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Figure 7.3. PROBABILITY M ODELL ING: Two Examples
SCIENCE AND THE CITIZE N

The Heat of the Matter

I n its final eport, the pesdentialconmis-
sion charged with &amhing the explosion
of the pace $wutle Challerge identifiesthe
deggn flaw tha caued tke acddent and
descibes in cetdl the eentsleading up o

the tragedy It does rot desribe he uinder

lying @uses, wthin the aganizaion of he
National Aeronautics and $ace Administra

tion, tha mack it posdble for riousdargers
to be ignaed One d the @mmisoners,
Richad P Feymanof the Caforna Inst-

tute d Technology, has aldressedthis ques

tion in a spaae cdaument in which he
treds the erors in judgement and xeaition

discovaed by the @mmsson as ymptons
by which to diagrose larger roblens
within the gace geng. He mndudes ha

NASAs effediveressin slling its pojeds
to Corgress hainteriered with ts dfedive-
ness as acene@ and ermineerng aeng.

It is well known by now tha the mmed-
atecauseof the addentwasfound to le a
faulty seal n ane d the pints etween ¢
tionsof the dwtles right-hand slid-rocket
bocster Hot gases eodeda rubbe O-ring
in the seal antblew by'it, aeding a kak
that erenudly dloweda dume d flame to
escpe hrouch the pint and perce the
stutiles extemal fud tark.

The finding @ame a no sirprise Testimony
before the Rogas @mmmison (namel for
its chairman, Wiliam P. Foges, a ormer
secetay of statg revealed trat O-rings n
the olid-rodket bocstes had keen a natter
of conern for neay a cecac. ak ae
an esential part of the oster becaug ke
all lage ®lid rockeas, hey are huilt in
sedions. There ae svead reasnsfor suh
a cedgn. One b tha the 1ud is first cag as
a lquid, and t might not dy and cue
corredy if it were cepodted in a dngle
contaner as hmge & the dwtle booster
Another reasm is tha an intact booster
rockd would be bo lamge b be tangorted
by rail from the mandacturerto the durch
site beaue te ostes were mace in
landocked Utah, o aher neas o
trangortation was &ailade. The mricular
mehod d joining the ®dions that was
proposel by the nandacturer Morton
Thiokol, Inc, had keen criticized ty NASA,
however Tha was h 1977 when tests fat
indicaed that Thiokd's mettod d sealng
the joints ketween sdions might lead to
erogon and eaks

During he ®ondflight of the pace $utle,
in November, 1981, ;e O-ring in the iight-
hand slid-rodket bocster was eroded, d-
thoudh no gase Hew by it. O-rings vere

eroded diring 1L subsecuent flights — dten
in more than me pint — and in nine flights
hot gases Hew by the 'primary” O-ring in &
leasst ane pint but dd not pass ompletdy
throughthe rest d the ®al

Engineers at Thiokd were darmed ly the
unepeded failty of the ®ak. In duly, 1985,
RagerM. Boigoly, a Thiokd engineerwrote
a memaoandum o RobertK. Lund, the \ice-
presdentof engineeing, 'to insurethat man-
agenent & fully avare d the ®riousiess ¢
the auirrent O-ring erosian problem ... It is
my honest and ery realfea tha if we do
nat take immedateadion D dedcae a tam
to olve the poblem .. we dand in jegoardy
of losing a fight along with all the burch
padfacilities A later nemaandum, written
in Octoker, 1985, by the hed of the ik
force eenudly creded b wolve the pob-
lem, begnswith the word "HELP™ and end

Officials tried o under-
stand the e@osion by mak-
iIng a mathematica model,
basedon data from flights

on which the O-rings
eroded, to predict the
amourt of damage to ke
expected under various
condtions.

with "This is a ed fg" The egineers’ con-
cerncame to a hehthe nght before the
Challerge laurch,when in a eleonference
they ried b corvince loth the NASA and
Thiokol manayaments ot to burch keaue
of the etremdy cold temperdures at the
laurch pad.

Why were swtles albwedto fly when citi-
cal pars were keingdanmegel in utnexpected
ways? Acoordng to Feyrman manaers &
NASA and a Thiokd came to egad O-
ring e@osion as an aceptle risk beaue
O-ringshaderoded o previous fights with-
out cauing the hoostes to fail. Officials
nated that in he edlier flights the ings hal
been eodedby mo more than me third of
their radus. Experiments he indicaed trat
an O-ring would haveto be eodedby me
full radus before it would fail, and ® the
officials asseted trat hee was dsabty
factar of thre¢ Feyrmanobseves, This is
a drange useof the egineek term'sakty
facta’.... Elodon wasa due that ©mehing
waswrorg. Eosion was no something from

which saéty can ke inferred.

Officialstried b understandhe eosian by
making a mattemdical modd, basedon data
from flights an whichthe O-rings eoded to
to predct the anourt of danmageto be expec
ted wndervariousconditions. Feynman ds-
cusseshe way the nodel wes devdoped
and he final érm it tock and then dds:
"Theee is mothing much so wong with this
as lelieving the aiswet Uncetainties apea
eveywhee ... The engrical formula was
known to be wcetain, for it did not g
through the ery daa points by which it
was deermined! NASA used this matte-
maical modd to rationaize flying with ever
greder risks. Feynman dso disaussesthe
deggn, tesing and cerffication of he $ut
tles main liquid-fuel engne ad ®ndudes
that ere bo hee was dslow ift toward
deceasing sakty fador" In theseand oher
casesbtly, and dten with apmrenty logi-
cal agumentsthe aiteria ae dtered ® tha
flights may 4ill be erified in time'

To esimate the chancesf a s@ce dutles
failing, NASA manaers subgituted what they
termed 'ergineerhg judgement” br the gan-
dad methods of probability. They set the
probabilty of faiure at atwut one chance
in 100,000 Working enginees thaught the
chancesvere doser b one n 100 "If we
are to refdace sandard rumerical probability
us@e with ergineerng judgment Feyrman
aks, 'why do we fnd such an exomaus
dispaity beaween the nangement esimae
and thegydgment @the eginees?"

Feynman hypothegzes ha the indamen
tal cau® d NASAs systamic overcanfidene
wasthat a najar role d NASA manayanent
wasto get funding fom Corgress To do
sq he sys,they mintedtoo rosy a fdcture
of wha could be aoomplished with arrent
technology. At a press anferencehdd when
he eleasd his independent emaks, Feyn
man speaulated that "by exaggeating wha
they sid they could do, they got in a pstion
wher they didnt want to heatoo nuch
aboutthe truth ... The Challerge misson was
the final acddentof a ®quene of tings n
which thee was wvarring dter warring
after warring tha something was wong ...
For10 yeas tey disaussé this poblem
and ddrit do anything abaut it ... becauseit
was had for information © come y. But
we know the nformation was hee & the
lowestlevels. Why the eminees ae a the
lowestlevels | have no ideag but the guys
who know somehing eébaout what e wald
is realy like ae d the bwestlevels of these
organizaionsand the nes who know how
to influene aher peple by €lling them how

Repintedwith permisgon. Copyright ©1986 by Saentific Ameican, Inc. All rights reseved.
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the world would be rice... they're d the tqd!

Although Feyrmanjudges NASA manae-
ment nore hardly than the @icial report,
the latterdoes siggestthat NASAs original
plars for the sutle were oseranbitious the
conmitment to povide rouine and €mo-
mical acessto pace bdked the ayeny
into a <hedile oo fght to be et with the
avalabe resurces. For exanple, he nven-
tory of pare mrs was no large enaughto
acomnodate the laurch hedile, and ©
eaxh ahiter wasmack read for laurch by
cannbdizing parts from aher orliters. The
commisson swgests hat NASAs desie ©
male the $wutle the mly majar U.S laurch
systamn put oo nuch presue a the po-
gramto meet ight schediles and to & ale

REFERENCE: Sdentific Ameaican255#2): 62-64 (August 1986.

to hande any @yload NASAs cando dti-
tude, its willingnesdo undetake dallerging
tasks at the bd minute, dso straned the
resoures ¢ the gourd cews ad forced
NASA officialsto focus a the rea termat
the experse ¢ long-termsakty and econamy.

Yet the report does not eommmendary
mgor chargesin the averdl structure d the
spae pogram,nor does t hold the hghest
levels of mangement eponsble for the
acddent; it reseves its gbongest aiticism
for mangament & Thiokd and & NASAs
Marshall Shace Hight Center the dvision
of NASA repaongble for the boostes. The
report condudes by wging the Administra
tion and the ourtry to mntinuesypporting
NASA.
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Feynman's report goes o to draw the on-
nedion ketween the aeroptimisic atitude
of top mangement and theaident He on-
cludes by @maishing NASA to be ealstic
in estimating costsand eting schediles "If in
this way the Government wailld nat support
them, then ® be t. NASA owesit to the
citizers from whom t asks support to be
frank, tonest and omnunicatve, so ha
thesecitizers an nmake the wisest deisiors
for the wse d ther limited eurces. His
final remak is tha of a phydcist who is
galed b xe what e alls fanag” enter
the ream of <iene and emineerng: "For
a siccesdul technology, realty must ake
prece@nceove pubic relatons for rature
cama be bded'

[DC Library call number. PER TLSH

In the mragiaph begiming rea the tg of the ight-hand olumnof the aticle EM86QL reprintedovealeaf ;m pager1l, thee
is dsaus$on of mahenatical modelling, a bgc tha shauld bring immedatdy to mind a maxim of the kteDr. Geage EP
Box, a egectedU. S Hatistician: All model are wong, meare wsefil.
o Desaibe briefly thereasor(s) why this nodelling was undetaken
o Explain briefly why mattemdical modeling might seem preferale in this stution to expeaimental work on the Oring

erodon probdem

- Desaibe biefly the potenial dangeras®datedwith mattemaical modeliing in this stuation.

e Explain briefly wha you infer in the ontext of the aticle from the satament: The engrical formula was known b be
uneertain, for it did not go throudh the \ery data points by which it was detemined
- Explain briefly whether this gatamentnecessrily mears tha the mathemaical modd would be of lttle ar no wse

In the midde paraglaph of the light-hand olumnoveleaf ;m page7.1l, the aticle EM860QL dates that NASA mangels st
the probability of failure at almut onechancen 100,000 ly ‘ergineerng judgementw heeaswWoiking engineersthaught the
chanes verecloer b ane n 100. What reasn is siggeseéd n the aticle for the dfferenceof atoutthreeordess of mag-
nitude ketween thesetwo (persna) probabiitie®

The Sydney Mor ning Herald, Felruary 14, 2A.2

Spae agneeb warnngs brushel
asde bdore Challerge exgoded

ROGER BOISJOLY
US ROCKET ENGINEER
25-41938 - 612012

ROGER Bigoly, an engineerwhosewarn-
ings d catastiophy were ignaedon the ee
of the D86 Challerge’ spae $wtle dsaster
which kiled ®ven aew menbeas ad
plunged the US @ace pograminto crisis
hasdied ged73.

Boisjdy worked @ Morton Thioool, the
conpany tha mace sutle boosterrockds.
In his time he hd wathedseverd success-
ful shutle laurches, mduding Discorgy on
Janary 24, 1985.

Examiming Discove'ys disardedbodstes,
he was lorrified that ®ak in the ket hed
been hurred through Only a £mnday seal
hadpreventedDiscaovay becoming a frebdl.

By the midde o tha yea, Boigoly thaugh
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he ha identfied the faut, and wrote a eport
to akrtthe company and NASA.

The problem was ha in cold tempera-
tures,the s2ab' rubbe diffenel and became
morelikely to fail. Morton Thiocol formed
a sudy goup kut, by Januay 27, 1986 as
temperduresdropped to zero on he ee d
Challerge’s blag-off, little progresshadbeen
mack. In a gedaurch @nference he and
four other engnees dcemanded the laurch
be pstponed

But their tesimony was busheal asice.
The rext day, unable to watd, Hs worries
seened unfourded He had epeded tre
sals to fil on the burch pd. As Chal-
lerge cleaedthe laurch taver acdleagle
whispered b him: "We st dalgeda hullet!
Seonds later the pacecrdt exploded

RogerMark Boigoly was tornin Lowell,
Massichusets, and stided mechanicaérgin-

i —_

eerng d the dty’'s wiversity. He then waked
for agospae ompanies n Calforna on
projeds induding NASAs lunar nodule and
the moon vehrle.

After the Challerge disaser, Boigoly ex-
peiencednterse dings d guilt and depres-
sicn not hdped ly the fad tha mary in the
busiresshe bved rejectedhim as an owel
comewhistiebower

Boisjdy is aurvived by his wife, he br-
merRoltertaMalcdm, and two dagtters.

TELEGRAPH
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Figure 7.3. PROBABILITY M ODELL ING: Two Examples ¢ortinued 1)

The except EM8911 gven below is reprintedfrom the Jounal of the Aneican Stdistical Asdation 84(#408, pages
945-957 Deceamber, 1989 [DC Library call number. PER QA276.A5994; the ntrodudion of he aticle, by Sddartha R Dalal,
Edward B. Fowlkesand Buce Hbadey and entled Rik Analysisof the $ae Sutle: Pre-ChallergerPredction of Failure, is
the bass of the nformation kelow It is of inteest @ an llustrdion of he ug of saterdiagams in the Anaysis gage of he
FDEAC oyde and d the psible oneqiene d assesisg a rendfrom only part of a ®t d bivariatedaa. [Author Bruce

#7113

Hoadley is inteviewed n Program16 d Agang All Odds Indde Satistics in the £gmenbn he Challerge disaser]

On the nght of Januay 27, 1986 the nght before the pace $utle
Challerger acddent thee was a hreehaur telemnferenceanong
pemle at Morton Thiokd (mandacturer of the ®lid rocke motol),
Marshall Shace Hight Center [NASA (Natonal Aeronautics and
Spae Administraion) centerfor mota desgn control], and Kemed/
Spae (enter The dsas®on focusel on he breas of a A°F
temperaure or laurch ime the next moming, and the #ed of low
temperaure an O-ring perbrmance A daa t, Figure B below at
the left, payed an importent role in the dsas$on. Eac potted
pant repreents a Butle fight tha experiencedthermal distressin
the field-joint O-rings the x &is shavs te pint temperaure &
laurch and the y»as shavs the number d O-rings ha experienced
somethermal disttess The O-rings sealhie feld joints of the ®lid
rocke motors, which boost the butle into ahit. Basedon the
U-shaged configuration of points (identified by the fight numbe), it
was conduded ttat thee was no eidencefrom the listarical dda
abouta emperdure dfed.

Figure 1a. Fequency o O-Ring Distress \s. Tenmperature
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Nevertheless thee was a @bateon this isue, axd ®me @rici-
pants ecmmmendedhat the burch ke posponeduntil the empera-
ture mseakove 53F — the bwesttemperdure eperiencedin pre-
vious hurches — kpaue the orregponding fight had the Hghest
number d distresedO-rings Some m@ricipants telieved basedon
the physcal evidence tha theee wasa emperaure dfed on O-ring
peformance for exanple, oe d the paricipants, FRoge Boigoly,
staed tenpeature was ndeeda dscriminator. In gite of tis, the
final recanmendaion of Morton Thiokd was b laurch the Challen-
ge on <hedle. The rrcommendtion rangmittedto NASA stated
that Tenpeature data [are] not mndusive m predcting pimay O-
ring Howby, The samedefax staed that Cdder O-ringswill have
an inaeasedefectve duromeer (harder), and Harde’ O -rings will
take lorge to ‘sed [Presdential Commisson Report, Vol. 1 (PC),
p. 97 (Presdential Commisson on the $ace Swutle Challerger
Accident D8g].

NOTE: It is inteesing to pecuate, f (hypotheicall) the
right-most pant in Figure Ja @ove had nvdved
one (ingead d two) distressed O-rings, whether
the nodfied Figue &havn & the ight) would
hase keen intepretedto yield the carectAnswer
(@sin Figure b at he iight above abaut the tem-
peaaure-O-ring dstres relatonship
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After tre acddent a @mmsson wasapminted ty PresdentR.
Reaanto find he caise The @mmison washeadecby former
Secetay of State William Ragers and induded ®me & the nost
repectednamesii the sienffic and pace @mnunties The @m-
misson deermined the caiseof the addentto be the bllowing: A
conbugion gas kakthroudh the right Solid Rocke Motor aft fidd
joint initiated & or shartly after ignition evertually wealenedand/or
pendrated tte Extermal Tark initiating vehicle dructual breakup
and bssof the ae Sutle Challerger duing nisson 51-L (PCL,
p.7). This is he tpe of faiure that was ebatedthe right before
the Challerge acadent

The Roge's Canmisson (PCL, p145 naed that a nistake in the
anaysis of the hemal distressdaa — Fgure Ja at he Eft — was ha
flights with zero inddentswere left off the pot becauseit was felt that
theseflights dd not contibute ay information alwutthe emperaure
effed (seeFigue b below). The Rges Conmisson conduded
that A careful andysis of the fight histay of O-ring performance
wauld have reveded thecarelation of O-ring camage n low empe
rature (PClL, p148.

Figure 1b. Fequency d O-Ring Distress \s. Tenperature
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This aticle @ms to dve more sitbseinceto this quate and how
how datisticalsdene ould haveprovidedvalugble input to the burch
dedsion proess Clealy, the ley queston was What would have
condituted proof that it was wnsafe to urch? Since ar madd of the
phenomen is sochast, our answeris recessrily probabilistic. As
in the eleconference a good gart would havebeen an gamnation
of the hemal distressdaa — Hgure b — for the preenceof a empera-
ture dfed. Nevethdess, the nostimportent queston was What is
the probability of catagrophic field-joint failure if we hurch bnor-
row maning at 3F? Both theseissus ae aldresedin the aticle.
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In the D92 aticle EM9204 from Newsweek[March B, page62 (Vol. 119, Isswe 1) reprintedbdow, the matterof primary
stdistical inerest h the oniext of this FHgure 73 is the dsputearising overthe form of a datisticalmodd appropriatefor anat
yzing dataon kadlevel in teeh and 1Q; the wok was pat of databasedinvesigatirg over mary yeas by Dr. Herbert
Needeman and Is clleages d posdble dfeds d low-leve leadexposureon diildrers intdledual development The aticle
descibes a ¢aim tha age $iauld have een induded i the shtisticalmodd as an gplanaory variate

Lead, Liesand Data Tape

A nagy aademicfight becomes adderdcase

By Sharon Bedey

ientfic miscondtct is exceeihgly rare and edtremdy serious
SOChargesha/e been brougtt dlegirg pagiarism o faking data

r falsifying resuts. The latest cae however invdves he
mamer in which a reseecher sturg togeher a gt d equdionsin
order D find a mesaye hidlen n a sack o raw data To reach for
a metgphor, this is Ike kringing a €lory indidment br jaywaking.

Two psychdogids, oth of whom hae estfied for the lead
industy and acne d whom ha& recéved ters of thousand of dollars
in reseech grants fom the hdustry, havefiled msoondwct dharges
agang the sientst who first linked"low" levds of leadto cogntive
probems in children They dorit sugpect tha Herbert Needeman d
the University of Pittsbugh dole, faked or &biicaied daita Ratter,
they sy he ®leded the dataand the sttisticalmodd — the @ua
tionsfor anayzing those cta— tha show leadin the wast posdble
light. That a dsputeusualy ared n reseech joumak. Now its
becomea federa case — ad een those sdenists most diligent
about pursuing mismndict are meay. "If it getsto which staistical
modd is gppropriaté a keadhng gavemmentfraud -bustertold News-
week; "it gets reahard to believe a niscondict charge”

The ase leganlad yea. Psychdogiss Sainda Sar of the Lhi-
versity of Virginia and Gaire Ernhart of Case Vésten Reseve Uni-
versity filed charges d scientfic miscondict ayairst Needeman with
the National Insitutes of Heath. The alegatonscentre an a1979
paoe. It descibes how Neede-

clude paricular childrenin his analysis, hut called ths "a resut of
lack o scientffic rigou rather tran the pesnceof scientfic miswn-
dud’ The mané fourd Needemars detistical modd "quesionale’
though. Onthat kass, the wniversity laurchedan nvestigaton.

Scar, Ernhart and the Rtsbugh pané all condenn Needeman
for nat usinga dfferent nodel — ae hd, say fadored n the ae of
exh child. If he had, they say leadwould nat havehadan impact
on IQ. But lag yea Environmenal Protedion Ageny scientst (@nd
redpient of a MacArhur Foundatbn ‘geniu$award) Joel Schwartz
re-anayzed Needemars data He fadored n age eplicitly. "I
found esentially identcal resuts; he says.

Flawed sampling? Another criticism addreses whether Neede-
manignored catahe ddrit like. Sar dlegesthat te lodked at the
childrers leadlevels and IQ score and aly then dedded in or aut
for ech child” In fad,"the reasnsfor exluson can & fourd in
the protocd; says eonametrician Hugh Pitcherof Batelle Memaial
Insitute, who anajzed the 1979 ditawhen he vas 4 EPA. They in-
clude such things & the clilds having a keadinjury. The ®ledion,
sas Rtcher was dnebdore the eseaches knew the Kds1Qs.

This is rot to s§ Needemars work was peafed, just ha any
lapses dd not chaige he autcome Ernhart ingststhis is rot good
enaigh "He desrt fed its recessary to do hings he way youre
sipposel td; she sgs. "You havethe ®rse ha he was @ing to
deanonstae tre dfeds d leadno matterwhat'

How does this ase fed lead

manand olleages meawedthe

lead in babyteeh, looking for a The panel... dd haveproblems with how he de-

link between lead and ntdli-

pdicy? "We dorit evenuseNeede-
mars sudy any nore, says EPAs

gene. NIH tdd Pittsbugh to
convene a pad of inquiry. The
pands report, submittedin De-
camber and dotained by News-
week fourd that Needeman dd-
nt fabicate, falsify or pagiarize”

cidedwhether ar not to include particular children
in his analysis, kut called this ‘a reult of ladk
of sciertific rigour r ather than the preserce d scien
tific miscondud.! T he panelfound Needeman's
stai sticd model ‘questionale’,t hough. On that

Scilwartz: it has een superse-
dedby reseach $owving efeds
of leadat exenlower levels (News-
week, dly 15, 19B1). The mlitici-
zdion of miscondwct may be just
stating, though Crying fraud

It did have probems with howv

basis, the wiversity launchedan investigation.

says a1 NIH scientst, "can ke wsed
to rairoad peaple you dorit like'

he deided wtetter or rot to n-

Dr. Herbert Needeman, Who Sw Led's
Wider Harm to Children, Diesat 89

By Beredct Carey
July 27, 017

Dr. Herbert Needeman, whose sudies &
childrenexposeal to low leves of leadpromp-
ted eguations that imited or mmed the
med in a rarge of ®mnon poduds, ike
ga®line and mint, and £t a $andad for
the modern study of environmenal taxins,
died o Lly 18 in Fittsbugh. He was &.

His son, Dr. bshua Neederman said the

2019-06-20

causewaslung failure resilting from edema,
an ecess 6 fluid.

Dr. Needeman was working & a comimu-
nity ps/chatric dinic in North Phlackelphia
after medcal shool when he mea young
manwho would bemme a tachgone br a
cruisading areer The boy aproached Dr.
Needeman and xplaned hs ambitions
which were large, evenas he boy stuggled
with words. Hewasbright and goen; rone

thelesshe hal defidts that srudk Dr. Neede-
manas $nilar to thase burd in childrenwith
lead poisonirg.

"I thaugtt, how mary of thesekids who
are mming D the dinic are in fad a mssel
caseof leadpasoring?"he sail in a kterin-
teniew His dinic office ovalookeda school
playgound; the view gave m an idea.

Dodors had bng known that exposureto
high dse of lead causel mental lapses,

(continued)
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even permanentbran damegeand deth. But what alout the
low-leve exposurethat mary children like the aes gdaying in
the yard, sorled eery day — nerely by living in dder urban
ndghborhoods thick with lead paint and ndustiial contamnetior?

No me knen. No one ould dudy the dfeds caefuly, be-
causethe availabe tests ér leadexpsurewere of hair, blood, o
fingemals — each flawed in its avn way Boneis the nostaca-
rate long-termrepogory: Onceabsobed nto the lody, leadcir-
cuates h the Bood and accumulates in the &edeton. But teking
bone anples — bpsies — is @infu and hadly jusifiable for the
sale of a lypothess, epecidly in youngchidren

Yet Dr. Neederman hal sen an aier study of leadpdsoring,
a gnall one whichmeastedacaimulatedlead exposurein teeth
Teeh ae a @rtof the uman keeton. And yaurg children shd
them.

"Tha was he hsght tha chargedeveything, said Dr. Benad
Gddsten, former dean é the Lhiversity of Pittsbugh's gad-
uae sdool of pubic heath. "Herbbecame he Dath Fairy"

In a seies d studies — mall ones in Fhilacklphia and a nuch
larger projed in the Bostan area— Dr. Needenman dfered dild-
renagel 6 and 7smd rewards br their looseteah, once tey
hadfallen ait. Those eeh told a gory: Childrenliving in poor
urban reighborhood had kadlevels five imeshigher, on average,

than hose d ther peess in the sibubs.

In a ndnark 1979 mper in The New Eng-
land Jounal of Medcine which induded
more than 2000 dildren he and his -
autlors — he vas hen aHavard — explained
the a®dated conseuercesin devastding
deall. Childrenwhoseacanulatedexposure
to leadwashighest n the goup soredfour
pants lower on a 1.Q test than yorgstes
whoseexposurewasat the bwestend.

Teaches ratedthe hgh-exposurechildren
as having a lost of dassoom isswes, n-
cludng atention deficits and kehaior prob-
lems. A follow-up of the same dliren a
decadelater ourd a orrelaton ketween
high eadlevels and readng celays.

"Its not like you @n bk at ane kd and
spot a burpant differencein 1.Q, and sg,
‘O.K., we know leadcausel this! said Linda
Birnbaum diredor of the National Institute
of Environmenal Heath Sienes, h Dur
ham,N.C. "Its a ppuation dfed; you have
to hare a puation of he ight kids and
ak the iight questbns. Thats wha Dr. Neede-
man did, and it has lecome a mdel' for
stbseuent reseech.

In the deadethat Pllowed — and over
strenwusoppaosition from the kadindusty
— the fndingsof Dr. Needeman and diers
spured differ reguation of kadin gas, in
cars, [int, househtol ppes and dter pro-
duds The Eder& heath authorities row
condder leadat ay level unsfe for children

The gory did not end hee, towever, it
had an mportant political coda, ae ha
itself set a emphtefor conmerdal backbsh
agang reseech into psdble ewvironmendl

hazards. The kadindustys oppostion ail-
minaed n the kite1980s h an d&ack an Dr.
Needermars reseech and cheacter A par
of psychdogigs gproachedhim for his data
from the B79 sudy, as @rtof a @urt case
in whichthey wee esifying on kehalfof a
lead andting company The psychdogids
proeedd b acausehim of scientfic mis-
condud, an acausdion faken p by the rewly
formedfederd Office for Sdentfic Integrity.

In testmony, Dr. Needeman aknowledged
that ke had made me nathmistales n his
anaysis kut that those erors were mnor
and dd not chage he fndings Invesiga-
tors eventidly agreed ad dsmissedall cha-
ges. But nat before the Lhiversity of Pitts-
burgh, whee he vas hen m the faaulty, con-
duded ts avn investgaton ad loded him
out of his avn files,puting bars @ his file
cebinds He was teaedin tha invesiga-
tion & well.

"You haveno idea vha he went tirougt,
sad Dr. Philip Landrgan the deandr do-
bd heath & the lcahn Shool of Medcine
at Mourt Snaiin New York. "He svung in
the wind for those yeas, and he mve
badked dovn. | dont use his word dten,
but hero is gopropriatein Herbs casé

HertertLeroy Needeman was tornon Dec
13 1927 in Philacelphia, one d two ns
of Josefh and the drmer SniaShup&. His
fathersdd furniture his mother whose fimiy
owred a jrkle husness ran the hasédd.

He gaduaed fom Muherbeg College
in Allentovn, Pa, in1948 and eceéved a
medicaldegee n 1952 fom the Uhiversity

Dr. HerbertNeedeman in an wndaed phota

Credt Jm HariisorfHeinz Awards

of Pemgylvania. After ning in the Army,
at Fort Meade, Md., he @npletedresden
cies in both pediatics and psychiatry in
Philacelphia.

In the B60s while teacling at empé Uni-
versity, he became an eiive opponent o the
Vietnam War He went to jai at leastone
for paticipating in a potest; andhe was
chairman d a goup alled tle Commitee
of Repongbility to Save War-Bumed and
War-Injured Viethamese Children  which
broudht injured yourngstes to te LULhited
Staes for medcal cae.

"One d those dildren lived with us, d
our hausé said his ©n, bshia. "l was aly
4 yeas dd, but | remenber."

Dr. Needermars firgd mariiage to Shirley
Weinsein, endedin divorce He is sirnived
by his wife of 54 yeas, the brmer Roberta
Pizor; asa from his firs mariage Sanud;
two childrenfrom his ondmarriage Josh-
ua aad Sra Needeman Kiine; & well as
se/en grancthildren and hree gea-grand-
chidren

In a 05 ntewview; Dr. Needeman was
aked whetter tre atack an his aedbility
was meant to sae df other reseaches
looking into ewironmentaltoxins. "If this is
what happers to e, wha is going to happen
to omeone who doesrt have tenure?" he
redied.

"I'm worried that peqple who ae tying
to get a fiche and dot have tenue ae
akedto do hings hey questn the ehics
of,' he ontinug. '"They ae inimidaed. Its
a real brce

A versian of this aticle gopeas in print an uly 28, 2017 on PageA25 d the New York edtion of The New
York Timeswith the headine: Dr. Herbat Neederman,WhoSaw Leads Harm To Qildren, Dies at 8.
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A third exanple of pobabilty modeliing, involving the rormal distibuton, is gven in FHgure 58 a pages 519and 520 in
Pat 5 d theseCaurse Materals.
® The mntkextis predctions in 1990 of the number d new AIDS case each yea in the US overthe following ceca@d. On
the overkaf sde (page 520) of Figure 58, more recent dda ae gven which indica the kbve of inacauracy o thesepre-
dictionsand in doing 0, sow the ugfuness d the rormal nodel in this onext
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