in Appendix C.) It is clear that he gave his studentsa substantial head start on their research careers. We learned a lot of practicaltips from
watching:things like carry-onbaggage for air flights, gallon-size refrigeratorbags
for protectingnotes and transparencies,coloring and displaying viewgraphs,employing two overheadprojectorsin tandem,telephone usage, multi-coloredpens,
multi-taskingat seminars,qualityof remarks,studentsupervision,learningthe basic science, assistance of others. My personalexperiencewas that he put students
down a bit when they were over-cocky,and built them up when they were down.
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When my thesis was almostfinished,JohnaskedwhatthoughtsI hadconcerning
my futurecareer.Answering quickly, I said that I found the professionallives of
Wilks and John himself a bit unappealingas they spent all theirtime workingand
seemed to leave little time for anythingelse. Tukey'sreactionwas to proposeWilly
Feller as a role model. I thoughtaboutFeller, and he did have a good life. On that
basis I happilywent on into the academicworld. Of course, at this point in my life
I myself am just plain too busy, but willingly so.
9. Public service.
It is my guess that statisticians Frederick Mosteller (Harvard) and John Tukey
(Princeton) have served on or assisted more technical committees than anyone else
alive.
[54]

9.1. The quiet patriot. Tukey's service during WWII at the Fire Control
Research Office was just the onset of lifelong supportto national defense. This
service largely does not appearin Tukey'scurriculumvitae. Once his professional
papers are organized and made available, some of these activities will become
known. Othersmay prove untraceable.
The PrincetonUniversityPhysics Departmentwas highly involvedin the design
of the atomic and later hydrogen bombs. In 1945, at the behest of General
Groves, the chairman of the Physics Department,Henry Smyth, wrote a book
Atomic Energyfor Military Purposes, which revealed the ManhattanProject to
the Americanpeople. Mathematiciansand early computerswere importantto the
design of nuclearweapons, since they were neededto test the feasibilityof a design
throughcalculations, hence the call to Tukey and others when Ulam and Teller
designed the first H-bomb.PrincetonUniversitycontinuedto be involved in both
nuclear weapons and energy development thereafter,under Project Matterhorn.
The weaponsprogramwas headedby Tukey'sfriendJohnWheeler,andthe energy
programby anotherfriend,LymanSpitzer.
Tukey organizedfolk dances during visits to the uraniumenrichmentfacility
in Oak Ridge, Tennessee during the early 1950s. Such visits may have been to
supportthe functioning of its computer,the Johniac (named for von Neumann).
The computerdevelopmentprojectin which John von Neumannhad first enlisted
Tukey during late 1945 was funded by the Defense Department. John von
Neumann was himself a Commissioner of the Atomic Energy Commission at
the time of his early death in 1957. The development of nuclear weapons by
Stalin's Soviet Union and the memory of the 1941 debacle at Pearl Harbor
made intelligence gathering a high national priority.With unmatchedexpertise
in communications and computing research, Bell Labs was enlisted to support
national security endeavors. In 1957, Tukey's valued friend William 0. Baker,
later head of Bell Labs, headed a committee that recommended to President
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Eisenhower a comprehensive plan to intercept Soviet communications, in due
course a path followed by the National Security Agency (NSA). Tukey joined
Baker and Princetonstatisticalcolleague Sam Wilks on NSA's Science Advisory
Boardin late 1952. Duringthe mid-1950s, Tukeytraveledto Englandseveraltimes
for meetings with British defense officials [5, 41]. Startingin 1960, he served on
the President'sScience Advisory Committee(PSAC) and advised five Presidents.
While some of Tukey's work notablypertainedto chemical pollution, PSAC also
renderedadvice on many nationalsecuritymatters.
There was other work on defense projects.ProjectMatterhornwas a classified
project,institutedat the ForrestalResearchCenterof PrincetonUniversityin 1951
to design thermonuclearweapons. It was startedby L. Spitzerandinitially directed
by J. Wheeler. Tukey contributedto its work [106]. In 1952 Tukey was asked to
become a memberof the National SecurityAgency's Science Advisory Board [5].
He was also a member of the Science and Technology Advisory Panel of the
CentralIntelligenceAgency (CIA) [26].
The Nike Missile. In January1945 the U.S. Army Air Force contractedwith
Bell Labs to develop a defense system against the foreseen threatof high-flying
bombers. Perhaps because of his work with the Fire Control Research Office,
Tukeywas hiredby H. Bode to help with this majornew nationalsecuritymission.
In due course, this project became known as Nike, the first widely deployed
surface-to-airmissile. It required a systems solution to which Tukey was so
profoundlysuited: the integrationof ground-basedtrackingradar,computers,and
communicationswith an airbornemissile. Five months of intensive work, by a
group including W. A. McNair, H. W. Bode, G. N. Thayer,B. D. Holbrook and
Tukey,resulted in a writtenproposal "A study of an AntiaircraftGuided Missile
System,"presentedto the Governmentin July 1945. Bell Laboratorieswas then
given full responsibility for the missile's development. Holbrook and JWT did
the aerodynamics,the trajectoryand the warhead,sometimes by paperand pencil
[34, 35]. QuotingJWT,"Thequestionis whatpathwould the missile taketo get the
farthestout possible and still have enough speed to manoeuver?"[35]. By October
1946, Tukeywas in New Mexico observingNike missile firings [5].
Bode was Tukey's best man at his wedding and wrote, in connection with
Tukey's 1947 tenurecase [5]:
He has a great fertility in ideas, open-mindednesstoward heterodox solutions, and
penetrationin reachingthe heartof complex and abstrusesituations.These are wedded
to unusualenergy,which permitshim to carryout two or threetimes the load of ordinary
men. It is safe to say thathe has made an irreplaceablecontributionto nationaldefense.

Bode was possibly referringto the Nike system.
The Technological Capabilities Panel. Tensions with the USSR were high
duringthe middle 1950s, Krushchevsucceeding Stalin. The United States became
concerned about the possibility of an effective surprisenuclear bombing attack.
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One event that contributedto the suspicion was the Soviet Union's flying the
same planes by more than once at a Red Air Force Day [24]. To guard against
the possible threat, in 1954 President Eisenhower empaneled a committee of
scientists, headed by MIT PresidentJ. R. Killian. It consisted of a steering group
(chairedby Killian), three projectpanels, a communicationsgroup and a military
advisory committee. Project 3 concerned collection of technical intelligence. It
was chairedby E. H. Land, of Polaroidcamerafame, and includedthe astronomer
J. G. Baker, the chemist J. W. Kennedy,the engineer A. Latham,Jr., the Nobel
laureatephysicist E. M. Purcell and Tukey [24, 64]. Project3's groupused to joke
that they could hold a meeting in a taxicab. They recommendedthe adoptionof
"a vigorous programfor the extensive use . .. of the most advancedknowledge in
science and technology."
What might Tukey have contributedspecifically? Project 3's section of the
reportincludes the words:
We must find ways to increase the numberof hard facts upon which our intelligence
estimatesarebased, to providebetterstrategicwarning,to minimize surprisein the kind
of attack,and to reduce the dangerof gross overestimationor gross underestimationof
the threat.

The group's proposal was to create a high-flying spy plane. The developmentof
the U-2 followed quickly.
PresidentEisenhowerrequiredthat the CIA, not the Air Force, have responsibility for the operation,thatthe pilot be a civilian, and thatthe Presidentgive final
permissionfor each flight. The first flight over the USSR was in 1956 and the last
in 1960, when FrancisGaryPowers' craftwas shot down.
In 1957 Eisenhowerformed the President'sScientific Advisory Panel (PSAC),
partlyin responseto the effective way thatthe scientistshaddealt with the "bomber
gap".
Nuclear WeaponTests TreatyNegotiations. In 1959 JWT spent a month in
Geneva, Switzerland as a U.S. Delegate to Technical Working Group 2 of the
U.S.-USSR Conference on the Discontinuance of Nuclear Weapon Tests. His
expertise,in part,concernedthe time-seriesproblemof distinguishingearthquakes
from nuclear explosions, given data in part consisting of seismograms.Elizabeth
Tukeyremarked:
John had pulled some rabbitout of the hat that made it clear that nuclearunderground
testing could take place and not be noticeableup on the surface.
ElizabethTukey [39]

suggesting that JWT played a highly influentialrole. Details of cavity decoupling
were later developed by Albert Latterof Rand Corporation.The whole matterof
(partially)masking a test very much startledthe Russians [17].
JWT describedthat period in Geneva as a "time of stress ... like a utilities rate
case."In 1967 he wrote [86]:
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... my experiences with Geneva ... where the political conference set up technical
working groups in the hope that the scientists would settle some of the questions that
the politicians could not .... The politicians' attemptto evade responsibilityfailed, as
was inevitable.

Unfortunatelythe working out of verificationproceduresto ensure compliance
with a ban on nuclear weapon tests in all environmentsproved to be intractable
at that time. Concerningthe problemof discriminatingearthquakesfrom nuclear
explosions, one method of inferringthe occurrenceof an explosion, ratherthan
an earthquake,is by plotting the signs of first motions observed at scattered
seismometers. In an explosion the first motions tend be of the same sign. In an
earthquakethey will lie in quadrantsor some related design. JWT's report [80]
addressesthe problemof improvedestimatesof firstmotion.
Anothermethod is to estimate the depth of the event, deep events being necessarily earthquakes.The Bogert-Healy-Tukey techniqueof cepstral analysis [16]
was developed in this connection. It supposes that the recordedtime series contains an echo of the basic signal, in additionto the basic signal in the time series
recorded.The presenceof an echo leads to a rippleon the signal's power spectrum
and hence frequencydomainFourierstudies.
Other. In 1961 Tukeychairedthe West FordPanel. This concernedthe failure
of an experimentdesigned to improve shortwavecommunicationsby launching
into orbitmillions of copperthreadsto serve as reflectorantennas.
JWT's work on fast Fouriertransforms[81], expanded on in the paper [18],
receivedcrucialstimuluswhen Tukeyinteractedwith R. Garvinof IBM at a PSAC
meeting in 1963. The meeting itself concerned seismic detection of nucleartests
and acoustic detectionof submarines;see Cooley [29].
Once, in the mid-sixties, I asked Tukey whetherhe had any interestin visiting
the USSR. He replied, "Perhapsas a memberof a delegation."
Supportand consulting. Tukey made valuable contributionsto many critical
defense and intelligence programs[53]. In particular,he was adviser, consultant
and committee memberfor both the CIA and the NSA. He attendedmany of the
Army's design conferences,initiatedby Sam Wilks. In the mid-fiftieshe visited the
British GCHQ GovernmentCommunicationHeadquartersin Cheltenham[41]. In
1965 he received the Wilks Awardwhen its criteriastill involved contributionsto
militaryresearch.
Both the Army Research Office and the Office of Naval Research supported
Tukey'sresearch.
9.2. Governmentadvising. Tukey's defense work has already been referred
to. A long list of other activities covers many fields.
In 1949 a "Memorandumon statistics in the Federal Government"came out
in The American Statistician. In the late fifties he was a member of the National
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Bureau of Standards'sAd Hoc Advisory Committee that led to the appearance
in 1964 of the highly influentialHandbookof MathematicalFunctions (edited by
M. Abramowitzand I. A. Stegun).
For the years 1960-1963 Tukey was a Member of the President's Science
Advisory Committee (PSAC). An intriguing aspect is that he once said of that
work that it involved "no statistics."This is notablebecause Tukey seemed to find
statisticsproblems everywhere.In 1962 he was a Memberof a PSAC Behavioral
Sciences Subpanel. For the period 1962-1964 he was a member of the NSF's
Scientific InformationCouncil.
During 1970-1971 Tukey was a member of the President's Commission on
Federal Statistics. In the mid to late sixties he was heavily involved with the
NationalHalothaneStudy.This studywas statisticallypathbreakingin manyways,
including its studies of tabulardata and of survivalanalysis.
The environment. Tukey's work concerning health and the environmentwas
particularlyimportantover the years. In 1964-1965 he chaired a PSAC panel
on environmentalpollution. It broughtout a reportRestoring the Quality of Our
Environment.This was a landmarkon environmentalpolicy. It called for polluters
to pay for their emissions via taxes and affirmed no right to pollute. For the
period 1968-1971 Tukey was a memberof the President'sAir Quality Board. In
1970 it published the report Cleaner Air for the Nation. This work possibly led
to Tukey's being a Member of the U.S. Delegation to the U.N. Conference on
the Human Environmentin Stockholm in 1972. During the years 1971-1972 he
chaired PSAC's Panel on Chemicals and Health. That Panel preparedthe report
Chemicalsand Health.
There were otherreportson environmentalissues: in 1976 one for the National
Academy of Sciences, Halocarbons: EnvironmentalEffects of Fluoromethane
Release and in 1978 one reviewing the results of attempts at weather modification [20]. In 1979 he chaired the NRC/NAS Committee on the Impacts of
StratosphericChangeandin 1991 he was a memberof the OversightReview Board
of the National Acid PrecipitationAssessment Program(NAPAP). For ten years
(1981-1991) he advised the Health Effects Instituteon the design of studies. This
organization,cofundedby the auto industryandthe US EPA,conductshealthstudies on the potentialeffects of auto air pollutionupon humanhealth.
It is perhapsworth mentioninghow Tukey liked the committees he chairedto
proceed:he thoughtit was importantto have the committeestartwork the evening
before the main sessions. From personal experience it was a highly effective
structure,leading to an organized,gentle experience.Anothernotable occurrence
was that a clear completion seemed to take place at the end of the meetings, partly
because Tukeycould carrythroughfairly complex analyses in real time.
Education. John Tukey had a long-standing interest in the effectiveness of
education.From 1965 on he was a consultantto the EducationalTesting Service
(ETS), Princeton.There he associated with LedyardTucker and Fred Lord. He
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was also a consultantto the EducationCommission of the States (ECS). Starting
in 1965, he was Chair or Member of a succession of Advisory Committees of
the National Assessment of EducationalProgress(NAEP). L. Cronbach,R. Tyler,
R. Abelson, L. V. Jones and JWT met often in the late sixties to guide NAEP's
formation [50]. (NAEP is a long-termprogramof assessing what the inhabitants
of the U.S. can do, as measuredby theirperformanceon exercises at variousages.
It furtherwishes to measure changes in performance.It proceeds by sampling
pertinentpopulations of schools, students and people.) F. Mosteller chaired the
Statistics Advisory Committee for 8-10 years, and the first report came out in
1970.
JWT also involved himself with week-long "Short Courses" through the
Princeton-basedUniversity Associates in the 1970s and 1980s. These included
"The Practice of SpectrumAnalysis" with Bloomfield, Brillinger and Cleveland [14] whose attendeesincludedDick Hammingand Ed Jaynes. He also gave a
1975 ShortCourseon Data Analysis with David Hoaglinat the ASA AnnualMeeting and the UniversityAssociates "Advancesin Data Analysis"with Bloomfield,
Braunand Siegel.
Tukey furtherparticipatedin a variety of courses at Bell TelephoneLaboratories. For example, therewas a collaborativeprogramfor new engineerswith NYU.
The Census. Tukeyadvisedthe Census Bureauthroughoutmuch of his career.
In 1980 the step of adjusting the raw census counts to obtain an "improved"
estimate became highly political and got tangled up in the adversarialsetup
of the U.S. legal system. JWT testified before committees of the House of
Representativesa numberof times and servedas an expertwitness in the litigation.
There were papers and discussion at the 1982 Detroit Meeting of the ASA.
Ericksen,Kadaneand Tukey'spaper"Adjustingthe 1980 Census of Housing and
Population"[32] appearedin 1989. The matterrecurredwith the 1990 Census.
Othersof his writingson the subjectare: [96, 100-102].
In a 1992 court case S. Fienberg, J. Rolph and JWT, as well as the state of
Florida and the cities of Atlanta and New York,were on the side for adjustment,
P. Meier and D. Freedmanand the Secretaryof Commerce and her Department
were opposed to adjustment.JWT supporteda smoothingapproachto adjustment,
possibly because the technique had been so successful in election forecasting.
(Election projectionis returnedto later.)The testimoniesmay be found in [27].
It is revealingthat in his testimony at the 1992 trialJWT describes his fields of
specializationas including:time series, robusttechniques,exploratorytechniques,
analysis of varianceand regression.
A court case. In the mid-nineties JWT became involved in the legal world
on anothermatter.The issue was whether a black American in New Jersey was
more likely to be given the death penalty than a white one. Some regression
analyses had been carriedout, and a scientificexpertwas sought.A Special Master
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was appointed, and he involved JWT as his consultant. The report submitted
suggested that the inclusion of too many variables in the models that had been
employed made the earlierconclusions unreliable,and that there was no evidence
of bias [104, 105].
9.3. The KinseyReport.
Most Americanscould hardlyhave caredless what academicsthought.They wantedto
hear what Kinsey had found.
J. H. Jones [49]

In 1950, following a request to its Commission on Standards,the American
Statistical Association assembled a committee to review the statisticalproblems
in Alfred C. Kinsey's work on sex research.This followed the very substantial
criticism of the statistical aspects of Kinsey's approachas presentedin his 1948
book, Sexual Behavior in the Human Male. Kinsey's work was supportedby
the Rockefeller Foundation,and the Foundationhad become concerned with the
criticism the work was generatingand in particularwhetherto supportthe work
involved in a correspondingvolume on the humanfemale.
The ASA chose as membersfor the committeeW. G. Cochran,F. Mostellerand
Tukey. After substantialnegotiations over the terms and protocol the Committee
visited Kinsey's Institutefor Sex Researchin October,1950. Things startedbadly.
Walkingover to the Institute,the three men got to singing a Gilbertand Sullivan
song. Kinsey greeted them briskly and showed them into a room in which they
might work. In the room Mosteller, hoping to lighten things up, suggested they
finish the song. Apparentlythe trio's singing was easily heard by the workersin
the Institute.An angeredKinsey rushedin and gave the Committeea loud rebuke.
Still the Committeeproceededto collect informationand to have theirown sexual
historiestakenby Kinsey and his staff.
Many things did not go well. In particular,following a dinner at the Kinsey
home Kinsey's wife, Clara,said, "I never fed a groupof men that I would have so
liked to have poisoned .... Tukeywas the worst"[49]. Accordingto Mosteller [60]
Tukeyhad greatrespectfor Kinsey's stick-to-it-ivenessand his willingness to take
on a very extensive field of work. In keeping with this, the Committee wrote a
carefully balanced, fair appraisalof the Kinsey study, noting things done well
while suggesting things that could be done betterin futurework. Tukey's archive
of professionalpapersat the AmericanPhilosophicalSociety containsmuch about
this appraisal.
The Committeewas concernedwith the samplingmethodsandin particularwith
the absence of enforcedrandomnessof selection. The reportcame out as a paperin
Journal of the AmericanStatisticalAssociation and as a lengthy monograph;both
were titled StatisticalProblemsof the KinseyReport[28].
This experience surely led to new sampling methodology and to a better
understandingof the usefulness and limitationsof nonprobabilityand cluster-type
samples.
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9.4. Consulting.
A consultantis a man who thinkswith otherpeople's brains.
[85]

Merck. Tukey's defense-relatedconsulting has already been mentioned. In
1953 he beganconsultingat Merck, Sharpand Dohme on problemsof biostatistics
and continuedto consult with them until his death.Priorto 1953 he had consulted
with its predecessor,Merck, on problemsarisingin manufacturing.
Of John's work at Merck,J. Heyse wrote [44] that:
... he had a tremendousgraspof the obvious.

He furthernotedthatJohnhad workedon problemsof statisticalmethodsfor safety
assessment, clinical trials, laboratoryquality control, health economics, clinical
adverse experience evaluation, gene expression and microarraydata. Tukey's
publicationsinclude eight paperswith Merck scientists.
On June 1, 2000 he visited Merck for a final time. The agenda of that visit
includedthe topics "Use of TaqManAssay for gene expression"and "Errormodels
for microarraydata"[44].
Researchersat Merck referredto the seat next to Tukey duringthe consulting
meetings as "thebatter'sbox."
Election Forecasting. Computers and election projection grew rapidly together,startingin 1952. Thatyear Univac involvedJohnMauchlyof ENIACfame.
The statisticalprojectionsbased on partialreturnstriumphed.This was in contrast
to the 1948 Dewey-Truman debacle and the failure of the 1936 LiteraryDigest
poll.
In 1960 RCA/NBC hired CEIR, a statisticalconsultingfirm,to develop a rapid
projectionprocedure.CEIRconsultantsincludedMax Woodbury,Jack Moshman,
Mauchly,RichardScammonandJWT.ThatyearTukeywon renownfor preventing
NBC from prematurelydeclaringNixon the victor in the Presidentialrace.
Tukeytook a dataanalysis approachto the problemof election projection,with
the added spin that decisions had to be made very quickly. He has describedthe
work as "the best educationin real-time statisticsthat anybodycould have" [12].
Data of several types were available:past history (at variouslevels, e.g., county),
results of polls preceding the election, political scientists' predictions, partial
county returnsflowing in during the evening, and complete results for selected
precincts. The data of the analyses were, in many cases, swings from sets of
base values derived from past results and from political scientists' opinions. It
turnedout thatthe importantproblemof projectingturnoutwas more difficultthan
projecting candidate percentage. Starting with the 1962 Congressional election
John assembled a statistical team to develop the requiredmethodology and to
analyze the results as they flowed in on election night. Early members of the
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team included Bob Abelson, Dick Link, John Mauchly, David Wallace, and
myself.
Tukey sought "improved"estimates.His terminologywas thatthe problemwas
one of "borrowingstrength."Nowadays partsof the work would be describedas
shrinkageand empirical Bayes. Jargonwas developed; for example, there were
"barometric"and "swing-o-metric"precinct samples. The proceduresdeveloped
can be described as an early example of empirical Bayes. The uncertainties,
developed on a differentbasis, were just as importantas the point estimates.
Tukey'sattitudeto release of the techniquesdevelopedis worthcommentingon.
On various occasions members of his "team"were asked to give talks and write
papersdescribingthe work. When Tukey'spermissionwas sought,his remarkwas
invariablythat it was "too soon" and that the techniques were "proprietary"to
RCA and NBC.
An illuminating incident took place the day President Kennedy was assassinated. The team was working at RCA's facility in CherryHill, NJ, on the forthcoming election of 1964. When the news came that PresidentKennedyhad been
killed, the meeting adjournedimmediately.It was a long car ride back to Princeton. Tukeyasked, "Do people wantto talk?"He was invariablyconcernedwith the
feelings of others.
NBC stopped involving Tukey after the election of 1980. A stated reason was
that exit polls, which interview people directly after they leave a polling station,
had become highly refined. Such polls do have the advantageof being based on
data from individual people who actually appearedto vote. This measurement
device has the furtherflexibility that, if (because a race is close) there is a need
for more data duringthe day more voters can be interviewed.
10. Editing and reviewing. Tukey was renowned for the amount of time
that he spent and the detailed comments that he gave others, concerning their
manuscripts.M. D. Godfreywrote [40]:
I sent a draft of my Ph.D. thesis to John. John did two things, he read it and wrote
comments in red all over it (and sent it back within a few weeks-about the luckiest
thing thatever happenedto me), and told Oskar (Morgenstern)aboutme. Thus, I went
to Princeton.

Another example is that of Laurie Davies, who sent Tukey a copy of his paper
"Data features"[30]. Tukey responded [103] with a 27-page detailed typescript
built aroundsections titled: "A is for Approximations,""B is for Blandness,""C is
for Challenges .... "
At the outset of his careerJohn did a lot of work for MathematicalReviews.He
preparedsome 123 reviews during the period 1940-1950. Many of these papers
were writtenin languages otherthan English. His firstreview of a statisticspaper
appearedin 1946. MathematicalReviewswas then based at Brown University,and
J. R. Tamarkinwas one of the two firstEditors.Possibly he rememberedJohnfrom
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his undergraduatedays. John reviewed books for JASA,Quart.Appl. Math.,Ann.
Math. Statist.,Bull. AMS, Econometricaand J. Oper.Res. Soc.
Starting in the sixties John Tukey sought to bring order to the literatureof
statistics and probabilityby constructingindexes of the papers of those fields.
As indicatedhe had done extensive work for MathematicalReviews and prepared
bibliographiesbefore,for example,for time series, andperhapsthis is what spurred
him on. In particularhe constructeda citation index. Re thateffort it is impressive
to see the roll call of eminentstatisticiansthatJWTrecruitedto compile the papers
and the reference lists. In particularhe worked with J. Dolby, H. Resnikoff and
I. C. Ross. The citation index that was constructedthen was one of the earliest
outside of the legal profession. JWT constructed other indices as well. These
were taken over later by the American MathematicalSociety and are part of
MathSci.
Tukeypreparedan in-depthand highly influentialreview of the literatureof the
uses of spectrumanalysis in geophysics [84]. This paper also described various
statisticalmethodsfor frequencyanalysis. Severaltimes he prepareddetailedtime
series bibliographies.These appearedin his papersor as dittoedpreprints.
For the period 1950-1952 he was an Associate Editor of The Annals of
Mathematical Statistics. Together with David Hoaglin and Fred Mosteller he
edited and contributedto a sequence of books on contemporarydata analysis,
UnderstandingRobust and ExploratoryData Analysis (1983), Exploring Data
Tables, Trends,and Shapes (1985), and Fundamentalsof ExploratoryAnalysis
of Variance(1991). He referredto the first two as "The Statistician'sGuide to
EDA' [45]. There is also the volume edited with S. Morgenthaler,Configural
Polysampling:A Route to Practical Robustness(1991).
Tukey also preparedthe index for Contributionsto MathematicalStatistics,
Wiley, New York(1950). This volume reprintsR. A. Fisher's importantarticles.
11. Visiting and traveling.
The statisticiansin the National HalothaneStudy met with him whereverhe happened
to be-Phoenix, Denver,Palo Alto-as he and Elizabethdrove across the country.
Mosteller [59]

JWT did a vast amountof traveling.The many,manyjourneys between Princeton
and Washington stand out. There were also many trips to the West Coast and
summer retreatsto Grand Manon Island off New Brunswick, Canada, visits to
Europe,Australiaand New Zealand,and a cruise to Spitzbergen.He was a Fellow
at the Center for Advanced Studies in Behavioral Science at Stanfordin 19571958 and a Visitor to the StanfordLinearAccelerator(SLAC) in 1972 and 1979.
He often went birdingwith Lincoln Moses andBill Brownin California.He was an
invited visitor to many universitiesand otherinstitutions(e.g., the NationalCenter
for AtmosphericResearchin 1979).
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12. The later years.
Researchcan and will go on; there will be a dawn tomorrow.
[97]

In 1985 JWT was quite emphatic that he was not retired-andhe providedthe
evidence, beginning with his "Sunset salvo" [97]. At Princetonhe had the titles
of Donner Professor of Science Emeritus and Senior Research Statistician. He
continuedhis consultanciesand took on new ones, for example, at Bellcore and at
Xerox PARC. At the latter a sequence of patents (including his name) related to
informationretrievalbegan to come out. These include:
1999 Method of ordering document clusters given some knowledge of user
interests.
1998 Automaticmethod of identifyingdrop words in a documentimage without
performingcharacterrecognition.
1998 Automatic method of generating thematic summariesfrom a document
image withoutperformingcharacterrecognition.
1998 Method and apparatus for information access employing overlapping
clusters.
1998 Method of orderingdocumentclusters withoutrequiringknowledgeof user
interests.
1997 Methodand apparatusfor automaticdocumentsummarization.
1995 Detecting function words without converting a scanned document to
charactercodes.
1995 Scatter-gather:A cluster-basedmethod and apparatusfor browsing large
documentcollections.
1994 Iterativetechniquefor phrase queryformation and an informationretrieval
system employingsame.
These show his continuing interest in finding relevant information,previously
expressedin the CitationIndex.
John continuedas a Memberof the Board of Fellows of Brown Universityand
was on theirComputerCommitteeuntil 1988. One change, though,was thathe did
seem to dress much more formally and often wore a Brown Universitynecktie.
Right up until his deathJWTcontinuedto be a speaker(invariablythe keynote)
at conferences.He always had importantthings to say.
13. JWT's style and attitude.
13.1. JWTand science.
The strongerthe qualitativeunderstandingthe dataanalystcan get of the subjectmatter
field from which his data come, the better-just so long as he does not take it too
seriously.
[56]
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he always got to the science of the problembefore he dealt with the statistics.
Heyse [44]

For him, white noise wasn't somethingyou defined,it was somethingyou observed.
Lome [53]

These quotationsspeak for themselves.
13.2. The work ethic. Tukey was a New Englander, a Yankee, someone
who ate pie for breakfast, and this very much evidenced itself. It showed in
his generosity, his patience, his dry humor, his patriotism and his working so
incrediblyhard.FrompersonalexperienceI know thathe was up early.Therewere
the telephone calls, "I hope that I haven't woken you up."His thirstfor problems
was unquenchable.
He was not self-conscious in the matterof doing things differently,things like
his labeling systems for a paper'ssections, wearingkhakishorts,black polo shirts,
pen holder in pocket ....
When I formally retire ... I do not plan to stop thinkingor working. I plan to continue
to provideboth new techniquesand new annoying-but-truestatements.
[97]

13.3. Helping others.
... it was gratifying that John Tukey .. . took an enduringinterestin the efforts to put
economic time series analysis on a modem basis.
OskarMorgensternin the Forewordto Grangerand Hatanaka[42]
I have also discussed the subjectwith J. TukeyandH. Robbins,who helped breakdown
my conviction thatthe usual proceduremust be admissible.
CharlesStein [74] in his classic 1956 paper
FortunatelyTukey took an interest in the seismic project and conveyed his research
ideas by mail.
E. Robinson [66]

John Seely Brown, ex-directorof the Xerox Palo Alto ResearchCenter(Xerox
PARC), spoke of how Tukey "took him underhis wing,"providing"wisdom and
encouragement"and "coachingand mentoring"[21].
Tukeyhad more than 105 coauthors.(The most joint works are with F. Mosteller.) He seemed happyfor othersto workthroughhis ideas. He seemed to wantthe
result, not the credit. Once I had an idea and told JWT.By the way he reacted I
knew thathe knew it. I said, "Oh,you knew that."Johnreplied,"That'sOK. Write
it up."
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13.4. The style. He seemed to make an impression in all environmentsrestaurants, airports, stores, motels .... People knew he was special. One could tell

just by looking at a documentthatit had been writtenby Tukey-the language,the
punctuation,the handwriting,the section numbering,the new words and new uses
for old (quite a few are listed in AppendixE) ....
most statisticiansareused to winning argumentswith subject-mattercolleagues because
they know BOTH statisticsand the subjectmatter.
[88]

Tukey liked to argue points about his "business."He felt that was the "best
way" to get the issues quickly onto the table. Of his "opponents"he remarked
that [3, 34]:
... the person that I would be most careful with if they were in the audienceand I was
giving a paperwas Milton Friedman.

Of Bayesian statisticshe said [98]:
I believe that there are many classes of problems where Bayesian analyses are
reasonable,mainly classes with which I have little acquaintance.

My personal impressionis that his problem was not with Bayesian arguments
per se; ratherit was with some of the Bayesians. A somewhatrelatedremarkis that
he liked to work with people he got along with. He permuteda numberaroundon
projects:Jim Dolby, Dave Hoaglin, Lyle Jones, JohnGilbert,StefanMorgenthaler,
Lincoln Moses, Fred Mosteller, myself [60, 5]. Some persons had great faith in
Tukey'sjudgment on things far from statistics.F. Mosteller wrote this of his wife
Virginia,who had known Tukey since FCROdays [60].
ConcerningTukey's amusements,Elizabeth said, "He reads mystery stories at
night to go to sleep" and she also said thathe is "always,always playing classical
music loudly,"the last to JWT'ssurprise[35]. Tukeywas famousfor findingstores
that sold secondhandmystery,adventureand science fictionpaperbacksand was a
serious collector.He also completedcrosswordbooks and workeddouble crostics.
Early in his careerhe was an avid photographerand enthusedothers [70].
Tukey was a great lover of birds and the sea frequentingBrigantineNWR near
Atlantic City. He owned a catamaran,concerningwhich thereis a story later.
14. His family.
14.1. ElizabethRapp Tukey.
One is so much less than two.
JWT's eulogy following Elizabeth'sdeath [6]

Elizabeth was born March 2, 1920 in Ocean City, New Jersey. She was
absolutelybasic to John'slife from when they met anduntilherdeathon January6,
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1998. One simply had to be with either of them to know this. Elizabethwas ill for
several years at the end. John cooked for her and dutifully nursed her until he
became too tired at which point a care providerwas hired.
Elizabethwent to TempleUniversityand was valedictorianin the 1944 class in
Business Administrationat Radcliffe College. When she and John met, she was
PersonnelDirectorat EducationalTesting Service, Princeton,N. J. They met at a
folk dance class in 1949, John being one of the instructors.Elizabethtold me that
she had seen him previously at a talk on campus and had particularlynoticed his
puttingdifficultquestionsto the speaker.
Elizabethand John marriedJuly 19, 1950. John looks so proudin the wedding
photo [35]. To quote Fred Mosteller [59], "John's mother, a no-nonsense lady,
finally got her wish thathe marrya real nice girl."They had no children,but doted
on their Anscombe nephews and niece. They also had a large extendedfamily via
students.
The Tukey's home in Princeton, on Arreton Road, was designed by the
renownedarchitectR. W. Bauhan.It was exceedingly well furnished,for Elizabeth
collected 18th and 19th century American furniture.Later she was a dealer.Her
treasureswere disposed of in a major sale in 2000 [72]. The Tukeys also had a
second house on the water in WestportPoint, Mass., an old whaling town. It has
a plaque dating it to 1785. Elizabeth was First Chair of the PrincetonTownship
Historic PreservationCommission and set out to protect the historic sites near
Princeton.
In later years Elizabeth attendedmany of John's conferences, typically sitting
in the front row and sometimes commenting. She was always available for the
students,always caring, always rememberingpersonaldetails. Once when one of
the studentscalled and asked to speak to the "the great man,"Elizabeth'sremark
was "Thereis no great man here. We are ordinarypeople."
Elizabethparticipatedin severalinterviews [35, 39] and she wrote a speech for
JWT's 80th birthdaycelebration[77]. There is also a memorialvolume prepared
by her sister, Phyllis Anscombe [6]. One of Elizabeth'sremarkstells part of the
story behindJWT's contributions:
As the wife of anotherdedicatedworkaholicI understandthe selfless love anddevotion,
accommodationand deprivationrequiredto "keepthem on the road."
Elizabethto FrancesBaker[77]

14.2. Parents. John's parents had graduatedfirst and second in the Bates
College class of 1898, but did not marryuntil 1912. RalphTukeyearneda second
B.A. at Harvarden route to an M.A. there. In 1906, he obtaineda Ph.D. in Latin
from Yale University. He taught at Hopkins GrammarSchool in New Haven
and after the marriageat William Jewell College, near Kansas City, leaving in
about 1920. Thereafterhe taughtat New Bedford High School and ran the Latin
Department,and at times other departments.Tukey's mother was a substitute
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teacherthere and very active in the YWCA. As mentionedearlier,being married,
she was not allowed to hold a permanentposition.
Tukey set up a scholarshipat Bates College in theirhonor.The precise wording
of the terms is notable:
The recipientto be selected from the uppertwo percentof his or her class in academic
standing, based upon the scholastic records of the class at the end of the first five
semesters of undergraduatestudy, with first preference for demonstratedscholastic
excellence in mathematicsor the classics or some other field of academic study in the
naturalsciences.

One wonderswhetherBates has a special computerprogramto identifythe winner.
14.3. The rest of thefamily. As hinted above, Elizabeth'ssister,Phyllis Rapp,
also marrieda scientist and statistician,FrankAnscombe. Phyllis and Frankhad
met throughElizabethand John. Johnreferredto Frankas his brother-in-squaredlaw. In later years, when Frankand John were asked what they did, one of their
replies was "WemarryRappdaughters."This story and othersmay be found in the
memorialvolume that Phyllis prepared[6]. The Anscombes providedthe Tukeys
with three nephews and a niece.
Anscombe joined the Princeton faculty in 1956. When Tukey recommended
the appointmenthe wrote his Mathematicscolleagues thathe "wantedsomeone to
talk to, not at."Johnand Frankwrote some paperstogether,for example,the much
quoted [4] on analysis of residuals. They were also discussants of each other's
work on occasion. But because Frank was a Bayesian and John was not, there
were surely lots of family "discussions"of statistics.Having left for Yale in 1963
Anscombe wrote a book [2], in the Prefaceof which he writes thatit is "a festivity
in . . . honor" of J. W. Tukey and K. E. Iverson. Anscombe died October 17, 2001.

Johnhad two firstcousins Claytonand WilderTasherwhom he was close to. He
also collaboratedwith fifth cousin Paul Tukey,whom he met when the latterwas a
Princetonundergraduate.They wrotefour paperstogether,principallyon graphics.
15. Some stories. There are many JWT stories. Here are a few.
1. In 1961 the Tukeys had a Come as YourSpouse Party. We all dressed up
except for Gina and Sam Wilks. There may even have been a contest for the "best
dressed."Laterthat year I went to the Universityof Michiganto give a talk. When
I told Jimmy Savage, then a Professor at Michigan, about the party,his remark
was, "I know too much Freudto do somethinglike that."
2. Jimmie Savage once told F. R. Anscombe's parentsthat if you ask John how
to milk an elephant,he will think you are teasing him and not tell you. But if you
just chat with him, in due course, he may just happen of his own accord to get
aroundto telling you how to milk an elephant.
3. When on sabbatical in New Zealand 25 years ago this writer learned
the following method to go between the centigrade and Fahrenheit scales of
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temperaturein a couple of importantcases-one simply reversesthe digits of 61
and 16 and of 82 and 28. I told this to John and he very quickly came up with
anothercase. He remarkedthat40 convertsto 04.
4. Tukey was known for his vehicles. He had a 1936 wood-paneled station
wagon for a number of years. Once when he was driving down Nassau Street,
the passengerdoor fell off. A manuscriptof loose pages on the passengerseat fell
out and blew around.JWT had to chase the many pink pages all about the street.
He laterhad a blackishtruck,"TheMonster,"and still latera Mustangconvertible.
5. To a student who described a possible thesis topic JWT is said to have
remarked:"I can see that you have a complex problem: it has a real and an
imaginarypart."
6. The way that JWT dressed has alreadybeen referredto. This clearly made
him standout at meetings at the AT&Thead office. One story is that at a meeting
there he was lying on the floor using a wastepaperbasket as a pillow, and at one
point his head was actually in the basket. When he spoke, his voice boomed
out. (As mentioned earlier, he sometimes referred to himself as a "horizontal
consultant.")
7. If JWT needed graphpaper, say at a consulting session, he simply overlaid
lined papers at right angles. He also advised that, when one had a piece of an
unusualgraphpaper,one shouldn'tplot on it, ratheron a piece of tracingpaperon
top. In the 1960s and 1970s he had a t-table thathe carriedin his wallet. In another
period he traveledwith a succession of HP calculators.
8. Revelations, Chapter 13, Verse 18 is the last line of the text of the EDA
book [90]. It is on page 666. The verse is:
Here is wisdom. Let him that hath understandingcount the numberof the beast; for it
is the numberof a man;and his numberis six hundredthreescoreand six.

9. After coming back from a Europeantrip, the Brillingershad the Tukeys and
some others over for dinner. Being young, the Brillingers offered to show the
slides of their trip. Being polite the guests did not object. During the show JWT
was steadily making incisive/informativeremarks.At a certainpoint, though, his
remarksstopped. After 10-15 minutes they resumed.Elizabeth said: "Now John
Tukey,don't you pretendthatyou haven'tbeen asleep."After a bit of pause, John:
"Wellif Lorie hadn't made me such a good dinner,I wouldn'thave fallen asleep."
10. Once I visited Bell Labs from London, drivingto MurrayHill from Leonia
via the GardenState Parkway.At one of the toll booths I picked up a map to learn
the exit for MurrayHill and noticed that the back was a Send Help sign. At the
Labs I went to visit W. H. Williams. The two of us put the map up on Bill's door,
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which was swung out into the hallway. In a couple of minutes JWT appearedin
the office, asking what the problemwas.
I 1. JWThad been fairlyhefty earlierin his life. He took to dieting,eatingprunes
for example. He would pass the box of prunesaroundat meetings for all to share.
Those takingup the offer were then left to wonderwhat to do with the prunepit.
On one occasion when I was over at the Tukey house, John took one of those
small personal fruit pies out of the fridge. He cut himself a wedge of the usual
shape, put it on a plate, and ate it in one gulp. (JWTwas known for loving mince
and apple pies.)
12. JWT kept his notes and particularlytransparenciesin refrigeratorbags.
He also was an early user of multi-coloredtransparenciesand of two overhead
projectors. Once, when Peter Bloomfield and I were using some of JWT's
transparenciesin a short course, JWT complainedthat we were giving away the
punchlines because we were simply showing the whole transparencyat the outset.
Tukey always covered his view graphs, then moved down the page so that you
could read only what he was talking about.
JWT trackeddown special transparenciesand "tools,"especially an eraserfor
changing slides done in permanentmarker.One of his papers [92] gives details of
grade and thickness.
13. Once JWT and his cousin Paul were giving a team presentation.They
each had two overheads!F. R. Anscombe describesthe situationas "twice double
Tukey."
14. A lot of the work and learning at the Labs occurred at the lunch table.
MartinWilk and Ram Gnanadesikan,among others,launchedthe idea of forming
a Society of Data Analysis. A suggestion was that JWT would be SODA Pop.
(Gnanadesikantells the story that JWT came up with the name "dataanalysis"at
a partyat the Brillingerhouse.)
15. In the early sixties therewas once a very heavy snowfall in Princeton.It was
not possible to drive, but John was so concernedabout the birds having food that
he walked out some distanceto purchaseand carryhome a large sack of birdseed.
16. Mosteller writes [60] that, when he submitted a draft of his thesis, the
MathematicsDepartmentsaid thatthey were in the businessof theoremsandwhere
were his. Tukeylaughedat the criticism saying, "We'vegot lots of theorems;let's
give them a good one."And they did.
17. Tukey took his nephew Anthony sailing once. They sailed out under the
Westportbridge, but got trappedoutside because the tide had come in. Tukey
heeled the boat over and walked along a ledge under the bridge holding the tip
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of the mast to deal with the situation. His remarkto Anthony was, "Youraunt
doesn't need to know about this."
I can vouch only for the personal stories above, and my memory may have
played some tricks,but there are lots of good Tukey stories.
16. The collected works. Many of Tukey's published papers, as well as
a number of previously unpublished works (e.g., The Problem of Multiple
Comparisons), appear in The Collected Worksof John W Tukey (henceforth
CWJT), first published by Wadsworth,and more recently by CRC Press. CWJT
was Bill Cleveland'swonderfulprescientidea. Eachvolume has forewordsby JWT
and its editor,discussing variousof the individualpapers.
The volumes are:
I, II. TimeSeries (1984-85) (D. R. Brillinger,ed.).
III, IV. Philosophy and Principles of Data Analysis (1986) (L. V. Jones, ed.).
V. Graphics (1988) (W. S. Cleveland,ed.).
VI. More Mathematical(1990) (C. L. Mallows, ed.).
VII. Factorial and ANOVA(1992) (D. R. Cox, ed.).
VIII. Multiple Comparisons(1994) (H. I. Braun,ed.).
Of course, as the dates show, these are hardly the complete works; many earlier
items are missing and Tukeykept right on workingto the end.
A partially complete vitae, a list of coauthors and a bibliography of his
works is in [19]. Bell Labs has a web site containing a variety of materials
related to John, including a bibliographyand personal reminiscences (cm.bellAn oral history of the early years of
labs.com/cm/ms/departments/sia/tukey).
mathematicsat PrincetonUniversityis on the MathematicsDepartment'sweb site,
www.princeton.edu/mudd/math.
One interviewis with JWT,othersmentionhim.
Papersby Tukey and co-authorsare still appearing,so the bibliographyis not
yet complete. Tukey'spersonalpapers,a massive collection, have been given to the
American Philosophical Society (APS). This is the largest gift of papersthat the
APS has received.David Hoaglin is his literaryexecutor,in supportto co-executors
Anthonyand FrankR. Anscombe.
17. Discussion. Many scientists become more applied as they age. It can
be a simple result of the fact that today's theory becomes tomorrow'spractice.
JWT's mathematicsbackgroundand talentremained.He continuallyabstractedfrom specific scientific problems and data sets to creating general principles and
methods. The point of point set topology became the datum of statistics, the
injection became the runningmedian or smooth. For a schematicof his approach
see Figure 1 in [18].
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18. Epilogue. John Tukey was a giant of a scientist and public servant.He
was an academicwho liked to argueand expected to win. But at the same time he
was the most generous,patient,caringsoul. It was a privilegeto know JohnTukey.
Every conversationor sighting was an adventure.
I end with a personalstory.When my elder son died aftera twenty-yearstruggle
with a braintumorand John heardof his death, he telephoned.Johnwas weeping
away.
APPENDIXA. TIMELINE
1915 Born, New Bedford,MA, June 16.
1933 EnteredBrown University.
1936 B.Sc. (Chemistry),Brown.
1937 M.Sc. (Chemistry),Brown.
1938 M.A. (Mathematics),Princeton.
1939 Ph.D. (Mathematics),Princeton.
1939-1941 H. B. Fine Instructorof Mathematics,Princeton.
1941-1948 AssistantProfessorof Mathematics,Princeton.
1941-1945 ResearchAssociate, Fire ControlResearchOffice, Princeton.
1942-1944 TechnicalExpert,FrankfordArsenal,Philadelphia.
1945-1985 Memberof TechnicalStaff, AT&TBell Laboratories.
1948-1950 Associate Professorof Mathematics,Princeton.
1950 Marriageto ElizabethL. Rapp.
1950-1966 Professorof Mathematics,Princeton.
1955-1957 Vice President,AmericanStatisticalAssociation.
1958-1961 AssistantDirectorof Research,CommunicationsPrinciples,AT&T
Bell Laboratories.
1960-1963 President'sScience Advisory Committee.
1960-1961 President,Instituteof MathematicalStatistics.
1961-1964 Science InformationCouncil, NSF.
1961-1985 Associate ExecutiveDirector,Research-Information
Sciences, AT&T
Bell Laboratories.
1966 PrincetonStatisticsDepartmentcreated.
1966-1985 Professorof Statistics,Princeton.
1970 StatisticsUndergraduateMajorstartedat Princeton.
1974-1988 Board of Fellows, Brown University.
1975-1977 Vice President,AmericanPhilosophicalSociety.
1976-1985 DonnerChairof Science, Princeton.
1980-2000 Member, Advisory Committee on Special Projects, Center for
Advanced Study in the BehavioralSciences, Stanford,CA.
1985 Retired(end of June), aged 70.
1985-2000 Senior ResearchStatistician,Princeton.
This content downloaded from 202.28.191.34 on Thu, 24 Dec 2015 18:44:53 UTC
All use subject to JSTOR Terms and Conditions

1568

D. R. BRILLINGER

1994-1998 Senior Advisor to Task Force on Statistical Inference, American
Psychological Association.
2000 Died, New Brunswick,New Jersey,July 26.
APPENDIXB. SOME ACADEMICHONORS
1938-1939 JacobusFellowship, PrincetonUniversity.
1949-1950 GuggenheimFellow.
1958 Wald Lecturer,IMS, "The mathematicalfoundations of fiducial inference."
1961 Member,NationalAcademy of Sciences.
1962 Member,AmericanPhilosophicalSociety.
1964 Member,AmericanAcademy of Arts and Sciences.
1965 S. S. Wilks Medal, ASA, "... for his contributionsto the theory of
statistical inference, his development of proceduresfor analyzing data, and his
influence on applicationsof statisticsin many fields."
1956 Statisticianof the Year,ASA Chicago Chapter.
1967 FisherLecturer,"Some perspectiveson data analysis."
1973 National Medal of Science, "For his studies in mathematical and
theoretical statistics, and for his outstandingcontributionsto the applicationsof
statisticsto the physical, social and engineeringsciences."
1975 HitchcockLecturer,Universityof California,Berkeley.
1975 Scott Lecturer,CambridgeUniversity,England.
1977 ShewhartMedal, AmericanSociety for QualityControl.
1982 Medalof Honorof the IEEE,"Forhis contributionsto the spectralanalysis
of randomprocesses and the fast Fouriertransformalgorithm."
1982-1983 Deming Medal, AmericanSociety for QualityControl.
1984 James MadisonMedal, PrincetonUniversity.
1985 John von NeumannLecturer,SIAM.
1991 ForeignMember,Royal Society of London.
1989 Monie A. Ferst Award,Sigma Xi.
1990 ETS Service Award,"Distinguishedservice to measurement."
1999 M. Zelen LeadershipAward,HarvardUniversity.
HONORARYDOCTORATES
1962 Case Instituteof Technology.
1965 Brown University.
1968 Yale University.
1969 Universityof Chicago.
1978 TempleUniversity.
1998 PrincetonUniversity.
1999 Universityof Waterloo.
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APPENDIX C. PH.D. STUDENTS
FrederickMosteller, 1946
JohnWalsh, 1947
Donald Fraser,1948
Melvin Peisakoff, 1950
Leo Goodman, 1950
BernardSherman,1950
Ray Murphy,1951
Paul Meier, 1951
Alan James, 1953
David Wallace, 1953
MarvinMinsky, 1954
RichardLink, 1954
RalphWormleighton,1955
ArthurDempster,1956
Thomas Kurtz,1956
N. Roy Goodman, 1957
BradleyBucher, 1957
JamesTempleton,1957
HarveyArnold, 1958
David Brillinger,1961
Donald Burdick, 1961
JohnHartigan,1962
Peter Nemenyi, 1963
ThomasWonnacott,1963
James Thompson, 1965
MortonBrown, 1965
W. MorvenGentleman,1966
James Filliben, 1969

CharlesLewis, 1970
StanislausD'Souza, 1971
Helge Knudsen, 1971
James Schlesselman, 1971
David Hoaglin, 1971
Alan Gross, 1973
Anita Nowlin, 1973
EdwardBinkowski, 1974
Steven Finch, 1974
Lincoln Polissar, 1974
Paul Velleman, 1976
Tony Quon, 1976
Susan Arthur,1979
Michael Schwarzschild,1979
KarenKafadar,1979
RobertaGuarino,1981
KatherineKrystinik,1981
Paul Horn, 1981
StephanMorgenthaler,1983
FannyO'Brien, 1984
DhammikaAmaratunga,1984
CliffordHurvich, 1985
George Easton, 1985
Ha Nguyen, 1986
David Brown, 1987
KatherineHansen, 1988
Eugene Johnson, 1988

APPENDIXD. SOME JWTWORDS (WITHNEW MEANINGS)
AND PHRASES
alanysis
alias (in time series)
ANOVA
badmandments
bagplot
batch
bispectrum
bit

biweight
bland distribution
borrowingstrength
boxplot
cepstrum
coco
complex demodulation
confirmatorydataanalysis (CDA)
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darius
data analysis
dedomulation
deficiency
depth
dyadic ANOVA
exploratorydata analysis (EDA)
faceless value
family of covers
fences
5-numbersummary
flogs
froots
finite character
Gardenof Eden
hamming
(hanging)rootogram
hanning
hat matrix, H
hinge
Huberizing
jackknife
linearprogramming
midmean
multihaver
Munkery
polyefficiency
polykay
polysampling

polyspectrum
prewhitening
quefrency
RadGaussianization
rahmonic
regressogram
reroughing
rootogram
rough
runningmedian
saphe cracking
schematicplots
slash distribution
smear-and-sweep
smelting
smoothingand decimation
software(firstin print)
stem-and-leaf
tapering
toolglass
trimming
twicing
vacuumcleaner
vague concept
window carpentry
winsorizing

Winsor'sprinciple
Zorn'sLemma

APPENDIXE. SOME SAYINGS
"Onecan Fouriertransformanything-often meaningfully."
"Youdon't takethe stampoff the envelope,you takethe envelopeoff the stamp."
"Youcan't expect scientists to solve political problems."
"Axiom 1: People are different."
" ... maps lie, lie, lie."
"Avoidone word with too many meanings."
"It is good to choose coefficients to magnify the signal, but it is far better to
choose them to cancel out the noise."
"Statisticalphilosophy,bewarelogical detail."
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"Principleof Parsimony.It may pay not to try to describe in the analysis the
complexities that are really presentin the situation."
"More lives have been lost looking at the raw periodogramthan by any other
action involving time series!"
"Everyonethinksthatthe datain otherpeople's subjectsare in bettershape."
"Haveyou ever seen a sphericalmilk bottle?"
"Findingthe question is often more importantthan findingthe answer."
"Life is like a double-crostic;we can do far more thanwe know."
"Timeis connected."
"The test of a good procedure is how well it works, not how well it is
understood."
"The purpose of asymptotic theory in statistics is simple: to provide usable
approximationsbeforepassage to the limit."
"Realdatahas ends!"
"Anargumentof statisticians."
''efficiency= statisticalefficiency x usage.''
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