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Aqgr,gat $un of L,ai C r t .$$t . 1  abou t Sub j ective  .~~ snts

Lsonisrd .t s rs Jchmain

(*$ versIt.~ of Wa sft $ agt .

~~ n one Is called ~~~~ø t~ mas. a subj cttve julpint abs.t a person,

ot.je t  or evin t , $ 1 IS c’’~~~ Ia mfmrionie s~~ begree Of incertailit.y about the

precisi on of the JuI~~~nt. J~~~~ nla) v~~ert~~etj ’ plays a large ‘Ii in the

psycbele , of decision osalag, cad wi thin this c ontent the concapt has received

• 0d a..) of analy sis. in ~~ IsSon seA tag the jud~~ nt s of interest often

are a~~ut pn.psrt iens and probmil’tiis of varioul events. I. save c ases the
a.ra, ii? events i~ dis~ rsI. (. g. , the pos~ tb)e d iSeases thet a patient ed,ht

hive) aid In other cases i t  is conti nuou s (e.g.. the proport ion if pp~~
)
~ in the

U S. ~~. 
— fe reipi ai.t bills). T h e eert r~~ort.d here doats with ~~~~ that

heve costI~~~~~ pr bib ili~.y dI $tr ibwl iO ,3 .
IgliOroaCs . r u t  and ~~~igiaity art t.rma 4ed to discribe va iow st ate s u~

incirtainty ~~onl pop.lation preportions er p rsbab illties (Iat~s & Zutowstl .
l~ 1b). If the distrtbut icw~ over all pessibi. values of the pr~~ortion or proba-

bility is ihivp l y psabad, the decision saber i s fair ly csrtiin about the ~~~ro-

priat. probability en~ a decision based ~~~n it Is said to be made in a state •f

rt5ki~~55 (L~~e ~ Sai ffa , 1%?). Ignoran e is rger,sented by the case in ~~ic.h

all prosabilities are ~o n  as .~ua’1y l i tel y ((coobs , Dyes I Ivershy , IC 7O).  A

roc tan~ aIar dIstrIbut iss. seer the range of probab iliti es is the tachnica l 4ftnI.

lion •f $~~c?a~~I. but f ron a pr cti ci l st an obn t , any brsed. r sainably flit

4Ist rIbutI~~ approa bmates thS condi tion . alit Igmar.ece are eat r l toad S-

lions ~~Ich irs i.$~~m real ized, all the possib le va riations Wt~~ee these
u t r~~ s lrw said to be sta(es of ~~~Ip~it~ (t l)sberq, 1%)). CInt4qstI t ly, a

centlnuue of ancirtainty states can be a,visiomad in wM C$i Iporance progru-

sIv hy •velaps at. .ab$ qi.ity aed ultimataly into risk as the probmbilitj

dis t r Ibu t tOOl  b.c.en pro gressively marr’ Peabed - A~~thing that $hss rp.ss the

i i s tr lbg t iOii p’~ ..ues ,rpator certainty bout the pelsi estimate (or vice v rsc~
ml  anythi ng that ‘fl att ens f t promatas greeter .urtainty.

~~s fac tor that shnuld p~~~Me ei ther sharpening or f lattoning of the dis j
tr ibut lin is the ijnt of ert isist inferusl ien the ‘udge hss about the probe
b i l i ty that is to be estimated. P lersen an~f Phi llips ( I%A ) nhlr t.d Piy

abS.rvSt Ioni pertInent t. an event contribute to Jvd~~$ • kmaw)adge about St and

Ms sa~~$ctIve pq bibllitv distributions ( øscerta$s’Ity) iarrv~ as obsirvations
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pr ut ed Their ..t Jects ta S .as to i.ientl’, the proportion ~~t red poker chl ~~~
in a large ~rn on Iii ta ils  .~f a se~ wn~.e of ren~~~ Jrys 0? one ‘ ip it a ~sve.
‘athe tnen q tw iv j a point p t bma te  if th. prupor?ion . the j~~o.•~ J,scribed t hei r

~~~~)et t i . .  is’obabiliti 4 istr I~ j tions .~ver t he raii~e of possi ble valu e s ~f the
proportion ( 00-1 00) aft er eat s dren Thi~ resuired tMs to g ive Ii Credible

nt ersab ~ ~b i A ~ a mat hed th at ,i l i  be .)ei(rlbed bela. ~4Isen the obtained
in ter v als were o~~ared to interva ls ~~ ri~~~l by jsinq Sayes T heorem . it was
? uiand t~~r t qi,ev t~0uqh irons , parti c ipant s event u a l l y  tebec t~~’ a prohab f) i t p
that wa$ the sane as ~at r ed i t d  by the nor mative male) na.ever , they did
so aba.t ISa)’ as ~uLklp.  That i~ . the part ic ia i’’ were abl, to l arn atout
t he i roport ion but t heir 55)f fd ut ~Ioii~ so was coai~rvative caparvd to the

normative ~~Iel. C~~~er,st lsa is coaman In p,obabilitp revision eaperbmas its
P I l ) I p ~~, (ayes A (ouar.s, l%~; Petersou . Oara(h , 1%? . Slo , I~ ~ LlCh t eN s tei r ,

l~ ? l, a’S usually i~ of about t~ s~~~ ~u4n$tude as was fousid In this St udy
Alt hough pi rt ic ipant s apparently ca. )d Seal wit h it , the net P~~~: Peterso r

and ~illtpi (it to) used to elici t cr diblr in tervals is ~~tt e ce~~lea

The St were tol J to inogima a l arqe ~rr f i l l e d  wit h poker ~h i p ,

save red aid (hue others t’Le. Their task was to mate estimates
..~eut the ~ro~srt iun p ot rod C’ ips in (Pr urn ‘hen ~ waS se l ect ed
by a tandem oroc edur, such that ill v~ PuIi ‘~e tween 0 and ~ were
eq.ealIy likel y . The ‘~s were t~ l4 that they wuild receive info rmati on
about the valve of p be observing a seq uenc e ~f chips dr~~~ f rom
the urn lacil S’ s tai~ wa s to 4e two arters to t r i s e c t  a
sca led 0.)  cantinuue into three inte rva ls such t hat it was equaH ,
l tIeir, t*at p was contained in are f (5e Intervals.

a follos ing trei~sing proce~ .re was ~ ed. T P,e I di splaye d a
prac t ic e iai~ l. •f sine red ~tlps and o.w blue chip. The Si were
tol d to *~ the sm ~ i le as a t a S I S  for nterenc*s abOut p. tac lu S
wa s initructod tu.~ ct ill s markers at 0 )33 and 0.oIil. aid than to
imagine that tue and twa Is wau ld each bet a dell ar wi whiCh of the
three %nt.vvals contained the corrict proportion of red CPlifl in
t he urO lath ~~ t ile bets P~~d to be placed on a different interva l
aid S was aI1~~~d the fIr s t cho ice . ~ pi c’.’ - (lie 0 to 0 .333
int ,rv al , and It  w s  agreed that tills tiit.rv ~l w~s a bad bet . heat.
S was imtn.ctid to .ove the marker s to (L~~~ intl C) 50% , t h is ti ne
it was agreed that the small 0 ~W to 0.501 interva l was a bo4 bet
,hse I then eaplained that the bets fo r the firs t sett i ngs were not
equally geed because too little attention ii been paid to the sa~~le
of red blue chips , too nuchi attent ion was paid to the s~~~1e for
the secoil sett i ngs Then I Isntruc t.d the Ss to set the matters so
that the three i nter v als ~~ t ld be equally gsed bet s . I .#. . If the S
were left with the last cheic, of an inter va l h wau ld onsldsr il ls
bet t~ be as fa ir as (Pit other bee As a second practice trial , Ss
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nor, tol ’ th a t a new ~r’ had been s lected and ‘ ‘a t a sapple had
bee,u Iron. whi ch contained no red hips aft i 51*  blue chips . T1i 1,
were again I~st~~.tr to set the markers to y iijld tPree int e rv i ls ,
eaCh Of which waulJ be a. equally ~~~d bet. The I int.rru~ated the
~ S to i~~ure that they understood the c~~~ept ~~‘ three equally geod
bet s.

At tile beginning of each su*ience of At Jr~~ the Ss were
required t o set the markers at 0. 333 and O At? . TISi1 (lien re~,l Sed
and recorded these setti ngs aft er observing tic ’ Success ive chip in
t ile sequence of rs,s . The results of previous Irons in the sequence
were displayed througho ut the se’~uence (p. lO Z0).

Sim ilar ly cu~~~$C~ matluods have been used in ~tiler st . d le t  ( leac h , lOiS ) and ,
w i t h  a good i.a I •f prac t ic e, piople of ten can bec~~~ pro f i c i ent in the ~e of
interva ls alt hough they tend in mast cases to be maderate ly inaccu rat , willis
(I~~ ared to s&~~~ ab)e~t Iv e , st at is t ical  s tand ard (e.g. , S l os h  • Fl schiloff £
L l c l i t eristeill , ta~7) .

Th, prob lem wi th c redib le interv als is lii i the eaporimafi ter te l l s  t ile Judge
t ile crit erion to ~s.. e .g. ,  a ii. interva l , a 90 interval or whattver Whi le

t h is is maanisgful to (lie r apee t nefi ter it ii not necessa rily so to tile J udge
lie IS j l v i •it us l v.. ti -consi tsq tralninq To overcome this

problem beac h and Solak (l5~~) inveelad t ile ‘ squiva lomc i nterval ( ( I)  Thi s
i s  the interval around s~~~ point estimate that tile Jua~~e feel is r asonabl v
lI~

p ly  te con ta in tile t rue val ue •f whatever is being estimated . Pipt anOther

way, i t  tile t rue val ue turned out to lie within tile ( 1 . the Judge wiu ld co~~t
tile est imatt a.. essentially c orrect.

A rirttr •f itudies support tile contention that the 11 is a ui•ful neasure

of a Judge s di fferential ~~~ertainty about tile atcu racy of sub Ject iv e Ju4gouit s
leach Solak (l%I) presented people with ari t~~~ti pribl ( c c .  $7’. o
lb • $3.5) and asisø then to put (l’ s around tile cor rec t answers to indicite the

range w i t h in which they would regard tit s answer as essent ially correc t If

tile pr s.m were to wart t ile proslan in his head . It was fos 4 that the intervals
were ~ constait preport Ian, & , •f the nOpuituds of tile c orrect answer , C, (that
ii 1$/C • k) and that i was diffe r ent for difficult and asy problama.

L iestedlus ($070) had people oaanire lists of lb nuobers of either high or

len viri n~e They were given the correc t main of each l is t .  Then, for each
l ist  they were asked tO s pec ify in (1 aro~~ tile ~~~~n wi th in which an onaidad

JwlgS s estimat, of the main wau ld be cl os e ~ROvgil to be In tile bi)lpart
Tile Li ’ s nor, s ignif ican tly larger fot Pu gh varia nc e lis ts than for Ian varianc e

lists , jua t as c redible intervals iiewld be .

a
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~ea~P . ut.ac ’i. ariei and bartlap ~~‘~~3 g furth er enem i J  tile p r o*r t irs

0? il’s !hey fowhd tha t the Ia. Of pr~~ort i a l u ’ y ~ Obtained by I ac h and

~o l. i  ( l%~ ) held only f~ ’ ~rethet i com t iI~aa . as wi~~ld be eupecled, bvt t hat
‘sr ‘ - r - r t Pu a the t i c  ct~ t inu a * t w  ( I ’  were larger for unfa..iliar events t”  u’

fo r t .a.’ l t ~ r ones en l u4gI~ set L i ’ s arouni t i le i r  o~~ estimates Of a IlOPul.

torn proport ion based on a ra sdli ’u s~~~ lu t h ( l ’ s decrease.1 as cu t er the %aøi ir

~~~~~~ int reasid or as tile pruportien apvro.ched l.i)O or Xi , bet’ conditions
w l d  g

~ t pt t a ~redible interva l in  t n -  sa way udQIv~it S  •f people s i’,’
p ifliOd I I l~ 1 t .  str ingers 4c’e~ and Ü’~ ‘~~ • Str.s rv)rrs J ..Jqw rnt % Of the

;~,dqt s c~~ r age . I i ’  for tile seriousne~a ~f variou s !i ft  ev entS Holes ‘.
halie . 100?) y Ielded e • ii and for the SCrIOs SnIOS of llsp SpS ( , Ir r , lisudi

~ol ~ws .  ) )óiI) ~ • I) .  A • in a ) st udy sh~~p~1 (hit (hue s i g~ c t  (lie II around
hypothetical s ons of maney tha t one tould Inher it D~ give  awa~, ~es Infl~esic e,1
by ~v* s •- upposed u a i l ! P  or povert ~ and by w’,ethuer the mane, .as or was not
in~~ lyq d in a gaOble “lie t i l ls is a strange pij t POurr l o~ ? oi u$cs . tile Stud i es

quetfuelri s Jem )ns tr ate that (l’ s war y .itPu tile variables that 10t h t O~~~~~ is

~ens r and s tatist i c s dictat , th ey s hOuld
w i t h  the •aceptior ~ f the pru,iort ion estimation st ..-i~ In ~‘ra~ Pu pr at -

( l’~14), L i ’ s Pta,, a lway s been placed a round points that tnt esp rine’ruters

~pe .Sf i ed rat her t r~a’ ha . i n g  ‘h ~~ies .j s e then to indicate umi ert a $nty abou t

tile a~~ura(y of til ,ir ~~ ‘ jud*inti. ~~ .ever , t t s~’ res u lt s of the proportion

est i mation study shened (fla t , when cas ed In tilt latter w ay , flue 1! s be’uaveii as

redible interval s ~ .lj  have

In t ilt s papet ( l ’ ~ wi ll tie used to •almtne Pliw )udges aggregate ~~ ertiiflt
about the ac..uric y ~ their ten subj ective lu )~~~~nts when t ese cooponent
j~,~— t s  arr c~~~er idsd into .~vrrall J nts ~or •i~~~l~~, su.pO,e a cern-
t r k  t.r were to make a series ct educated ~~esses about tile cos t of various

co~~onrNt S Of %~~~ Job •‘uu thin son !~,ese cjlsse’ using pfr u~Il an~ paper to get

en ov i rat i  est i  a t -  f.cn gul ls. h~ .er,r edvc~t d  it s*y be , IS S I ’ ) )  a guess

and as a r,~ ult las su~~ dp~ree of accocçanyunq unc e r ta in t y .  Therefo re. (he

sup ‘ tile j uesses j lso oust ~av, atcor anyinq unCrrtaInty Tile question s “
int er St are in a tas k l ike (Pu s can people aggregate anc erta i nf t?  If the
can , Is  it possibl , to made l ~ ili, , rc ~~~5 S )  ~ ws aqgrqt ior  llff*r for easy ansi

J i f f i c v l t  )u~~~~~ts ’ ~ es the nu~~~~.r of c4~~ oruefit Ju~~~~ PL t s  ‘ n9l ~~~ ce t ’ .

aggregation?
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Aggregation of an’t~ert a in t y “~~~ been ea~~lcd ~~st tPlorvuqilIp in tile bayes ian
rev ision i tal i c s (PeI~ r~o. S beac h , 1%? , Slu v ic a Licht .*steiru . 1911 , S h c u t
li~~~~~ f f  £ Liciltanus tein, 1971). H~~~~rer , the normative madel used In that
res rart ul i s  not pi ’~ at-h- It) t~~ pre s ent fce of aqgr ation L nluul. no
n0r~~t ive ~~~el eii iIs for Ibis sItus tioa T herefor, we can oni, c onjecture
about possible ma~~Is and then ~~~~i r i a~~Iy seek tile best

Andprsoc~ and his assoc iates have en l.ied the wars IC wh ic h unforma t turn ,
as oppos ed to urncertain~y, is aggregated In var;eu.s siIaMttons . T hey hd ve

found tha t this kind of aggr egation ~~st oft en can be discribed as either
anditive or EwC’ .~~~i ,.~

Addit is ity  cans that aggr egat ion iS ~ect d~ s r t ’ ed as a pr~~ess in which
infor~~~tiO. is macely sc~

-
~ 1 as it is received . f r  as~~~le . a person s prefer-

eeue f~ r a lunc h cOrnsitt irn of a certain lied of sa~~~ic n and a ce rtain *uw 0?

drink is the Sc ’ hi s preferenc, for t ile t uut seporate l (~~~ nteau is Avidersw .
I , ’,).

Av.raglrnu cans that agqrogatto~ ~ belt ~~scrtbe.d as a rs~ ‘si tn fuI~
in f ormat ion is ~~~1.d. f o r ea~~~h e . a per~oe ’s net sepress$on of not lw r person
sea~~ tO be the av rage f the Otil~~~s positive and negative Charac ter iSt ic~s
t Anderson & A1ei,~~~~r , 1071).

00cause t heSe t~~i descriptio ns of a pureoatioiu are sie phe and because they

have been found adpquate f0r a breed va r iC I p of t~ u~ f t  t~ reeuma_j)e, In

lieu. of a normative madel for ~~ertainty .qregatien, to censider then as t ile
leadi ng hypotheses fsr euaieisg w ert aint.y aqqrggot ion

The research stratg~ cons isted of presenting part ici pant s w ith $er1 5
Cst rin gs ) of arIt~~~~ic problens and asking t~~~ to work S.ch pr~~%es in their

heads . . r ’ t e deuin t ile answe r , an~ p lace am (1 arv.j r i t .  Tita n they i4ed pock et
ca lc u lato rs to sue the ans.e r to t ile c~~~enent problema end placed on (1
aroued that sue S~~ strings were predseirnantly easy •robI I ~~d son were
pr,~~~ tmant 1y d i f f Ic~~It ~s r reasons that w i l l  b.c*c clear , tile firs t e*eri-
uunt used str ings of • i~~~ c -o ’lent prwh h~~~~, the second cased three, the third

t~~ — fsw r.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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t. sp. r l ren t I

in tile ,iflt s tudy the sequentes Pc.’I five  Ce.vonent ~rObl~~~ . tst lmated

an swers to these pr ObI~~~ were aggregated on po aet ca l ula t ors into r ther 4

an av erage . (l’ s were obtaine d for tile ,~ St iMd t IuIi answers lOr e c c

~~~ onefc t ruble. ( t I e ) as we ll for ~~ s ( r 1 5 ) or ave rep ( &1 a 0’ inte res u

.~ mether f J ~ and 11a we ’ r, )lted in s~~~ orderly wiy to the (I
~~

S of the

(~~~ OIllat prOb i~~~~. ieply irng that uncertai nty was ag~regat.d in  ~~
-— manner • anti

whether tile additional step of Jiv iding to Obtain on a verage inf luenc e- tia ifl

an~

~e I
Y Pie ~~tno 1 ~olla d in ~~is •~s~~rr i~~~ it wi l l  be d~~c rtbed in s~~~ irt ai l

o1 P b cause it 15 .~~ )1 cated arid because 11w ~~~~~~~~~~~~~ .werimarn ts wife

onoucted In a siallar way

To pr es ide a m a ’~~~i~~ coeteit for the problema cacti 5equ n~e .a~ assoc i -

ated with a inert co ver s to ry . T here were t our s t o r ieS c)uie ret~.1red tile j~~q~• V

to imagine ‘,tnself 10 be stmrn. tne in a i’wt~~’Out line at a tueer artet , 1*

plans to pEy - is r ~c~1 wisnes t estirat tile ‘~ ? a l  Cost of the •l r U - e r 1 t- I t t )  , p

i s  ~~ has ‘.~~s~~i lent none,. Th is in~~lve~ salving co~ uonefut probIe.-~ suc h as
bt lbs . if dog fooø at 3k er pt~,.nd or “7~ awec ado s at ~ each,. etc .

Sirni lar stories and prebh ,is t n v o ) v ~~ a contrac tor ( ‘ Z ~9~i e1.~ tr ical ou t lets

at 99( eec P ), ;utl~~e r t s  ‘ peop)e ’s weight ( l~ et would a 10 mar •ld male

who was 6 feet tall we qPi ’ ) and s tr aigr i f f Orw a r u percentage proble.1 ( w riat ij

Ø~’. of 199$’ ). ~~ pariilti A contai ns t hes e stories and reprilintitive SCt 0?

~u~~onernt probh~~~ .

A two- s t e p pilot Study was con~ a ct d  to obta in a ~t~t il ~ f ) i
~~~l Cw l t  and

eas y proti h ans . In the f i rst ,  participants we re asked t wori approrn imatel, St

pvOblr ~ s in their heads anti to rote 11* d If ’ i Cuh t j  of each en a S-point s~aie

Al t P ’~ouqr rough, t he resu~~~ indi cated that tile ~~~‘ cen t wOS the bigges t deter-

.ucsent of d t f f u . )t y , with tile size of !he hs~~~~r 4~On wh ich ti, per cint ope rated

t* inq of less eport once For e.arvl e, prOb~~~~ requ i ri ng th at one t ake !5 t .

SOS , or 991 of a r.s~~ er were easy .n’ le !PlC ut inv~- lv inq 87’ . 131 or 47 1 wert

)udqid to be d if fl C4l lt using tbeSc r,s lts , a lar9e u~ool ( epproa )
~~) Of

problemi was constructed c acti prob)on was p laced on a small s lip ~ paper ,

and m other ~ro~~ uf part rlp ari ts was asked to sort t ie prot hans accord ing to
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nether they war, ~1I’ ’ - i  ~It p, eas l,.Itholat actim ll y solvlø~ the pvoble.i )

t ile resu lts we re tes t ed  al l iw a Dinoni a l test Itima were rsgsrds0 to be

diff icult  sr easy ‘ they wa re plac d in one cam P’, consi stentl y cma.sW~ U.

reach a 0 OS s ig nifi cance leve l
hesut — prSStl1 ,eentiaal)y ~~~~ s.1. t ed . OrawIn’i f rep t heSe . s is

sequ nces if f ive pfOb’~ess IaCP’ ware C~~itrvctId Lacti siqi.fict was Ce.st ruC,ted

50 t hat t he coepOiWøt pr~*ls had an*we~S fal l i ng w it l i r one of three Int e rval s

along tile ~~~~~~ line ~~ seguences each ~~ re - -  ,nst r~~t ~~~ f o r the tilr e

inte rvals tested The Intee vils represent d p.ooresslve ) higher orders of

mageii t ude (I  •.. 10 to 100, b.C to 100G. and 1 00(1 to 10,880), wi t i  the result

hil t the esper ineil t wa s able to ‘e~t the eff ec t •f tile s 1 of t ie ~~~~~~~

be i ng manipulat.d Fiii a l l y, the segcanCes ~~r1 nedo p~s* iitarit l y d i f f i cia lt

or easy ( one each or each interval) by ; Iac hn9 four di ? ’ iCu lt ~~d Uhe ‘I~~’

prob ) ic toge ther to for’ a d l?~~Cult sequence and fo ur easy and ~ne d i ’’ Icail t

proble. together to fore a. easy sequenCe

The problens were prtien ted in book lets in ~ ‘* cn the Or~~r ~f sequence

presentat ion as w i ll as the pr’ob $e. order w h ir each sequence were eecP

independently rando.ited fo r .vev y part i t ipan !. Instri~ t Gni at tile end of

t eacti sequence requested eit her a ii ”” or averagi ng of t he ~~ Orrr prubie.

es timates. Fsr cacti sequence one ii . )f of the part ic pant s ware inst ructed

ner, i y to sue and tie other j
~~~- Pi4 5 

~~~~ Instr ucted t & c~~~ute t ile average

~j r eect partici pant one-half of the sequenc a reQuired si dd

required averages

Participants ware seated at desks and q$ver pocket ca lculators and a

boOkl,t of esperimantal mate r ials . The eaperinenter gave satanilve Instrw-

t on s *~~en4i i’ 8) that ~~~_siied the purpose of tile study , the ~~ont ng of ( i s

~~d ‘~~~ to record the., a seri es of practice prObleuC to perel t fe.i l iar za-

t in with the tine Iindts placed on doing the p rob)E~~ add the r.~~~ o~ d14 5 1-

cu lty of the pvSbl~~~ . It Is seportant to rote that the calc ulate’s ware nh

v%Id to sue (avera ge ) tile est imate d an~~~vs te tile C~~~S e I  peOb I~~~~, they

wa’e not cased on the (Is. I*e of the c.~cu lators insured that the s~~
(averages) war, mathematica lly accurate so that do~~ts about i i~~ c urate

adding (or dividing) ~~ i1d mat contribute to the
For each c_ poul. nt pv~~)e. is a sequence , parti c ipants ware given ?C

s conds to make an sstI te o~ the anwar add 31 econds to plac e a.
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around ti lls answe r ~ar~ic Ipant S ~~-re ~~e(t~~i .11, laSt ut ’ rC !~ - akt ~~~.

the t ull 20 sec Onds and ware not aIlS~iSd 10 preceed f rer the s t iwa te to V.

i terva l un til tile t i re ‘-‘a;  e a ~~.- . . ;.ilar~,. part ec 1pa:~ts d id riot beqir

t r~. re s t coepo.~ -n~ prc C 1,i cant i 1 
~ ~~ seconds a I I t ~ 

• or the I ,~
• t a .~~eU M’ t e c  .aca of the ~ copoonest prob ors ~ bess C~f~ IPted. pa rt IC 1

..o its used the ~alc ial at () rS to c~~~i~’. a sue or e~ c ’ i - ~ of trie r  .~s t i eetes and

the!’ p l a . e~ ~r (i~ or L1
~ 

arouni~ t t i is  w a t ~~

Participants ~i r  a ll .~p,rInents to i,e descr~~~d ware s,ollcIr.ad ~~~~~~ ir

i ~~~‘ .11 sanest I r t~~ Urni wrr ~ ity n~~spa~~ r ~ 
• students aSd no’ s ~‘b’ S were

~c~ reser Led in the r~sultinç pool and all wa rt pèid ‘ ‘ i-’ ~o l la rs per hou r tot

part icipat ion Y~grity-~~i~~ t porsoss wa rt ‘ri v~ l.ed ‘r ‘.rit Study r din~ s i ~

were c , -~~~~ ci t i~ drgape~’ ron are ys 1 s because - ‘ tile I r a. ~~~~~~~ ~ d 1 .~ ~

co~ jr,4end t~* i t r j ~~’1CIf l 5  and/or a s *  they produced ~~~~ r~~ ri.’~~ t I ,  ~a’

(r . q • t il ir [ E S  did no’ ‘~~ ~~~ the est ihete)

To ea in ‘r* et’~ c t  .~~~ tile Iii~~ I L4l t ~ ~ar 1p u) a t L  r the he9Vc I ti~dt ~
f

point esti mate oust be taier intu nccouAt , ~irev IouS researc h sl ow . that E l ’ ’
inc rease as t he maqn1t~de o~ tile point est imate inc reases ($eact ~~ So)aa , )-

~~‘ 1 ,

jeacs .t *1., 1-I74 . To ~( 
~~‘i 

,~.cr 11 is divided by iti acc~~~an~ i4Ig ~K i v ~

~tImate and the result, , it ~~~~~~~~ to analjsl t .
Tc test t he di f f i Cult y scam% puiat ion t ilt Pi ar :‘ and 

~
1a ‘

o~~u ted both f~~r the eas • and for the dl’ ~ IC ca l seque” •s ‘ ‘- ea~~ pert 1 CI ~jnt

~ar H out of 21 participants the rear k for tile 1”i~~~..i: st ri ngs ~as larger

t ’Wi for the easy ~t r ’ ~ ~ .~El by a si~s test) ~ o ’ce’afl rear k f*r

tn. di ” Icult st r i ngs wa s •~ 1 and ‘-~~~ the easy st .In9S 1~ ~as ‘)B. This ~~~~

is c ongnm~’t witti tnose ob ta ined by :*a r and Sola’ (1 •
~

Ustro tse rat io o~ (i~ to t he products , sues . pr dvt - ’ lg es of tile LI ‘

~4( t  sequence I’ is possible to test ~nie addln4 ani~ averagino Pi,p’ tPeses

~iqure 1 silons tile re lat w~ 
P r .

~~~uep~~y ~f eac P~ vali.~ u~ these ratios I(FOS5

an4 acros s particIpan ts. . s to  of l.X Indicates that t I~ Pc~pOt ’.- is

In ~uest Iam It a good ~‘t Jn i le neither of the li, l~ot?*S.S is real ly a

good fit , the aoe’ng nytot .iesIS c learl y is better than the ave raç i Iw h~~~OtP~~

‘r rt , -Sihe per cn t  o ’ the rat ios l ie witnir  the SO-I 51 interval aro,,~ 1 110.

u c i l .  ‘r  the averaging hypothesiS th is intarva conteens o~ ly 4 par

l s~ri ~ I gure 1 
- 

at out nere —



— 
_ _ _ _ _  -‘

0_s I

- 

_ 
_ _  -

aOC,Tsvf wCQ~~. I Lt ~~I E I I ~~l

0.3

ol 
_ _  — -‘ 11 -

~~~~~~~~ 
-

I 5

A v E R A ’,G MODE L (Ei 5~~lt(i~ sf~ Oi1

N A ~~ O

f t ure I

m~ ar ~~eon ot Add L ’ lVe and Av p i i~~~nq ‘~~~~i. f i r  Pw

S ~~~~ ~ 
-
~~‘~~~~ * nCeS f r  ~ xper Lm n t  L



0_ il
z

F ;

~~~ 

_ _ _ _ _ _ _ _ _ _ _ _ _  

~~~~~~~~~~~~~
2 ;”  

V

p a t i O

2

.4. I i t  1 yr IIi t os In t ot  Rat ~~~~~ ~~ t — s - ’

0.0 i~~tt .LO t .~r t t~i.’ S~~~~i~.nq S.~ aq M n ~ es ~~ F~~ • t~~~n* I



_ _ _  - -~~~~~~~~ 
_____ 

~~~~~
- - -

-9-

(1$ course , the rest s t r i k i ng thinS ab~~t these diStributionS IS their

~ae~~ess Insp~~t IOm of the r~~ ~ata revea ls that IPils results ? rUe~ a rel~ t Ive h’

f ee very •at r~~~ wa )aI ~~t both (1 -— _
~ 

T~~I. are not attr ibu table to an,

partic ular participants, probI~~~ or snSus~~es. they ~weer rerely to be erro ’
“uwr~ rr , ~iien isid to calculate ratio these wa l e’ h a d  to .strere l~ large

or snail ratios . ~~~~ riding on ~~~ther it is t~~ 115 Or th e t l~ tha t is eatre ne

Analysis ~t tile ra t i os  15 ii~~~tved by t he’s .,tr~~~ value s Sp.cificalln.

it is ‘it poss ible to Jsi s tasidSrd descriptive stat istits to s r ~ ie the lata

In this ase the ~~*i rot to is J .2I ‘ie literisi lnter~retatIon it this value

would ‘rely that the partl .Ipants inflêted the sun of the o~~~~ nt .~~~tS!

toint es by a sc t u r  ~i’ rouqill, two iat th i s cle arl , is not the case

Fi~~.r, 2 ereands the additive histanran i~ the cri tica l reoion around one

This pisi further ere’ias’:.s tile fact Utat neither tile additive nor the

aver qtng hypOt heSiS iS t rely adeqvm te In fact , the made (0. 45 ) lies between

the theoretically wi rn r i a t t  val ue ~f I 0 for ad I%’u end 0 - 2  for averagi ng

Gut, IR a~y cat., the maj ority :~ res~~ .iet de riot land to a ratio that is

very ~~ t P’ greater than I 3. F l ’ car t  2 a lso sfl~ w s Just Piou inclusive these data

are Tt~ ‘~i togr~~~ revea l that eves the reasonable responses for. into as’
j ndiftetentiatad pattern I5 the region a rouild and sllØtly be l ow cwie “wri~

covid be many reasons for this. ~aut before 3~~~tnq to ~~~ premature t heoret ical

spict~IitIo * i t  IS best ti CO*S ’ dPr tile si~~ I. possibil ity that aqqrvcqmtlnq

over five c _ rp•~~at probl~~~ sirely is too di’’’ It for egole to de w el l .

1• test til ls possibility a second ereerimant ~ses co.duc ted IS which tile taft

was made its ø 1.a

risert figure 2 about here

[ *perthest 2

The tas& wa s sire ilfild in mys. f I r s t , the ri~~~lr Of re.oren t

pvshl S ess rs~~~ed fr fIve ta thr ee. Second • part Ic mon t  s were not athed

to ~~~ute aver~~~s for an~ of the ,e~uen e’ In addition to these changes.

for the twe csnItrvct ion snSus1~ es (See ~~ ondIi A) the precs*pre was alte rec ’

50 that part icipan ts arted only ta~ prSb1~~~, found t~~ sue of these answ ers

and placed an Inter-wa l aveund ~~ is  i~~ 
A third prsbI~~ was washed, it i answe r

H
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was added to the f ! rner s un and then an II was placed ar.and this t ine) sun
The ~eot naction pr~~I.ma were therefore, a apuote eaporimantal manipulation
wi thi n the bed)’ of the basic .ap,rimapit , These SSgI*OC.s SE length two were
inc l uded in case stri ngs of three c~~~suiant probk~~ proved to be too di ffi cult

In  all other res or ts the a~~~ri~~~t was •z4~ t$y the s as In
(
~por~~~.t 1 .

Twenty-eight participants ware dr~~ ‘ ron the ator~~~ntianed pool ‘
—

~~ answered the riewwaper edvort I sanest . ~ i a were si~ tpousnt ly dr~~~ed hue to
anirterprs t ab)e data. saving S • U.
he. ~It s

~ peatIng the previous anal ysts for the liff icil ty man i pu lation ~~~~~ that
20 of tP~ 2? ar tl cihbant s ~ad large r ma.. ~~s for di ffic u l t seq as usa. to,
‘ acy sequences (p ~ 0.00 by ~~~ test). rhe owar.Il ~~~n s for d i ’5~~~ It
equecces ems 0.17 and for Oty ems ,) 0G.

~i~~re 3 shows this relat ive f roquonc t es of t his val ue s of th e ratio ii ~U1
~ C e,~~r prabl~~~ arid part icipants.

Insert F i~~r 3 about Pqrg

C~~~~rIng this Ist.eron with that obtained in t spoci~~~t 1 it is clear

t hat t fis additive hjpot het ts 15 mare effect ive for r* three ci~~ 4r’~ane case

~pe ’ f t c a l I y . t his ~~neral shape if the listributien i~ ~~ e in lime wi th

t~~e t4t Ions in that the nedlan nd made are coinc ’ h ’n t a l  This Indicitod t hat
the obtained iittribut ion is mare stable (i . , greater consistency in t he
date). ~ ,rt PIer,mr,. there is a ~-artad increase (Si ’ ,s c’.i) in the ,ii~~~tr of
ratiOS 15 the 1.00 • interval

Ai the, there are only two data point s (two s ~,‘nc.s) per participan t ,

t ile eff ects ~t re~~~Ing the sequences to tme cC~~z~~nt problis& cm be eaani.w d
prelt.t~~riiy mlng the s.qwahte% for wh ich ~wo ,reb lan~ were war had thei r

answers ~i d  (El 51 ), a t hi rd prablon~~~ *md. and the Isitor added to the
fir S t sun (tI

~ z).  Ybe ratio of (l
~~ 

and the sun ‘ the (I t
’s for the firs t

two problema was cS~~~t d  f~r each of the two ss*a-sc.s for inch participomt .
As was t rue for ~he three c~~~~uII t ss~~ nc.s Sit of the rsit.$ for the
ureonent sequences l ie iri the 1.00 ’ 0.5 iaterea l This si~~ ests that these

is nothing gained by r,~~uring the sequences f ren tis ree to two ( (Woris fi t s
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C~~~ losing to cans ides these spec sal li~ jius - obso too answer he the
third r~blon i~ ~~~~ to this sun if the answers of this f ir s t ~~ it sha&d be
very lito ai~rngsting untar$s$aty for a ~~~~~~~ u~uuict. In fact , this

proved to be this ~~s. ~~pars.tly, uncsvlai*ty about a sun of problan answers
added to yet Car uncorlal. problon ~~u~~r is eg regahed sheilarly to the
sI ’~~le probl on case

Ia Ii~~~ry. the rss Its if C u t  .*eri~~~t s~~~ that this re~~~ i.as of
partic ipants can be re ef f ectively Ncrlbsd by an additive hypothesis ~ isn
tan c~~~l.aity Is rddueag. Ths IopV*vsd iff CtluSaii$ Of tile additi ve Ii~~~the3is
in ~~~ t r ns t t i on  fi an five to three c~~~IftInt s was als o tound f~ r the special
- and three ~.ng sisnt sequences s laidles In this .oper Iosnt . The hes c~~~iiuit

~~ a c~~~~t be ~~ s$derid as stable itrice there -
~~ only a very fan points.

Conuqiantly, it ts reasonable to ~est ion i~isther two c~~~~~~ t s~~~~ices
.i ~~ rs~~~I a sti l l grantor ~~~~~~~~ In else .ffec t s vemeu or an additive

~~~~hesIs (t~~~ri~~~t 3.) .
In addition, It ~~~Id be meful to obtain sane ides ef tile aff.cts of

venip ulat loms . The transition fran t er$~~~t 1 to £~~sv1~~~t 2 involved bstII

a change i~ tile m~~ sr of c~~~onants and •achdsd tile averaging ~~~~ t* on. It

cou ld his tP at for s~~~ reason particip ants In £~~er$mant 1 were less able to
.ggre~ate ert~Iaty because of tile averagi ng operation rather this. hiscasse c~
the argr rs~~sr of c~~~ufts1tt . Pbriover . sinele c~~ u~sivity dictates that
four cC j 10t $SQu,ncei be ea. 1sed t• sea if perf*r ~~~ce ~~~rha$matoS that on
fi ve c~~~mnsnt iuusnces or thr ee cuwurlit pa tgn os. biether stwd) (ib ) using

four c~~~anants and providi ng sane tentative Indicat ions of t i le effect en this

process dee to ~ mal t ip l y tr ig operation was mdectab an.

topsrI~~~t 3m

This format for thi s eaperimant waS t i le s~~~ as ~o, the prev ious two .
Thee, wave S sequences with 2 copeonent •r bI~~~ each Spai*nc• lii ficulty

not ~~~IpuIatdd by hisvlriq 2 4iffi~,lt !tans iii tile difficult sequences and 2
easy ones in tile easy sfl i~ T :ts ~~~It1an& ly. there were s q ~~~ces w ith a

c~~~ris1t fran •ch •ffic~ltj lov el that were clas se d as having dined diffi-
cul ty  Of this sight sequences , fs~r were st aid, were eaSy, and hes wee’s
lif fi cai lt. he before . tile participants wartid this c~~~onant preb i~~~ plac ing
(I ar~ ead eocb f~~ d a sue using the calculators , aric foreed an II aroue l
thi s ~~~~~~~ .
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~o1 1aninq adei nlstr at lon I tiles. e’qM sfls~~iC*s there was a second
.apsriman tal condition In ~~ichi s ine le psrcomt~~ probl~~ wsv presented
Participant s wor*ed each probien and fo r each were giv en a nss t r t• add to
their answer he equiva lence Inher va l was toss placed around sun Three

‘ the~~ s io pl e probl~~~ were aSSy and three were difficult. Tile sIze of this
ru~~ er to be added wa s counterbalanced w ithi n the d if f icul ty ) vels ii that
the three orders of mapui tudu discussed in Iopsr$nent 1 were appuroalnetod.

Since this ns~~rical constant had ma uncertainty associated wi th it . t his
procedure can be vi~~~d as a one-caoprtunt 055rS41t1o5 task
art

Twenty participants were obta led fran time pooi Two were s~~s.qs.stly
4r~~~~ from the anilysis, lon~Ing n • 15.

* In pe,vio~ saperi nts , tile manipulati on if uncsrtair.t p was •sanIn.(’
using a s ign test on t ile averags str ino hi f r  eicb participant , sting only tile
easy and d i f f i cu l t  pet~~nces Per PS of 17 participants the ~~~~~i k was lari)er
for difficult sequences than for easy ones (p 0.00). Tile ~~~n hi for easy

sequsoces was 0.03. for dlff $c~lt t~~~~~~s it was 0.)~~. ~or the dined
s~ iuences It was 0. 10.

hapsating the previo usl y utid analysis if rat ios uf ~~ to 1111 resul ted
‘r a neon ratio of Q.P5 This is very d ote to thu r,tul t obtained fir this
thirie c.oponsat sequences In (aperi nt 2 as wall as for t ile c~~~ene.’t

• LI~1~
) prsb l~~~ Til ts reinforces faith Is the s io pl o ing hypothesis

(see fipore 4) .

Insert F4q~rn 4 about herr

~ ss a n~~~ t r dictat ed by t ile eaper inen ter Is ~~t~i to the answer to a
si ng le p roblon there should be v~ * reaie In uncertainty •bou t tile accurac y
of time resultant sun ‘it~~~ver . because this sue his b us Increased this LI Is

e~~~c ted to InCrease along wit ’  It (9.aO~ ‘4 Sola k , l%~) Thee,fure , to so p
if t ile pa ti lpants ’ actual uncertainty r’~.ouin~ d uac~~~gsd t hrough tile adding
operation, the iean ~ for the £I~ was ca~~Ired to the main k for time (I~ .
There was ma lifference, m d i  atlng that for sing ). c z3n55 t seqwrsc es w ith a
ion - unc ert i in oper ation appended the cipe rat lon dues ~,t inc rease relati v e
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urcertiisly . for ~ to remain inc t.anqe~J the LI~ qiss t •im v~’ incr,Ii id. Ait lin u

i~ Is inajr.~~~e is i l lo g ical , it is cos1ststant it t~~ ris ults obta ine d ty

• Solahi (l%l) ,
L~ourirwfmt lb

In tills Stud t~~ s~Qw nces ~êJ  four ~~~ mensnts anJ Il f f l cult v was not

-ar~~~~~ ate~~. Rathe r , the s~queecei wear arra.we~i so t .iat the bo  5i,nmncE’S

for vac. vrr Story were as closi l y watc ’~ J s i t ~ reqaru to l if f icul ty is

potSi b le. In s4iition. the ‘)rscevy prob lens were set ~~ cc . it partic i-
,iants wortsd time sequence no rmal ly a~~ tos. we re required to e.i lt iply their

ans.N r by four a.~ o lac e an inter val around Ills fina l va lue. Tile oult,. li~a.
tiss ~ms consistent wit the ~over tory (I .e . ,  ~~~ ute ~~ !ohltPn)y bill ni

tile “rit answer ~~~ sour weekly bill) id ~as IesigneJ It bi both a
tes t of tiu~ manipulations ef f ec t ad a viriatlon in t ine proc edure to deterol..

if the resu lts in t~i.perinent 1 oulu be •aplainel on that basis. ta~ prm~&ur

in a l l  ot ier respects was the s~~~ as In the previ ous itsdiis .
P a rt i ç ~~~~~~

‘we nt,  participants were obtained from this ~art ic ip ant ) . 7~ e . r

all n~Sid in this iit a ana lys is .

Thi5 netimd use~J in previous .sperinents was a’ ~1i~ It ‘he Jati and the
0 t alnel frequency listri butten Is sneun is ~Igure . The a lue of S~ per c t

in time i nt ’ rv a l 1.00 • 0.5 as we ))  as the cm.para l shipe of thn~ c.a rvt are

nor~ i$di ’ar ~o the two m i  t hree c~~~.onefit enperinests t ian ~o the ft.,

caopo~sm-mt case .
1 co.var’san of the £1~ (s un LI) m l  the U (a .IttplIed II) n4s .a4

using a ~iople ra t io .  I t  seine reasonabl, t hat pe rt Ic t ~ ants Would inc rease

the ir int e rval s t~ four ~~es they oul t i p l iej . eisen t taI~ , ara lel inq t he ir

~anipi.uatien -
~~~~ the II ’S. A ratio of :1 ~~u ld indicate that t ’i is in f~~(

wa s tMinn pu ce. th ing al l of tile ~at.  ava il able (‘ • W ) v ie lie l a near
r t io of 3. l~ . This inditatis tinat parttcIpin~~ dlu incr*is. their Int ervals

but timit they were nane i ll i rig to •ap~~ ~s~~ir  Intervals to the f ull ~~~n i t
.ddttiv ~‘potPwsis woulnJ ~psc4 t  as ~~~rep rt ate.

Insert ft ue  ~ about here

~~1
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Alt houg h time prec~’din~j st~ .J1es lemanstralt t i  ~iaot ) i t ~ O~ ~~ ~4diti

el ‘o’ t ime process t uncertainty ,‘iqrepatloo, tile re,ul tS are iac~~~I,te

for two raisens . Firt t , $ 1 w ~ tie eaperinents err a ll Jve.Ju ted us i ng

~~ wer ‘it n.c~ssarily sa ill.~’ni in tine tic hmi ~n t  ~~‘ et !Iiat iO, . i~~

is natu ral w 4uest~on time ~ nera) izatj , ht,  , ‘ tile risults. heal p O r ) $

&~ert , lSdivl .aalS ~~O as a part r~ trne lr professiona l ac tlvl’ es ~a a .  ad
process estimates on a dali -- bas is , me . Lie different fro, a S tudeøt j~.~pu)etI On

that hat no r~~~) interes t is the task or process being stuj ild.

~ec onO , the esp.rl t~ thus t ar ‘ave been JesignsJ .itt the ~iope tha t

tw  tata iaoul~ ossis s I~ enough va rlabi lit; to a) low the eWerlmanter to

1 n t~ r • 4e%~riptive made) fo r t ime rocess . In tact , tl~ l~v,1 of ~arlab ilIty
4s proven t~ ta ,u I t C i ; .  ecauee ma sy~t~~~t Ic Intarvlews i~ re cenducten

w ith the st~~e.ts , It Is not pess ibte to cros s e, i the a~d it Ive iyPot~~~ 1s

., u ’ c  ~ subjective I~~r.t~isr~ ‘ the pa rt l (  ; L d  its til~~~e lv es.
M a ‘LS lt ~f thes, di ffi cul ties a f o gt l’ •&perimant was indertaten.

Liperimant
The t e t l w p .  for t PIs e~~erImar t were t~ofoI~ : ( 1 )  to tes t the

p$ a u as ib i I1t ~ ~f an addi tive nolel f o r uncer t ainty  apgrv~atiOn using )n.j )vi Ju’~
~~it i  ‘~I) .evelaped estinat lnç sk i l ls , ani il) to itr ctv re t*  lata co l lectioa
proc s~ In a way tna~ wauld •li tile .~~~rImant.r to c~~~ara objective

r sj lt* pt t’~ eneerinent - i t  tile j art 1~~ ’ant ’S 0.~ .rv.ttoas of wimat ~
uelIeve~ ~

g was king (hi s s ecti we rn~lts).

The c ooperati on ~f femur pract icts’ 4rC !i~~~. 9S obtmIne’~J f~r tins

,j perPmafmt . £ l t~~~qh they r ceiusd ~ ‘tnan xlal r~~~~~rat en . tPm’lr ..nt i~~iss

~~~~~ inq the ea 3 rlmaSt and thei r s I~~ z~mt interest I. the resalts i~nHcat es

that  they were ntgh%y no t ’ Js$fl .

A fl t.r p1* ~f a avg. clinic w as obtsi~~ ar -~ all maas ,r~~~nts rr~~v.~
Seven r~~~~~ were c ’ese’ V ron ~~~~ these rapresento~ on ~~ pl~~~. Sinc e tie

ac t .s I surface area I’. timese rs~~ ~~s ‘mel d fairl y c intant (main si ~~ ~t

noon was JS .Ô •2 
• t . 4 V )  the ~‘ f f t c u l t q  ~f est lest i n t ime s urf ac , area

rapretistl i could be ~~~~ ipaoutIy n~siipu ) a tcJ by varstng time c~~~leii ty of

tie pertmater. Ar ,rcnit ect whe sIrveJ as an odvisir 10 lIds ,mpe rlnent ra p’!

tile chosen shapes for J if f i~.aIt~y so that a ~~~ipu )it ior ,~f c~~~o.eet oreb).

j i l f i tma l t j  a maleqous to t’iat used i n ti4 arli .r e~ *rt nents c o l d  be

Out.
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The e r c ’ iW~ ts ~art i~ ipa$,~J $~ 1i,I ~all y in a conteren .~ rU4$ iirovi .*J

I., t ime i iv~ tJiat , ‘.~~ u~~e•. time .. T he e*lierihe-it co ,sist~ j ~f three iheSes

intrO .hn.tioru to t -~ ta~& mn..i ~raIninj Ii ~ls. t ’~. task , a J  a meb r le ’ iui j

Inte rv%! w

The train ing and Int ro L act iesm p ue$ -as s$ .siLr to t a t  gIvff t his StuJcr ?

partic Ipants in previous .aperinoflts .
The as. ph ase cOns is t J of ~~ t ria ls. ~, aca tr i al Involv~~ time area

es t iwa t ion and ar ti spec if icat ion for each of three ru~~~. Fo l1owm s~ time

t iril ru.m in ~~~ tr ia l t ie iart ic l ian t was n~ ~e-~ of time t o t a l  esr *mat.~
sur face area f t~~ thr t  ro~~~ (i .e., tile sar of his t,,ree point eSt ima tes )

and was as iei ~ plac e a t I  •r~ j~~. tii l s sun.
The Inte rviem. $‘ase co ns ist - of two parts . In ar ini t ia l part z r e

adrticlpant was eSCOuV$~~~ to lescribe tile s .ro te .~, he ,~~~~
. in Li Spc ’i~ atior

and agg regat ion without ~~~~, specific u n c t i o n  being offered by thic eapert-

ven te r . Ti,, rol, of time eaperI~~~t.r in t u l s  se c tiOn ~as $~ fac i l i ta t e the

o~ ne~tatIsq the s t ra t ~~1es as they were given, in order to

encou ra* tM part icipant t~ cont inue , j i:i ~v c~~ e r 1 ~~ ~ Jit s ItSI’) it~ U

the parti c ipan t ’s attention on aspec ts of ills strategy timat ~~r~- not

c learly ~ 5cri Liet ~.
T his i~econd Jar of t i e  isitc ryle .~~s slru taur,4. ltheug h ~n Wos tr uc t  -~~

format allow s partic ipants lat i tuJe in un .  they desc ribe their s trat egies . ‘
often ~~ Oc.ur tha t tsl ey are - a b l e  to 1& SO 11Pm any precision . The

struc tur,d fovma t aas Jes igeed therefore tc. give particip ants a se’ e.  of

f i*sd referenCe strategies ir t~~ umpet t a t  they woulj thin be able t~ sped ’,

mare prec i se . the JIffiTinC.S t~~C~iein thin ind their o~ st rata g, . l,re-

over , tamer, ~~~~. s~~ concern the data from tue unstructure f t n te rv l&  m1~~~
not pevui t c~~~antson s between m di.’ J aa ls . i, umelny t s t r uc t a re~i lnt*r-

to proesbe Jiicgssiom it was ilepeu t ~bta1r Mt. ~ a ould be c~~~ art - i

ac roes pereins.

~~ It rvCtvred intervion inwetwad short paraorN’hs that were wnittin U

suggest one of thre e stretaqils: iarqes t mnt r..) , addit ive , a s ~ ~ve ’ a .
(Time paraqrapffl a so (Iat eJ ‘t n dSC~ of ~ilese strateltes are gi ve. ii

a end I a C ) .  The part I ii. an tS ver” a$kc i t i I ma’ I re P ~~
. 

~ ‘ill wee, ~ r y m

to (o-nm,lcate their oum i tra teqy to S peiW Mo -e~ 1vS e*pni$W1 the
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.~o,nt of .~~~~ represe.’ted in t~at - ara~r mpn . S&*cificcl t y, ti~ ~arac tpant’

~~ formulate state man ts ~ ,,ut,.il1 adequctel; o~~ rn iCate t heir rr.’,sOr

for agree m n.i or Jtsaqr.ethg it,. !‘w 5 ? r j .. y port?Sjh’I.

acui part ic ipan t was as~ :I U Jescrlbs ‘ u s  ~~uiod 0’ estirmating ~me rooe

5i l t ~~. In ~~~~ ~~~ the rOCe~$ o is! stioli was .X . -  -~~~ tO time ~aa r~ iCi~
~ants . Lac Pu chose a spec i f i c  fea t~ re ir the plar a’ based it oru .~c s t  ~~~~ •ri .

.*ce made an est ’mate o’ ‘~~~~ s ize , in ~~~~~ cas. this feature .ms ‘n.

ddsrs m~iiCP wer e .st lmatej to ma 1 meter wide. using 1 1 5  ‘eatj re as ,
standard, t ime pa rt iClp~~t5 •tta.~ ta tc est imate time len- ’’ Liii ~ ~t ’  - -

~~ tile

target ruo ~si that were not sleple qe tr~~: sruap~s (i .e ., ra c t~~~Q . s

r triangles) C r.  -cc * l l , rmensgiulst .ed so that time s rface a res r,pr,s.nt.d
by the ~~ii shine was trans lated mnt  one o esr fcrum~ anc s~~

j eqmant )y

analyzed. Tie ease w 1t ~- .P.ick time .~~rt lcIpan t~ verbm )1?t#d ‘heir ~~t irJ t~~.

~!ri’~~ an the Fl fOrmei ty of ‘mi s t rat en . S uqqis!S that t ile tess was we ll

~~~tad t~ f i r ar ea of p zpeniemce an- -! e ert ’se .

~Pe 2artlc lpants ~~- r ’~ also askid t~ verbal ize t ime r strategy for est imat ne
tile (I arom a eIcP~ su r~~5~ e a re-a . ‘*ne, too , tme rp~poqus~~ were s t r i i $A q Iy

coigistefm t ScruS all .,4 r~ lC1 )ant5 . £1t l,emj~Wm each ar~~ tact isscribeo t ie
pV~~es$ i r a persona ii zii ia~,, tie ~ai r ~ uone •- S o~ t i - i  . Iesc ri flt i or .‘ r.

consistent . Thvom.;h di sc uss ion it  ~ecane c )aa r 11. 1 the 1 ~~~ ,~~ r -  ~~ ~~~~~
- i~

• macsure o~ tr.eir onfit~euci in tim, sitnt est imate . ~cre .ieUt lei prof’Inq
led t & a list of v niab lec .~at were t lw jg.it to be Ieportsnt ~~t er nu t s ~f

t ime LI. SpecP’cally nermt~one1 were peniheter c~~~)ea -m ty , eaD.rienc p i1~ Pu

the t ype of bui lding tising discussed (i .e., .ospltal vs. .arei,ous s an4rt~~’n~
or retail store). ~,.onfiu1enc m~ in the accuracy of the ~.t ~ rwj~ r or ma~~)vs bemn,

Aid, and tie eiteflt of a person s ~au~erI~ ’ - in estimat ini. Since , r’r •

~~v ir series if isti .atio.n , ill of these f ac tor’s w i l l  be ons tarut eacept V

c~~~Ieai ty 01 the er$~~~~ . these r,sult.~ siasgest that time manipulat ion of
f, robIen d i f i . l t y  wSS success f u l and ama~~iquOus. ‘mr ‘n~ ms t ry acceptdd
Pisurlstlc 01 • 10% a~ mantIormeu.~ b, 3 ~f the 4 partIclp imts • but none uc tim,’,
repo rt ed using thi s type of “asi ~ strotIgy~ a’ observation th at is 54)t ) ’ ’

t ,  their a’ a (Fig u re ia).

Insert Piiure ~ about ‘mere

- - Ad
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• 6 g I~~. tjw risu~~5 X taiasd in ~~,~~rim~n? 4 . ‘e tiom a •f th us
?1p.~re lu st s the rn r lc a l  iata by part ~‘mant , task and ~‘~~~lu,s as .11 as
‘ru. LI - C t  i~~i~~~ for t’- ’ total surfac e area for th.~ three St imuli , Section
,..riZej ~ u~5e n m r i~.a~ r~,,a IP’s niy assi ~jn i nq iii tnforr~~ or ~ies t cpprei ’-

u~~tuori ~~iel to *~cc t r ia l .  A )~o $nc)udpd is th drt i~~up anYs verball y
reported Strateqy ; ‘ u s  ~~~5i1 ror tile ~ VSCl*S t ruc~~rtaI’~’, aggregation.

Jisc sslon if t~ie rega’ os’i strateqy . in s~mc r1u ro r t r4 s t  to the previoi

two or~~esses -.. mar4~id by s mbs t,inttal im ferences betvec~ i’mdivuiucls .

SI mce time Speci’Ics i’ tile aqqreqatlor strate o Ies are in ~eqmrr.l lifferent .
t w i 11 be ueces cc rv to lea 1 us’ r ‘~ the reSu 1 t’s ~ f iacii I n  Ii vi ~ ia 1 r~ the r t,aaii

-i~ a i’~~mv.

~art 1c ipi nt 1 was mat a o ’  to voca l’ le Pit s s t-r.teqy i~~~~ 1at e lv .  Iflwpve v ,

Pits Ststt’ents ~~cane niro~rpssive 1y wore s,pec i~~c as t$m .~ lntorvlou pro’~ressed
and thes e s t at timan ts were ill (oqisistin’ u.’th time av.ra~i1miq s trateqy ~~icIm he
u l t i ma tel y sp. 1f’ed as osing corr, t. This part ici pant ‘ s a l t :  ( I )  ~‘ia~ the

•r r~ n’ ~‘ v~ r .11 the u ri~~ e~~ fOu Isi tend to • a ve ra~e out (I .e. • aim acc urato
e st I m at e  •1 tti re lat iv e ly small (I shou ld rw ve a’ ~~~~~~~ 

f an effec t 3I~ the

aqqreqated (I as a oor st ’ ’d’e m~ ose (~ is r ather tarqe) . ( )  that a ) )

,,rotle~~ suwi~ 1d Lont rl D~1~ in soma a to ~ se II of the v .’r dl estimate , ,rm I

( 3 )  t ’ uat ors f~ lenc. a f f e c t s  tile ‘ art i al av tra te h, c~~ser’.

This laj t point was purs an ~n sor u~ Ietai 1 m d  a 1 t imouol’i tie res u ~ 
! 5 j r

not s~ clear as could ~ desired, they ID ~rovide an interesting ~linose in t o

t hu s ~mereto ‘r~ aninvestlqa ted ares . The )osslble stra tegi c wer, seen ‘uy

V ’ s  participan t as r.nii~uq be~~~en a p~r l ,  add it ive and ~ure ly aversqlng

inproach . I’m iw confIdence 5ltu1t 10n~ the ‘myputileS S that errors w ill

aver age Out ‘ c  tile l.~st ! “utt Ii miii, as a result. ~n addi’lve madet would be

the i rr per c “~~~ ‘Ce. “I qhm c~nfi  ipr ~ I time t io.~ a in 1 te r handl e I g5 1 ma an

a veraqIPiq ~~deI . 4Oile v.r , ttiiS ias j udQld be be r.
~p only If the c ri t er l a

surrounding the prob l em’ r~~~~’ned apnro*iiiately time ~~~~ 1’ tim ’ e.ectetions

i rw r,ac e alon g •u ul time meamon s confIdence, the madel et cheici would again

~~ ne O f .del ’’ ve aqqrea~at1nn .
ParticIpan t 2 - a able tO h,m .~’ - J i a t r l v  virthali’, I15 s” -iteqy as a ~~~~~~

wodel • i~~ t lfl r~ s ) ! - m t*j  ~n &~~j It I~~~a)  term. I’ -es c~ear that tills participan t
.
~~~~

- us i ng an ~ver’ l y conscious aperoac h to tIme tas k pesed in art on “is

mel ’.’ ~‘uar a normat ive ~~~~) • - ~r acc .~~ala t~ud error •.i~~~ $ in mathematiCs.

Acto rJ i W l ly .  he ‘elt that time inpropriat. i ’  ,r . - ~~ •$  .r,~r was ~h ilitly ~~~
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tII~~~ Ph~ ~~ ~ t ime L~44IOnSmIt LI ‘5. I n~ t~ tillt .i~i0rOacn -fl sal Ions time
Jotsib i Ii t~ of ci~~ensatInq errors, it ‘ dist in ct ivel y man-stat istical. P.-

iata ‘r~~ t ms p.rt1ci~ ont are •n •acel)sist agrs nt with lit ve,tmllzid

s~~a
-‘uis a r t ’  pont f e lt ( 1)  ia’ ill c~~~oeme.it prOb l~~~ shuimid ~~ntribut~

to the iveraII est iw stemi anc er ta in ty , ( ?)  that the a w t e ra .Ing anu lar’jes t

intirva l s tra tegies .,
~ 

y, ‘a C) we rv ,
~~t ceiat ims ,s enough. a’ - ( .)  sa i

CIwl i e ot strate u~y uas d~ leawIr,t n s rnu l~~ chm r c t , r t s t lc$ anu.i persona l
eapsrt ‘se .

‘is spec i ica lly smentlonod aim eIu~~~)le ~ 4d to introduce tie .OncIV t ~~f

ai’ LI durinf 4 t~~p introductOry ;)tlaSe -~~~ tie •~~)i~ ’ u ~~~ flt in - “ t im  he wa. as~ e~ t(

s t imate t - me ~~ unt ‘ ne~ in both u s  ousu è~d t~u. ~~per1manter c wa l l e t  as

an •~~~~~~e in wfti Pu , ku tt 15 !~~~~ i .~
lf -l

~
e,1 In such estiiau~~ • an

averaging made l nauld ~ mast approirl ite .
Partic1p~nt j  w~~ a l so  I~~~ J1atjp i , able to vert>aliz. the t rat ~qy Pu Pled

.ised t - 
- a’~~re~a t~ 1’ 5 ~n r tal r tj •s ’  u - a  I • * I t*RaOI% •e uu s. Pied t~ me r~ut -

i n  ~e’~~ 
j f jertent.i~ ’s. the r,s~ot  sas euiu ival.nt to a sm ’nq ‘mdel aa.I, as

tndi~ a~~ j in F~g~r~ a t im us ~,Oser va t ion  is in emcel len t • ‘aei.. ..nt ~‘th his .i.i ’ u .

lists, tOo, t ile e r t I i 1p ~nt ’ 5 strata .jy was ¶~~ lIci tIy based upOn an

assm d theory ‘ error acciooa~a ’ on .niclu was conuist.e mt l y and conscious ly
applied; In )t hC~ -~~n1s • a euin ls t lc .

‘ ‘us I’iterv’ , w ith t:,,s j iart$cipaimt o s .  j e rticularly IntA’restino bec ass54 ’ .

~~~~~ spec ifi ed the steataqy used thrOu~ iout tile eve r ’ c l ie , Pie Proc~e4ed to
ir~~ae bota. for anJ against I ts ven ts mare or ~~~ co nc .irr .w - ! ly. I t  bec~~~-
cles r f v’ma the ensuing alog thst: ( 1) ii i iu u)J is a ~~t$~~) in ~it cPm erro ,s

ti re all~~~d to c~~~,nsa te 1~ ask ~ ’ to Jo ume as a again , and (2)  co nft~~~cc
sa , ~u f& tor _

-- t wou I ~j ~ r i r~ar I y ‘ ‘ ‘1 ~~~~~~ ‘ii $ clii i ç if ~ ra te p . Spit I’

ca l ly .  ‘me stated tha t niØ conf ’~~ eca itumatioma were mmana~-l. to a made l t it

~~ errors were c~~ iseting him.., m at la, ~.om?lj irdCe sitj tlaiie we’-r

mast apprepni ~ L*t y hand lou ~ a-n am~~I t vs a’~9re9a t ion twocediar’~
Al though ma rt lc ipant 4 i.as mat atilit’ to verbalize a d eat h je’’,ed

strete~~, ~~ .i’i spec ify 111% approaCh in emas.Ø meta ’ I to permi t Interent p o ’
a j 45 1(  a~~~~ ) LI thu other i ) ,rt l ipon U , 5 . ‘ - i t  that a l t  )f the ~~si~~~n-

,reo I~~~ shou ld c o nt r iom ~te In s~~~ u.a y to the overall (I. u also stau’~
tha t t ime aggre~.teu interva l ihiu ld be lar c V i the ‘ areas t c~~~~~w-nt



r

rou te. mnILr.a I. TPu se ab5i’nvat I~wIs ~.s p .i t Sal aJ I i t I v e  ma,*). lie

ient * t t ~~~t q 1  to spitt t m m melqht $ n~j s t ’ i t m J . v ~~~~ the C~~~) . ant  m’ uiI’Ie.n’

~~~ Incorporated i t  an I to n tm. ~ma. P~ rI,w t,, cove lealty an thu s its .

~~f tne area being st i at. ‘-,lative tO t in tota l ~ re s pec ifi ed as t i ,

salient ‘c atures ‘t t he we ’- uht ln i  ;r~~eSs L.m.a t i t .dat nut m3ssibl t to h’ . rmlsm,

tile at tua l ‘ i ii4tiOim uriIl J th e I.i~ t ’ r y l -~~.

bij ’Iflfl time truc turr’~ Int t rv ie. ‘ “ is  ph r ’ u . pant - as ‘s teJ  to r,5~wwis

to severa l rmo tus st reteq its .  1 cheractari :ed ~~ iar jest I ~e c ~~.l’ s trà (e i’

as that of a uiJdi ~_o ’ .t he-roe ier . V t I l-r ‘r,v st i  m a ion on l im i t  00101

re yea I el t hat me ~ I ~~~~ ~i s  s I ru eqm as I y t mj tietseen - . r - vm.p and u vt’ a. ii ~~,

Iwu a (Oal II nut. t nat cOu I ~. tie loosely JcI $ r~ - as con,, ‘rva t i veaus s , s i 1  nt,

em ; tile muSt c on s ervati v e type ~~~‘ r~~s ons~ m a  averaqmn. til , le as t C J ~st” -

vati v, (I ..., mm’. S k p ).
In ‘ - i s  ‘~~ ht i t  is I - ’ t - - ting to ‘~ t. that .‘~ iPi of ‘~~ ot w’- part li lpant

mndirechly ss por temJ thi s LlrQanh .tioal. a’ ticipant I, t pr et•w ,4j~~i , C P%., aC-

t ens ..i the si~~uinq mt r a te ~y as ~~ conse rv at iv e .,he~ Co~~iir,’ t  t o it s i v ’  a u  .g

m m . - - ’  ‘a m ‘ ‘~I It part i  i ant ~ t s. l  • 1ver ~~ Inq as eve r I cm i Ident (i - c. • m, r

ii , ra i )  mimi n (vjua rgd to ‘u I%  - . i ~~ I ng s t r i t  qy .

In adeltion. t ’w s trat e ,i,c utid in thu ct ra .~t marr I i nterv ima were

c cwus tst , ntIv at e t .  is .al ausitle. ‘~~ art~~ Ioants ~ioulJ it tern riSpond by-

~*serv’ng that tile boqvs st rat .qy ‘as .nj rrstan,iatl, or m. ’ t ’  a flPWite ii i. ,

I c an set i#.at he - a ’ .  ili lni hut , .

~Pm ‘ISultS hake. as a siole s upport ‘t ~ foliat ing ot’s.rvattOnS-

( 1) Indivijua P at’ .IPPrIIat Pi the prsible.I Jfl(l’rt~ iiltJ? eaqrt’qatlusi In

tu~ ~i-  ~~~~~~~~~ i l f i gr imsi t ways . T~i ir~t , a’ - e,a t~ an

‘as I ly vt rbal ’ ed • rat - ’~ is ’ ~ 1 -i? l~~v , l  V C t In ’ ~~~ e b t ~~ r~
t ilt s s t rat i , and it~servMslc - t,a v i~~

, 4lvt-% L w  Ic ~~r.vs s  I Of bel t;

~ utu r ’stl c . Tie ~~~~~~ as ? w  a nl l t Pv s i .  liii f irs t , a~puars

to tie a ~~re siitiI t tiv. res~o.mse to the task.
(?) Tie vetilod by ,~~ich s .b)ei~t i y e jn~~r! aln t p asseSi* . vits j r c~~~ int I.

,Iwt Pitr - i s ot tIme m md i vIJval m~ nru.w mo itin~ a i,•i ’ ‘sli m ~~,voa

i~~ -lvi , f t .  ~.

(1) ~ie cL ice ~f st r at -’ qy ‘S ~~~~~~-‘ e. the ba~ I~ o~ -mn(* )rS and rues-son
P,.r si te nls t ic . s m u d ’  lnci~~t.l t ie .‘~u ’ - tattoos ii$ ’Oiøldt nti the

— -
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i 1.ati n , tIw~ L rl ? hence (is i l l at.i ezguenIe.ce) )t the prot’ s. sol •.

the i j ioij uaI’~ mi s-sina i respoose s ty le (coos.rv attvs . noncor

es-vat ,.).
(a  T iete Inet v iJ wals wm .o se a i mmj ect lve approach to uncertainty

aggregation are wr~ liktly to respond Inconsistently to a set oi
apparently sI.I ?ar protiu awe.

T Piej . t atr *~~rv at 1 ons iu~~ly that the lack ‘ - oOsistlncy ‘nt P’ tw t ,” n
atl~ w i ’~~In t ’se pa ,t i t pe.ts of tie firs t theee eapes iponts an be attr itmu t ,’
at tai l in a .t • to a iir~~ess thi t is at best l ist inci ’  ve ly i s  lvtdusitst i(

and at was -st ii*l y r- ’at s ,

Till s IS 001 to S4~ ‘Pi4~ the )rQ , 5 I~ total tmSyst~~~t i~ . There
wars ~$ ~ 4en ral aur..msent that inch C~~:mvnt s’m.m.jl i con tr ibu ll (i ....

~ l n(tw 0o rat d ) to ‘Pm . ove rall joces ta m nty $p -c I t I ta t lon . In 3ddi tIOsl,
all of the part ici pants in tills ‘rj r~~ e etincnt s~~ 

!Pm. po is ibue strate g ies

as In s~~~ ~my f a i l i ng alon e a csntmaaup t ~mreqr~ ss 1vs , lore or is.s~
~or ~o nse rv at mve ) stra tegi es .

In  ~& t,  t ie part ic ipants, is-reSpect’ v of pa,’sonal orlc .’tat ion . orJere -

t sme s trateg i es sl imil ar l y. ~~~~~ing Is seen as t i e  mast Onservhtlve wi th
ave rag ing tile leas t ~nsp rv a t l v .  Thrs out ~f the f ive sartic ipents f e l t

that I.mcniaslwi confidence would l a d  to a strat egy roq rems ive ly mare sm.i l

to in .veraqlnq or co~~,nsatmng erro r

t oil
T~isse e*erImanti were onderlMatl to investiga te ~~ proc es s by wtm ) P

uncertainty is aggregat ed. l i r  as a ~~~le V P*y moN t CD-its. to or e~~an U

~ ciSIoil .sbinq ll t erat ma e I,. t~~
, areas : dating - ‘ ~dmJett ’vs  rw~~.abhlltt .

and tie nu’tI- •ttrlbu tabl e .tt ill t y theory. Thu coe~~ t of wac.rteintw at ,~r.’q -

lion Is mat a c~~~ lete 1 y ~~ ~~~~~. ~~s~arc .sr s save e~tensIv.t , ,,tuuiled the
pro(e~~ by wPmi C~i iub}ect$vS roba bul *t Ies fnr Jtscrete .‘vents ass upda t~~ in

h i t  of n~~ ‘rmformition . Tb. ilefmni tiOsm of j n e rt a ’~~ti mmed in these
t~ u r p ~~, a 5~~~)ict’ve Oqubat)ilIty tilet ~ ~p.cI f i~ even? -- i ll O(cur. ii

distinctively advintaqlovs In tnat a ~iayssi sn ma.~~l is ~~~~~ to to

.rnf ort sj natel ,, t im is def init iin I S  lOt f r i1 S~ itid tO •V~~ I~~~ t hat CSIWiiI lii ’

Jsf umid In tev~~ of to m~~ ur’ ‘SW j ItRitod Set )f i0$iIb p .vti t s .

Furtharmar., time funirental finding f !P~’ ’. lttira t n~~ , isi%e’ v a t IS a, 85

cu rn lnt )p believed ti be as art ifac t of time ‘bs~ ag and peber chmtp para.i ’
(~~IoviC LiCIltcsfl tIiil. l~ 1l). tm, ~,lit ~~In ’  a i s ’  rest r i ct iv e t p f$ n i t t o ~

J



of ~ c,rt.l ilty It u S  ~ees’ ~oismb). to t ovestigeto untertaintv aggregatIon ii.

a new cintsat. Spec if I cal ly , the fot -is has been placed en time process by
t ’ i~~n i~ ca”taInty is eggr,jat.u ac ross tas~s. Ms t~’ia~~, of ‘nu* cam he

vI~~~~J ~ in initi al att~~~t to revi tal ize an is ea of r..Se~ rcI  that mas fw.’n

~r~~~ture)p set aside .
in their lates t riyliw of this decisiOn literature, SIOV IC ,  fI Ichlmcff and

LicPmtenst ,in (l~ 17) point o~t that the a* I~~~ t 1c basis ‘~~ tile ~~iti-attrlbutat -

.it’ lIty t m~~ ry (~~~T) mis -~heveIo9e’d rapid ly in the list fi ve years. These
lev.IC*m..ntS havi led Ic a f .ir l y c~~Ss iv, s et of aniama u micil , if satisf ied
a$$mtli tha t the 1ec~~~oiitton nes~- 1 t~~ hiud by “at set ~f a* i~~~ wi l l  liar

‘5* c Pls$ c* of the tos t alte rnativ e f,
~~ ~~~~~ a set of •lt.roatlves. Tt~

is is  of tn ’~ d c c iIt ton ar’uroac - u is a serie, of )ud~~ mts •~~~j t  at tributes

relevan t to the o v e ra l l )r,~1in i1 ars s o*s quI’ntl y c~~~Imad into an

aggregated estimate -~ f u~t l it y  ‘or the alte rnat ive . A h fimswq’ the’ has torn
s~~~ Interes t in NIT ’ ; se n Iit Ivi t~

- to sas h rra’p in time spec $f l .tIsm ••
t e  c~~~-o-nant JuJ~~~~ts (fischer- , l~ 72). ?‘e llteri tv r, i~ s u,rimrts mnql,

~I1e*t on time ac.r-ta1it~ that should be attribut ed to the v~~’re~a’ .~ dill , .
Toe precedere fih1~~~ d - P r ~~ qI-~~.’ t~~s s iperimantal sin es Is a 1tr.ci

anahig ae to time *1 teche$q.m anti tPm~eS t v  ~mst  IonS - - ‘  ~~ er~aint y nqr eqa’
limit are ezamIoe~ relate hi rictl ~o the J.veiopas.t ~f t hi - decision masluig
tee).

Tie iso of am equival ent s. nte r v a l as a mais une of iscerta l nty hrouqnt
wl t i  It c ert i lN  “v thodologi al its amtv antagis . ~~ry h i t ’ l e  is ur ~~ov -“ t5*

relat lonsPiD betwoiri ( I s  and c~~~~n jescriptons -~f prOtuabitit , distributions
c uiOu as the variance . As a mu lt , It has not bees. pots ib le to me stat ’  t ’ c-a l

contept’ as a iesfs for a normative odel. kire $eporta.tly’. the ieyesIam
uodel sled Is previous uncerta inty aggregation S tuiiis could mat be maant.~ -
fully apollid to this type of prib lap. tirawing on the retulti of went iii as
,r~~ s()o.5s •5t $ ~1f retes rcpm . Invornatios i nteg rati on (A~~~rsorn I~ ? ’ ) ,  t~~
~~~~~~~ ~~~~~ ~rsooted limet, .rc (1) a’ addi ng ~~~ 1 . t1 5 ~~ ~~c ’ a~ I
( 2) an avsnsg$ug ~~.u1 (i~ ,~~ 

Thi ise of t nfon~~tion intiora t ton
.oncpots was appealing becamac of tie sir-s.d reope of tepics that nav aiss ad

been svccetsfully described sing t ’~~s~’ sispi e algailnaic madehl. ~u,,5*r,’vsr- ,

a st ~~le rei at iO ,p~htp bet~~ n C~~~Ooent ~rob i and agqvsnat.d uncer’atnt,
wec e~~~ctiv ‘t til that I’ iii nti a ceni~~ if three •~~~,ioents was ,ode rta lpi

J
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in ~ mlcim the chiaroc t.rlst lc$ ~~~t time ~.U~~~ieSL pro~h.no Is ~.rll as the nm d*r

~)t c~~~c ._ t p,g lami nor-. v.riid,
The flrt t e~~~nbnosI .aSi . seqsences j f f ive  ~~~somant robl~~~. As a

~~~‘pu latiom c u d  ~~~ sSl)usfu as are j i f f i~ -~lt and ii ~~ eve insy . t l~
previd to to wider fir the formas (P an f~ r tie lat h , tndlu at ing that part’-
ciponts ’ am~~rta%stjs was ~~~ipulated. Is var ious iyputheses gin.,rata

~~lt’ differint pridictioss ant, t?~~~~l iw isy , t iw maim rvle i out a str i ct
avss agin~ madel. ‘~~we-ve r , time dd’mq madil s abi l i t ,  to acceu’yt for tb*

Iota was not particular), hi~ rOn$ $ re In tieo’y this result cuuld ~i~~t

occurred s l~ ily because tile participants did not understand tile ,r~~ lon

lii i •ap t anI ion fl ruled out fir t~~ riasoie. First , the aepenboonter

toasted .~tIieIv, Li~~ to t~~ e,phinition of tile prabl~~~, it wsp) l as the
teOw IqwSs ueinq ~~~~ fmwuemave, tie directions Incorporated tolving
e&ac t analogues of t ie preb 1~~~ to be sil d 4er$ Og tie $~~ n$ st and gwas-

tiO*s we re inco.egid and cue pletely *&i.*r~sd. ~icood ly, the lata f m each
eap~r Intmt r careful ly scmnmad fir ~~ patterns that wire not ceo-
sis LisI t w ith time dirocthena (I..., thu (1 bolifimar es mid not mob , tie
point ettl~~ t& .,. Thuse part lc io asts c istam t ly rtpreslntad a very saahl
perc entage of tile tota l i~~~ht. It was noc ssary LO See If this i~~~~i aot
r,sulLId fm tile participants i mabhhi ty to ag~ eqite ~~ ertai.t.y rel iably

or if It was tie result .‘ tie “grd n Of Mvln~i to cal w I t P  f ive co~~onemt

prebl . To •g~~i no till ~ • a second c aper i em I was per forvu~3 aS 109 seQurr~ t
that had inly to re, ~~ .osmt prsimh~~~. As Is time previous stv~~ r*l.s

~i ftIt~ lty was used as a nost r~~lats on c~~U omi yi.l*d si mi lar results .
Thu additive node) was nero stro ng ly s~.~~—teo I. to il eaperimant theu~~ the

level f nois, wis s t i ll fairly im1~il.

Subsequently • a t~~-psrt saparlasot was cos~ .c tsd. Firt t • two ~,epsr*nt
SIluintes were wild; the multi were s Ildl r to tP~~~ ~n time three ~~nt

case . In tie secon d part of the .~~~ l.snt, the %S~ ISOis PiSd four ~~ o.wrts.

The objectives wars (1) to dateretno ~~~tier tile additional pr*c~s~ure Is

iLperbnost 1 imad aiim rupiniIShe fi r tile re lat i ve ly  poor psrf.rmami. a~~
(Z) ~ find out i f  particip ants c~~ld heal as su~c$ssfully with fi~r as t hey
did wi th timVIS.

in s hte ~~t their ilIØ)y war $able r,i,io. s.s . abeut huh f of tile PaftiCli nt ‘

responses war’s ‘a~nly sel l .iescrtbed Pmy a sie ple additive nodel . Figure 1 sh~~s
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the percentage •f rations tilst f ill itii ~ie use cr i terion ‘sterno l ( LO  • 0. ’
as a ~m.nction of the ra~~er if co~~onants (I.e. , ~rver percentage vs. lengts
•f se~Nsoe). The re was decreasing abIli t 1 to c e  wi th the tast as ~~
m~~(r .~~‘ c~~~~

._ ’t ørob).ve ‘ncrs.saJ. 4te r lorat lnJ predicti on of Isv
.4dltlve madel was the mast iotaole In tile trsi~ ist1on between fou r end f l i p i

c~i~,gnlut spoiancei . vi~ sever • time i-es lt s of this. ezo er ive nt s ~.,e not

c~~~letely satisfactory. *Ithougr en ~ 34it1ve ~~ JeI proviuns sano rW1c . ’w
~~~c , the relatively ug h ari ab i l i t y of the data suggests too t time Process
I~vslvis nor, variables than had previous ly bum •~~ec ted. Thul f~~~th

.~~erieenI eu conduc tei in am at t ~~~t tO S*4C1 variability by cost rv1)Inç~
for tile participants ’ estimating shf fl.

insert Fi~vr, 1 about here

Specitl .a’l ; $ ~*perleunt 4 used e~~ert estimators In a tis l consistent

ml tIt thei r area •f u,p.rtlsa. Althouqti the risults 4~~~ stra e that

ndhvlài a ls sr be st~~hs aggnegators of mcarta inty . it ~~~ also ~~arest

that th is occurs oøly i~~SO • s at is f ac to ry $~ ur is t 1c f ir Clue tasi can oc

dpe.klpid ~ tie hndivld sl. i~ s soon as a special case of a mare

genera l tubJ.ct~ve reaponsi process.
Figure ~ s~~~s a ‘recast rleotod s~~~sr~ of the wmcirtiloty estimat ion

and agyegstioi pr~~~ss sbtainsm~ in E erbmaot 4 . It Ii divided into these

areas os charac ter Ist Ics that art ob.j ecti v 011 those that are siájoctive.

)iOC th 3i~cttssion ~i~ t felb ~~~ Js. uti s ra tjw r Pmavl ’v os tile flgu e for

duty , the rudsr is Odviond ti use to. diagram In cenjenctiem wit~ tile

fnllout n9 tent. As eapec t es.~. the estimation of c : t  mce rtain t Is

aff ected ~~i time c in,.rot t.rt;tIcs •f the t rob i m. 4~~~ver , the confi Moce of

time ildivi~ual o hio ‘ta s a ~iv’sc t ~~~~~ on the iii~ of tile interva l. TPi I~
level f subjective confidence es at least r~ mar~ j ou nces of I~~~ut.

Tile f i rs t , onv irano nta l charot t ,ntst lcs , Invo lves e*terna~ c nitr.I’t’ t~cil

as tb , the i~~srtenc. of the hecislos.. I ten talIoms on t~v~ evsi lab le too ls

for solution, - I  ~~ .spectatiosis f tie o isp e s vs~~~Ing time decision

mater . in ault iin , tl e background of ha iwdiv . iu a l directly Influimc.s his

pasteived csnfids.ce. All of t ie ~~~ple intervimsed sen t ic level •f t no t r

eager-hence ani their previs~~ succesias/fallures ~~ t aportant deter~~nants of
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t heir ~ssf~~ence. A l t ~iouqi ~ ts ’ s s Iaqr ’ shows no f eedba~. u n , it shield P

obvious that ‘v  dicision prod.ss ty  W elCh conlonast unc~ r ’ a n t i es  are

s,,secIOlQd is r,poat.~ly apeli e’~ unt u “ very prs~bl*s has boo’ s.ialvzed .

Insert Figure ii about ha’s

‘ t* deciSion process ~~i wi*iCI~ uncertainty I s 199re ’3ated Is seen as
rigusiring an agI)reqatln~ strategy a~. a set of c~~~Smant jn erta ’nt Ips .

Alt  ~fu ot her fac tors may ~~ invo lve.., it  is believed tna t the f ,nda.vntal
determinant ‘ t  time chic, of )qqr.cat ng s trat i v ‘ s  a varlatli ‘ at is i n

s~~~ ssnse ~~ ~~ to eve ’~ ir~ Iv1~~al  , nit personal response to uncertulit ,.
T~ is var iable apQt~ rc to be a f ianctlon iot only nis leve l of c r ’ C.I P,

bust als o o ’ *n, t ro,vv ‘ i i  cnarac ter i s t lc s .  This orv ’ani ’at bo ri ~f the strat~tq’

suction prOcess is $ntesw’cd ~.o ~~ has1 e It$ 1y’e~’~ natu re . &ased ior

personal cPsa rsc t enls t Ics am. ~atern~l J~~~m. the dec is ion maker can be

described as se lect ing ti le Wpro~,ri ate strat egy f ro, a set of theoretically
V

accep table strateg i es. All ~art tc1pan ts in £~~~rimant • ware able to crept

t ie ~~~vs strategies as plausible, Imiicat inq the’ th~ set of i’oss$b’~e

stra tegies Is not l i m i t d  to tile ~‘* Wing ~ise~. by as IndivIdual even If

st rategy could best b~ 1escr’t~d as i ‘ieurlStic.
Ouw way t i  4 ’ .~erpret t Ie c ons istenc y that .marges ~ en a leuristic 5

,sed an the obser,,,J ,suconslct.’nc i~ ~ ‘it tile ri.tw~en and 1 thIn -~ar?i .’i ; av ’

MU f’ea tep.r$mant, I • 2 and 3 ‘s to vien tP’ i~ se tt en of the process as
a.~~siMterndnad. T~ ’~ s uggests tha’ given the same b u t  os~ sev ral o~~asiOc

tie resulting aq~rggatiag strat egy cannot t* e~~ected to bi tile s~~~. fl~
•sistimce of d P evr1~ t ic may a l low tvw Iho iv ~ a ’  to .f f ect ive~ b~pass the

cholce of strate gy ” section •f til ls made l t liereb~ reduc ing thi s source of
$nt o~~tt tent responses .

As indlrp Support fr this ‘i~pothe$is the Iota fr’s (*er tnont ~ were

reanalyzed. A strategy for eec ’ St r i rs w as Int~~’rr . fro thur data so that

the jarticipant’s onsistency cield be rouq1~ly q~ao~~.d . flues. irhe rvt ’d

strategies ware reasonat ly st ab le fir sI * of the 20 art  i ipants • ~~it he 14

4 lattirnS that were tnc onSistCnt .

(*aerinests 1, 2, ana j d1c~ not attevet to control Po’ an~ of trw

subjective variablis. it is thuer forr not s~,r~r is ing P it  the risu lt i do noj
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• l lou a st rateqy to be i,i ~~~it pjous ly spscifi d. In fact . it s~~~ apparent
tPiat a copplet. spec • catbon u’ strategi s .~1 l 1 requ~re a mil t idi mansiana l

auproach that acco*aits boiP’ f~~r tpw.’ variables surril dinq ~~ t~ cIsion (i .e. -

problem) ~ 4 time •cl s Ion ~~~~ •r • Ti. vmst presented have s iqpes ts that ~~ n ‘ S

sd Ject ive uncertainty opgf~~gStiIiq ibI))s are rat” *r )l it,J and that his

cnoics of strat egy mast h u t ,  In.o Iv*s a 4) l$Clte interaction b~~~ es Lb

ob)ect1v~’ circ~~~ta.~es survou.udlnq a decision and Pits ~~ internal

cna,ac tori s t i cs.
it a,~~ar5 t r i that o should not be u~id a~ a standard in qwes t lon s of

. ce rtal nty aqorv9otion . ki lt - 1 t t r ” ~utC at l l It v thoe ry flIn gs unon the

coucept that man is very l imi ted as an Informa ti on lnteqrator This series

.i~ •aperlw’ts would sugges t that t ie mcerUinty to ~e asso ci at ~~ “ .i t ’ t. ’~
aggregated it i l i ty Is probIt~ly best Ps~~dleJ b~ a s b~~le and def ridat le

-ieg r is t lc , I)ue aspect of res t ap~roacP that is we rt hy of attent io n is that

Ills resppnS is ‘ot stereotyped. Til ls s ugges ts tha t the cho ice of heu rist ic
for r*JT s3euId be l t sIbly Je ftne i in a ~~ that we4sld al l ow tile user to

as i i~~i as uncertaint y that Is responsive to thus nee~~ of the siti.atiOIi .

I 
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S~~~tonu, J. C . ,  • ~ udersun , s . Ii . Tes t of a co nfl ic t ma~~1 for preference

~i.d4pent . J r t  of h~ thec~ tlc4 J P~yc1uol,~~~ 19(9, ~., JL L’S.

S hovit. ~~ .. ‘SO,f Of~~~~, L., ~ LIc li tas ist rIn . S. Jenavioral decision theory .

~~vson ~f ~sfc~~ IOma ~ ‘ 7 , ~~~. 1-w
SlovIç , P .. ~. Lic ntens tei n . S. L~~~arisOm of ~4yes’an and ‘rirP~~’IOfl

sppro ches ~~
(‘ t he t IMd~ Øf ~ ‘$ n r~~~t 1 r r  peicessin’, in )wd~~~nt . r~~ s ija-

Lion. ~~~~~~~~~~ i~~~r ~~~~~~~~~~~~~ 197 1. 4, l9~ / I 4 ,

ay$e r , ~ • .~~s~naa . • ., ô ioI~~’s , 1, Ps . e” ous-nes’ ~ f Il lne ss , r at i n t

scale. ~~~rvi~ ~~~~~~pi,~~~~~ih’etic ~~~~~~~ 1% ’I. fl , l~3, 314 .
Yates, . J . .  I !~~owsii , 1. ~~. Charac terizat ion o’ a~~iqui t~ In ~~cIsIon

riae inq. ~~~iL1c.!~~ . iq,o, LL. l4-~’~ .
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.aDP~~~ t A  A

.OV LR STOS11~

1. Percentage Pr~,bhema

‘he probli.’ ii ~~~~~~ i~~.’ category w i l l  be s’male ~~r cent protiless.

~~~. Con c~ rut  jr

!ei ~ is rest s*ctlom the pr~ble~*is will be s i-it lar to t~~se a ‘ns trs.ct’on
,stt~~ tor ‘~u 1d be as~ei to so lve .

• ‘y  aid pl~ci~ ~oma rsilf in ‘
~~~~ ~-I - 

~.‘ng 5 i iat ’ j r

‘~~ are an it t reto r f~ r a construction f $ r n  - flie bid is ~~e in 2(1
.is~ tat aid t i e  boss vants ~~~ ft qur~s ‘1st Gum. ii over tour ‘nt ~s
~ou C ~~~ J. wi ~~i rite f~ 11 ~w i n ;

I. 41p.r’idrbet Pr~iblt~~

Tliis t m a  we •i- ~~~ to p~~ t~ rr ,ou rs el* In s~*~ermar$ ”t.

¼ ysiw solve this set , try to ~,ep ‘Pie follovinn scone in ..~a1nd .

Yci~ a’. wal ti n ; in th~ c heck-ou t 1$ii~ j y o .r ~avo r l t e j~~r’ •rhpt. You
to :)a~ cash ,ut you’ ve ~sne i lid Ir save of the spec’als imi you ~~

‘lot have snosigi’ to cove r ‘he Di l l .  ~ -~u Ic k chec ’ a’ ~‘u tMSkpt rrvea 1~~-

Ee’~~ t P rT)t )l,~~s

~~~~~ i t aRs ar . of tan C~)Au. s ”w’ l wi ~Ii that ‘- ~~ J ‘t tJ Vi V~~~i ‘fli t • jn ‘ r~ jn
t u t u  vets ~imti , eti .). 11 ‘Pi nest sec ’ ’ on you have ~ chim e ~e

est imate ~~~ ~~~~ t*sl, uml~~ ts .



fl! S

~~ tflIt4T~. .ST~4l~ 1O~

. i~ C)ar~ 
jofintor . I an io*ntt sy 2’ssar tat lon In dec is ion mak ing .

,nuj t ills w i ll 1* jn~ ~f the las t .epSrlUaitt ‘ a ~ I an ri.aiin~ t r  that
I’ ji sse r t a t ion .  If • have rea the )re11munar~ blurb ~n ti~ 

f ront )a-Je -
~~~ you’

boo. iet you hive a p ret ty qost .~ ‘dan of what we are inq to ~~~~. Thi s realit,

is a very .traiqhtforward ,ep,rlmant . I’ r’s t ~’ I a l l y invi’ lves eMirig
iuaitI tat ’ ve Jii~~~nts and then s uppi itnq s~~~ dd’ ti~inai tnfwnnstlon ~~~ut

these JLfp Irl.ts .
‘hi VOSOJ rch It ‘e 119 fund’ J by tue .s vy • ~ ~~~t r j ri mary In teres t in this

‘ leld Is in imarov lnq thur  ability to a~~e Ut . . ’ r It )4 t e (~ )u.$)~~~~t~ . That i~~.
somabody names ‘ u1r~~n t  ‘ and s~~*~indy - ‘ is e makes j LIge_It Y aid s~~~hc”
al l ~ it c~~~s together to ake a ucts on ;~ ar~ developing ter - vt lq~~ s

Wh ICh -*  Ci’ tilt, tO see Whether jr 
~~~~~ they iort . T !i us Is qoln t c  be ent~

)~ t~iose technht. uel.
r~ a ;tudent , or ‘~ ,a. have been a -, t .j Jent • I a” •u r ‘nuj ii

~.j ~~j i ,’  , e of tablag an ‘s~~~~siSttO n ~ seti the ins~~~’ i r e  a si’~~1e

,~~~~j ,•’ -ir s0~~ very specl”c thing. ~avetimas you rnot ,t re abuut ‘Aa t you
.rr ) j i’~~~ ‘-ar’ ‘tat  in, pt*r c~~ lndicat.. Per ~~~~~~~~~~~ it  ~~uId ~ie ‘tire

to he at! ,’ tO ‘~Pt ~~~~ r ,  .j t~ f.f ~~~~~ 
r %  :s~t answer he~ *uS ~ vO~ k ni~~ for

,‘r td ’ r t  tha t It Is ~~rr.c t .  thi! it ft the ri ght answer t~iãtt ‘,tx eOfle 
~~

j us t j ets that answe r -~ s i a I l y lIi r ’t -a ve any ‘‘lea in t~~ we r l i  w a t  they

were doi ng . I knon tha t as Plap,,enod to ma .
This w,to e ,s. It ~Iuan ti~ at’ve In ristur’ an~ there are vas t II ff ~ rv- .i

10 ieo~p1e’’ feelt t~~ abO~,t doing ~~dnnUti t ISkS.  )4’), 1 4 -  a tPIrr-’- -no~ nt

t~ia! I ~~~Id lii. you to ra te yours,1’ opt ;, wrl’ln q a ni~~~r betwein 1

anti 3 ~i t~~ ~‘-ont Mqe of -ou’ ~~ok!et. ~fl ~art C~~~4r 1 you “r sr eqiql ..(

a - j r -  tc t !,ke -~~~ or or a. •. touaitan t , a mathewetiC ~~~ 
• 

‘ .~uateve r
.asun s your ~a’ iy  far, ‘s ‘~~~srs af~- you enjoy I’. you ~~.1d wri te a 3. It

yOu ire one of ‘~~~~ q isople Who is not part icularl y pl.asi’J when he

the masith rolls a r ~r and you are ‘ri ’ ~~ to t~~ 1 ~~~ .~ ,s ~ r ‘~~~ ‘ - book , thi4i ye

~se a 1. Auo if you are iere b,tma,r ‘he t~o •~ trovec then ten.

.o1d  ~~e a 2. So , ,.oulu you “ ta s~~~thi~ bun for - - ‘ - e l f  (pause).
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as I say , u s  I r iw v~•s alilost •I(ll4ivf , j, ar i t i ta l~lv, - - p ’

‘~~4’  I s .  noniJU t t  ij  r-~~~erS. ~~e - •  the ‘hIn~js ‘u a t i an sure v~~u

-lo t ice as we do then is t hat the re are very ~êS p  ~rot love and ~~re d i t f i c

wi~~~. * -eant for it to tie ‘a t  v e y.  and 5I ui~e I ai iot ~sing t~ gi ve you as

n~~n t i ma as ,u ~~u I Ii ~ to rewe to so I thelt pr’ot~ Iv’ - 
, I went to ~~ ou r.i r

you .~~t to bet~~~ J lscour age-J e~out not being able to •nsiev ~~~ prubl~~s

esact i ,. Also , sor t to caution you b~~t ~~co ’iis.j lszy wnee t i t  ~ryibl,’.t

j r,’ s$ ~~~I,. Lots of pogo e je’ to i 5isjp p prot le.. f~~ u . ’  31t boy , this 15

ra l l y easy, an’ then make big is tak es . So , ~lpat. do ase al l of the t in .

• ~ t I ~ 1 we you ~o a~ twa I ly Plor ’ on to I wing tie ) rob Ion . he., -‘t~v Iowa 2 • 1,1

iO$nt es t imat e. ‘ - at - i  ~~~~ n ~~~,.r • Is not Ute ønl y t i-mg t at we want.

‘0 Iv~ you an I dea non titet works .e .ml l  wort as a iiruup to solve a
it lo lC judge’~~t tail and I t~~~ ’* ‘‘ 4! that wi l l  i~~~ns t rat . t ’ ’  -‘

iroc eduru- to you. tas everyowe lived in t h is stat .  - orw isloug h to in~~. that

t u ere ~ a c it .  cal lad niot ene’ IS ‘r r e  anytiOdy wie is ‘io t anare ‘ that?

• .~~ du” t you wri te n t 1w front ~ta~e of your t,ook let a n~~~ r ‘ ~
g t

stiecif ies w~~r bes t .~ess as to io, many mi les it  is •ron her, to Spokane.

le won’ spend Mwfl on this, ~ i .s it is -*ar ’ to be ~ct ~‘iwI f a quic ’.

h it), p,pr -~~~‘ . A l r i t. i, ~~., wi .mt art s~~~ of the I1~r’ that t~~ Pta,, ’’
(~~~ J, ZOO. ZS~r) .  fly de n !  we say i.~ as a gi~~~’, O. 1~.? I want to ~~ilast

~~~~~~ It  It ilot r a c i a l  be • ~~~~ t the i j r r r ’  5 answer It , t hiS is ~~
‘ I 4u.ctlnt

I mat m sig j ,ad~~~n t s .r~ try tug to e we w i t  I t ran. I • I ‘ave ~n you ~ ii’ ~

1 ‘ .sve ai a~mar .~ wri and It sayS that ~,OO mi les 5 “~~ -1t stJr~e to ‘*x’
if this Is tte trwa ~~~~~~ ( Sf1) - i ) ~~ ), shat would you say i’lOut your estmn..

~ i lett)’ (~ yo~ t ~ i 1 ‘‘ii ? tills estimate L ‘. ~~~‘ ~es) is a gooJ estimate

j t  ,~Ø iii ~ t if iOO is tite ‘ rec t i- ~~ io . j robab ly not. Mn h’~, let

cove ~~~~ wre to  the he’ istreve and sa w , ~~~Pt i t  I’ I t o O  YOu ‘P it It

~a 3)0 “let to ~io* irue -’ 1ou14 you ‘eel t u.~ 125 as i ~ues s as a ‘load

aneta l ~~ess ~f 3.10 as ‘Pie rr ,r  ur,c... ’ O. k ., let ’s “~~ i t  ~~~ w r~’ in

he t~ - ~ about SUP? If 4 ‘W ii t~~ o r r’~ ~ answe ’ ~~ ~ 3?’ ~ a Vlo~
1

‘I’ j ~,j ji $3! ~OOiJ! isai on iae art ~et t ’ nq $ ‘ t ~ ~‘Pi o~ a g’r~
area . ~~ I thi nk It It clear ‘i ,,.- u there m r  ‘‘a n), ‘uij â~~rs f~ r

- ‘hid’ your mess is a bad q4eIs anti there ire ce rt a in ly ~ ar n.~~~rs - ‘

dücj ,our d) ie5 ’ $ 5 . ‘-r ~~t - ond, ant s *rr iii betiloin there hiM ‘.‘ be

,i*w’-r ‘~.‘ Is the l iwl u ing line be tween ‘hate ~ o

I L  
_ _



I ti~~~~li1 4)50 ~~~bmaj tze ’ ~‘.jt t ie’,! ~t .  trnveqw~OJs tndfvf,)ua
) ~~f e,r fi r’

si 1 Ion t e’~ect ‘ha’ you Indivi~.’ually would •hl  i ;re~ as ‘ -  s4m at n~t,4e’r t i

~Plowld tii I ,*p~ ‘ , in fic t • “at t ’~~r.’ -~ I 11 ~~ lf $t .ry. nc e’~. lu t  l ,v is

as a ~roiap that It was 110. u syti you foal that it thould be’ 470. Th at

W.esn ’ t bother us. ~iut s i ~~ r~ i here the re h~~ ‘o he a nt~~~e’r tha t Is

your bei~ dOry between t iat e tblo ~ gIons . le’ can ~~ tP’m t 0 tile Ot he r end is

we l l , if t - W is ffi~ ~m . nt answe r , J~’5 I~ i ri*ar not a tlood p3’ i-~at p , Isa’

~~~~~~J you lay .1 the n~~~sc suck t ma t It ~as the botan aru ‘pt,~~~,’r t’Ie’se two

r,wiiait t Your ~~~~~~ ~~at Ii It ’  •‘270 ,• any ~‘ . r ~ 7 Is that a r p t t .

(~~~l one~ Alriqht , ‘sow ,~ at ‘ant tills mao.? ~~11 , .~$st !‘I’ ~ay~ ‘ isent la’’
15 .  t iult I’ tile t rue answer le’s an~~ier, in this Inte r va l ~ ,f m n d  tw twc.n

Z’O i’d ~C . then it is ,‘our .rsona l ~‘eIlnq ‘‘lit your gu ts r~~ ~75 .as ‘n

Pa t~aI lp .ri • it was those anouqhi. I ‘t ‘~ •nyi her~ Guts m a of that r~oI C’
t han it woulu be your stat even t t at vow ha! miss ed the Orv t lies. ~re’ there

~n. quest -M about that ? -~~~~ ca ll tha ! a ballp a ,I .~stImate’ b a j ~~ yie. ar.

basidl h ly tell ing no ~~at t h e t a )  par is rcvnd yota r ‘ s t ’ ’ ~~t - . ~~i as I
V

tPwse t*t nqs can r~ ,hl y ,arw . he’n I i i i  I’ , I t~~~*t ?S~ .as the answe” .

4It~ I tn u* 1~O ‘. ~~ ~~mpe’ ‘~~,$ t and Z~-.a Is - n.e, limi t • .~~~, (A’wioia I

I have’ a mach sm~, her mnl ,r%a l ‘liar’ you I~ ~~~~~ tha t i c  ~ r~4lectIon a

the ‘ ,(t that I dri ve’ to S ’okone we~~i brtOk. ~nd if  I iir~n kno.. wila’ the

“crance to Spokane is ,ithi n a .r.’ t t y  rt ~~h? spac~’, then I would be d’sal*o’ ‘i’d
in - w s ’ 1 ’ . ‘ ‘ at  shOuld indicate to yOu t ’ at when yOu • ,vii “mirn about s(~~ thIrq

thin ,~~ isa we - ii qiw r ~ sa)iC t at 1 ’)c- - .  *114’ yOu I ,~~~ s ~~~~~ till no it.- i? ‘no ~~‘ tb  s, -

~irot I~~~ , it ~howbd be r .’ 1C~~t14J in 11w ‘JUt •f t ’iuso In,’ rv a ls. t*1~~ you

)on ‘I I now any ? hi nn, then yOu a v~~- to 11 ma ‘~a t . S~~~ ‘‘ ~s~i I lii ,, s e

is si~~~rized on t ue nest p~~e, so let ’s ‘~~r” ~~ aqe m i  1 w i l l  r~Od •i’bi

you.
The’ bihi part Ist ’eet  Jq. ’cnltie c your ~~f lQA4 I ewe tat larr
or~ err, mit , S Pm acc av .c y f o. . i mate. —

!h,. behipirk est i mate is an I nterva l aro,aid your s ’ i  mU
answe r s,~ h a t  P t i e  true answer ‘es Outsi~~ u~f t hat
I ntervi t you ~~el ‘hat y~~ ‘sad ‘~lsi~d !hw’ prç~ 1

lii i ba ll tmr l  est imate a have z*ro wi “i and to I,~~~iis t r I t  t i .  cnn’

t~~’I~~~ n-nt- IS ‘‘fl’ ()~ 40?’ (m r’ ~~ - r  on hear-I). ~ $ r~~- i  ~ 1’ ’ ” - . bhi ’ i

) $ ti tins end I to) ~i you to - ?  the es f $ mat. ‘.e’ ‘-
, ~~at 1t~~~*r wow I 1 ~‘o’

hi ’~ ), Pious.’? (7 ) rnta, lv , ~‘at asip il ‘~ ‘ ~ d ues’ ‘00 , iii ’ i t  t f’um
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eapsctat $oe t he ? I wowldo’t -‘iss that , in ~ict ,  I foal that ?h4 t really ~~

ti be the correc t answer. To r ,jIcat e t hat 1 iOu)d rut W)l as ‘~~r )
~~~r ~~w’- ,

‘ir ~~ ,ir~blpe and ~‘0l as ~~ ~poe’r bouwdOry. Clearly .  I ~ tay”sq ‘1 an
abso)jte 1 , certain that t. s is the corric t answer . 1’ I’ Is a.~ t’ ’nq

‘ffertnt ‘~a’ thIs , 1 hiswe ~~s s d  the problew.’ ~w , I e iieec t “at there

s i b be p~vob 1.oa f~r i$mICht ‘h’s  w i l l  be true for ~~~~~~. 1’Pipr.’ an- ~~~~

eaSy )robIIoa . ~~~n tIme? IS tr~a, p’ eaSr do not Gut zeros in these blaukt.

It it the -Ii ~~~~~~~~ ~ betwee’r ~~~~ t—
_ n~~~~~r t  ~~tC$s refers to nero ,‘ ‘t n

tht ~alwas th~~~elve’s .
The lest stat nt on ,ou r Ø eqe a~ c that the int erv al ‘wed ‘met be

uy notric. Mat tnat neon’. can 1* ~)IsOns t r i t e - ~y another e~~’~~Ie. Or

ristance, let as say that we went to the ~ii~ ~~~e,  and we knew that , for t- ’ia

e’ve ’t , ~~~~ uss the t~~a’~~~~ s at $ nj c apacity. 1 I s a ’ J .  ‘Let ’ s estimate t~e

wee’ f ~i iplp err .’ I w~~)J Gut n t t .i  thrt* t iaMs aqai’ and ~~~a mlqt’t

say ‘t.~3,OOO poop)e se ca ,% s Gf tie u t’. informatto’- ‘ at it ~annO t be ~r •
th an 6,000 yow ‘awe a. &per boundary. YOu kn~~ time? it cabot ha

V

thin ~~~~~~ So l~ t ’t just -.~ t hat you Put ‘hi’t In “e bh.ok før ~~r

boundary . -~~~~~ve’r , the ~~ er ‘Os~ti3lr t it  limC)’ Ir . It IS ~~‘y hard tO S t l r

a rs ~~~ so ~~u ~~~~~ ~~y ~j ,yj.
j  • ‘~~ a l-~~~r l mni ’. i(~s , in te’r~~ of the’

‘n~~ er ii no • m I ~ P m ~ i~ tile c t ’  ~~ ~ v a I ~~ ((,J ,00fl) t Pier you are ‘ta t h y  mai

i st at~~~nt t hat l ook s. ‘a r~.ri4~~ l ike t”’’: ‘. _____ _* ,_.
‘ Ii Other wards,

your estImate is ~e’ rt it . l y  ,ot “ the —i id)e --ii tills int rvml . T hia ’ 1% f In e.

bOclus e’ w$ilt I really -a” t to know ‘a ~ mat ~~~ ~ncn’ about your answer . I

an tryi w~ “ all ow you as “uc t’ ‘~ e~ I b t h t t y  to e.press usat as I ~a. wi ’ isI~
this e rat i ’ r Aip there a.y ~~~~~~~~~ ~~~ , 5 1 ~~~ thi s Is a port in

\ - C ’t f S  -~~~ eapert oant s and ‘oh l ~~in~ e~~~rl~~nta l rl ,’ we ‘sa ve f co.tv~’l
t hmn~S a l’ttle bit. Yka t ‘‘ans that I ‘ave to ‘ - ‘ your OOite’ratiOO in

.mert$ng oqether t,rOuqfi thp~i jrebleoa. It is not ioislble’ f~r ma to I~~t

turn you 1o’ae to do timew. There we’ ways that ! ~ thit . One . Is the-s e

l i t t l e  ards thOt I handln ~~~~‘. 
T hiMe are’ call,d p rob l pa cjg l*s . for l - ~

a bet’e’ term. Man you s tart a series -
~~~‘ prr* heno row should plac e ~~~~

-‘iw 1~~s suc that only one pr*lo. 5 •*POte( at a t ine. Y~~r c.rd owØt Ui

hew s~~~thtaq like li eu, estimate, and iliqil rittin in It in the places the ’

line . .,ltP the tilr.e 5honis ftr ach ~re* hI. . T est ‘~‘ s  yourself ~n

yo. don’ ’ tm I ke the ‘ay I t 1I~~s n ~~ n yosw an- ower r~ mai ‘ yo ar ~~~i ,~

~11 •~ the anomars w Ill be uri ’ -tii n on ‘ r ’  44 ’~ e’ tmoo~le’t Daper , 1o~ iet

ca r4.
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In amu ’t$un to t~~t, I gping to control ‘io’ )on~ rou are j 11e’ to war
an a ,pr.blan m d  Iii what or4.r . Ia o .‘ wards , 1 w i l l  t’ ’~ - you ‘er 0
sos~~~~5 to tolve Use ‘roblew “ia we ore wartmnq ‘ &y - o ~ sin9 I meo r in
,~~~~~ ‘ iea- . You aren’ t 9o t nq to isu the a )c j la tb r  and you are not to ~*e a

nancil and øaeer . JuS t too’ at it *011 110 51w’ belt ~~
. can i~ 10 secou~ s.

‘w’n I w I l  sa.y ‘s top.’ I need an answer in very blaM so I will • - a i t for

,‘ou a s hort t’~. i t  iecessàry uflulO you ~~t ‘~owthI nq d~~~. ~w e I say s t ~~
please ~rotoad i.i th all PiOsts ~~ wrltp sonet rmmnq ~~~~ Am,j thin I wi l l ‘aay

‘Le t ’s ~~ on’ ani I .i ’l ~IvC you iO S COnd’a to put in interval m rou,~i tI,,

p a tat es t ma to. ~~w , I t s nou I j ~t o(~v I Ous that I an very ~~‘ .~ r~~ ted i n

these Intervals ~~causs I an c~l~~i p ~ you more the to put thini Jown tiien I
an ta est i r i l t e t he answer. A~d 1 aou)4 ~~ rtcIate it I’ you would r all y

timid ahout tills as your best itatemant at~~ t m4iat you i ’~~s. I t Ii not

~~~ iii tO ma timat you ~~ very mach. If ,u-’ dou t know ~~K’ , tilO t i~.

j utt f i ne. If you knew a lot tim. is  fine , too. -Jima’ I awed 1% sane kind

~ -ersois-il cOn$Ist.n y~ that you do enpres s -~~at ,~~ k~~~. O. i-~ why .Io.m’ t
we turn t~~ o~~ tie problol. ~u$de to h1ØIl~ Ptt Jwe t ‘Pit- f i r s t  ~~ln’i V

I ~av ~ a series ot slu prool~~~ that rou an- .se as ‘ r a l .n’ob ions . 10 w i l l
.~o th~e~~k t ier in tss,~ stand * r . roce~er, I ‘na ve •1r ~k’s~ “bed and at

the e~~ ot !SiJ t tine we ,i ll Lade -u~~ m,r-e ‘ s ~~r~~- tILn ~~. Ss let ’ s ~e~In a~
I t i l l  ~ive you 20 50(00.45 tO r ~~I 5  problIS. f .ar~ the estimate and
that ~ .s in the middle col,~~ . Stop. “w’s~ are practice problama and you
are ree’ Ui isk ~utSt’ons w ’i* l• we ar iort m nq ties. -~ltheuØ at t i nes it
,~~~ tqj 1 ” a , I wesi-’ .apre(Iate it If you m’owIJ foflow ~ directions

.asc t ly . In itlier wards , plea’ae do mot iroc.ed tO ,,r t~’ on mn t e rv a arounc

the rir*tr . Iit i i I te lh ,iu t c * S O .  I .ar- t ,outoswnd ZOst unds eM$, .

an - s t ima t . add I an ~~‘nq ~ :ry to force you to do th at .  O.i.P Sew, I
wil l  qive you X) seconds to ret a~ tct i rvi l  , v ’ ~ t~ is . Stop . I realm,.
5 PI4 t~.is ~)ar ttcuI ar pres ton i~ a very eac , oem an~ tha t i t  soy no’ t~~e t

seconds . In addl ttsn , I ‘aimsuW paInt ~gt that the’re are t i nes ~~rt after ~‘f~
sec~~ 4s you hive vt s~~~thiI ’ ~~~ •~J ~r the r~~~~$ni ft9 0 seconds ~
r e a l i ze  that rOw? answer Is to tal l y la i h ec iout , Usa? ‘ r *r .  I; mo ~~, it cu~ -

oncetvebly be cerrec t iell , ,~~~t ’ mas .~mat people Pave’ ~~~e 1$ that they

‘ v ~’ the ir answe r on the nim~~ sr i’m r IØ. mere a,’ In the ~roc ,5s time 4~~

‘aetnelds they r,.hly, It is weon~ so they Put ~~w’~~r i.’terv. -iI • mer~. Plea
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do chon-* teds ansi~~r i f  ,o,~ ‘-..liz, that yo~ are tOLally w~~sn.~~ 4~~ ev.r . I

have’ a’asiJ a ~‘Sb)os, I’ we are - o ~~let& , doele wi th one and ~ou realize

that 01 three’ .f your an~ ars war, ‘ - ~ or’v.r , thin hea ve it alone be’caulI I

usuld rat ma r that ~ow cOncentrated conel,t.)y en the preble. that we are on.
Let’s -ove on 0.511 10 the M a t ~robte. ~~~~ . I will ilve vow Z~’i toc~~~t to mak

or estimate. Stop. P a t ‘a. Ih$nq ~~~~~~~~~~ . 10 wre tMMl iç , Ij s t f r*t e

t~~~?Pi lnq . It ~ett better s we ~~ •lonq. I t real ly becomal .asI~ r . A l l

rl t. I i ll l iVe’  you JO t iuu~~ to put a’ r t p r w a  around tiat, S tep.

eat Obte..

~ii*Ot , rri~~~durr for three’ prs~l~~~.

‘Pw t I’a ‘a l - the g~ractIce ~~~~~~~~ or. there any qwasti ons
•~~ut tP,is7

hecieot for three’ mare ør-~t l ~~~
*11 r I ) ’ ? , that is bos L ahl y -aiat we -~r~ goIn~ to he .~O$M. Tia t is i7s~

a ~) ret t v 900d s ~~ ii a~ of t he -11 f f 1  c . 1 t v range. F~w m y  of y~~ ~he fi mid Ph’

a di fficult task , I are t~~ “Irits .  ‘~ie firs t *~~ one ‘~ the most i u ~~nr ’ f lt

things you can Jo, f ’~~ig~~~ ~ut hew many ligI ts there are’ e.Ino tn be

mnswar befor, you get to the dec t iaa p oint .  S~~~t1m’mes I~ It wo’’~ speddIn~

~~ seco Ws Ji4 t fIWrIIIg that Oa t. Once ,
- 

~ kn~ - that, ties s ta r !  wars $ nq

‘P.. di qi ts add yes’ Ii ~i iW you s i l l be r o.fort able w i tIn who ’ you ar. t*ii irn.

~~ let ’ s t,w n tc’ ‘-se ‘mit Pa l,. ihat 9o1 .s ~~~. is on i ’t~~~ t ‘o

eapl ass to you mesa ’ t r  espact In the e~~~’ l~~ c’t . Ti. t~w~ of proce&r, rP~a’

we will foh1~~ , T’he~~ irotiI~~~ a lwey s c~~~ In qrouo-s id there ft a lwey” ~

t j *~ procejt nq tIme qrona . ~P i ’ a  Is  an ~s~~~le id 
~uci a rev ’. ‘$mia you ~~.t ‘

the’ te at you are fre’e’ to r’eo,. it Then repea t so that at s~~ pat ’ t  ‘~ tiw

~
, *pa’ mar! you won’ t nyipd t o rt~i. I t an~’mo” r- , but , lease nut ye~’ r ~‘ 1 V i’ ?P ’ ’

scene . ~~ a I t.ll ,ou to turli tie p*q , ~~ c” Is now . (“~It Is ‘ .c Je~ mss t

tis.) you wi th find oroblone. ‘10 so lw th ’se as we ‘~ i the pract’cc

~robl~~~ . In a sequee~ e. I wi l t tien as’ you to ii - - 
~~~~~

‘ ‘ that ~~~i

made is estimates em t •‘e ca lcul ato rs .

Vo r t hese of yo- ~ did not ‘nc - - y~~~ ~~‘ calculators. I w I l l  •wIalr

‘~~~ tO tête’ the one”a we w i l l  .r.wi~ fOr you. V ou tyo. in t ime ‘i~~~er . I

tie ~Ir’s t pr oS). S answe r ii 17 .3) i~,,1 row tv ’~e in a p1mm i*t tPw~ the

sicoAd rt~~~r •dd thee’ you ‘res s the pasaa)s sian to net your answe r . ‘P

-.l~ul•tSrt ar, ve ry m nueope~aSiv, sr tend not to wa r’ P1w at you ‘ vn ic ’ P -v



_ _ _ _ _ _ _  - 
-__ -______________

t~. That Is whe I ‘sandod -
~ t a w ea tras . l~ you have One t hat as at the

tes a pond ted-in n~~~ r , l ik e a 4 ~r a 2 , then In the ast t ime ~a * r ~ h i $ t
--tête nst a.~ e r -  in tIw~ )ii01J4 afte r WIng ~vnche~ So you are reaso~ebls
c rtaln that the calc u lator -i ll wart co r r ic t ly i~ ~~~p Just make sure “~lt

the mis~~er you punch 10 l  in fac t paar In tie Jisp l~y. O.&., tlieee ~‘ you
u~~~ ‘save your ~~r. calculators ha ve a groat advantage.

Tieø c learly you w i l l  be addimiq only tie s?iea tes aim the ? risa~~er gens

en this l ss . dime-ct yOu do that yc*a sre t r,e to t urn the page .
( 11 Jo that no’~- and on tie ‘o lto~

- in
~ a~ tP* r~ wi l l alwa y s be the bie

r.u~a1ning bli~~s fc r  time sm that you ~.e u’ae~ the cal .-j l aters to fimid. ~~~~~
-

It may ~~t be l ensu ta t el , obv io us , bet 1 on sur~ It  w i l l  sees obvious as I s-s
I t  • that a lt - ieu n p?cu ~s. tie’ calculators ~ dj these ti~ rt~~~~ r’~ we end
you kees t’sat your s~~ is ~rret t for the ~~S ,ss~~ers t PiS~ wart Imi the ~~~~~~
it is not wccssa r i ly true that tlose n~~~ers ware orr~~~’ . Tha t is to say
you hOve — bla l4 s .~‘hi - you s.j *, but t he blaMs were’ each a 1u ss . SO IP*
t rue vo iwe p tiat ~~~lu paor ‘sirt Is not neceuari ly tie s~~ 

- ,  thee, two
-i .~e • ~ sat I r~ant ! c knou is u~~4t is tie ivs t .’va l tha t SurrOw~~t t h i  v a ’ v

t ’iat nokes it  corre( t in yOs .~i tnion. in ot mec ,~~ .h, i t is the s~~
operat ion In tmr~~ of fIndin ’ tie int ecv ~ lt ,  but ~~ y~~j are gsi~~ to

ta l k aedut your answer as again ! the try s~~ -~~ t ie ~~ -ro ~’ ) ~~~~. Is ‘hat
clear ? The interva l .~i1l a h.a,s go on tIme ~

aq,’ fol lowi ng the pane ~~ ‘ ? “  t he

Drob le.S, tP.on there w i ll be another l it t le tOe? ani it starts ana’n. I” s
roc •~s Is ripeatim severa l t Ine,. So ‘~~~ you Pso~ hJ a l t  is,,. sa~ :,?~ iI~

talking amout w tqInt. Mt is the ‘ ‘rs t ~
‘ the sequences of iyri*h ,* Tiii

c~~~le’ as time Ins rw tIe.I , and I’ ~~ iave at ques Ioels at êl l . I would h ls c

you to as ’ t his ~~~~.

A
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Pf.kilZ C

Pi~~~ P~~wS s.je~~S’I L: (I) -‘ R(A~~’ I iIIVAt , ( ? )  AOUIT IVL . A1d1

(~
) avt~l~~1 ~, ST~~TtLIIS

( i i  Ti~ appr’p~~h I utiii in solving the ørOti)e*s •‘es ~r t~ e the b19’li’st
Int erv a~ f rcme~ ~~ ew~ the ~api it )rSbIima as ~ f in-a l irt.rval . I was very

. are ’~ Ifs iss$p” Inq ~~ bouSdirips to uegi r m i t t  so I lids’? see ~~ r ras ~i

to readjus t 11w. a? t,ruerds . Sinc, the ar-nes t I nterval re’,reserts ~~
weakest estimate I fie~ It shou ld be tês ed as the i wli cator of u~’ ove rall
ea9 t0s) •& .a t O(. ’ .

~~ It soama obvious to ma that 1~ you d~ t -se eitlust c iou mast - l ’ t
aid toqether the int rv* ls sgr roundl ng t hise estimates . \ i 5(~ r~~. proIjh’s’
Ms i~~~~ iancetta l ty .siocIatt~ iitJ- it you ~mave ‘so c isoi ce but to arr a l l

of it uhether lar .,, or srw l 1  in to the ~ ‘‘s~~
) inte rva l # ‘st ’mat$ nn . Clnar b .

ii~c, 1 c~ j lds’ ’ se pencil ~~d paper 1 .asr’ P able to fo l 1~ - tin ts ~~ e

but I tInIi~ It acc urately s~~~~rizes ~~ ~~~~~ approach t~ live

(.1) . • . Coeniqwant ly. I see the proc~~s J1 ~S t ISOt ’ S~ £5 I’- ~~pe
self cor recting . S~~~tInes you’re ‘igh, j~~~ tInes low . w that Pe’r you

add things • jeu’ l %  nevei be is bad as your larges t int erv a 1 ~~ as qood as
tine smallest. I guess t h is bells d~~ir to say In9 ti t t r -~ f ina l i nter v a l
s~~~ld be l i k e  an average’ of tue lster’v*lt ~n t~~ mdlvi 4al rob le.~ . 

‘4
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