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CHAPTER I 

INTRODUCTION

Despite the  fa c t th a t  science has fo r  several cen tu rie s  been a 

major so c ia l and p o l i t ic a l  fo rce  in fluencing  th e  b e l ie f s  and mental 

operations o f  nearly  a l l  persons, i t  i s  only very re c e n tly  th a t  th e  

methods o f  science have been turned  toward the  in v es tig a tio n  o f 

science i t s e l f .  Systematic examination o f th e  cognitive processes 

involved in s c ie n t i f ic  th ink ing  rep resen ts  a new domain o f  inquiry  

w ith in  psychology, a domain of inqu iry  which regards science as an 

o b je c tif ia b le  phenomenon as worthy o f  em pirical in v e stig a tio n  as any 

o ther phenomenon w ithin th e  n a tu ra l un iverse .

P rio r to  th e  emergence o f  psychological s tu d ie s  o f the  cogn itive  

mechanisms underlying s c ie n t i f ic  th ink ing , the  a c t iv i t i e s  o f  sc ien 

t i s t s  had been th e  sub jec t o f  extensive analyses by philosophers o f 

sc ience. Such analyses were ty p ic a lly  o f a formal n a tu re , d irec ted  

toward establishm ent o f  the  lo g ica l r e la t io n  between a s c ie n t i f ic  

theory  and a p a r t ic u la r  body o f  em pirical d a ta . Frequently , such 

analyses have demonstrated c e r ta in  in ferences made by s c ie n t is ts  to  

be lo g ic a lly  in v a lid  (Popper, 19S9), but have had questionable 

impact on th e  a c t iv i t i e s  o f  p ra c tic in g  re se a rch e rs . In f a c t ,  the 

m ajority  o f s c ie n t is ts  pay no p a r t ic u la r  a tte n tio n  to  th e  exhortations 

o f  philosophers o f science regard ing  normative p re sc rip tio n s  fo r  th e



conduct o f  research  (M itro ff, 1974).

The n e g lig ib le  impact o f  form ally  derived " ru le s"  fo r  th e  con

duct o f  s c ie n t i f ic  inquiry  may be la rg e ly  a t t r ib u ta b le  to  the  fa c t 

th a t such p re sc r ip tio n s  a re  no t formulated in l ig h t  o f knowledge 

about the natu re  o f  s c ie n t i f ic  research  as i t  is  a c tu a lly  p rac ticed .

The present in v estig a tio n  examines the  behavior o f  ind iv id u als  

engaged in s c ie n t i f ic  hypothesis te s t in g  in  an a r t i f i c i a l  environment 

designed to  re p l ic a te  many o f th e  conditions under Which ac tua l 

research  is  undertaken. By m anipulating c e r ta in  param eters o f  th i s  

environment i t  i s  hoped th a t in s ig h t can be gained in to  th e  cognitive 

b ia se s  and lim ita tio n s  which may guide and/or co n stra in  th e  a c t iv i t i e s  

o f p rac tic in g  s c ie n t is ts  confronted with s im ila r  ta sk  dimensions in  

real-w orld  em pirical research . The r e s u l ts  o f  th e  present study, to  

th e  ex ten t th a t  they increase understanding of science as  i t  i s  

p rac ticed , may serve to  complement the p re sc r ip tiv e  norms formulated 

by philosophers o f  sc ience, p a r t ic u la r ly  regard ing  (1) how evidence 

should be re la te d  to  hypotheses and (2) under what conditions hypo

th eses  should o r should not be abandoned.



CHAPTER II
The Bias to  Confirm: M isleading H eu ris tic  or 

Rational Adaptation to  Ambiguity7

The F a l l ib i l i t y  o f  In tu i t iv e  Inference

Empirical in v es tig a tio n s  o f  human judgment and decision  making 

reveal numerous s itu a tio n s  in  Which ind iv iduals  f a i l  to  follow  norma

t iv e  p re sc rip tio n s  o f formal o r s t a t i s t i c a l  models in  attem pting to  

understand and p red ic t events in  th e  world around them. A decade o f 

research  shows th a t  these  e rro rs  in  inference are  system atic , rep ro 

ducib le  and co n s is ten t across a v a r ie ty  o f  judgment ta sk s . Without 

attem pting a comprehensive review o f th is  l i t e r a tu r e ,  a few examples 

o f  recen t in v es tig a tio n s  provide s tr ik in g  i l lu s t r a t io n  of th e  f a l l i 

b i l i t y  o f in tu i t iv e  in ference.

One well-documented shortcoming o f  in tu i t iv e  judgment i s  the  

tendency toward overconfidence in o n e 's  conclusions. People a re  f r e 

quently wrong when they a re  c e r ta in  th a t  they  a re  c o r re c t . Whether 

su b jec ts  a re  requ ired  to  estim ate the  lik e lih o o d  th a t  they have 

responded c o rre c tly  to  a general knowledge question (P ischoff, S lovic, 

G L ich tenste in , 1977) o r  to  assess th e  p ro b a b ility  th a t  a person 

p ra c tic e s  a c e r ta in  p ro fession  based on a scanty , u n re lia b le  person

a l i t y  d esc rip tio n  (Tversky § Kahneman, 1974), they express unwarranted 

confidence in  th e  co rrectness o f  th e i r  judgments. Experienced



c l in ic a l  psychologists are  not exempt from the tendency toward extreme 

confidence. Oskamp (1965) demonstrated th a t  as the  amount o f  in fo r 

mation about a published case study increased , c l in ic ia n s ' confidence 

in  th e i r  judgment acumen increased correspondingly, although the 

ac tua l accuracy o f  th e i r  p red ic tio n s  remained unchanged.

Another frequen tly  demonstrated f a i l in g  o f  in tu i t iv e  inference 

involves in d iv id u a ls ' f a i lu re  to  follow  Bayes* theorem when making 

in ference judgments in  sequen tia l decision  ta sk s  (Shanteau, 1970,

1972). Ss are presented hypotheses and asked to  determ ine which is  

co rrec t based on th e  s e r ia l  p resen ta tio n  o f inform ation. Following 

the  p resen ta tion  o f  each item o f inform ation, S assesses th e  l i k e l i 

hood th a t  a p a r t ic u la r  hypothesis i s  tru e . Ibese es tim a tes , when com

pared with those sp ec ified  by Bayes' theorem, show a tendency toward 

conservatism  (P h illip s  8 Edwards, 1966; c ite d  in  P itz ,  Downing, 6 

Reinhold, 1967). Even more rem arkable, when Ss in  such ta sk s  receive 

inform ation which i s  nondiagnostic (which has no relevance to  judg

ments) they  tend to  make even le ss  extreme in ferences than when the 

d iagnostic  data i s  presented alone (Shanteau, 1975; Troutman 8 Shan

teau , 1977; Tversky 8 Kahneman, 1974). Subsequent research  has 

demonstrated th a t  d ia g n o s tic a lly  w orthless da ta  d ram atically  a f fe c t 

lik e lih o o d  estim ates (N isbett 8 Zukier, 1979; Zukier, 1979; N isbett 8 

Lemley, 1979; c ite d  in N isbett 8 Ross, 1980; Doherty, Mynatt, Tweney,

8 Schiavo, 1979) and a t t i tu d e  judgments (Youngblood 8 Himmelfarb,

1972).

Tversky and Kahneman (1971, 1973, 1974) and Kahneman and Tversky 

(1972, 1973) have demonstrated th a t  ind iv id u als  assessin g  th e



like lihood  o f  an event o r p red ic tin g  the  value o f  a quan tity  r e ly  on

judgment h e u r is t ic s  which reduce complex task s  to  p rim itiv e , in tu i t iv e
•  •

o p era tions. Reliance on such h e u r is t ic s  o ften  leads to  successful 

in fe ren ce , but a t  o ther tim es i t  r e s u l ts  in  se rio u s , system atic e r ro r .

Numerous comparisons o f  the e fficacy  o f c l in ic a l  versus s t a t i s 

t i c a l  modes o f  da ta  co lle c tio n  and combination in  psychotherapeutic 

s e ttin g s  reveal th a t  mechanical modes have c o n s is te n tly  superior 

p red ic tiv e  c a p a b ility  (Meehl, 1954; Sawyer, 1966). Moreover, c l in ic a l  

judgment inaccuracy appears very d i f f i c u l t  to  e ra d ic a te . Providing 

c lin ic ia n s  with extensive feedback concerning th e  accuracy o f  th e i r  

in ferences does no t improve th e i r  judgment (Goldberg 6 Rorer, 1965; 

c ite d  in Goldberg, 1968).

In sh o rt, research  on human inform ation processing suggests th a t 

c e r ta in  cognitive b iases  promote system atic e rro rs  in  inference across 

a v a r ie ty  o f  judgment ta sk s . D espite in d iv id u a ls ' g rea t confidence 

in  the accuracy o f  th e i r  reasoning , considerable em pirical evidence 

in d ica te s  th a t  in tu i t iv e  judgment can be h igh ly  f a l l i b l e .  The present 

in v es tig a tio n  examines cognitive b iases  in inference which occur when 

ind iv iduals  a r r iv e  a t  judgments through use o f  th e  hypothetico-deduc

t iv e  (H-D) method. Both the p ra c tic in g  psychotherapist attem pting to  

d iscover lawful p a tte rn s  in th e  behavior o f another, and the  p ro fes

sional s c ie n t is t  searching fo r functiona l re la t io n s  between q u an ti

t i e s ,  a re  attem pting to  evaluate  th e  t ru th  s ta tu s  o f  a  p a r t ic u la r  

hypothesis in  l ig h t  o f  re lev an t em pirical da ta . With respect to  

ap p lica tio n  o f  th e  H-D method, a  p a r t ic u la r  tendency which has come 

to  be c a lle d  "confirm atory b ia s"  has such a pervasive and robust



impact on in fe re n tia l  reasoning th a t  a number o f  em pirical s tu d ies  

have re c en tly  emerged which deal exc lusive ly  w ith th i s  phenomenon. 

Confirmatory b ias  may m anifest i t s e l f  in  any one o f th e  follow ing four 

ways (adopted from Mynatt, Doherty 8 Tweney [1978bJ, p. 4 ):

1. As a f a i lu r e  to  seek evidence which n igh t f a l s i f y  a favored 

hypothesis.

2 . As a f a i lu r e  to  abandon a favored hypothesis once i t  is  

f a l s i f ie d .

3. As a f a i lu re  to  generate and t e s t  a lte rn a tiv e s  to  a favored 

hypothesis .

4. As a f a i lu re  to  consider whether evidence supporting a 

favored hypothesis supports a lte rn a tiv e  hypotheses as w ell.

Research on Confirmation Bias

Wason (1960) demonstrated in d iv id u a ls ' p references fo r  confirm a

to ry  over d isconfirm atory reasoning by means o f  a ta sk  in  which a 

number o f  in co rrec t but p lau s ib le  hypotheses would re a d ily  suggest 

themselves to  su b jec ts . Because th e  possib le  instances o f  such 

in c o rre c t hypotheses were, in  p r in c ip le , in f in i t e ,  the ta sk  was such 

th a t  the use o f  confirm atory reasoning alone would almost c e r ta in ly  

lead  sub jec ts to  erroneous conclusions. P a rtic ip a n ts  were to ld  th a t 

a t r ia d  o f  th ree  numbers (2 , 4 , 6) conformed to  a simple re la t io n a l 

r u le .  They were asked to  d iscover th i s  ru le  by generating successive 

s e ts  o f  th ree  numbers and then in fe rr in g  th e  ru le  from inform ation 

given a f te r  each se t (follow ing the  generation o f a t r i a d  sub jec ts  

were to ld  whether o r no t i t  conformed to  the r u le ) . I f  an announced 

hypothesis was in c o rre c t, p a r tic ip a n ts  were informed o f  th i s  and then



in s tru c te d  to  continue th e i r  search fo r  the  co rrec t ru le .

The ru le  to  be a tta in e d  was simply "th ree  numbers in  increasing  

order o f  m agnitude." An erroneous hypothesis could be d e f in it iv e ly  

disproved through th e  use o f  d isconfirm atory reasoning (the generation 

o f  a t r ia d  th a t  would y ie ld  'N egative r e s u l ts "  o r inform ation th a t 

th e  t r i a d  did  not conform to  th e  r u le ) .  However, p a r tic ip a n ts  could 

generate an in f in i te  number o f  t r ia d s  which would "confirm" such 

erroneous hypotheses as "even numbers increasing  by tw os."

Wason found th a t  th e  ty p ic a l sub jec t attem pted to  solve th e  prob

lem by generating a la rg e  amount o f confirm atory "data" ( tr ia d s  which 

were implied by an [usually] erroneous hypothesis, i . e . ,  8, 10, 12;

20, 22, 24; e t c . ) .  Following the  generation  of a number o f such 

t r i a d s ,  the  sub jec t would announce h is  hypothesis with c e r ta in ty , 

and would be su rp rised  upon learn in g  th a t  i t  was in c o rre c t. Although 

th i s  unproductively tenacious commitment on the p a r t o f  sub jec ts to  

a fa lla c io u s  ru le  could have been re a d ily  avoided through th e  conduct 

o f  a s in g le  f a ls ify in g  t e s t  ( e .g . ,  6, 3, 1 ) , su b jec ts  c o n s is ten tly  

sought evidence which would "confirm" th e i r  erroneous ru le s .

Mahoney and DeMonbreun (1977) borrowed th i s  task  from Wason in  

o rder to  compare th e  c r i t i c a l  reasoning s k i l l s  o f s c ie n t is ts  with 

those o f  r e la t iv e ly  uneducated P ro tes tan t m in is te rs . Most o f  these  

su b jec ts  did not solve th e  problem and only two from among those who 

d id  were e r ro r le s s  (both m in is te rs ) . Those su b jec ts  who did d is -  

confirm  were su b s ta n tia l ly  more successfu l in  d iscovering th e  ru le . 

N either s c ie n t is ts  nor n o n sc ie n tis ts , however, tended to  employ d is -  

confirm ation. More than 85% o f th e  t r ia d s  generated were



confirm atory. S c ie n tis ts  were in d is tin g u ish ab le  from nonscien

t i s t s ;  the frequencies o f  confirm atory experiments were not s ig 

n i f ic a n tly  d if f e re n t .

In another ta sk  designed by Wason (1966) known as th e  se le c tio n  

task  o r four card problem, su b jec ts  a re  asked to  e s ta b lish  th e  tru th  

value o f  a cond itional p roposition  such as th e  follow ing: " I f  a

card has a vowel on one s id e , then i t  has an even number on the  

o th e r s id e ."  Subjects must choose, from among a se t o f  four cards, 

those cards, and only those cards, c r i t i c a l  to  th i s  determ ination .

Each o f the four cards fo r t h i s  p a r t ic u la r  conditional has a l e t t e r  

on one side  and a number on th e  o th er s id e . When th e  sub jec t begins 

th e  ta sk  he is  confronted with a vowel, a consonant, an even number, 

and an odd number. The e s se n tia l fe a tu re s  o f  the problem a re  rep ro 

duced in  Table 1. The co rrec t so lu tio n  req u ire s  th e  se le c tio n  o f 

cards numbered " I"  and "IV ," th a t  i s ,  th e  vowel and the odd number.

In o rder to  app rec ia te  the  log ic  o f  th i s  a s se r tio n , i t  i s  necessary 

to  recognize th a t  i f  a vowel and an odd number were to  appear on the 

same card , then th e  hypothesis would be f a ls e ;  i f  they did not occur 

on th e  same card , th e  hypothesis would be tru e . The only cards 

which have th e  p o te n tia l  fo r  revealing  which se t o f  circum stances 

a c tu a lly  holds a re  I and IV. Put more g en era lly , th e  so lu tio n  req u ires  

the in s ig h t th a t  th e  odd number could f a l s i f y ,  and hence should be 

chosen, and th a t  the  even number could not f a l s i f y ,  and hence should 

no t be chosen.

The ty p ic a l sub jec t s e le c ts  th e  vowel and th e  even number, 

apparen tly  f a i l in g  to  r e a l iz e  th a t  th e  choice o f  the  even number



Table 1

Analogue H ypothesis-Testing Problem

9

Assume th a t  the four boxes which a re  presented below are  a c tu a lly  

cards which each have a  l e t t e r  on one s ide  and a  number on th e  o th e r 

s id e . You a re  asked to  t e s t  th e  hypothesis th a t—fo r these  four 

ca rd s—i f  a vowel appears on one s id e , then an even number w ill 

appear on th e  o th e r s id e . Your " te s t in g ,"  o f  course, w ill involve 

tu rn ing  one o r  more cards over.

I I I  I I I  IV

e m 8 7

Are any o f th e  cards ir re le v a n t to  th e  hypothesis? 

(C irc le ) I I I  I I I  IV No

Are any o f  th e  cards c r i t i c a l  to  the hypothesis? 

(C irc le ) I I I  I I I  IV No

Which cards would you tu rn  over to  t e s t  th e  hypothesis? 

(C irc le ) I I I  I I I  IV No

Note. From "From E thics to  Logic: A Survey o f  S c ie n tis ts "  by M.J. 
Mahoney and T.P. Kimper, S c ie n tis t  as  Subject: The Psychol
og ical Im perative. Cambridge, M ass.: B allin g er, 1976,
p“ 189.
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merely provides irre le v a n t confirm ation o f th e  co n d itio n a l. Simul

taneously , the  sub jec t f a i l s  to  s e le c t  th e  odd number, as ind icated  

above, a  card with th e  p o te n tia l to  f a l s i f y  th e  t e s t  sentence. Thus, 

su b jec ts  seem to  be m anifesting a b ia s  toward confirm ation. Wason and 

Golding (1974) have subsequently demonstrated th a t  e rro rs  on th i s  task  

are not dependent on t e s t  sentences with th e  surface s tru c tu re  o f  con

d it io n a ls .

More recen t research  (Evans, 1972; Evans 3 Lynch, 1973; Wason 3 

Evans, 1975) suggests th a t  e rro rs  on th e  four card se le c tio n  task  

a re  a re s u l t  not o f confirm atory b ias  but o f  a tendency to  'taatch" 

the cards mentioned in th e  t e s t  sentence with th e  ac tu a l cards.

Evans and Lynch (1973) have demonstrated th a t  when su b jec ts  a re  p re 

sented with a conditional in  which th e  consequent has been negated 

they tend to  solve the problem c o r re c tly . That i s ,  when su b jec ts  are  

presented with the  t e s t  sentence, " I f  the  card has a vowel on one 

s id e , then i t  does not have an odd number on th e  o th e r s id e ,"  they 

tend to  solve th e  problem c o r re c tly . But the  e f fe c t  o f  a negative 

was found to  be the same when the  antecedent ra th e r  than the  conse

quent was negated. That i s ,  When th e  t e s t  sentence read , " I f  the

card does not have a consonant on one s id e , then i t  has an even number

on th e  o th er s id e ,"  su b jec ts  se lec ted  th e  consonant and th e  even

number, which is  lo g ic a l ly  inapprop ria te . I t  appears th a t  sub jec ts  

s e le c t whatever cards a re  mentioned in  th e  t e s t  sentence, a t  le a s t  

when th e  m ateria l i s  presented in  a b s tra c t terms (Johnson-Laird, 

Legrenzi, 5 Legrenzi, 1972). E rrors may thus r e f le c t  'taa tch ing ,"  

ra th e r  than confirm atory, b ia s .



Hie debate regard ing  the d iagnostic  v a l id i ty  o f  t h i s  task  with

resp ec t to  confirm atory b ias  i s  not e n t i re ly  reso lved . Johnson-Laird « *
and Wason (1970) define  in s ig h t in to  th e  problem in  accordance with 

the recognition  th a t  f a ls i f ic a t io n  o f  th e  conditional i s  more r e l e 

vant than i s  v e r i f ic a t io n . Goodwin and Wason (1972; c ite d  in  Wason 6 

Evans, 1975) found a c o rre la tio n  between postu la ted  degree o f  in s ig h t 

(as assessed by card choice) and th e  tendency to  c i t e  f a ls i f ic a t io n  

as th e  reason fo r  o n e 's  choice.

Confirmation Bias in a Simulated Research Environment. Mynatt, 

Doherty, and Tweney (1977) in v estig a ted  problem so lv ing  in  a s e tt in g  

designed to  resemble th e  conditions under which ac tu a l science i s  con

ducted. Through th e  use o f  an o n -lin e  computer, a complex, dynamic 

environment was designed which perm itted  p a r tic ip a n ts  to  generate 

t e s t s  o f  hypotheses. S ub jec ts, who were undergraduate co llege s tu 

d en ts , se lec ted  th e i r  own experiments from among a la rg e r  pool, some 

o f which could produce only confirm atory evidence fo r  th e  hypothesis 

while o thers  allowed the  sub jec t to  t e s t  a l te rn a tiv e  hypotheses. The 

d isp lay  presented s ta tio n a ry  fig u res  o f  th ree  shapes ( tr ia n g le s , 

squares, o r  d is c s ) ,  with two b rig h tn ess  le v e ls .  A programmed key

board command allowed su b jec ts  to  move a small lig h ted  dot o r  "par

t i c l e 11 across the screen toward any po in t on the  screen . A c ir c u la r ,  

n o n -v is ib le  boundary extended beyond th e  geometric cen te rs  o f  only 

low b rig h tn ess  f ig u re s . Whenever a p a r t ic le  encountered a boundary, 

i t s  motion ceased. No o th er aspect o f  th e  s ta tio n a ry  f ig u re s , such 

as s iz e , shape, lo c a tio n , e t c . ,  a ffec ted  p a r t ic le  motion. Hence, 

th ese  were ir re le v a n t cues. Mynatt e t a l .  found strong evidence fo r
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a confirm ation b ia s ; su b jec ts  fa ile d  to  choose environments which 

allowed fo r  t e s t s  o f  hypotheses a l te rn a tiv e  to  those i n i t i a l l y  s e le c t 

ed by su b jec ts . (Due to  th e  r e la t iv e  sa lien ce  o f  "shape" over s iz e , 

lo c a tio n , and b rig h tn ess  cues most sub jec ts  generated hypotheses such 

as , " tr ia n g le s  d e f le c t p a r t ic le s ,"  and proceeded to  t e s t  th ese  hypo

theses in  a s t r i c t l y  confirm atory manner. Since numerous tr ia n g le s  

could be found which were o f  low b rig h tn ess , su b jec ts  had no d i f f i c u l 

ty  'V erify ing" th e i r  erroneous hypotheses.)

In a subsequent study (Mynatt, Doherty, 8 Tweney, 1978a) sub jec ts  

received  extensive in s tru c tio n  in hypothesis f a ls i f ic a t io n  s tra te g ie s  

(Popper, 19S9, 1962) and in P l a t t 's  (1964) "strong in ference" s tra teg y  

p r io r  to  th e i r  in te ra c tio n  with th e  computer-simulated environment. 

Even though sub jec ts  were upper d iv is io n  undergraduates majoring in 

science (the mean number o f science and mathematics courses taken was 

19.3) and h a l f  had been in s tru c ted  in  d isconfirm ation , confirm atory 

s tr a te g ie s  were overwhelmingly the  ru le .  Subjects e i th e r  abandoned 

a disconfirmed hypothesis but re tu rned  to  i t  l a t e r ,  rev ised  i t  in  an 

attem pt to  account fo r  th e  anomalous d a ta , o r  ignored the disconfirm a- 

tio n  and went on te s t in g  the same hypothesis.

Research with P rofessional S c ie n t is ts . With th e  exception o f  the  

Mahoney e t a l .  (1977) study which used p ro fessional s c ie n t i s t s ,  a l l  

o f th e  in v es tig a tio n s  described so f a r  have employed undergraduate 

s tuden ts  as su b je c ts .

Einhom and Hogarth (1978) examined th e  inference s tra te g ie s  o f  

persons known to  have received  extensive tra in in g  in  th e  lo g ic  o f 

f a l s i f ic a t io n .  Twenty-three s ta t i s t i c ia n s  ( fa c u lty  and graduate



students in  th e  department o f  s t a t i s t i c s  a t  th e  U niversity  o f London) 

were requ ired  to  solve a problem which concerned checking th e  claim , 

made by a  co n su ltan t, o f  accurate  p red ic tiv e  a b i l i ty  regarding r is e s  

and f a l l s  in a p a r t ic u la r  market. The problem i s  reproduced in 

Table 2. The co rrec t answer i s  to  s e le c t  Responses 1 and 4, as only 

these  responses perm it d isconfirm ation o f  th e  c o n su lta n t 's  claim . 

Twelve o f  th e  23 p a r tic ip a n ts  requested a s in g le  p iece o f confirma

to ry  d a ta  (Response 1 o r  3) and only 5 people responded c o rre c tly  to  

the  problem, requesting  both data necessary fo r  f a l s i f ic a t io n .  Thus, 

i t  appears th a t  th e  tendency to  confine o n e 's  search to  evidence con

s is te n t  w ith the  hypothesis under t e s t  i s  not lim ited  to  th e  judgments 

o f  laypersons.

Related Research

Several recen t authors (Kern, 1981; Mynatt, Doherty, 8 Tweney, 

1978b) have attem pted to  increase  parsimony in  th e  judgment and d ec i

sion-making l i t e r a tu r e  by suggesting th a t  c e r ta in  apparen tly  d isp a ra te  

b iases in  in tu i t iv e  inference might a c tu a lly  be viewed as varied  mani

fe s ta tio n s  o f  a s in g le  cognitive tendency toward confirm ation o f  

hypothesized r e la t io n s .  An extensive re in te rp re ta tio n  o f  th e  judg

ment l i t e r a tu r e  in l ig h t  o f  em pirical research  on confirm atory b ias  

i s  contained elsewhere (Kern, 1981). For purposes o f th e  present 

in v es tig a tio n  i t  i s  s u ff ic ie n t  to  note th a t  understanding o f th e  f o l 

lowing judgment h e u r is t ic s  might be increased by the view th a t  each 

(to  some ex ten t) rep re sen ts  a m anifesta tion  o f confirm ation b ia s  in  

the  con tex t o f  a d if fe re n t in ference ta sk : (1) th e  i l lu so ry  c o rre la 

tio n  e f fe c t  (Chapman, 1967; Chapman 8 Chapman, 1967, 1969; Golding 8
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Table 2 

Stock Market Problem

I t  i s  claimed th a t  when a  p a r t ic u la r  consu ltan t says th e  market

w ill r i s e  ( i . e . ,  a favorable r e p o r t ) ,  i t  always does r i s e .  You

are  requ ired  to  check th e  c o n su lta n t 's  claim  and can observe any 

o f  the  outcomes o r p red ic tio n s  associa ted  with the follow ing:

1. favorable r e p o r t .

2. unfavorable r e p o r t .

3. r i s e  in th e  m arket.

4 . f a l l  in  th e  market.

What i s  th e  minimum evidence you would need to  check th e  consul- 

t a n t 's  claim? Respond by c irc l in g  the  appropriate statem ent 

num ber(s).

Note. From "Confidence in  Judgment: P ersistence  in  the  I llu s io n
o f  V alid ity "  by H .J. Einhom and R.M. Hogarth, Psychological 
Review, 1978, 85, pp. 399-400.



Rorer, 1962; Smedslund, 2963; Ward 6 Jenkens, 1965); (2) i l lu so ry  

c o rre la tio n  in behavioral t r a i t  assessments (D'Andrade, 1965, 1974; 

Newcomb, 1931; Shweder, 1977); (3) im p lic it p e rso n a lity  theory  

CJackson, 1968; Koltuv, 1962; M irels, 1976; M ischel, 1968, 1973,

1977; Norman 6 Goldberg, 1966; P assin i 6 Norman, 1966; Snyder, Tanke, 

6 Berscheid, 1977); (4) so c ia l s tereo typ ing  (Hamilton 6 G ifford ,

1976; Snyder e t  a l . ,  1977); (5) the  pseudodiagnostic ity  e f fe c t

(Doherty, Nlynatt, Tweney, 6 Schiavo, 1979; Kern 6 Doherty, 1981);

(6) b e l ie f  in the  law o f  small numbers (Tversky 8 Kahnemann, 1971);

(7) the  primacy e f fe c t  (Anderson 6 Norman, 1964; Asch, 1946; Kanouse, 

1972; c ite d  in  P ischo ff, 1976; Peterson 8 DuCharme, 1967; P ru it t ,  

1961); (8) the  in e r t ia  e f fe c t (P its ,  Downing, 5 Reinhold, 1967);

(9) re tro sp e c tiv e  memory d is to r t io n s  (B a r t le t t ,  1932; Bransford 8 

Franks, 1971; Cofer, 1973; Franks 8 Bransford, 1971; H astorf 8 Can- 

t r i l ,  1954; Loftus, 1975; Loftus 8 Palmer, 1974; Snyder 8 Uranowitz,

1978; Tzeng, 1972; Zangwill, 1972); (10) h indsigh t b ia s  (F ischoff 8

Beyth, 1975); (11) in f la te d  lik e lih o o d  estim ates re su lt in g  from the 

construction  o f  causal schemata (Ross, Lepper, S track , 8 Steinm etz, 

1977); (12) "freezing" of hypotheses in  c l in ic a l  d iagnosis (Dailey, 

1952; Meehl, 1960; c ite d  in  Wiggins, 1973; S ines, 1959); and 

(13) perseverance o f s e l f  perceptions in  th e  face o f  disconfinning 

inform ation (Ross, Lepper, 8 Hubbard, 1975).

What a re  th e  im plications o f an extensive body o f l i t e r a tu r e  sug 

gesting  a cogn itive  b ias  toward confirm ation o f our con jectures? I f  

ind iv iduals  do s e le c tiv e ly  emphasize events co n s is ten t with already
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held  b e l ie f s ,  a re  they n e ce ssa rily  led  a s tra y  by th i s  b ias?  Despite 

an accumulating body o f  em pirical evidence th a t  people find  f a l s i f i 

ca tion  s tr a te g ie s  d i f f i c u l t  to  employ, philosophers o f  science (Hume, 

1955; P la t t ,  1964; Popper, 1959, 1962) have long argued th a t  c o n f ir 

matory s tra te g ie s  are in su f f ic ie n t  fo r  determ ination o f  the tru th  

s ta tu s  o f  a s c ie n t i f ic  hypothesis. Because o f  th e  foundational ro le  

which such arguments have played in  the  development o f p re sc r ip tiv e  

norms fo r  th e  conduct o f  research , a b r ie f  consideration  o f  ph ilosoph i

cal analyses o f em pirical hypothesis te s t in g  is  necessary to  th e  p re 

sen ta tio n  o f  a ra tio n a le  fo r  th e  present in v e s tig a tio n . Understanding 

o f th e  formal arguments a s se r tin g  a g re a te r  explanatory force fo r  

d isconfirm atory  in ference req u ire s , in  tu rn , f a m il ia r i ty  with c e r ta in  

p r in c ip le s  o f  deductive lo g ic .

Reason in  Research: Formal Arguments Regarding Propositional Logic in

Empirical Science

Hie t e s t  im plications o f  a hypothesis are  normally s ta ted  in  con

d itio n a l term s. That i s ,  th e  p red ic tio n  i s  made th a t ,  under c e r ta in  

sp ec ified  t e s t  co n d itio n s , an outcome o f  a c e r ta in  type w ill occur.

In the  ty p ic a l s tra te g y  o f  theory evaluation  th e  s c ie n t is t  form ulates 

some hypothesis (p) which p red ic ts  th e  occurrence o r ex istence o f  

some phenomenon (q ). In the  so c ia l and b io lo g ica l sc iences, fo r 

example, i f  p i s  a statem ent about a population and q i s  a statem ent 

about a sample, then th e re  e x is ts  a re la tio n sh ip  " i f  p , then q"

(Bakan, 1967). What i s  observed i s  whether q i s  tru e  o r f a ls e .  Con

d it io n a l  p ropositions form ulated by researchers  in  th e  physical 

sciences ty p ic a lly  involve th e  p red ic tio n  o f functiona l r e la tio n s

•*
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between q u a n ti t ie s ,  Which a re  s ta te d  in  terms o f  a function ru le .  A 

sim ple example would be "c *» v / r "  o r " I f  vo ltage  equals and r e s i s 

tance equals r ,  then cu rren t w ill equal c ."

According to  th e  in fe re n tia l  ru le s  o f  p ropositional lo g ic , a 

cond itional statem ent o f  th e  form " i f  p , then q" i s  f a ls e  'tonly in 

th e  case in which the  antecedent p i s  tru e  and the  consequent q i s  

f a ls e "  (Wason, 1964, p . 30). I f  th e  conditional statem ent i s  tru e ,  

i t  follow s th a t  i f  p a lso  i s  t ru e ,  then q must be t ru e .  "Any argument 

o f t h i s  form i s  v a lid  and i s  sa id  to  be in  the  a ffirm ativ e  mood o r 

modus ponens" (Copi, 1978, p. 251). However, given th e  same tru e  con

d it io n a l ( i f  p , then q) then th e  in ference th a t  i f  q i s  tru e  then p 

must be t ru e ,  i s  fa l la c io u s . "Any argument o f  t h i s  form i s  sa id  to  

commit th e  fa lla c y  o f  affirm ing  th e  consequent" (Copi, 1978, p . 251).

What might induce such fa lla c io u s  reasoning? The s c ie n t is t  

reasons ( im p lic it ly  o r e x p lic i t ly )  th a t  " i f  my hypothesis (p) i s  tru e  

then I should observe q ."  When he subsequently observes q he commits 

th e  fa lla c y  o f  affirm ing th e  consequent i f  he concludes th a t  th is  

observation  'V e r if ie s "  h is  hypothesis. While i t  i s  in fa c t th e  case 

th a t  th e  observation o f q renders p more c re d ib le , "there  i s  no d e f in i

t iv e  conclusion: th e  v e r if ic a tio n  o f i t s  consequence q does not 

prove the con jecture p" (Polya, 1954, p . 4 ) .

In add itio n  to  modus ponens, formal models o f  deductive in ference 

define a second v a lid  form o f  cond itional in fe ren ce , modus to l l e n s .

In modus to l le n s ,  given th e  cond itional statem ent " i f  p, then q ,"  i f  

q i s  f a ls e  then p must be f a ls e .  In c o n tra s t, the  inference th a t  i f
9

p i s  f a ls e ,  then q must be f a ls e ,  i s  fa lla c io u s . "Any argument o f
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t h i s  form i s  sa id  to  commit th e  fa lla c y  o f  denying th e  antecedent” 

(Copi, 1978, p . 252).

As noted , given a co nd itional p roposition  o f  th e  form " i f  p, 

then q ,"  What i s  observed in  em pirical work i s  whether q is  tru e  o r 

f a ls e  ( th is  determ ination i s  ty p ic a lly  made in  p ro b a b ilis t ic  terms 

in the  so c ia l and b io lo g ica l sc ien ces). This has led  philosophers o f 

science to  conclude on formal grounds th a t  d isconfirm ation  ( i . e . ,  

n o t-q , th e re fo re  no t-p) i s  th e  only form o f  v a lid  conclusive inference 

in  theory  and hypothesis te s t in g  (P la t t ,  1964; Popper, 1959). Prom 

th i s  follows th e  a sse r tio n  th a t  although successfu l p red ic tio n s  'taay 

spawn su b jec tiv e  confidence [in  the] theory o r hypothesis from which 

they were d e r iv e d ,. . . i t  is  only unsuccessful p red ic tio n s  which have 

conclusive lo g ica l im plica tions"  (Mahoney, 1976, p. 139).

But recen t em pirical work suggests th a t  s c ie n t i s t s  leading suc

cessfu l research  ca reers  in  physics, the b io lo g ica l sc iences, and 

psychology have a poor understanding o f p rep o sitio n a l log ic  (Kern, 

M irels, Q Hinshaw, 1980). Khat accounts fo r the research  co n trib u 

tio n s  o f th ese  in d iv id u a ls  i f  not th e i r  app recia tion  o f lo g ica l propo

s i t io n s  a sse rted  by philosophers to  be fundamental to  the progress o f 

science? In a la rg e r  sense, what accounts fo r  th e  remarkable success 

o f  s c ie n t i f ic  research  as a whole i f  in  fa c t poor understanding of 

p ro p o sitio n a l in ference i s  as widespread as in v es tig a tio n s  o f  p ro fe s 

sional s c ie n t is ts  would suggest (Einhorn 8 Hogarth, 1978; Mahoney 8 

Kimper, 1976)?

Despite th e i r  lo g ic a l force and in te rn a l consistency, the  "ru les 

o f deduction" ou tlined  above give only a rough in d ica tio n  o f  the
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actu a l re la tio n sh ip  between a hypothesis and i t s  t e s t  im plications in 

em pirical sc ience. When an in v e s tig a to r  undertakes the observational 

t e s t  o f  a s c ie n t i f ic  hypothesis (H), he can r a re ly  derive  h is  te s t  

im plications (I)  from H a lo n e .1 In add itio n  to  H, a  fu r th e r  s e t  o f  

complex a u x ilia ry  assumptions o r a u x ilia ry  hypotheses a re  requ ired . 

A uxiliary  Assumptions in  Hypothetlco-Deductive Inference

Discussion o f th e  ro le  o f  a u x ilia ry  assumptions in  the  formula

tio n  o f  an em pirical p red ic tio n  can b es t be introduced by means o f a 

concrete example. Consider an account (Hempel, 1966) o f  Semmelweis' 

form ulation o f  th e  germ theory o f  d isea se . Between the years o f  1844 

and 1848 Ignaz Semmelweis was a physician in  the  m atern ity  d iv is io n  

o f  th e  Vienna General H osp ita l. Between 1844 and 1846 approximately 

10% o f th e  women who d elivered  th e i r  babies in t h i s  d iv is io n  died o f  

puerperal o r "childbed" fev er. Semmelweis attem pted to  determine 

th e  cause o f  childbed fever by sub jec ting  various conjectured explana

tio n s  fo r  th e  d isease  to  sp e c if ic  em pirical t e s t s .  A fter re je c tin g  

a se r ie s  o f unproductive hypotheses re la te d  to  v a riab le s  such as over

crowding, the appearance o f  a p r ie s t  before th e  onset o f  i l ln e s s ,  the 

p o s itio n  o f th e  woman during d e liv e ry , e t c . ,  Semmelweis se ren d ip i- 

to u sly  h i t  upon the con jecture  th a t  childbed fever was caused by 

contam ination with " in fec tio u s  m atter"  o f  th e  p a tie n t by th e  doctor 

performing the d e liv e ry . He reasoned th a t  childbed fev er could thus 

be prevented by chem ically destroy ing  th e  in fe c tio u s  m ateria l adhering 

to  th e  d o c to r 's  hands. This led  to  th e  t e s t  im plication  th a t  i f

1Note th a t  th e  symbols "p" w d  % "  ty p ic a l ly  used by formal lo g i
c ians in  d iscussions o f p ro p o sitio n al in fe rence, w ill h e re a f te r  be 
rep laced  by th e  symbols "H" and " I ,"  corresponding to  "hypothesis" and 
" te s t  im p lica tio n s ,"  re sp ec tiv e ly .



attend ing  physicians were to  wash th e i r  hands in ch lo rina ted  lin e  

before d e liv e ry , then m aternal m o rta lity  from childbed fever would be 

reduced. The m o rta lity  from puerperal fever decreased promptly f o l 

lowing issuance o f  a medical o rder req u irin g  physicians to  wash th e i r  

hands in  ch lo rina ted  lime before p a tie n t examination. But note th a t 

Semmelweis' t e s t  im plication  was not deduced from h is  th e o re tic a l 

hypothesis alone; r a th e r ,  i t s  d e riv a tio n  was based on th e  ad d itio n a l 

premise th a t  a ch lo rina ted  lime so lu tio n , un like  simple soap and 

w ater, had the capacity  to  destroy  in fec tio u s  m atter. This premise 

played th e  ro le  o f an a u x ilia ry  assumption in h is  complete form ulation.

I t  follows from a p p lica tio n  o f  modus to lle n s  th a t  i f  H alone 

in p lie s  I ,  and em pirical t e s t  has shown I to  be f a ls e ,  then H must 

a lso  be fa ls e .  But when I i s  derived from H in  conjunction with one 

o r more a u x il ia r ie s  (A), then modus to lle n s  reads as follow s: " I f

(H'A) im plies I and we have f a l s i f ie d  the  im plication  (I) observa- 

t io n a l ly ,  we can conclude not-(H -A )," Obviously, t h i s  r e s u l t  does not 

f a ls i f y  the substan tive  hypothesis but ra th e r  i t  f a l s i f i e s  th e  con

jun ctio n  o f the  substan tive  hypothesis with an a u x ilia ry . Thus, the 

fa i lu re  to  observe a p red ic ted  t e s t  im plication  only proves not-H, n o t- 

A, o r both , but we d o n 't know which. Note a lso  th a t  the  number o f a u x i l i 

a r ie s  which may be conjoined w ith a fo ca l hypothesis in any em pirical 

t e s t  i s ,  in p r in c ip le , in f in i t e ,  so th a t f a i lu re  to  observe a p re 

d ic ted  outcome may serve to  prove not-H o r  not-A^ o r not-A j o r n o t-

A - . . .o r  not-A . This im plies th a t  f a ls i f ic a t io n  w ill leave the  
3 n

research er with an in creasin g ly  ambiguous p ic tu re  o f the phenomenon 

under in v es tig a tio n  as the number o f a u x ilia ry  hypotheses in creases .



To emphasize the  s ig n ifican ce  o f  a u x ilia ry  hypotheses fo r  empi

r ic a l  te s t in g  l e t  me re tu rn  to  the  Semmelweis example. What i f  th e  

a n tis e p tic  measure employed had not produced a dec line  in  m orta lity?  

The focal hypothesis might s t i l l  have been tru e ;  the f a i lu r e  o f  th e  

p red ic tio n  having re su lted  from in e fficacy  o f ch lo rin a ted  lime as an 

a n tis e p tic .  This argument need not be made contrary  to  h is to r ic a l  

f a c t .  The astronomer Brahe re je c te d  th e  h e lio c e n tr ic  theory  o f p lane

ta ry  motion on the  b as is  o f  a fa u lty  a u x ilia ry  assumption. He 

reasoned th a t i f  the Copemican hypothesis were tru e , then an observer 

standing on e a r th  and s ta r in g  a t  a fixed  s ta r  a t  a fixed  time o f  day 

should see the p o s itio n  o f  the s ta r  g radually  change. Because the  

te lescope had not been invented when Brahe began h is  search fo r  p a ra l

la c t ic  motions, even th e  most p rec ise  instrum ents av a ilab le  in h is  

time were in s u f f ic ie n tly  se n s itiv e  to  de tec t th e  p red ic ted  changes. 

Brahe f e l t  compelled to  re je c t  the  h e lio c e n tr ic  theory , not because 

the  t e s t  im plication  was wrong, but because he had made the fa u lty  

a u x ilia ry  assumption th a t  fixed  s ta r s  a re  s u f f ic ie n tly  close  to  the 

e a r th 's  surface to  y ie ld  p a ra l la c t ic  movements d e tec tab le  with h is  

instrum entation .

This l a s t  example serves to  i l l u s t r a t e  another im portant po in t 

with respect to  a u x ilia ry  hypotheses. Recall th a t in  the  in troduction  

to  t h i s  section  i t  was asse rted  th a t  th e  t e s t  im plications o f a hypo

th e s is  are ty p ic a lly  s ta te d  in conditional term s. That i s ,  th e  p re 

d ic tio n  i s  made th a t under c e r ta in  sp ec ified  t e s t  co n d itio n s, an o u t

come o f a c e r ta in  type w ill occur. These conditions a re  form ally 

symbolized as "C." Suppose a t e s t  im plication  has been derived from



H and se t A o f a u x ilia ry  hypotheses. The experim enter's  task  i s  then 

defined as checking whether o r not some p red ic ted  outcome occurs in  a 

s itu a tio n  in  which the conditions C a re  re a liz e d . But what i f  the  

sp ec ified  conditions are  not met? What i f ,  fo r  example, th e  in s t r u 

mentation i s  fa u lty  o r in s u f f ic ie n tly  sen s itiv e?  The p red ic ted  o u t

come may f a i l  to  occur even though H and A are  t ru e .  Thus, the  to ta l  

se t o f  a u x ilia ry  assumptions includes th e  supposition th a t  the t e s t  

instrum entation meets th e  sp ec ified  conditions C.

The Present In v estig a tio n : Rationale

I t  i s  th e  c en tra l th e s is  o f  th i s  in v estig a tio n  th a t  th e  presence 

o f a u x ilia ry  assumptions during form ulation o f an em pirical p red ic tio n  

decreases th e  likelihood  o f d isconfirm atory reasoning on the  p a r t o f 

th e  experim enter. That i s ,  i t  i s  contended th a t  the like lihood  o f 

confirm atory s tra te g ie s  in s c ie n t i f ic  hypothesis te s t in g  increases 

as a function  of the  number o f a u x ilia ry  assumptions conjoined with 

a foca l hypothesis in a given em pirical t e s t .

Evidence fo r  th is  th e s is  must be derived from research  examining 

o th er v a riab le s  in th e  s c ie n t i f ic  h y p o th es is -te s tin g  process, s ince 

th e  number o f  a u x il ia r ie s  has never been independently m anipulated.

One re lev an t study in v estig a ted  the  behavior o f  mathematicians 

engaged in  te s t in g  a con jecture (Markowitz 5 Tweney, 1981). The 

study was provoked, in  p a r t ,  by Hadamard's (1945, c i te d  in  Markowitz 

e t  a l . ,  1981, p . 2) d iscussion  o f th e  ro le  o f  e rro rs  in  mathematics.

He asse rted  th a t  while a good mathematician i s  quick to  perceive and 

co rrec t in fe re n tia l  e r ro r s ,  th e  experim ental s c ie n t i s t  i s  much le ss  

l ik e ly  to  recognize such e r ro r s .  Markowitz undertook th e  f i r s t
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observational In v estig a tio n  o f  mathematical d iscovery . He wanted to  

assess  what in fe re n tia l  methods mathematicians use When they in v e s t i 

gate co n jec tu res, more s p e c if ic a lly , how mathematicians proceed a f te r  

they  find  a counterexample (see Table 3) to  a proposed con jec tu re .

Do they abandon the  conjecture? Modify i t  appropria te ly?  Perseverate 

without rev isio n ?

Graduate studen ts and fa c u lty  in  u n iv e rs ity  departments o f 

app lied  s t a t i s t i c s  and mathematics spent two hours in v es tig a tin g  a 

con jecture  in number theory . Relevant po rtions o f th e  problem are 

reproduced in Table 3. As they  worked, su b jec ts  were asked to  v e rb a l

ize  th e i r  reasoning a t  every s tep  o f the  problem. From these  r e s 

ponses and w ritten  m ate ria ls  produced by su b je c ts , a protocol o f  the  

in d iv id u a l 's  in ference s tra te g ie s  was constructed . A c le a r  outcome 

o f t h i s  in v es tig a tio n  was th a t  su b jec ts  su ccessfu lly  employed d is -  

confirroation to  modify o r r e je c t  co n jec tu res. "In only one instance 

was a conjecture re te s te d  w ithout rev is io n  a f te r  a counterexample was 

found" (Markowitz e t a l . ,  1981, p . 5 ) . This find ing  lends support 

to  Hadamard's (1945) a sse rtio n  th a t  d isconfirm ation plays a d if fe re n t 

ro le  in  mathematical versus s c ie n ti f ic  in fe ren ce . Recall th a t  Mynatt 

e t  a l .  (1978a) found th a t  d isconfirm ation ra re ly  led  sub jec ts  in  the 

computer sim ulated research  environment to  permanently abandon a 

hypothesis. To re p e a t, su b jec ts  e i th e r  abandoned a disconfirmed 

hypothesis but re tu rned  to  i t  l a t e r ,  rev ised  i t  in  an attem pt to  

account fo r  th e  anomalous d a ta , o r ignored th e  d isconfirm ation and 

went on te s t in g  th e  same hypothesis. In a re la te d  v e in , M itro ff 

(1974), by means o f  extensive interview s with 40 NASA s c ie n t i s t s ,



Table 3
The Abundant Number Conjecture

24

D efin ition : An abundant number i s  a number whose p o s itiv e
d iv iso rs  sum to  more 
the  number.

than tw ice the  value of 

Sum o f
Examples: D ivisors D ivisors

12 1 ,2 ,3 ,4 ,0 ,1 2 28 28 2 x 12
18 1 ,2 ,3 ,6 ,9 ,1 8 39 39 2 x 18
24 1 ,2 ,3 ,4 ,6 ,8 ,1 2 ,2 4 60 60 2 x 24

Nonexamples:

4 1 ,2 ,4 7 7 2 x 4
8 1 ,2 ,4 .8 15 15 2 x 8

10 1 ,2 ,S ,10 18 18 2 x 10

Conjecture: A number i s  abundant 
m ultip le o f 6.

i f  and only i f  i t  i s  a

Subconjecture 1: I f  a number i s  a m ultip le o f  6 , i t  i s  abundant

Sum o f
Counterexample Divisors Divisors

6 1 ,2 ,3 ,6 12 12 2 x 6
(only counterexample th a t  e x is ts )

Subconjecture 2: I f  a number i s  abundant, i t  i s  d iv is ib le  by 6,

Counterexamples Divisors
Sum o f 

D ivisors

20 1 ,2 ,4 ,5 ,1 0 ,2 0 42 42 2 x 20
40 1 ,2 ,4 ,5 ,8 ,1 0 ,2 0 ,4 0 90 90 2 x 40
56 1 ,2 ,4 ,7 ,8 ,1 4 ,2 8 ,5 6 120 120 2 x 56

( in f in i te ly  many counterexamples e x is t)
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found th a t  commitment to  confirming o n e 's  own th e o re tic a l  p o s itio n  

was viewed by many o f  these  re sea rch ers  as d es irab le  and necessary . 

They argued th a t  w ithout such commitment, many re le v a n t, o r ig in a l ,  

but no t f u lly  developed ideas would be abandoned due to  premature 

f a l s i f ic a t io n .  Markowitz e t  a l .  a s s e r t  th a t  th e  d iffe ren ces  in  

in fe re n tia l  s tra te g y  employed by mathematicians and em pirical sc ie n 

t i s t s  may r e f le c t  d iffe ren ces  in  th e  ambiguity o f the  re la tio n sh ip  

between da ta  and hypothesis in  the two d is c ip lin e s .

How does a mathematical counterexample d i f f e r  from a fa ile d  

em pirical p red ic tio n ?  A s in g le  counterexample to  a mathematical con

je c tu re  conclusively  re fu te s  th e  co n jec tu re . Note Subconjecture 2 

from Table 1: " I f  a number i s  abundant, i t  i s  d iv is ib le  by 6 ."  The

number 20 i s  abundant since i t s  p o s itiv e  d iv iso rs  sum to  42. But i t  

i s  a counterexample to  Subconjecture 2 since i t  i s  not d iv is ib le  by 

6. Likewise, i t  may seem i n i t i a l l y  th a t  when the  t e s t  im plication  of 

a s c ie n t i f ic  hypothesis i s  form ulated in  terms o f  a function  ru le  

( e .g . ,  "c “ v / r " ) , then a s in g le  deviant observation  serves to  re fu te  

th e  hypothesis . For example, i f  the  known r a t io  o f voltage to  r e s i s 

tance does not equal the measured value fo r  cu rren t on a s in g le  

occasion then i t  would seem lo g ica l to  assume th a t  we have conclusive 

re fu ta tio n  o f our hypothesized r e la t io n .  There appears to  be no ambi

g u ity  in  the  re la t io n  o f  da ta  to  hypothesis in  e i th e r  our mathematical 

o r our s c ie n t i f ic  example. But note th a t  in  th e  c » v / r  case , a 

deviant value fo r c could r e f le c t  a f a i lu r e  in  th e  instrum entation  

used to  measure cu rre n t. Thus, the  experim enter might say to  h im self, 

"Perhaps i t  i s  something about th is  cu rren t reading in  p a r t ic u la r



which i s  anomalous. I f  I take  another reading using a d if fe re n t 

instrum ent I may get th e  value o r ig in a lly  p re d ic te d ." Such ambiguity 

would never a r is e  fo r  th e  mathematician (a t le a s t  in most areas o f  

mathem atics). An ind iv idual te s t in g  a con jecture would never be led 

to  a s s e r t ,  "Perhaps i t  i s  something about th is  20 in p a r t i c u la r . . . "  o r 

"Perhaps i f  I used another form o f a d d i t io n . . ."  Unless the  in v e s tig a 

to r  had made an a rith m etic  e r ro r  (a p o s s ib i l i ty  which can always be 

checked conclusively) a s in g le  counterexample i s  s u f f ic ie n t .

Thus f a r  we have compared mathematical with em pirical science 

only in  th e  instance in  which the  em pirical p red ic tio n  i s  s ta te d  in 

terms o f  a function  ru le . Consider th e  p red ic tio n  o f th e  so c ia l 

s c ie n t i s t  th a t  an inverse c o rre la tio n  e x is ts  between "com pulsivity" 

and s u s c e p tib i l i ty  to  post-hypnotic suggestion. The in v es tig a to r  

assigns high and low compulsives (as assessed by sca le  7 o f the  MMPI) 

to  separate  groups and then measures th e  number o f unusual a c ts  (out 

o f  a to ta l  o f  f iv e )  performed by th ese  su b jec ts  follow ing hypnotic 

suggestion . I f  the  in v e s tig a to r  f a i l s  to  observe the  p red ic ted  

a s so c ia tio n , he has re fu ted  th e  conjunction o f h is  substan tive  theory , 

T, with th e  following a u x il ia ry  assum ptions, to  name ju s t  a few:

(1) There e x is t  enduring, c ro s s -s itu a tio n a l co n sis ten c ies  in  th e  

behavior o f  ind iv iduals  ( " t r a i t s " ) ;  (2) These co n sis ten c ies  in  behav

io r  can be r e l ia b ly  and v a lid ly  assessed  by means o f the  MMPI;

(3) The only v a riab le  on which th e  two experim ental groups d iffe re d  

p r io r  to  hypnotic induction was in degree o f  "com pulsivity"; (4) The 

hypnosis m anipulation was su ccessfu l; (5) Data co lle c tio n  by research  

a s s is ta n ts  was e n tire ly  T e llab le ; e tc .  From a commonsense, nonformal
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standpoint th i s  problem introduces a "quantum leap" in  th e  ambiguity 

of th e  re la tio n sh ip  between da ta  and hypothesis when compared with 

th e  mathematical and s c ie n t i f ic  examples depicted above.

What v a riab le s  account fo r  th i s  d ifference?  F i r s t ,  the  sheer 

number o f a u x il ia r ie s  i s  much g re a te r  in  the  l a t t e r  instance than in  

the  former two. A second d iffe ren ce  r e la te s  to  a d i f f ic u l ty  confront 

ing the so c ia l s c ie n t i s t  who attem pts to  s ta te ,  before the  f a c t ,  what 

would c o n s titu te  strong  f a ls i f ic a t io n  o f  a theory . Meehl (1978) has 

made the  a s tu te  observation th a t  in  th e  physical sciences th e re  i s  an 

in tim ate connection between a theory  under t e s t  and th e  a u x ilia ry  

assumptions sim ultaneously subjected to  f a l s i f ic a t io n  v ia  modus 

to l le n s .  This "in tim ate"  connection is  n ecess ita ted  in  the  physical 

sciences by an overlap in  the  inner components o f  th e  p ro p o sitio n s. 

The na tu re  o f  t h i s  conceptual overlap is  epitomized by means o f  an 

example:

There i s  a com plicated, well-developed, and 
h ig h ly  corroborated theory o f  how a cyclotron 
works, and the sub jec t m atter o f  th a t a u x ilia ry  
'th eo ry  o f th e  instrum ent' i s  fo r  the  most p art 
id e n tic a l to  the sub jec t m atter o f  the  physical 
th e o r ie s  concerning n u clear p a r t ic le s ,  and so 
on, being in v estig a ted  by th e  p h y s ic is t.
Devices fo r  b ring ing  about a s ta te  o f a f f a i r s ,  
fo r  is o la tin g  the system under study, and fo r 
observing what occurs as a r e s u l t  are  a l l  
themselves leg itim ated  by theory . (Meehl,
1978, p . 819)

U nfortunately, no such p ro p o sitio n al overlap  e x is ts  in  "so ft"  

psychology. T ypically , th e  a u x ilia ry  assumptions (such as the 

assumption th a t  th e  FWPI is  a v a lid  in d ica to r  o f  a " t r a i t "  labeled  

com pulsivity) a re  in  no way n ecess ita ted  by the  substan tive  theory  

under t e s t .  Thus, th e  composition o f  th e  a u x il ia r ie s  becomes
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somewhat a rb i tr a ry  and would l ik e ly  be considered " ine legan t" o r 

"u n aesth e tic"  using the  evaluation  c r i t e r i a  o f a physical s c ie n t i s t .  

A dd itionally , Sarbin, T a ft, and B ailey (I960) a s se r t  th a t  evaluation  

o f  th e  t ru th  s ta tu s  o f  an a u x ilia ry  assumption i s  made more d i f f i c u l t  

in  th e  so c ia l sciences by th e  fa c t  th a t  terms freq u en tly  have m ultip le  

re fe re n ts  and provide th e  b a s is  fo r  chained a sso c ia tio n s  o f meaning.

Thus i t  would appear th a t  th e  na tu re  o f th e  re la tio n sh ip  between 

th e  theory  under t e s t  and the a u x ilia ry  assumptions sim ultaneously 

subjected  to  em pirical evaluation  i s  a complex one, varying along a 

number o f  dim ensions, a l l  o f  which po in t to  th e  ex istence o f  a con

tinuum ranging from th e  m athem atical, to  the  p h y s ica l, to  the  s o c ia l, 

sc iences.

Ib is  has led  a few recen t authors (Greenwald, 1981; Meehl, 1978) 

to  a s se r t  th a t  the  use o f  disconfirm atory in ference s tra te g ie s  may be 

d i f f e r e n t ia l ly  app ropria te  in  th e  physical versus the  so c ia l sc ien ces. 

I t  i s  M eehl's contention  th a t ,  given th e  weak connection between the  

th e o re tic a l  and a u x il ia ry  components o f  p ro positions formulated by 

many so c ia l s c ie n t i s t s ,  i t  would be a very strange  coincidence i f  a 

su b stan tiv e  theory  lack ing  v e r is im ilitu d e  could be conjoined with 

a rb i tr a ry  a u x ilia ry  assumptions to  y ie ld  r e s u l ts  c o n s is ten t with a 

p re c ise  em pirical p re d ic tio n . Meehl exhorts so c ia l s c ie n t is ts  to  

attem pt th e  p red ic tio n  o f numeric p o in t v a lu es , o r ,  in  the  event 

th a t  o n e 's  su bstan tive  theory  i s  in  too p rim itiv e  a stage o f  develop

ment fo r  t h i s ,  then the  p red ic tio n  o f ranges, orderings o f  dependent 

v a ria b le  v a lu es , and th e  sp e c if ic a tio n  o f function  forms i s  recom

mended. Note th a t  Meehl does not a s se r t  th a t  a l l  forms of



confirm atory in ference a re  equally  powerful in  psychological research . 

Rather he b e liev es  th a t  while confirm ation v ia  th e  p red ic tio n  o f  a 

d ire c tio n a l d iffe ren ce  between means rep resen ts  a  weak corroboration 

o f a psychological theory , confirm ation v ia  estim ation  o f  numeric 

po in t values has strong  corroborative power. Hie e s se n tia l po in t is  

th a t  Meehl b e liev es  th e re  are  inqwrtant d iffe ren ces  between the  exact 

and th e  inexact sciences with resp ec t to  how and When confirm atory 

versus disconfirm atory methodology should be app lied . Perhaps, when 

used ap p ro p ria te ly , confirm atory inference rep resen ts  an extremely 

powerful methodology.

With respect to  th e  p resen t in v es tig a tio n , M eehl's specu lations 

suggest th a t claim s by philosophers o f  science th a t  disconfirm ation 

is  somehow u n iv e rsa lly  "good" while confirm ation i s  u n iv e rsa lly  "bad," 

may be s im p lis t ic .  Perhaps th e re  are  elements o f  the  ta sk  s itu a tio n  

which d ic ta te  the  appropriateness o f a confirm atory versus a discon

firm atory  in fe re n tia l  approach. I t  may rep resen t a s tep  forward in 

understanding the  l i t e r a tu r e  on confirm atory b ias  to  view th is  phenom

enon as one more useftil judgmental h e u r is t ic  which i s ,  under a  number 

o f  circum stances, over-extended in to  problem domains in  which f a l s i 

f ic a t io n  s tr a te g ie s  would be more e f fe c tiv e .



CHAPTER I I I  

Design and Hypotheses

I t  was th e  purpose o f the  present in v e s tig a tio n  to  examine the  

impact o f  a u x ilia ry  assumptions on da ta  se le c tio n  s tr a te g ie s  in 

s c ie n t i f ic  hypothesis te s t in g . I t  was p red ic ted  th a t ,  as the  number

o f a u x ilia ry  assumptions conjoined with a focal hypothesis increased ,
»

the lik e lih o o d  th a t  in v e s tig a to r-su b jec ts  would employ confirm atory 

inference s tra te g ie s  would increase correspondingly. Conversely, i t  

was p red ic ted  th a t  f a ls i f ic a t io n  s tr a te g ie s  would be u t i l iz e d  most 

frequen tly  and most e f fe c tiv e ly  in  s i tu a tio n s  Where no a u x ilia ry  

hypotheses ex is ted .

I t  was ind ica ted  above (p. 6) th a t  confirm atory b ia s  may mani- 

f e s t  i t s e l f  in any one o f four ways. For the purpose o f  incorporating  

a  dependent v a riab le  in to  the  p resen t in v e s tig a tio n  which could be 

assessed with c e r ta in ty  and p re c is io n , th e  tendency to  employ a v e r i 

f ic a t io n  s tra te g y  was o p e ra tio n a lly  defined in  terms o f  " in fe re n tia l 

persev era tio n "; th a t  i s ,  th e  f a i lu r e  to  abandon a favored hypothesis 

once i t  had been f a ls i f ie d .

There a re  two ways in which an in v e s tig a to r  can perseverate  

w ith a favored, bu t e s p ir ic a l ly  re fu te d , hypothesis. F irs t*  the 

ind iv idual can simply ignore th e  d isconfirm ation  and go on te s t in g  

th e  same hypo thesis . A lte rn a tiv e ly , in  response to  incoming
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d isconfinnato ry  d a ta , an in v e s tig a to r  can e le c t  to  examine the  t ru th  

s ta tu s  o f  an a u x il ia ry  assumption as a means o f  postponing examina

tio n  o f  th e  t ru th  s ta tu s  o f th e  focal hypothesis. That i s ,  whenever 

an em pirical observation  is  made, th e  in v e s tig a to r  asks, " Is  th i s  a 

th e o re t ic a l ly  meaningful r e s u l t  o r  i s  i t  simply an a r t i f a c tu a l  one 

re la te d , perhaps, to  a defect in  my experim ental methodology?1' I f  an 

ind iv idual e le c ts  to  examine th e  t ru th  s ta tu s  o f  an a u x ilia ry  only 

in  th e  face o f d isconfinnato ry  em pirical r e s u l t s ,  while a u x il ia r ie s  

remain unquestioned in  th e  face o f  confirm atory d a ta , then the  in d iv i

dual i s  m anifesting one form o f  " in fe re n tia l  p e rsev e ra tio n ."

Mahoney (1977), in  an experim ental study o f th e  peer review sys

tem, asked seven ty -five  journal review ers to  re fe re e  m anuscripts 

which contained id e n tic a l in troducto ry  and methodology sec tio n s , but 

which reported  data which were e i th e r  co n s is ten t o r in co n sis ten t 

w ith the  rev iew er's  presumed th e o re tic a l  p e rsp ec tiv e . These opposite 

s e ts  o f  da ta  defined "p o sitiv e"  and 'N egative r e s u l ts  m anuscrip ts," 

re sp e c tiv e ly . With id e n tic a l experim ental procedures, a  manuscript 

with p o s itiv e  r e s u l ts  was ra ted  as m ethodologically su p erio r to  one 

rep o rtin g  negative r e s u l t s .  This supports the  contention th a t  the  

t ru th  s ta tu s  o f  an a u x ilia ry  i s  more l ik e ly  to  be questioned when 

da ta  are  d isconfinnato ry , r a th e r  than confirm atory. Although Mahoney 

in te rp re ts  t h i s  find ing  in  m otivational term s, one can evaluate th is  

outcome as one m anifestation  o f  th e  d i f f i c u l ty  o f  in te rp re tin g  a d is -  

confirm atory r e s u l t  in  the context o f  ambiguity created  by the  

presence o f  a u x il ia ry  assumptions.
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In order to  examine th e  impact o f a u x ilia ry  assumptions on 

hypothesis te s t in g  i t  was necessary to  i s o la te  th i s  v ariab le  from 

phenomena with which i t  tends to  covary in  th e  ac tu a l p ra c tic e  o f 

science, such as th e  lev e l o f  conceptual overlap in  the p ro p o sitio n s ' 

inner components (see p. 22 above), o r th e  nature  o f  the s c ie n ti f ic  

domain in which an em pirical question i s  being asked (exact versus 

inexact sc ien ce ). An e f fe c tiv e  m anipulation o f a u x ilia ry  hypotheses 

requ ired  the  separation  o f  th i s  v a riab le  from a l l  o thers  w ithin the  

ta sk  domain.

In the  p resen t in v e s tig a tio n , su b jec ts  were asked to  t e s t  a con

c re te  hypothesis in  a s e tt in g  modeled a f t e r  a re a l  research

se tt in g . The number and natu re  o f a u x ilia ry  hypotheses (con

jo ined  with the focal hypothesis) co n s titu ted  independent v a r i 

ab les . As ind icated  above, in fe re n tia l  p erseveration  can m anifest 

i t s e l f  as (1) f a i lu r e  to  abandon a disconfirmed hypothesis o r (2) a 

g rea te r  tendency to  examine the tru th  s ta tu s  o f an a u x ilia ry  assump

t io n  in  th e  face o f d isconfinnatory , r a th e r  than confirm atory, da ta .

Each o f th ese  behaviors c o n s titu te d  a sep ara te  dependent v a ria b le .

Note th a t th e  various phenomena which leg itim a te ly  f a l l  under 

th e  d e f in itio n a l umbrella term "au x ilia ry  hypothesis" are q u ite  

d iv e rse . C o n trast, fo r example, Semmelweis' b e l ie f  th a t ch lo rina ted  

lime i s  an e f fe c tiv e  a n tis e p tic  with the b e l ie f  th a t  FWPI responses 

a re  a v a lid  in d ica to r o f "com pulsivity ." Each o f  th ese  hypotheses 

may, in tu rn , be con trasted  with assumptions regarding th e  p rec isio n  

o r lev e l o f  functioning  o f  instrum ents used in  th e  m anipulation and 

assessment o f independent and/or dependent v a r ia b le s . A uxiliary
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assumptions o f  th e  former ty p e , which r e la te  to  th e o re tic a l  presuppo

s i t io n s ,  a re  not re a d ily  manipulated a r t i f i c i a l l y  because they may 

co n trad ic t (or u n ite  with) numerous a p r io r i  b e l ie f s  which sophis

t ic a te d  su b jec ts  b ring  to  th e  ta sk . For example, graduate s tuden ts 

in  th e  n a tu ra l sciences have c e r ta in  b e l ie f s  about laws governing the  

physical universe which i t  would be "unnatural" fo r  them to  suspend 

fo r  the purpose o f p a r t ic ip a tin g  in  a psychological experiment. Note, 

however, th a t a u x ilia ry  assumptions o f  th is  type have an " a l l -o r -  

none" e f fe c t  on th e  data which i s  obtained by the in v e s tig a to r . 

Returning to  th e  Semmelweis example, i f  ch lo rina ted  lime had not been 

an e f fe c tiv e  a n t is e p tic ,  then the  incidence o f childbed fever would 

have been to ta l ly  unaffected  by the experim ental m anipulation employed. 

When a u x ilia ry  assumptions r e la t in g  to  th e o re tic a l presuppositions 

tu rn  out to  be f a ls e ,  the an tic ip a ted  experimental outcome f a i l s  to  

occur, in an a ll-o r-n o n e , unambiguous fash ion . In common-sense term s, 

th e  whole experiment i s  thrown "out o f  whack." Perhaps th i s  e f fe c t  

can be re p lic a te d  in  an a r t i f i c i a l  environment by in troducing  in s tru 

mentation which functions in  a to ta l ly  unpredictab le fashion on some 

proportion o f the  t r i a l s  in which i t  i s  employed. This may capture 

th e  essence o f  what occurs on a concrete le v e l in  an experimental 

s itu a tio n  when an accurate  fo ca l hypothesis i s  conjoined with a fa ls e  

a u x ilia ry  assumption, but no te  th a t  th i s  m anipulation does not con

t r a d ic t  any a p r io r i  b e l ie f s  held by so p h is tica ted  su b jec ts  regarding 

physical r e a l i ty .  This a ll-o r-n o n e  e r ro r  must be d istin g u ish ed  from 

th a t  which a r is e s  when some amount o f  random and/or system atic e rro r  

i s  introduced in to  each experimental datum which i s  re tu rned  to  th e
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in v e s tig a to r . When some amount o f  irre d u c ib le  e rro r  i s  contained in  

every observation received , then th e re  i s  a  v io la tio n  o f  th e  au x ilia ry  

assumption th a t  th e  t e s t  arrangement s a t i s f ie s  th e  sp ec ified  t e s t  

conditions C (Hempel, 1966).

Both types o f  such instrum entation e r ro r  were manipulated in  th e  

p resen t study in  order to  examine the impact o f  a u x ilia ry  assumptions 

on in ference s tra te g y . That i s ,  two dimensions o f  da ta  ambiguity 

were introduced which involved (1) some sp ec ifiab le  but irred u c ib le  

Tandom e rro r  in each observation received o r (2) a complete breakdown 

o f  the  instrum entation on a sp ec ified  proportion o f  t r i a l s .  Hie sub

j e c t 's  ta sk  involved ac q u is itio n  o f em pirical inform ation about the  

lawful p ro p e rtie s  o f an unexplored p lanet through several " lay ers"  

o f da ta  gathering  equipment. I t  was hoped th a t  th i s  layering  o f  

instrum entation would make p lau s ib le  to  su b jec ts  the  p o s s ib i l i ty  o f  

equipment f a i lu re  o r im precision s ince , in  ac tua l sc ience, i t  i s  

g enerally  tru e  th a t  th e  g re a te r  th e  physical separation  between an 

experim enter and th e  phenomenon in v estig a ted , the  le s s  d ire c t ,  

immediate, and, perhaps, accurate em pirical observations become.

Each o f  th e  two forms o f  e r ro r  were varied  independently in  a 

2 x 2  fa c to r ia l  design such th a t  sub jec ts  exposed to  Condition 1 

received  p e r fe c tly  " tru e ,"  e r ro r - f re e  da ta  each tim e an experimental 

observation was made; su b jec ts  exposed to  Condition 2 received d a ta  

which incorporated some amount o f irred u c ib le  e r ro r  in to  every obser

vation  ob tained ; su b jec ts  exposed to  Condition 3 received  da ta  by 

means o f  an instrum ent which broke down on some proportion o f  a l l  

experimental t r i a l s  which were undertaken; and sub jec ts  exposed to



Condition 4 received  da ta  which incorporated both forms of e r ro r  

ju s t  described—th a t  i s ,  some irred u c ib le  e rro r  was present in  each 

observation and to ta l  instrum entation fa ilu re  occurred on some propor

t io n  o f  a l l  experimental t r i a l s .  I t  was generally  p red ic ted  th a t  the 

in troduction  o f  both forms o f  e r ro r , s ing ly  and in  combination, would 

y ie ld  an increase in  the  degree o f  in fe re n tia l  perseveration  displayed 

by su b jec ts . H iere was no b a s is  fo r  p red ic tio n s  regarding th e  magni

tude o f th is  increase  o r th e  p ossib le  in te ra c tiv e  e f fe c ts  o f  com

bin ing  the two forms o f  e r ro r  in  the  fou rth  experimental condition .

Ihe general p red ic tio n  regarding in fe re n tia l  perseveration  followed 

from the  premise th a t ,  when instrum entation e rro r  was introduced, the 

meaning o f a fa i le d  p red ic tio n  would become in creasin g ly  ambiguous, 

thus weakening th e  " re fu ta tio n  power" o f  a disconfirm atory r e s u l t .

The design o f  the  p resen t study, in  add ition  to  providing a 

means fo r examining data  evaluation s tra te g y  as a function o f a u x i l i 

ary hypotheses, a lso  perm itted examination o f  th e  impact o f  d iffe re n t 

forms o f  data e r ro r  on in fe ren ce . Because th e  em pirical study of 

s c ie n t i f ic  hypothesis te s t in g  i s  a new domain in  psychological r e 

search , very l i t t l e  i s  known about the  impact o f  d a ta  e rro r  on reason

ing s tr a te g ie s .  I t  was conceivable th a t  e rro r  which was p resen t in  

every observation would have a d if fe re n t impact on su b je c ts ' evalua

t io n  o f  data  than would e r ro r  which was p resen t on some t r i a l s  but 

absent on o th e rs . No sp e c ific  p red ic tio n s  in  t h i s  regard were made.

In sum, two a u x ilia ry  hypotheses re la tin g  to  th e  accuracy of 

experimental instrum entation  were independently manipulated in  a 

2 x 2  design. Tbe possib le  ro le  o f  a u x ilia ry  assumptions in  promoting



a confirm atory inference s tra te g y  was assessed by evaluating  th e  

degree o f  " in fe re n tia l  p ersev era tio n " m anifested by su b jec ts  in each 

experim ental condition . In fe re n tia l perseveration  was o p era tio n a lly  

defined as (1) re fu sa l to  abandon a hypothesis in  th e  face o f  a 

fa i le d  em pirical p red ic tio n  and (2) a g re a te r  tendency to  question 

th e  accuracy o f  instrum entation in th e  face o f d isconfirm atory d a ta .



CHAPTER IV 

Method

Subjects

Forty graduate studen ts from the  departments o f physics (n <* 16), 

chem istry (n ■ 12), and biology (n * 12) p a r tic ip a te d  in  the  study. 

Mean number o f  years in graduate tra in in g  a t  the  tim e o f  p a r t ic ip a 

tio n  was 3.8 (range ■ 1-6, including 3 p o st-d o cto ra l fe llow s). Each 

student was paid $10.00 fo r  p a r tic ip a tio n .

Recruitment

A fter ob tain ing  perm ission from th e i r  re sp ec tiv e  department 

chairmen and classroom in s tru c to rs , the  in v e s tig a to r  s o lic i te d  sub

je c ts  during the f i r s t  few minutes o f  graduate seminar m eetings. She 

explained th a t  th e  study was an em pirical in v estig a tio n  o f  th e  sc ien 

t i f i c  inference process, and th a t  i t  involved computer sim ulation o f 

a s c ie n t i f ic  h y p o th es is -te s tin g  problem. She ind icated  th a t  no 

sp ec ia lized  knowledge was requ ired  fo r  understanding o r so lu tio n  o f 

the  problem. Following th i s  b r ie f  d escrip tio n  o f th e  ta s k , a  $10.00 

inducement was o ffe red  to  encourage p a r tic ip a tio n . In a l l ,  42 in d i

v id u als  were approached to  ob tain  a sample o f 40 p a r t ic ip a n ts .  

Procedure and Design

As ind icated  in  Chapter I I I ,  th e  independent m anipulation o f  

measurement and s to ch a s tic  e r ro r  y ielded  a to ta l  o f  four experim ental
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con d itio n s: (1) no e r ro r ;  (2) measurement e r ro r  only; (3) s to c h a s tic  

e r ro r  only; and (4) both measurement and s to ch a stic  e r ro r .  An equal 

number o f  su b jec ts  w ithin each d isc ip lin e  were assigned to  each 

experim ental c e l l  by means o f  a  randomized-blocks design procedure. 

(All four groups consisted  o f  th re e  biology stu d en ts , th re e  chem istry 

s tu d en ts , and four physics s tu d en ts .)

In s tru c tio n s  presented to  p a r tic ip a n ts  in Condition 4 (measure

ment and s to c h a s tic  e rro r)  a re  presented below in  th e ir  e n t ire ty .  

In s tru c tio n s  to  su b jec ts  in  th e  o th er th ree  conditions a re  completely 

derivab le  from these in s tru c tio n s , simply by d e le tio n  o f  portions 

re lev an t to  one o r both types o f  data e r ro r .  (The fu ll  in s tru c tio n s  

fo r  these  cond itions a re  presented in  Appendix A.)

A fter being seated in fro n t o f  the co lo r monitor and keyboard 

o f  an Apple I I  minicomputer, sub jec ts assigned to  Condition 4 received  

th e  follow ing in s tru c tio n s :

You are  a  s c ie n t i s t ,  in v e s tig a tin g  an 
unexplored p la n e t, E thereus. Right now, 
you are o rb itin g  Ethereus in  a spaceship.
Prom your spaceship, you can conduct a 
v a r ie ty  o f co n tro lled  experim ents. Previous 
research  has shown th a t  c e r ta in  l i f e  forms 
e x is t  on th e  p la n e t, but the  conditions which 
support these  l i f e  forms are very poorly 
understood. Your research  p ro je c t w ill involve 
an attem pt to  determine what cond itions promote 
th e  growth o f  a  p la n t, the  t r ib b le ,  found in 
c e r ta in  regions o f  Ethereus. The t r ib b le  was 
se lec ted  as th e  focus o f  th i s  i n i t i a l  in v estig a 
t io n  because e a r l ie r  work suggests th a t  i t s  
su rv iv a l depends only on th e  amount o f  moisture 
p resen t in th e  s o i l .  I t  i s  suspected th a t 
above a c e r ta in  m oisture con ten t, t r ib b le s  
grow. Below th i s  m oisture co n ten t, th e  p lan ts  
d ie . Your ta sk  i s  to  determine What th is  c r i t i 
ca l lev e l i s  by sy stem atica lly  p lan tin g  t r ib b le s  
a t  various po in ts  on th e  p la n e t 's  su rface and
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seeing whether o r  not they  survive a t  these  
lo ca tio n s . Each o f  th e  p o in ts  you s e le c t fo r  
p lan tin g  w ill correspond to  a  c e r ta in  m oisture 
le v e l .  The s i t e  o f  the in v e s tig a tio n  w ill be 
a 250,000 square-m ile area encompassing a 
la rg e  po rtio n  o f  th e  p la n e t 's  southern hemi
sphere. th e re  i s  a d isp lay  o f t h i s  a rea  on 
th e  computer console in  f ro n t o f  you.

Subjects were shown the  d isp lay  i l lu s t r a te d  in  Figure 1.

Fortunate ly , research  has e s tab lish ed  th a t  
th e  d is tr ib u tio n  o f  m oisture in th e  p la n e t 's  
s o il  is ' remarkably re g u la r . The percentage 
o f  s o il  m oisture on your viewing screen 
increases uniform ly from west ( l e f t  s ide  o f 
screen) to  e a s t ( r ig h t s id e  o f  sc reen ). Pre
lim inary  da ta  in d ic a te s  th a t  t r ib b le s  can su r
vive only when th e  percentage o f  m oisture in  
the  s o il  equals o r  exceeds a c e r ta in  lev e l 
in d ica ted  by th i s  do tted  l in e  (E in d ica ted — 
see Figure 2 ) . Your job i s  to  conduct a more 
thorough in v es tig a tio n  o f  the  te n ta t iv e  hypo
th e s is  th a t  t r ib b le s  can survive only a t 
m oisture le v e ls  equal to  o r  exceeding th e  
lev e l d isplayed on th e  screen by p lan tin g  
them eas t o r  west o f  t h i s  l in e  and observing
whether they liv e  o r d ie .

Each time y o u 're  ready to  p lan t a t r ib b le ,
a short h o rizo n ta l l in e  w ill appear on the  
screen . This l in e  (E in d ica ted  to  S --see 
Figure 3 ) . rep resen ts  an area  in which you 
can p lan t your t r ib b le .  This area  can be 
moved to  the  e a s t o r  west o f  where i t  f i r s t
appears very e a s ily . I f  you want to  move the
area to  the  e a s t ,  ju s t  hold down th e  "repeat"  
(REPT) key and p ress  the arrow beneath i t  
on th e  r ig h t  (*►). To move the  a rea  in  a 
western d ire c tio n , hold down th e  repeat key 
and p ress  th e  arrow on th e  l e f t  (« -) .

Why i s  the p lan tin g  area  represen ted  by 
a  h o rizo n ta l l in e  in stead  o f  a  dot? Because 
you are  o rb itin g  th e  p lan e t from a d istance  
o f  500 m iles , you are  not ab le  to  p la n t 
t r ib b le s  a t  a p rec ise  lo ca tio n . Rather, 
t r ib b le s  w ill land w ithin 15 m iles o f  the 
lo ca tio n  a t  which you aim. Although th e  
t r ib b le  may land somewhat e a s t ,  w est, n o rth , 
o r  south o f  th e  lo ca tio n  you sp ec ify , only
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TRIBBLE NO. 1
F =  FINISHED

Figure 1 : I l lu s t r a t io n  o f  i n i t i a l  d isp lay  screen . Hie in v e s tig a to r
ind ica ted  to  S th a t  th e  la rg e  rec tangu lar area  represented 
the  s i t e  o f  tfie in v es tig a tio n .

o



(E pointed to  hypothetical 
m oisture lin e )

TRIBBLE NO. 1 =  FINISHED

Figure 2: The in v e s tig a to r  ind ica ted  th e  i n i t i a l  lo ca tio n  o f  the 
hypo thetica l m oisture l in e  by p o in tin g  to  i t  on the 
screen.



I
(E pointed to  t r ib b le  
p lan tin g  area)

TRIBBLE NO. 1 F =  FINISHED

Figure 3 : The in v e s tig a to r  id e n tif ie d  th e  t r ib b le  p lan tin g  area  by 
po in tin g .
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east-w est e r ro r  i s  o f  in te re s t  w ith respect 
to  your m oisture hypothesis, so t h i s  i s  the 
e r ro r  you see represented on th e  screen by 
th e  h o rizo n ta l l in e .  By moving th e  lin e  
e a s t o r  west on each t r i a l  you can specify  a 
p lan tin g  lo ca tio n . When th e  t r ib b le  i s  
re leased , you w ill know th a t  i t  has landed 
somewhere w ithin th e  east-w est range re p re 
sented by th e  h o rizon ta l l i n e ,  but you can . 
be no more sp e c ific  in  your observations 
than t h i s .

At t h i s  p o in t, E demonstrated how to  p lan t a t r ib b le .  When the 

t r ib b le  landed, E sa id , "There, the l in e  tu rned  green /purp le , so th a t 

one liv e d /d ie d . Does th a t  make sense?"—See Figure 4 fo r  an i l l u s 

t r a t io n  the screen seen by £  a t t h i s  p o in t.

Also because you are  o rb itin g  the  p lanet 
from a considerable d is ta n c e , th e re  a re  
several lay ers  o f  instrum entation  involved 
in  c o lle c tin g  da ta  regard ing  whether or not 
your t r ib b le  survived. S p e c if ic a lly , your 
spaceship i s  equipped with a s e r ie s  o f 
probes, one o f  which is  sen t down with every 
t r ib b le  you p la n t. O ccasionally, the  probe 
m alfunctions and sends back random informa
tio n  to ta l ly  un re la ted  to  th e  tru e  condition  
o f th e  t r ib b le .  That i s ,  what th e  probe says 
about the  t r ib b le  bears no r e la t io n  to  i t s  
tru e  condition  (E exp la ined ). Previous work 
involving such probes in d ica te s  th a t  the  r a te  
o f  m alfunction is  approximately 25%, o r one in  
fo u r. Because t h i s  i s  an average, however, 
your own ra te  o f probe m alfunction may be 
s l ig h t ly  g rea te r  o r  le ss  than 25%. F ortunate ly , 
your spaceship i s  equipped with a device which 
can check on th e  functioning  o f th e  probe and 
t e l l  you when you have received  random data  
r e s u l t in g  from Instrument m alfunction. Because 
of the  f in a n c ia l co sts  a sso c ia ted  with probe 
checks, you w ill be allowed to  employ i t  on 
only two occasions.

You have resources a v a ila b le  to  p la n t a 
t o ta l  o f  8 t r ib b le s .

In order th a t  I  can b e t te r  understand what 
y o u 're  th ink ing  about as you perform th e  ta sk ,



Purple or Green

TRIBBLE NO. 1 F =  FINISHED

Figure 4 : The in v e s tig a to r  demonstrated how to  p lan t a  t r ib b le ,  s ta t in g  
th a t  a  green h o rizo n ta l l in e  ind icated  a  l iv e  t r ib b le  w ithin 
th e  p lan tin g  a rea , while a  purple h o rizon ta l l in e  ind icated  
th a t  th e  area contained a  dead t r ib b le .



45
I 'd  l ik e  you to  go through th e  follow ing steps 
each t in e  you p lan t a t r ib b le :

1 . When th e  l in e  appears, p o s itio n  i t  over 
th e  lo ca tio n  a t  which you would l ik e  to  
p la n t. A fter th e  p lan tin g  area has been 
se le c ted , p ress th e  "P" key fo r 
FINISHED. (E demonstrated)

2. At th e  bottom o f  th e  screen i t  now 
says, "PREDICT RESULTS; D = DIE,
L » LIVE." Based on the data  you 
have av a ilab le  to  you, I 'd  l ik e  you 
to  t r y  and p red ic t whether th e  t r ib b le  
you 're  about to  p lan t w ill l iv e  o r 
d ie . I n i t i a l l y ,  you may fe e l you 
d o n 't have enough inform ation to  war
ra n t a reasonable p re d ic tio n , but I 'd  
l ik e  you to  do your b e s t.

3. As soon as you've form ulated your p re 
d ic tio n , I 'd  l ik e  you to  t e l l  me, as 
b est you can, th e  reason fo r  your p re 
d ic tio n .

4 . Release th e  t r ib b le  by p ressing  the "L" 
o r the  "D" key. The t r ib b le  w ill then 
descend to  th e  su rface  o f  th e  p lane t and 
e i th e r  grow or d ie . The r e s u l t  w ill be 
radioed back to  your space c r a f t  and d is 
played on your screen as e i th e r  green or 
purp le .

E demonstrated and then presented Figure 5 to  su b jec ts  while making 

th e  inquiry  displayed a t  th e  bottom o f  th e  Figure.

5 . Next, decide whether o r  not you want to  
do a  probe check on t h i s  t r i a l .  In d i
ca te  "V" fo r  YES o r "N" fo r  NO in  accord
ance w ith your d ec is io n . (E demonstrated 
—see Figure 6} Remember, you have only 
two probe checks a v a ila b le .

A fter a decision  had been made regard ing  th e  probe check, the  d isp lay

changed to  th a t  i l lu s t r a te d  in  Figure 7.
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TRIBBLE NO. 4
Figure S: While showing the above Figure to  Ss (with ac tu a l co lo rs  included), th e  

in v e s tig a to r  made the  follow ing in q u iry : "Assuming th e  probe functioned
properly  on a l l  four o f  th e  above t r i a l s ,  and assuming th a t  th e  dotted  
l in e  rep resen ts  th e  tru e  lo ca tio n  o f  the  c r i t i c a l  m oisture l in e ,  explain  
how th e  above d a ta  could have been generated ."  This question was 
designed to  t e s t  Ss* understanding o f  th e  concept o f  measurement e r ro r .



T ribb le  may appear 
l iv e  o r  dead

TRIBBLE NO. 1 
DO YOU WANT TO DO A PROBE CHECK ON 
T H IS  T R IA L ? TYPE Y OR N

Figure 6 : I l lu s t r a t io n  o f  th e  appearance o f  th e  d isp lay  a t  the  p o in t o f
a po ssib le  probe check.



I

t r ib b le  nay appear 
l iv e  o r dead

TRIBBLE NO. 1 

DO YOU WANT TO CHANGE THE HYPOTHETICAL 

L I N E ?  TYPE Y OR N

Figure 7: I l lu s t r a t io n  o f  th e  appearance o f  th e  d isp lay  a t  th e  po in t o f
a  po ssib le  hypothesis rev is io n .
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6 . At t h i s  p o in t, th e  lower portion  o f  the 
computer screen says, "DO YOU WANT TO 
CHANGE THE HYPOTHETICAL LINE? TYPE Y 
OR N." What I'm  in te re s te d  in  find ing  
out i s  Whether or not th e  da ta  you've 
generated has led  you to  r e je c t  th e  
lo ca tio n  o f  th e  o r ig in a l c r i t i c a l '  
moisture l in e  in favor o f  a new lo ca tio n .
I want you to  re lo c a te  t h i s  l in e  only 
When your data in d ica te s  th a t  th e  l in e 's  
p resen t lo ca tio n  i s  wrong and does not 
rep resen t th e  ac tu a l c r i t i c a l  m oisture 
le v e l. Do th i s  by typing  "Y" fo r  YES, 
and rep o sitio n in g  the  hypothesis l in e  
in  th e  same manner as re p o sitio n in g  a 
t r ib b le  (by using th e  arrow keys and 
th e  rep ea t key). (E demonstrated— 
see Figure 7) When you've reached a 
p o in t th a t  rep resen ts  your new working 
hypothesis about where th e  c r i t i c a l  
m oisture lin e  should b e , type "F" fo r  
FINISHED and th e  computer w ill give you 
your next t r ib b le .  I f  you d o n 't want 
to  move th e  l in e ,  type "N" fo r  NO and 
th e  computer w ill make your next t r ib b le  
av a ila b le  fo r p lan tin g . I h is  procedure 
w ill be followed fo r  each t r ib b le  you 
p lan t u n t i l  you've p lan ted  a to ta l  of 
8 t r ib b le s .  Do you have any questions?

At th i s  p o in t, th e  in v e s tig a to r  c la r i f ie d  areas on which th e  sub jec t

remained unclear.

I t  would be h e lp fu l to  me i f  you could " ta lk  
out loud" as you perform the  ta s k , sharing  with 
me any in ferences you may be making o r reason
ing s tr a te g ie s  you may be using as you work.
I ' l l  be making a tape record ing  o f  any thoughts 
o r perceptions you share , so th a t  I can go back 
l a t e r  and c o rre la te  th ese  with s p e c if ic  responses 
you've made on th e  ta sk .

Thus, th e  m anipulation o f  measurement e rro r  (in  Conditions 2 and 

4 ) was accomplished through incorporation  o f  landing e r ro r  in to  each 

datum returned  to  S, while s to ch a s tic  e r ro r  was manipulated (in  Condi 

t io n s  3 and 4) through in troduction  o f  a probe which m alfunctioned on
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25% o f  experimental t r i a l s ,  re tu rn in g  randomly generated d a ta  on 

such t r i a l s .  As noted above, in s tru c tio n s  to  su b jec ts  in Conditions 

1 through 3, derived from those presented  here through d e le tio n  o f 

p o rtio n s  re lev an t to  one o r both types o f  d a ta  e r ro r , a re  contained 

in Appendix A. B rie f ly , su b jec ts  not exposed to  measurement e r ro r  

were able to  p lan t t r ib b le s  a t  a  sp e c ific  lo ca tio n , represented  

v isu a lly  as a  s in g le  dot on th e  d isp lay  screen ; su b jec ts  not exposed 

to  s to c h a s tic  e r ro r  were never introduced to  th e  concept o f  a mal

function ing  probe, they were led  to  assume th a t  d a ta  was obtained by 

d ire c t  observation .

Subjects were ab le  to  keep a permanent v isu a l record o f  th e i r  

experim ental outcomes because r e s u l ts  o f  successive t r ib b le  p lan tin g s  

remained on th e  screen in  th e  form o f  green o r purple h o rizon ta l 

lin e s /d o ts  fo r  a l l  e ig h t t r i a l s  (see Appendix C fo r  sample da ta  d i s 

p lays generated by su b jec ts  in  Condition 4 ). A fter th e  eighth 

t r ib b le  had been p lan ted , th e  computer screen presented th e  follow 

ing w ritten  message: "WAIT, YOU HAVE 4 EXTRA TRIBBLES, 1 EXTRA

CHECK." The d isp lay  area was then extended downward to  allow  th e  

su b jec t space fo r  fo u r ad d itio n a l t r ib b le  p la n tin g s . This manipula

tio n  was included in  o rder to  generate th e  impression th a t  ex p eri

mental resources were lim ite d , an impression th a t  would in c lin e  sub

je c ts  to  engage in  hypothesis te s t in g  ra th e r  than attem pting to  solve 

th e  problem using some kind o f  "pattern-m atching" s tra te g y . That 

i s ,  i t  seemed p la u s ib le  to  suppose th a t  su b jec ts  given an in f in i te  

number o f  t r ib b le s  might e le c t  to  p lan t a l l  over th e  screen , find  the 

l in e  th a t  b es t b isec ted  green l in e s /d o ts  from purple l in e s /d o ts ,
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and loca te  the  h y p o th etica l m oisture l in e  a t  t h i s  p o in t. Such a 

s tra te g y  req u ire s  l i t t l e  reasoning o r  forethought and would thus 

have undermined th e  purposes o f  th e  p resen t in v e s tig a tio n . The 

p lan tin g  o f  th e  tw e lfth  t r ib b le  marked th e  completion o f  th e  hypothe

s is - te s t in g  ta sk  fo r  su b jec ts . A complete copy o f  th e  con$uter pro

gram used to  generate th e  task  d isp lay  i s  contained in  Appendix B. 

Dependent V ariables Derived from Task

Three major dependent v a ria b le s  were assessed during the  hypothe

s is - te s t in g  phase o f  th e  study:

1. The number o f  tim es in  th e  course o f  12 t r i a l s  th a t  the sub

j e c t  e lec ted  to  move th e  h y p o th e tica l m oisture l in e .  Each movement 

o f  th e  m oisture lin e  was taken to  rep resen t a  reform ulation o f  the 

s u b je c t 's  cu rren t working hypothesis about th e  phenomenon under inves

t ig a t io n .  F a ilu re  to  re lo c a te  th e  m oisture lin e  was thus in te rp re ted  

as " in fe re n tia l  perseveration"--unw illingness to  abandon a  discon- 

firm ed hypothesis.

2. The proportion  o f  d isconfirm atory  outcomes which re su lte d  in  

probe checks minus th e  p roportion  o f  confirm atory outcomes which 

re su lte d  in  probe checks, fo r  each su b jec t. A la rg e r  proportion o f 

d isconfirm atory  t r i a l s  r e su lt in g  in  probe checks would thus y ie ld  a 

p o s itiv e  value fo r  t h i s  dependent measure, c o n s is ten t with th e  hypo

th e s is  th a t  su b jec ts  were more l ik e ly  to  question th e i r  methodology 

follow ing outcomes which d iffe re d  from expecta tion . (Recall th a t  a 

d isconfirm atory  t r i a l  was one in  which th e  sub jec t made a  p red ic tio n  

regard ing  whether th e  t r ib b le  would liv e  o r  d ie  which was no t borne 

out by the  data  [the su b jec t p red ic ted  th a t  th e  t r ib b le  would liv e ,
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but i t  a c tu a lly  d ied , o r  v ic e -v e rsa ] . A confirm atory t r i a l  was one 

in  which th e  s u b je c t 's  p red ic tio n  regarding t r ib b le  l i f e  o r  death 

was co n sis ten t with th e  outcome on th a t t r i a l . )

3. The d istan ce  between the  s u b je c t 's  lo ca tio n  o f  th e  l in e  f o l 

lowing t r i a l  12 and th e  tru e  lo ca tio n  o f  th e  c r i t i c a l  m oisture l in e .  

This measure was intended to  assess  whether in tro d u c tio n  o f  data 

e r ro r  influenced the  number o f experiments requ ired  fo r id e n t i f ic a 

tio n  o f the ac tu a l c r i t i c a l  m oisture l in e .

Additional Dependent V ariables

Following completion o f th e  h y p o th e s is -te s tin g  ta sk , f iv e  add i

tio n a l dependent measures were obtained fo r  su b jec ts . The f i r s t  two 

o f  th ese  measures were intended to  provide feedback regarding th e  

impact o f  the experim ental m anipulations, to  a ssess  p a r t ic ip a n ts ' 

sub jec tiv e  im pressions o f  the  ambiguity o f  the da ta  which had been 

presented .

Confidence Measures. Subjects were asked to  r a t e ,  on a 7-point 

sca le , how confident they  were th a t  th e i r  f in a l  placement o f  th e  

hypo thetica l m oisture l in e  was w ithin o n e-h a lf inch o f  the tru e  lo ca 

tio n  of th e  c r i t i c a l  m oisture l in e .  In s tru c tio n s  fo r use o f th e  7- 

po in t s c a le , p lus a copy o f th e  sca le  i t s e l f ,  a re  contained on 

p . 117 of Appendix A.

A dditional T rib b les . Subjects were asked how many ad d itio n a l 

t r ib b le s  they  would need to  p lan t in  o rder to  "Be” ab so lu te ly  c e r ta in  

th a t  they had located  th e  ac tu a l c r i t i c a l  m oisture lin e  (see p. 117, 

Appendix A).
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Memory. As soon as th e  ta sk  was complete, the experim enter 

erased th e  da ta  record  from th e  screen . Subjects in  a l l  four groups 

were then asked to  estim ate  how man^ o f th e i r  p red ic tio n s  were borne 

out by the  da ta  (p. 117, Appendix A). Hie d iffe ren ce  between th e  

ac tua l number o f  accurate  p red ic tio n s  and th e  estim ated number o f 

accurate  p red ic tio n s  was computed fo r  each su b jec t. There was no 

p r io r  em pirical o r th e o re tic a l foundation fo r  inclusion  o f  th i s  

dependent measure.

Subjective Data Assessment. Following c o lle c tio n  o f  a l l  quan ti- 

f ia b le  d a ta , sub jec ts  answered a question regarding th e  "q u a lity "  o f  

th e  da ta  they had received  (p. 117, Appendix A). This question was 

designed to  provide a d d itio n a l, d ire c t  inform ation regarding p a r t ic i 

p a n ts ’ su b jec tiv e  experiences o f  th e  d iffe re n t forms o f  d a ta  e r ro r .

Tape Recorded Comments. As w ill be re c a lle d , during th e  hypo

th e s is - te s t in g  phase o f  th e  study p a r tic ip a n ts  were asked to  "think 

out loud" in to  a tape  reco rd er about th e i r  thoughts, percep tions, 

and in fe re n tia l  s tr a te g ie s .  These tape-recorded  p ro toco ls  were then 

tran sc rib ed  and typed in  such a manner th a t  a  given t ra n s c r ip t  could 

be matched with th e  computer record o f  th a t  s u b je c t 's  in p u t. I t  was 

hoped th a t  these  p ro to co ls  would provide ad d itio n a l in s ig h t in to  the 

various in fe re n tia l  approaches e l ic i te d  by inc lusion  o f  one o r both 

types o f  e r ro r  in to  th e  d a ta  re tu rned  to  su b jec ts .



CHAPTER V 

R esults

Overview

A complete p resen ta tio n  o f th e  raw data generated by each sub

je c t  i s  contained in  Appendix C. What follow a re  s t a t i s t i c a l  analy

ses and da ta  summaries fo r  each dependent v a riab le  in sequen tia l 

o rd er, beginning with q u a n tita tiv e  r e s u l ts  and concluding with q u a li

ta t iv e  data derived from p a r tic ip a n t s e l f  rep o rts  and v isu a l inspec

tio n  o f  th e  da ta .

Frequency o f  Hypothesis Revision as a Function o f  th e  Presence of 

Data Error

For da ta  an a ly s is , the number o f experiments out o f a to ta l  o f 

twelve which re su lte d  in  hypothesis rev is io n  (re lo ca tio n  o f hypothe

t i c a l  moisture l in e ) ,  was recorded fo r  each su b jec t. D escriptive 

s t a t i s t i c s  fo r  th i s  dependent v a riab le  a re  contained in  Table 4. 

R esults o f  a two fa c to r  (measurement x s to ch a stic  e rro r)  an a ly s is  o f 

variance fo r  th is  data  a re  summarized in  Table 5. The an a ly s is  

revealed  a s t a t i s t i c a l l y  s ig n if ic a n t e f fe c t  fo r  th e  presence o f 

s to c h a s tic  e r ro r ,  F (l,36 ) » 30.54, p < .001. Subjects who received 

da ta  using instrum entation  which malfunctioned 25% o f the tim e were 

s ig n if ic a n tly  more h e s ita n t  to  rev ise  a disconfirm ed hypothesis than 

were su b jec ts  whose feedback d a ta  did not incorporate t h i s  form o f

54
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Table 4

The Total Number o f  Hypothesis Revisions fo r  
Each Subject in Conditions 1-4

Subject
Number

No
E rror

Measurement 
Error Only

S tochastic  
Error Only

Both Measurement 
5 S tochastic  E rror

1 10 9 1 2

2 10 5 1 3

3 8 10 4 3

4 5 9 3 7

5 8 5 3 8

6 9 7 3 3

7 8 7 5 0

8 5 7 5 5

9 4 7 5 5

10 8 4 2 5

Sum X 75 70 32 41

X 7.5 7.0 3.2 4.1

S2 4.49 3.76 2.40 5.66
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Table 5

Analysis o f  Variance fo r  Total Number o f 
Hypothesis Revisions

Source S .S . d . f . M.S. F P

S tochastic  E rror 124.60 1 124.60 30.54 . 001*

Measurement Error .40 1 .40 .10 n .s .

S tochastic  x
Measurement Error

9.90 1 9.90 2.43 n .s .

Error 147.36 36 4.08
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2

e r ro r .  A magnitude o f e ffe c t estim ate (R ) revealed  th a t  44% o f the

variance in frequency o f  hypothesis rev ision  was a t t r ib u ta b le  to  the

in troduction  o f  s to c h a s tic  e r ro r  as an independent v a ria b le . The
2

e f fe c t  fo r  measurement e r ro r  was n eg lig ib le  (R ■ .0014) and did not 

approach s t a t i s t i c a l  s ig n if ic an c e , f ( l ,3 6 )  a .10 , n .s .  Moreover, th e  

d a ta  did not y ie ld  a  s ig n if ic a n t in te ra c tio n  e f fe c t  when measurement 

and s to ch a stic  e rro r  were combined fo r sub jec ts in  Condition 4, R ■ 

.04, F (l,36) ■ 2.43, n .s .  Figure 8 shows the impact o f  s to ch a s tic  

e r ro r  on su b je c ts ' w illingness to  abandon disconfirmed hypotheses.

Mean number o f  m oisture lin e  re lo ca tio n s  i s  p lo tte d  fo r each o f the  

four groups, revealing  a su b s ta n tia l decline in  th i s  v a riab le  r e s u l t 

ing from th e  in troduction  o f  instrum ent m alfunction.

I t  might seem p la u s ib le  to  suppose th a t  the  fa i lu re  to  obtain  an 

e f fe c t  fo r  measurement e r ro r ,  p a r t ic u la r ly  in th e  Measurement Error 

Only cond ition , can be ascribed  to  the unique parameters o f  the  ex p eri

mental task  (and thus not generalizab le  to  o ther h y p o th esis -te s tin g  

c o n tex ts ) . Note th a t  the  generation o f  a dead tr ib b le  e a s t o f  the 

hypo thetica l m oisture lin e  allowed the subject to  conclusively  r e je c t  

h is /h e r  current lo ca tio n  o f th e  lin e  in favor o f a new lo ca tio n  a t 

th e  westernmost border o f th e  p lan tin g  Tange (see Figure 9 ). Such 

conclusive re je c tio n  elim inates any p o te n tia l inform ativeness o f 

measurement e r ro r , and th e re fo re  would not be expected to  influence 

frequency o f hypothesis re v is io n . However, according to  th i s  reason

ing , once a subject begins to  t e s t  hypotheses w ithin th e  v ic in i ty  o f  

th e  tru e  moisture l in e  (where ambiguous experim ental r e s u l ts  are 

generated), frequency o f hypothesis rev isio n  should decrease;
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Figure 9

P osition  A

(dead t r ib b le )

\
P osition  B

(moisture lin e  can be 
moved to  here)

N

— E

In th e  absence o f s to ch a s tic  e r ro r  th e  hypo thetica l m oisture lin e  
can be conclusively  re lo ca ted  from P osition  A to  P osition  B.



unambiguous f a ls i f ic a t io n  i s  no longer p o ss ib le . Because the  m ajority  

o f  sub jec ts  in  th e  Measurement Error Only Condition (6/10) reached 

th e  v ic in i ty  o f th e  tru e  m oisture lin e  w ithin s ix  t r i a l s ,  a  compari

son o f  the  performance o f  sub jec ts  in  Conditions 1 (no e rro r)  and 2 

(measurement e r ro r  only) fo r  t r i a l s  7-12 should have yielded a d i f 

ference with resp ec t to  frequency o f hypothesis rev is io n ; su b jec ts  in 

Condition 2 should have rev ised  le s s  frequen tly  than sub jec ts  in  

Condition 1 on these  t r i a l s .  In f a c t ,  sub jec ts  in  Conditions 1 and 2 

were equally  l ik e ly  to  re v ise  hypotheses on t r i a l s  7-12, t(18 ) *• 0 .00, 

n . s .  Even in  th e  face o f c o n f lic tin g  o r ambiguous data caused by 

the  presence o f measurement e r ro r ,  sub jec ts  are q u ite  w illin g  to  

rep lace  one hypothesis with another which is  no more conclusively  

supported by th e  data  a t  hand.

Probe Check Likelihood Following D isconfirm atory, Versus Confirmatory. 

T r ia ls

Because th e  frequency o f d isconfirm atory outcomes occurring fo r

a given sub ject varied  as a function of th a t  s u b je c t 's  p a r t ic u la r

h y p o th esis -te s tin g  s tra te g y , the absolu te number o f  probe checks

follow ing disconfirm atory t r i a l s  fo r each p a r tic ip a n t was no t an
2

appropria te  index fo r use in th e  comparison o f  group means. I t  was 

th e re fo re  necessary  to  compare th e  proportion o f  disconfirm atory o u t

comes which re su lte d  in  probe checks to  th e  p roportion  o f  confirma

to ry  outcomes which re su lte d  in  probe checks. A g rea te r  proportion

2
Note th a t  th e  No E rror and Measurement Error Only Conditions 

are not re lev an t with re sp ec t to  th i s  dependent v a riab le .
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o f probe checks follow ing d isconfirm atory than confirm atory outcomes 

would support the  contention th a t  experim ental methodology comes under 

g rea te r  sc ru tin y  follow ing generation o f  unexpected d a ta . Accord

in g ly , th e  proportion  o f  confirm atory t r i a l s  re su lt in g  in  probe 

checks was sub tracted  from th e  proportion o f d isconfirm atory  t r i a l s  

re s u l t in g  in probe checks fo r each sub jec t (Table 6) .  Across su b jec ts , 

the  d iffe re n c e s , although in the  p red ic ted  d ire c tio n  o v e ra ll ,  were 

only m arginally s ig n if ic a n t ,  W ilcoxin 's T (20) « 65 .5 , p < .071. Sub

je c ts  were somewhat more l ik e ly  to  examine th e i r  methodology following 

outcomes in co n sis ten t with th e i r  cu rren t working hypothesis about 

the  lo ca tio n  o f  th e  c r i t i c a l  m oisture l in e ,  than following co n s is ten t 

outcomes (Figure 10).

Confidence Ratings

Recall th a t  su b jec ts  ra te d , on a 7-point sc a le , how confident 

they were th a t  th e i r  f in a l  placement o f th e  hypo thetica l m oisture 

lin e  was w ith in  one-half inch of the tru e  lo ca tio n  o f  the c r i t i c a l  

l in e .  D escrip tive s t a t i s t i c s  fo r  responses to  t h i s  question are  p re 

sented in  Table 7. A two-way a n a ly s is  o f  variance o f  the  da ta  (sum

marized in  Table 8) revealed  th a t  sub jec ts  exposed to  s to ch a s tic  

e r ro r  were s ig n if ic a n tly  le s s  c e r ta in  th a t  they had discovered the 

tru e  lo ca tio n  o f  th e  c r i t i c a l  m oisture l in e  by th e  end o f  th e  ta sk  

than were sub jec ts  whose da ta  did no t incorporate t h i s  form o f e r ro r ,  

F (l,3 6 ) = 4.48, p < .05. Hie magnitude o f e f fe c t  estim ate fo r  th is  

fin d in g  (R2 >* . 10) was su b s ta n tia lly  sm aller than was th e  p rev iously  

reported  estim ate  fo r  frequency o f  hypothesis re v is io n . The e f fe c t  

o f  measurement e r ro r  on confidence ra tin g s  was not s t a t i s t i c a l l y
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Table 6
The Proportion o f  Disconfirm atory Outcomes Which 

Resulted in Probe Checks Minus th e  Proportion 
o f Confirmatory Outcomes Which Resulted 

in  Probe Checks fo r  Subjects in 
Conditions 3 and 4

Group 3 Group 4
Measurement and 

S tochastic  Error S tochastic  Error
Subject
Number D ifference Rank D ifference Rank

1 - 1/6 -8 .5 +9/35 +12

2 -1/6 -8.5 +3/8 +17

3 +3/7 18 +1/6 +8 .S

4 - 1/6 -8 .5 +3/35 +4

5 +3/6 +19 +3/9 +15

6 +2/7 +13 +3/5 +20

7 +3/35 +4 -1/3 -15

8 +0 +1.5 -2 /6 -15

9 -0 -1 .5 - 1/6 - 8 .S

10 +1/6 +1.5 +3/35 +4

Sum o f negative ranks » 65.5 » T 

Sum o f  p o s itiv e  ranks ■ 144.5

Note. "Rank1' re fe rs  to  th e  rank o f  the  d iffe ren ce  values (based
on th e  s ize  o f th e  nun&er, beginning with the sm allest) used 
in  computing W ilcoxin's T s t a t i s t i c .
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Table 7

Confidence Ratings Regarding Pinal Placement 
of H ypothetical Moisture Line. ‘Possible 

Range Equals 1 to  7, with 7 Ind ica
tin g  Extreme C erta in ty  o f • 

Correct Placement

Subject
Number No Error ■

Measurement
Error

S tochastic
Error

Measurement 8 
S tochastic  E rror

1 7 6 5 5

2 7 6 5 5

3 . 6 1 1 6

4 6 5 3 6

5 7 7 7 5

6 7 6 7 5

7 7 1 5 3

8 6 6 4 6

9 6 7 6 6

10 6 6 1 1

Sum X 65 51 44 48

X 6.5 5.1 4.4 4.8

s2 .28 4.97 4.71 2.62
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Table 8

A nalysis o f  Variance fo r Confidence Ratings

Source S.S . d . f . M.S. F P

S tochastic  Error 14.4 1 14.4 4.48 .05*

Measurement Error 2.5 1 2.5 .79 n . s .

S tochastic  x 
Measurement Error

8.1 1 8.1 2.57 .20

Error 113.4 36 3.15

*Note th a t  th e  f iv e  percent lev e l o f  s ig n ifican ce  might be s l ig h tly  
in f la te d , due to  heterogeneity  o f  variance .
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s ig n if ic a n t , F (l,36 ) * .79, n . s . ,  nor was th e  in te ra c tio n  fo r  th e  two 

forms o f  e rro r  in  combination, F (l,36) » 2 .57, n . s .  Figure 11 shows 

th e  mean confidence ra tin g s  fo r  the  four co n d itio n s.

Proxim ity to  True Moisture Line a t Completion o f Task

To assess whether in troduction  o f data  e r ro r  influenced the  

number o f experiments req u ired  fo r  id e n tif ic a t io n  o f  th e  ac tu a l c r i t i  

c a l m oisture l in e ,  the  d istan ce  between f in a l  placement o f th e  hypo

th e t ic a l  l in e  and lo ca tio n  o f the  tru e  l in e  was computed fo r  each 

su b jec t. These values (derived using the  280 eq u id is tan t u n its  o f  

space across th e  monitor o f  th e  Apple I I)  are l i s te d  in Table 9. The 

most s tr ik in g  aspect o f  th i s  da ta  i s  th e  he te ro g en e ity  o f variance 

which emerged across co n d itio n s, F-max (9,9) > 1210.39, p < .001.

The variance estim ates fo r  su b jec ts  exposed to  the  four cond itions
2

a re  as fo llow s: (1) no e r ro r ,  s * .77; (2) measurement e r ro r  only,
2 2s » 43.16; (3) s to ch a s tic  e r ro r  only, s « 824.84; (4) both measure-

2
ment and s to c h a s tic  e r ro r ,  s ■ 932.08. Although th e  in troduction  

o f measurement e r ro r  produced a  su b s ta n tia l in crease  in  variance on 

th i s  dependent measure, t h i s  increase was small in  comparison to  th a t 

which re su lte d  from th e  in troduction  o f  s to ch a s tic  e r ro r . I t  appears 

th a t  s to c h a s tic  e rro r  induces much more d iv e rs ity  in  su b je c ts ' 

responses to  incoming d a ta , p a r t ic u la r ly  with regard to  lik e lih o o d  o f 

hypothesis re v is io n  follow ing d isconfirm ation , than does measurement 

e r ro r .

A dditional T ribb les Requested

Following completion o f  the  ta sk , p a r tic ip a n ts  were asked how 

many ad d itio n a l t r ib b le s  they would need to  p lan t in  o rder to  be
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Table 9
D escrip tive S ta t i s t i c s  fo r  Proximity to  True Moisture Line a t  Completion o f  Task

Subject
Number

No Error Measurement Error Only
Final Location 

o f  Line
Absolute Value 
o f  D ifference

Final Location 
o f  Line

Absolute Value 
of D ifference

1 210 -210* 0 209 -210 1
2 211 -210 1 214 -210 4
3 207 -210 3 227 -210 17
4 209 -210 1 222 -210 12
S 211 -210 1 207 -210 3
6 211 -210 1 217 -210 7
7 210 -210 0 216 -210 6
8 211 -210 1 210 -210 0
9 209 -210 1 206 -210 4

10 212 -210 2 191 -210 19

Ex = 11 
x = l . l  

.772s =

Fx  = 73
x = 7.3 
2 43.16

S tochastic  E rror Only Both Measurement 6 S tochastic  Error

1 202 -210 8 199 -210 11
2 131 -210 79 216 -210 6
3 209 -210 1 234 -210 24
4 206 -210 4 206 -210 4
S 195 -210 15 202 -210 8
6 208 -210 2 218 -210 8

0 \
CO



Table 9 (Continued)
S tochastic  E rror Only Both Measurement 6 S tochastic  Error

Subject
Number

Final Location 
o f  Line

Absolute Value 
o f  D ifference

F inal Location 
o f  Line

Absolute Value 
o f  D ifference

7 207 -210 3 110 -210 100
8 172 -210 38 210 -210 0
9 212 -210 2 218 -210 8

10 274 -210 64 255 -210 45

Ex = 216 Ex » 214
x = 21.4 

s 2 « 932.08

♦Represents value fo r  tru e  location  o f  c r i t i c a l  m oisture l in e .

x = 21.6 
s2 = 824.84

Ok<o



ab so lu te ly  c e r ta in  th a t  they had located  th e  ac tu a l c r i t i c a l  m oisture 

l in e . Responses to  th is  question are  displayed in  Table 10. Note 

th a t ,  in  a l l  fou r co nd itions, th e re  was a great deal o f  v a r ia b i l i ty  

in  su b je c ts ' answers to  th i s  question , F-max (9 ,9) » 34.092, p < .001. 

The g re a te s t variance in  number o f  ad d itio n a l t r ib b le s  requested 

occurred fo r  sub jec ts  exposed to  s to ch a s tic  e r ro r  only. Note how

ever, th a t  a su b s tan tia l proportion o f th i s  variance i s  a t tr ib u ta b le  

to  inclusion  o f a s in g le  sco re ; one sub jec t ind ica ted  th a t  500 

tr ib b le s  would be necessary fo r  d e f in ite  determ ination o f the  c r i t i 

ca l le v e l .  When th i s  score i s  removed from th e  d a ta  the variance 

estim ate  reduces from 26,461.53 to  8,495, s t i l l  considerably  h igher 

than fo r  the o th er th ree  groups, F-max (9,9) b 10.95, p < .01.

H eterogeneity o f  variance precluded the p o s s ib i l i ty  o f  a t e s t  fo r 

s ig n if ic a n t d iffe ren ces  between means fo r  the various groups. As 

might be expected from the  large  number o f  ad d itio n a l t r ib b le s  re q u es t

ed by the sub jec t in  the s to c h a s tic  e r ro r  only cond ition , i t  was th a t 

condition which showed the  h ighest mean req u es t. Median number of 

ad d itio n a l t r ib b le s  requested by su b jec ts  in Conditions 1 through 4 

were as  fo llow s: (1) no e r ro r ,  15; (2) measurement e r ro r  only, 20;

(3) s to ch a s tic  e r ro r  only, 8; (4) measurement and s to c h a s tic  e r ro r , 

22.5,

Memory Test

Subjects were ashed to  e s tim ate , from memory, how many o f  th e i r  

12 experiments had yielded pred ic ted  outcomes. Hie d iffe ren ce  

between th e  estim ated number o f  accurate  p red ic tio n s  and th e  ac tua l 

number o f  accurate  p red ic tio n s  was computed fo r  each su b jec t. These
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Table 10

Number o f  Additional T ribbles Requested Following 
Completion o f  Task

Subject
Number

Measurement 
No Error Error

S tochastic
Error

Measurement 6 
S tochastic  Error

1 100 - 8 20

2 IS 0 500 15

3 20 30 100

4 0 20 30 25

5 12 100 0 30

6 2 0 4 25

7 0 2 5 8

8 15 50 20 25

9 20 20 - 3

10 18 20 8 4

Ex 182 232 605 255

X 22.75 29 67.22 25.5

s2 1025.92 1053.65 26,461.53 776.18

•In d ica te s  th a t  sub jec t fa ile d  to  answer t h i s  question or gave an 
answer th a t  was u n in te rp re tab le , such a s , "Would need many, many 
more t r ib b le s ."
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d iffe ren ce  scores a re  presented in  Table 11. Subjects in  th e  no

e r ro r  and measurement e r ro r  only cond itions showed a s lig h t  mean

tendency to  underestim ate th e i r  p re d ic tiv e  accuracy, while sub jec ts

in th e  o ther two groups (s to ch as tic  e r ro r  only and s to c h a s tic  and

measurement e r ro r  combined) tended to  overestim ate th e i r  p re d ic tiv e

accuracy by approximately 1.5 outcomes (Figure 12). R esults o f  a

two-way an a ly s is  o f  variance o f the  da ta  (summarized in  Table 12)

ind ica ted  a s t a t i s t i c a l l y  s ig n if ic a n t e f fe c t fo r  s to ch astic  e r ro r ,
2

F (l,36 ) > 10.45, p < .OOS, R » .22. The e f fe c t  fo r measurement 

e r ro r  d id  not approach s t a t i s t i c a l  s ig n if ic a n c e , F (l,3 6 ) » .0025, 

n . s . ,  nor did th e  in te ra c tio n  e f f e c t ,  F (l,36) “ .53, n .s .  Thus, the 

in troduction  o f  s to c h a s tic  e r ro r  appears to  have in f la te d  " re c a ll"  

o f  p red ic tio n  accuracy.

D isc ip line  D ifferences

To assess Whether p a r tic ip a n ts  in  each o f th e  th re e  s c ie n ti f ic  

d isc ip lin e s  may have responded d if f e re n tly  on any o f  the dependent 

measures, means and variances fo r each dependent v a riab le  were com

puted according to  d is c ip l in e ,  ignoring a l l  independent v a ria b le s . 

These values a re  presented  in  Table 13. The only means which d i f 

fered  su b s ta n tia l ly  according to  d isc ip lin e  were those fo r probe 

check lik e lih o o d  follow ing disconfirm atory , versus confirm atory, 

t r i a l s .  Chemistry studen ts were more l ik e ly  to  conduct probe checks 

follow ing d isconfirm atory outcomes than were p a r tic ip a n ts  from the 

o ther two d is c ip l in e s .  Otherwise, th e re  appeared to  be no system atic 

d iffe ren ces  in  th e  dependent measures a t t r ib u ta b le  to  s c ie n t i f ic /  

d is c ip l in e .



Table 11
The D ifference Between the Estimated Number o f Accurate P red ic tions and the Actual 

Number o f  Accurate P red ic tions fo r  Subjects in Conditions 1 Through 4

No Error Measurement Error
Estimated Actual Estimated Actual

Subject P red ic tions P red ic tions D ifference P red ic tions P red ic tions D ifference
Number Correct Correct Correct Correct

1 8 8 0 6 6 0
2 6 6 0 6 8 -2
3 4 4 0 3 4 -1
4 7.2 9 -1.8 5 7 -2
5 6 6 0 6 6 0
6 3 4 -1 7 6 1
7 3.6 10 -6.4 4 4 0
8 6 6 0 5 5 0
9 9 8 1 6 7 -1

10 4.8 6 -1 .2 8 6 2

I  x  = -9 .4 E x  » -3
x = -.94 X * - .3

s2 = 4.33 s 2 -  1.56

S tochastic  Error Measurement: and S tochastic  Error

1 9 6 3 6 7 -1
2 6 6 0 8 4 4
3 7.2 5 2.2 6 6 0
4 6 6 0 8 5 3

w



Table 11 (Continued)

Subject
Number

S tochastic  Error Measurement and S tochastic  Error
Estimated

P red ic tions
Correct

Actual
P red ic tions

Correct
D ifference

Estimated
P red ic tions

Correct

Actual
P red ic tions

Correct
D ifference

5 10 6 4 3 3 0
6 6 S 1 9 7 2
7 6 5 1 9 9 0
8 10 4 6 10 6 4
9 8 8 0 7 6 1

10 6 6 0 6 5 1

Z x = 17.2 Zx = 14
x = 1.72 x = 1.4
2s = 4.24 s 2 = 3.17
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Figure 12: Mean d iffe rence  scores between estim ated and actua l number o f  accurate
p red ic tio n s . A d iffe ren ce  score o f  0 in d ica te s  p e rfec t r e c a l l ;  negative m
scores in d ica te  a  tendency to  underestim ate p red ic tion  accuracy; p o s itiv e  
scores in d ica te  a tendency to  overestim ate p red ic tio n  accuracy.
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Table 12
Analysis o f  Variance on D ifference Between Estimated 

and Actual Number o f Accurate P red ic tions

Source S.S. d . f . M.S. F P

Total

S tochastic  Error 47.52 1 47.52 14.31 .001

Measurement E rror .25 1 .25 0.08 n .s .

S tochastic  x 2.31 1 2.31 0.70 n .s .
Measurement
Error

Error 119.56 36 3.32
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Table 13

Means and Variances fo r  Each Dependent Measure, 
Computed According to  D isc ip lin e , 
Ignoring All Independent V ariables

Frequency o f  Hypothesis Revision 

Physics Chemistry

5.63
11.16

5.50
7.73

Biology

5.17
2.53

Probe Check Likelihood Following D isconfirm atory, 
Versus C onfirm ato ryT ria ls '

Physics

.1016

.0609

Chemistry

.2452

.1121

Confidence Ratings 

Physics Chemistry

5.00
3.35

5.58
3.72

Biology

-.0413
.0328

Biology

5.08
4.08

Proximity to  True Moisture Line a t  Completion o f  Taslc

Physics

11
372.88

Chemistry

12.83
771.17

A dditional T ribbles Requested 

Physics Chemistry

58.62*
21.83

18,241.20*
711.82

16.09

839.84

Biology

15.33
472.19

Biology

25.55

160.28



Table 13 (Continued)

Memory Test

Physics Chemistry Biology

X .28 0.13 1.07
s 2 3.39 5.90 4.33

•Note th a t  th i s  mean and variance were computed tw ice , the 
f i r s t  value includes the  score o f  500 fo r sub jec t #12, the second 
was computed d isregard ing  th i s  score.



Q u alita tiv e  Results

Involvement With Task. In genera l, su b jec ts  appeared to  become 

ra p id ly  engrossed in  th e  task  and seemed h igh ly  motivated to  lo ca te  

th e  ac tu a l c r i t i c a l  m oisture l in e .  Considerable tim e was spent in 

form ulating p red ic tio n s  Which su b jec ts  believed would generate maxi- 

mum inform ation y ie ld . A few sub jec ts  spent seven to  ten  minutes in 

s e le c tin g  each p lan ting  lo ca tio n  such th a t  1 1/2 -  2 hours were 

requ ired  fo r  ta sk  completion. Not a s in g le  sub jec t appeared to  c a re 

le s s ly  conduct 12 experiments in  rap id  succession , meeting only the 

minimal requirem ents fo r  earning the $10.00 payment. In f a c t ,  th ree  

sub jec ts  in s is te d  th a t  they should not be paid because they had found 

the ta sk  so enjoyable (they were paid , n ev e rth e le ss ).

S u b jec ts ' Assessment o f  th e  Feedback Data. Following completion 

o f th e  task  su b jec ts  were asked to  d esc rib e , in  w ritin g , how "good" 

they  f e l t  th e  da ta  they  had received  was. They were asked to  

describe  how 't i ia g n o s tic /h e lp f ti l /v a lid /d if fe re n tia t in g "  i t  was.

Themes which emerged in  response to  t h i s  question a re  exem plified by 

th e  follow ing statem ents from sub jec ts  in  each o f  th e  four co n d itio n s.

1. NO ERROR CONDITION. Subjects in t h i s  group genera lly  in d i

cated  th a t  they  f e l t  the  data  q u a lity  was good, th a t  i t  perm itted 

conclusive in fe rences about th e  lo ca tio n  o f th e  c r i t i c a l  moisture 

l in e .

—TTie data was very conclusive. I f  the  
p lan t liv ed  o r d ied  i t  was obvious i f  
th e  l in e  belonged e i th e r  e a s t o r west 
o f  th a t  lo ca tio n . In t h i s  resp ec t the  
d a ta  q u a lity  was ex ce llen t.
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—Hie responses (data) Indicated  a good 

range fo r  th e  l i f e  o r death o f  the 
t r ib b le .  Within close  approach o f the 
l in e ,  th e  responses d if fe re n tia te d  Where 
the l in e  was.

—The d a ta  showed q u ite  c o n s is te n tly  where 
th e  growth lin e  ex is ted  since several 
t r i a l s  were made about th e  p o s itio n .
Enough da ta  was taken to  make the ex p eri
menter c e r ta in  th a t  the  r e s u l ts  were as 
accu ra te  as p o ss ib le .

2 . MEASUREMENT ERROR ONLY. Only one theme emerged in  th e  

responses o f  su b jec ts  exposed to  Condition 2. A number o f p a r t i c i 

pants ind ica ted  th a t  measurement e r ro r  had impeded th e i r  a b i l i ty  to

draw conclusive in ferences (desp ite  th e  fa c t th a t  they  rev ised  th e ir  

hypotheses frequen tly ) When they began to  hypothesis t e s t  w ithin close  

proxim ity o f  the  t ru e  m oisture l in e .

—The da ta  was very good fo r  th e  f i r s t  few 
t r i a l s  when I was try in g  to  find  the 
lo ca tio n  o f  the l i f e  l in e  on a large  
sc a le . As the range o f po ssib le  lo ca tio n s  
narrowed, however, each ind iv idual p la n t
ing gave very l i t t l e  ad d itio n a l inform ation.

—Hie da ta  was h e lp fu l in  th e  coarse a d ju s t
ment o f  the l in e ,  but when i t  came to  the 
fin e  adjustm ent o f the  l in e ,  the lack o f 
a Gaussian d is tr ib u tio n  confused me s l ig h t ly  
and a ffec ted  my s tr a te g ie s .  A Gaussian 
d is tr ib u tio n  would have been more d if fe re n 
t i a t in g .

—I t  was very good with resp ec t to  narrowing 
th e  p o ssib le  range down to  w ithin plus o r 
minus one-half dnch. Beyond th a t ,  i t  
became extrem ely d i f f i c u l t  to  find  th e  exact 
lo ca tio n  o f th e  l in e ,  due to  the uniform 
p ro b a b ility  o f  the  t r ib b le  being anywhere 
w ithin th e  range represen ted  by th e  h o r i
zon tal l in e .
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3. STOCHASTIC ERROR ONLY. Subjects exposed to  s to ch a s tic  e rro r  

ind ica ted  th a t  they found th e  d a ta  f ru s tra t in g  to  work with because 

i t  was so d i f f i c u l t  to  " t ru s t"  any given data po in t.*

—There was a problem with assuming th e  
da ta  to  be "good" because o f  the  p o ss i
b i l i t y  o f  an u n re lia b le  p o in t. I f e l t  
th e  d a ta  provided an easy way to  se t a 
maximum o r minimum l in e ,  but i t  was hard 
to  " t ru s t"  i t  enough to  fe e l  th a t  you had 
very accu ra te ly  located  th e  l in e .

—Hie d a ta  was h e lp fu l with the  q u a lif ic a 
tio n  th a t  1 out o f 4 r e s u l ts  may be in 
v a lid , and th e  ad d itio n a l hindrance to  
determ ining th e  co rrec t answer, o f a 
lim ited  number o f  probe correctness d e te r 
m inations. This i s  f ru s tra t in g  and un like  
th e  r e a l  s itu a tio n  in  biology where r e s u l ts  
should be able to  be co n s is ten tly  rep ea ted .

—The da ta  I received  was not as d iag n o stic  
as I 'd  have p re fe rred , p a r t ic u la r ly  because 
th e  probe checks were only usefu l when 
"v a lid " ; when u n re lia b le , i t  was s t i l l  
guesswork as to  th e  tru e  s ta tu s  o f  my 
t r ib b le .  I could check th i s ,  however, by 
p lan tin g  two t r ib b le s  a t  the same m oisture 
lev e l and then comparing th e i r  su rV iv ab ility .
I f ,  fo r  example, they both liv ed , then th a t  
m oisture leve l was probably tr ib b le  support
iv e .

4. BOTH MEASUREMENT AND STOCHASTIC ERROR. Although sub jec ts  

in  t h i s  condition ind ica ted  th a t  they were aware o f th e  presence o f 

both measurement and s to ch a s tic  e r ro r  in  th e i r  d a ta , th e  primary 

focus o f  th e i r  responses was on th e  d i f f ic u l ty  o f  in te rp re tin g  empi

r ic a l  r e s u l ts  due to  the p o s s ib i l i ty  o f  '^probe m alfunction ."

—I d id n 't  app rec ia te  th e  lack o f  r e l i a b i l i t y  
o f  th e  '^equipment." I t  i s  d i f f i c u l t  to  d i f 
f e re n tia te  between d a ta  po in ts  when th e re  i s  
only a 75% chance o f  each po in t being r e l i 
ab le . I 'd  ra th e r  redo the  experiment with 
b e t te r  equipment.
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—I th ink  I  would have put some checks on 

th e  inform ation I was reading from th e  
probe, an e f f ic ie n t  way o f  making sure 
da ta  was o .k . I thought th e  da ta  was 
lousy and would want to  be ab le  to  do 
b e t t e r , i t  was h e lp fu l, however, in  th a t  
i t  got me somewhere.

—With an average r e l i a b i l i t y  o f  only th re e  
v a lid  d a ta  p o in ts  fo r  every fo u r, I  would 
say the  da ta  q u a lity  was no t very good.
My data seemed to  rep resen t t h i s  s t a t i s 
t i c a l  c r i te r io n ,  based upon th e  h y po theti
c a l l in e .  The probe checks would be 
ab so lu te ly  necessary  fo r  th e  determ ination 
o f  the ac tu a l lo ca tio n  o f  th e  l in e .

—The q u a lity  was not as good as I would 
have lik ed . (1) There was an equal chance 
th a t  th e  probe would land anywhere w ithin 
a IS m ile rad ius and (2) th e  da ta  received 
was co rrec t in  only approxim ately 75% o f  
th e  t r i a l s  with a  lim ited  number o f probe 
checks.

Response Trends. Using th e  raw data  contained in  Appendix C, 

supplemented by su b je c ts ' recorded verbal p ro to co ls , i t  was possib le  

to  te n ta t iv e ly  id e n tify  trends in  th e  h y p o th es is -te s tin g  s tra te g ie s  

employed by su b jec ts  across th e  four experim ental co nd itions. A 

b r ie f  d iscussion  o f  these  tren d s  fo llow s.

1. NO ERROR CONDITION. Subjects appeared to  be q u ite  co n s is 

te n t  in  the  s tra te g ie s  they  employed when th e  d a ta  was e r ro r  f re e .

In general, two in fe re n tia l  approaches were predominant in  these  d a ta . 

The f i r s t  involved p lan tin g  a t r ib b le  immediately to  th e  r ig h t  o f  

the hypo the tica l m oisture l in e ;  when th i s  t r ib b le  d ied , the  l in e  was 

moved from i t s  o r ig in a l lo ca tio n  to  a p o in t ju s t  ea s t o f  th e  dead 

p la n t.  T r ia l 2 was a  re p e t i t io n  o f  t h i s  s tra te g y —p lan t to  th e  eas t

o f th e  l in e ,  when th e  t r ib b le  d ie s , re lo c a te  th e  m oisture l in e
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eastward in  accordance with th e  new d a ta . This sequence was repeated  

u n t i l  a t r ib b le  p lan ted  to  the  e a s t o f  th e  hypo thetica l m oisture l in e  

l iv e d . I f  any space remained between th i s  lo ca tio n  and th e  lo ca tio n  

o f the  l a s t  dead t r ib b le ,  th e  s tra teg y  was employed in  reverse  (using 

sm aller increments) u n t i l  an exact lo ca tio n  fo r  th e  tru e  m oisture 

l in e  could be sp ec ified  (see Appendix C, Subject 3, Condition 1 fo r  

th e  raw d a ta  from one p a r tic ip a n t which epitom izes t h i s  s tr a te g y ) .

The second s tra te g y  which tended to  be employed by su b jec ts  in  

t h i s  condition involved combining the  method already  described with 

another method, analogous to  th a t  used in  find ing  a so lu tio n  to  the  

c h ild re n 's  game 'h i - lo "  ("I'm  th ink ing  o f  a number between 1 and 

1 0 0 . . ." ) .  That i s ,  the  sub jec t would lo ca te  two t r ib b le s ,  separated  

by some d is tan ce  on the  east-w est dimension, such th a t  one was l iv in g  

and the  o th e r was dead. On th e  th ird  t r i a l  t h i s  d is tan ce  would be 

b isec ted  by lo ca tin g  a t r ib b le  ex ac tly  halfway between th e  f i r s t  

two. Whether t h i s  th ird  t r ib b le  liv ed  o r died determined th e  next 

d is tan ce  to  be b isec ted  such th a t  each t r i a l  y ielded  successively  

c lo se r  approximations to  th e  lo ca tio n  o f  the tru e  m oisture l in e .  As 

a lready  in d ica ted , t h i s  "successive approximation" s tra te g y  tended to  

be combined with th e  e a r l i e r  "increm ental" method o f hypothesis 

te s t in g  such th a t  th e  ty p ic a l sub jec t te s te d  increm entally  fo r  th e  

f i r s t  few t r i a l s  and then rep laced  th i s  s tra te g y  w ith the more e f f i 

c ie n t * h i-lo "  method l a t e r  in  th e  ta sk  (see Appendix C, Subject 1, 

Condition 1 fo r  an example). Although i t ' s  im possible to  be c e r ta in ,  i t  

appears th a t  the  increm ental method was used exc lusive ly  by 2 su b jec ts  (num

b ers 2 and 3), while th e  combination method was employed by the  remaining 8.



2 . ' MEASUREMENT ERROR ONLY. Hie s tra te g ie s  employed by sub jec ts  

in  Condition 2 appeared to  be v i r tu a l ly  id e n tic a l to  those used by 

th e  n o -e rro r su b je c ts , except th a t  once th e  sub jec t began te s t in g  

w ith in  th e  v ic in i ty  o f  the  tru e  m bisture lin e  i t  became more d i f f i 

c u lt  to  in fe r ,  from v isu a l in spection  o f  the  d a ta , what hypo thesis- 

te s t in g  method was being employed. Hypothesis rev is io n s  w ithin  t h i s  

region seemed to  r e f le c t  the  s u b je c t 's  "best guess" about appropriate  

m oisture l in e  re lo c a tio n s , s ince  th e  conclusive in ferences ty p ic a l o f  

su b jec ts  in  th e  No Error Condition were im possible. At tim es i t  was 

d i f f i c u l t  to  in fe r  a ra tio n a l motive to  th e  re lo ca tio n s  which some 

su b jec ts  undertook in  t h i s  area  (see, fo r  example, Appendix C, Sub

je c t  7, Condition 2, re lo ca tio n  follow ing T ria l 11). In g enera l, i t  

i s  in te re s tin g  to  note how apparen tly  s im ila r  th e  in fe re n tia l  s t r a t e 

g ies  used by sub jec ts  in  Condition 2 are to  those employed by sub

je c ts  whose da ta  did not contain  measurement e r ro r .  The lack o f  an 

e f fe c t  fo r  measurement e r ro r  seems to  emerge in  th e  q u a l i ta t iv e ,  as 

well as the  q u a n tita tiv e , d a ta .

3. STOCHASTIC ERROR ONLY. Unlike su b jec ts  in th e  Measurement 

Error Only Condition, su b jec ts  in  th e  S tochastic  E rror Only Condition 

did  not r e ly  on a s in g le  predominant h y p o th esis -te s tin g  s tra te g y .

Some appeared to  be extremely "conservative" in  th a t  they generated 

numerous p ieces o f  redundant d isconfirm atory da ta  before re v is in g  

th e  lo ca tio n  o f  th e  hypo the tica l moisture lin e  (see raw data  fo r 

Subjects 2, 4 , and 10, Condition 3 ). Others appeared to  use a more 

"risk y "  s tra te g y , making large  rev is io n s  on th e  b a s is  o f a  s in g le  

p iece o f  data  (see d a ta  fo r  Subject 6 , Condition 3 ). In genera l, i t
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seems p la u s ib le  to  suppose th a t  the two s tr a te g ie s  used by su b jec ts  

in th e  f i r s t  two cond itions were a lso  employed by sub jec ts  in  Condi

tio n  3, but were ov erla id  by la rge  ind iv idual d iffe ren ces  in how much 

redundant da ta  needed to  be generated p r io r  to  re je c tio n  o f a cu rren t 

hypothesis.

There was some tendency toward re g u la r i ty  in the p lan tin g  s t r a t e 

gies su b jec ts  used a f t e r  find ing  th a t  one o f th e i r  probes had mal

functioned. A ll to g e th e r, 10 o f the  29 probe checks undertaken by 

su b jec ts  in th e  S tochastic  Error Only Condition (one sub jec t decided 

to  do only 2 probe checks) in d ica ted  a broken probe. Seven o f these 

ten t r i a l s  were followed e i th e r  by rep lan tin g  in  the same location  

(n ■ 2) o r by "backing up" to  p lan t in  a d ire c tio n  opposite th a t  in 

which th e  sub jec t had been moving (n ■ 5; u su a lly  sw itching from 

eastward to  westward).

4 . MEASUREMENT AND STOCHASTIC ERROR. As with su b jec ts  in  the  

S tochastic  Error Only Condition, i t  was d i f f i c u l t  to  id e n tify  regu

l a r i t i e s  in th e  h y p o th esis -te s tin g  s tra te g ie s  o f  su b jec ts  exposed to  

both measurement and s to c h a s tic  e r ro r .  While some su b jec ts  seemed 

to  r e ly  on a combination o f th e  "increm ental" and "successive 

approximation" s tr a te g ie s  described above, th e re  were s u f f ic ie n t  

id io syncrac ies  in  p lan tin g  behavior across sub jec ts  to  preclude the  

id e n tif ic a tio n  o f d e f in ite  r e g u la r i t ie s  in  th e  hypothesis te s t in g  

behavior o f th ese  su b je c ts . With re sp ec t to  th e  discovery o f a 

broken probe ( to ta l  n ® 8 ) , however, sub jec ts  in  th e  Fourth Condi

t io n , as with su b jec ts  in Condition 3, tended to  follow  th is  d i s 

covery with a re p e t i t io n  o f the same experiment (n ■ 3) o r with an
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experiment which involved p lan tin g  in  a d ire c tio n  opposite th a t  in  

which the  sub jec t had been moving prev iously  (n ® 2 ) .

Recorded P ro to co ls . U nfortunately, the  w ritten  p ro toco ls 

derived from p a rtic ip a n ts*  v e rb a liza tio n s  during th e  ta sk  did not 

perm it a g reat deal o f  ad d itio n a l in s ig h t in to  th e  inference s t r a t e 

g ies su b jec ts  used across the  four conditions. In a la rge  p a rt th is  

was due to  the  fa c t th a t  su b jec ts  became q u ite  engrossed in th e  task  

and then tended to  mumble disconnected phrases to  themselves o r to  

fo rg e t a lto g e th e r  (desp ite  frequent prompts) th a t  they should be 

ta lk in g  out loud. Transcribed pro toco ls from such sub jec ts  were thus 

choppy and d i f f i c u l t  to  follow  fo r  extended p e rio d s.

In general, the  handw ritten p ro toco ls tended to  corroborate the  

im pressions regarding h y p o th es is -te s tin g  s tra te g ie s  which were derived 

from v isu a l inspection  o f  the  d a ta . Numerous su b jec ts  made reference 

to  p lan tin g  "exactly  between th e  l a s t  two" or to  'Moving by in c re 

ments" across the p lan tin g  a rea .

There was a lso  some evidence th a t  su b jec ts  believed i t  was some

how more " lo g ic a l"  o r inform ative to  do a probe check follow ing a 

d isconfirm atory  t r i a l ,  than follow ing a confirm atory t r i a l .  A few 

d ire c t  quotations serve to  i l l u s t r a t e  t h i s .

1. P red ic t r e s u l t s . . .  Die. And i t  liv e d .
At t h i s  p o in t I th in k  I would need to  
know i f  th a t  was good d a ta , so I*m
going to  use up one o f  my two probe checks.

2 . Okay, th a t  r e s u l t  confirms my ideas so 
i t ' s  obviously co rrec t and i t ' s  a waste
to  check i t .  No, I  do not want to  check i t .



No. I d o n 't want to  do a probe 
check now; not u n t i l  I  get a  d i s 
con firm ing experiment. Then i t  w ill 
be u sefu l to  check th e  probe.



CHAPTER VI 

DISCUSSION

Overview

C onsistent with p resen ta tio n  o f data  analyses thus f a r ,  the  

im plications o f  s ig n if ic a n t r e s u l ts  w ill be discussed in sequentia l 

o rd e r, follow ing th e  s e r ia l  p resen ta tio n  o f dependent v ariab les  

introduced in  Chapter V. Discussion o f the  da ta  w ill be followed 

by a considera tion  o f  l im ita tio n s  o f the p resen t in v es tig a tio n , and 

the  Chapter w ill conclude with a b r ie f  specu la tive  sec tio n  regard 

ing possib le  d ire c tio n s  fo r fu tu re  research .

Frequency o f Hypothesis Revision

S tochastic  E rror. Perhaps the most s tr ik in g  re s u l t  with respec t 

to  the e f fe c t  o f  da ta  e rro r  on frequency o f hypothesis rev is io n  was 

th e  impact o f  s to ch a s tic  e rro r  on th i s  dependent measure. Subjects 

whose feedback da ta  incorporated the concept o f  instrum ent malfunction 

were extrem ely h e s ita n t to  a l t e r  a disconfirmed hypothesis before 

considerable d isconfirm atory  data  had been accumulated. Subjects 

appeared to  behave as though none o f  the  da ta  they received were 

tru stw o rth y , as though any given data p o in t had a high p ro b a b ility  

o f  being u n re lia b le , when in fa c t an average of 75% o f th e  data  was 

"known" to  be le g itim a te .
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Although the  im p lications o f t h i s  r e s u l t  w ill n ec e ssa rily  vary 

depending on the  sp e c if ic  in fe re n tia l  task  to  which they  a re  app lied , 

one general in te rp re ta tio n  of th e  da ta  i s  as fo llow s: Whenever an 

experim ental hypothesis t e s t  y ie ld s  d isconfirm atory  r e s u l ts  which 

could p lau sib ly  be a ttr ib u te d  to  instrum entation f a i lu r e ,  numerous 

re p lic a tio n s  may be undertaken before re je c tio n  and/or reform ulation 

of the  hypothesis i s  considered. Although th e re  i s  no e x is tin g  

em pirical l i t e r a tu r e  which corroborates th i s  in te rp re ta tio n , a p re 

lim inary  ap p lica tio n  o f the labo ra to ry  finding  to  a h is to r ic a l  case 

study may serve to  suggest th e  g e n e ra liz a b ili ty  o f the p resen t r e s u l t .

In 1831 Michael Faraday undertook a c ru c ia l experiment which led 

to  the  d iscovery o f  electrom agnetic induction (the  c rea tio n  o f an 

electrom agnetic f ie ld  in  a conductor by ano ther, nearby, e le c tro 

magnetic f ie ld ) .  Once th i s  i n i t i a l  successfu l experiment was com

p le te d , Faraday began a s e r ie s  o f  fu r th e r  experiments intended to  

extend th e  th e o re tic a l im plications o f  th e  i n i t i a l  fin d in g . These 

experim ents, which he c a re ftilly  recorded in  d iary  form (Faraday, 

1932-36), have recen tly  been sy stem atica lly  explored by Tweney 

(1981) in o rder to  e lu c id a te  th e  cognitive processes underlying 

Faraday 's research  during the  hundreds o f  experiments which flowed 

from th e  i n i t i a l  c ru c ia l f in d in g . S p e c if ic a lly , Tweney focused on 

th e  ro le  o f confirm ation and disconfirm ation  in  Faraday 's work in  an 

e f fo r t  to  determ ine whether th e re  were system atic d iffe ren ces  in  h is  

response to  these two forms o f  evidence. In a l l ,  134 experiments 

c a rried  out by Faraday between August 29, 1831 and November 3, 1631 

were analyzed. While th i s  an a ly s is  revealed  considerable evidence o f
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confirm ation b ias  a t  a number o f junctures in  Faraday's inference 

process, one m anifestation o f th is  b ias  i s  o f  p a r t ic u la r  in te re s t  

with Tespect to  the r e s u l ts  o f  the present research . Tweney notes 

th a t  Faraday made repeated attem pts to  produce an induced current

using ordinary  magnets (as opposed to  electrom agnets). Despite six
f

fa ilu re s  to  de tec t the  desired  e f fe c t ,  Faraday p e rs is te d  (making

s lig h t instrum entational adjustm ents) u n ti l  he obtained a sing le

confirm atory r e s u l t ,  a t which po in t he abandoned th is  problem in

order to  undertake 20 experiments d irec ted  a t o ther hypotheses. In

general, very few o f Faraday's disconfirmed hypotheses were abandoned

or modified. Rather, they were ty p ic a lly  re te s te d  using d iffe re n t

methodology u n ti l  a confirm atory r e s u l t  was obtained. To quote

Tweney d ire c t ly :

Some hypotheses are so c e n tra l to  h is  th e o re t i 
ca l framework th a t  he in s is ts  upon repeated 
confirm atory attem pts—again and again he t r ie d  
to  find  the  r e s u l t  he wanted, ra th e r  than the  
r e s u l t  he go t. In most o f  these he succeeded, 
even tually , in  g e ttin g  confirm ation. Then, 
u su a lly , he qu it a f te r  the f i r s t  confirm ation 
and turned to  something e lse , (p. 3)

The th e o re tic a l s ign ificance of the finding th a t  s to ch astic  

e r ro r  in h ib its  hypothesis rev ision  may be increased by p er

m ittin g  speculation  which goes beyond consideration o f  a u x ilia ry  

assumptions re la te d  exclusively  to  instrum entation fa i lu re .  Recall 

th a t in  Chapter I I I  i t  was suggested th a t  an analogy might be drawn 

between s to ch a s tic  data  e rro r  and a fa ls e  th e o re tic a l au x ilia ry  

assumption in  th a t ,  when e ith e r  i s  conjoined with a tru e  hypothesis, 

p red icted  experimental outcomes w ill f a i l  to  occur d esp ite  th e  

v e rac ity  o f th e  hypothesis. What an indiv idual s c ie n tis t  does
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( in fe re n tia l ly )  upon d iscovering  th a t  an a u x ilia ry  assumption i s  fa ls e  

w ill vary g re a tly  depending on whether the  a u x ilia ry  r e la te s  to  fa u lty  

instrum entation o r to  erroneous th e o re tic a l p resuppositions, but the  

i n i t i a l  outcome i s  the same: a p red ic ted  em pirical r e s u l t  has fa ile d  

to  occur. The in v e s tig a to r  i s  faced with a choice: "Which sh a ll I 

question , the t ru th  s ta tu s  o f  my a u x ilia ry  o r the t ru th  s ta tu s  o f  my 

hypothesis?" I t  may be le s s  co g n itiv e ly  demanding to  a t t r ib u te  a 

fa ile d  experim ental outcome to  a f a ls e  a u x il ia ry  assumption than to  

undertake th e  mental work involved in  changing on e 's  conception o f  

th e  world as i s  requ ired  in  th e  reform ulation o f  an experimental 

hypothesis. Moreover, given th a t  i t  may be q u ite  ra tio n a l and approp

r ia te  to  question the  t ru th  s ta tu s  o f a u x il ia r ie s  under many circum

stances (w itness the  success o f Faraday 's re se a rch ) , i t  becomes even 

more p la u s ib le  to  suppose th a t  the  ty p ic a l s tra te g y  o f  theory te s t in g  

may involve th e  follow ing sequence o f even ts: (1) p red ic t outcome;

(2) observe r e s u l t s ;  (3) i f  r e s u l ts  are  d isconfirm atory , examine 

a u x i l ia r ie s ;  (4) i f  a u x il ia r ie s  a re  a l l  determined to  be t ru e ,  rev ise  

hypothesis; (5) i f  a fa ls e  a u x ilia ry  i s  found, make appropriate  

instrum entation adjustm ent o r  p eriphera l conceptual rev is io n  such 

th a t  e s se n tia l aspects o f  theory a re  m aintained. At an ab s tra c t 

lev e l th i s  appears to  be a s tra ig h tfo rw ard , e f f ic ie n t  and methodical 

approach to  theory  te s t in g ,  but i t  i s  in te re s tin g  to  consider 

whether th e re  might be param eters o f  th e  in ference ta sk  which enhance 

o r in h ib it  th e  e fficacy  and appropriateness o f  th i s  s tra te g y . When 

an experim enter has developed a w ell a r t ic u la te d  and highly  co rro 

borated theory  such th a t  a u x ilia ry  assumptions conjoined with any
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given focal hypothesis are  few in  number and e n t i re ly  e x p l ic i t» then 

th e  s tra te g y  o u tlin ed  above might indeed provide an e f f ic ie n t  means fo r  

assessing  th e  t ru th  s ta tu s  o f a given th e o re tic a l  form ulation. However, 

consider th e  case in  which an in v e s tig a to r  i s  examining an i l l-d e f in e d  

th eo ry , a l l  hypotheses derived from which a re  n e ce ssa rily  conjoined with 

innumerable a u x ilia ry  assum ptions, each as i l l  defined as the  theory  i t 

s e l f  ( re c a ll  the  example regarding a hypothesized asso c ia tio n  between 

com pulsivity and s u s c e p t ib i l i ty  to  post-hypnotic  suggestion presented in 

Chapter I I ) .  Assume a lso  th a t  the  in v e s tig a to r  i s  no t in d iffe re n t with 

respec t to  th e  outcome o f  a given em pirica l t e s t  but ra th e r  th a t  the  

theory under in v e stig a tio n  i s  one in  which th e  research er has consider

able investment (c f . M itro ff, 1974). In an instance such as t h i s ,  a 

basic  cogn itive  b ias  toward avoidance o f  th e o re tic a l  reform ulation 

through p r io r  examination o f a u x il ia r ie s  might in te ra c t  w ith such a 

m otivational tendency to  perm it th e  prolonged p u rsu it o f  a th e o r e t i 

c a l ly  f r u i t l e s s  o r p a te n tly  fa ls e  hypothesis . Thus, one h igh ly  specu

la t iv e  im plication  o f  th e  find ing  th a t  s to c h a s tic  e r ro r  reduces th e  

frequency o f  hypothesis rev is io n  i s  th a t  a u x ilia ry  assumptions, both 

th e o re tic a l  and " in stru m en ta tio n a l,"  may promote a tendency to  perseverate  

w ith th e  em pirical t e s t  o f  a hypothesis even in  the  face o f disconfirm a- 

to ry  d a ta , sometimes re s u l t in g  in  th e  app ropria te  m odification o f  p e r i 

pheral aspects o f  a b a s ic a lly  sound th eo ry , and sometimes re su lt in g  in  

inapprop ria te  perpetuation  of a fa ls e  th e o re tic a l  co n cep tu a liza tio n .

Im plications fo r  C lin ica l Psychology. With respect to  th e  im p li

ca tio n s  o f  th e  p resen t d a ta  fo r  c l in ic a l  in ference in  psychotherapy, 

one i s  reminded o f  th e  work by Rosenhan (1973) suggesting th a t  once a



diagnostic  hypothesis i s  form ulated by th e  c lin ic ia n  ( e .g . ,

schizophrenia) a g reat deal o f  evidence in co n sis ten t with th i s
*

hypothesis ( e .g . ,  app ropria te  v e rb a liz a tio n s , th e  absence of 

fu r th e r  h a llu c in a tio n s  and d e lu sio n s , ex ce llen t premorbid 

adjustm ent) may f a i l  to  r e s u l t  in  th e  c l in ic ia n 's  abandonment o f  

the  d iagnosis due to  What might be in te rp re te d  as a " re tre a t  in to  

a u x il ia r ie s "  ( e .g . ,  th e  ind iv idual su ffe rs  from schizophrenia in  

rem ission). I t  i s  in te re s tin g  to  specu late  whether c lin ic ia n s  e n te r 

ta in in g  erroneous d iagnostic  hypotheses are p a r t ic u la r ly  immune to  

evidence which would tend to  r e fu te  such hypotheses, due to  the 

fa c t  th a t  numerous a u x ilia ry  assumptions are re a d ily  accessib le  which 

can e f fe c tiv e ly  "explain away" d isconfirm atory  d a ta . A few examples 

serve to  i l l u s t r a t e :  (1) The p a tie n t has a tta in ed  so p h is tica tio n

with regard to  s t a f f  expectations such th a t ,  while v isu a l h a l lu 

c in a tio n s  are  s t i l l  experienced, they  a re  no longer reported  by the
*

p a tie n t;  o r (2) Although th e  reinforcem ent h is to ry  d o esn 't sug

gest th a t  m aternal a tte n tio n  was more frequent follow ing temper 

tentrum s on th e  p a r t o f th e  c h ild , behavioral s e l f  rep o rts  are  

o ften  inaccurate  and thus should be discounted in  t h i s  case; o r

(3) Although th e  r e s u l ts  o f  neuropsychological assessment suggest 

th a t  in te l le c tu a l  a b i l i t i e s  have not d e te r io ra te d  w ithin  th e  past 

year, the p a tie n t has been te s te d  on so many previous occasions th a t  

scores may be in f la te d  by a p ra c tic e  e f f e c t .  The l i s t  i s  end less.

The e s se n tia l po in t i s  th a t ,  due to  th e  ready a v a i la b i l i ty  o f a l t e r 

n a tiv e  explanations fo r d isconfirm atory find ings in  c l in ic a l  diagno

s i s ,  p sychotherap ists  may have a sp ec ia l re sp o n s ib il i ty  to



94
e n te r ta in  a l te rn a t iv e  hypotheses with respect to  a given body o f  

em pirical da ta  such th a t premature "freezing" o f  hypotheses (Wiggins, 

1973)' i s  minimized. S im ila rly , c lin ic ia n s  might guard ag a in st p u rsu it 

o f fa ls e  d iagnostic  hypotheses by deriv ing  p red ic tio n s  from such 

hypotheses which would be r e la t iv e ly  u n lik e ly  to  occur un less the 

hypothesis under t e s t  were t ru e .  For example, the  th e ra p is t  who 

be lieves a c h i ld 's  te sp e r  tantrum s are th e  r e s u l t  o f  reinforcem ent 

in  th e  form o f  a tte n tio n  from th e  mother, might form ulate the  follow 

ing em pirical p re d ic tio n ; E ffec tive  con tro l o f  maternal a tte n tio n  

such th a t  i t  never follows tantrum  behavior should produce a measur

able decrease in  such behavior. Because t h i s  "experim ental" outcome 

would be u n lik e ly  to  occur un less  th e  hypothesis under t e s t  were t ru e ,  

the c lin ic ia n  has made some attem pt to  avoid the  tra p  o f explaining 

away in co n sis ten t da ta  by an endless r e t r e a t  in to  a u x i l ia r ie s .

Measurement E rro r. One in te re s tin g  aspect o f  the  data with 

respect to  the m anipulation o f  measurement e rro r  was the  absence o f  

a d e tec tab le  e f fe c t fo r  t h i s  v a ria b le . When th e  data  became con

f l i c t in g  o r ambiguous due to  th e  presence o f  measurement e r ro r ,  sub

je c ts  remained q u ite  w illin g  to  re v ise  the  experim ental hypothesis 

with a frequency equal to  th a t  fo r  su b jec ts  whose data  d id  not 

incorporate  t h i s  form o f e r ro r .  Visual inspection  o f  th e  data  fo r  

such su b jec ts  suggests th a t  a number o f  th ese  rev is io n s  may have been 

random in na tu re  o r were, perhaps, based on id io sy n c ra tic  "hunches" 

about the  lo ca tio n  o f  th e  tru e  m oisture l in e  which were in  no way 

conclusive ly  im plied by th e  a v a ilab le  data  (verbal p ro to c o ls , as 

ind icated  in  Chapter V, were o f l i t t l e  help  in  t h i s  reg a rd ). I t
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must be noted a t  th i s  p o in t, however, th a t  While many o f  th e  re lo c a 

tio n s  ind ica ted  by sub jec ts  under th ese  circum stances appeared to  be 

random, o thers  may have been q u ite  system atic and a t tr ib u ta b le  to  an 

a r t i f a c t  in  th e  experim ental methodology. Note th a t  when a p lan tin g  

range containing a  l iv e  t r ib b le  overlaps somewhat with a p lan tin g  

range containing a dead tr ib b le  (see Experiments 1 and 2, Figure 13), 

th e  sub jec t in th e  Measurement E rror Only Condition can deduce con

c lu s iv e ly  th a t  th e  tru e  lo ca tio n  o f th e  m oisture lin e  must l i e  between 

the leftm ost end o f  th e  range contain ing  th e  dead t r ib b le  and th e  

rightm ost end o f  the range containing th e  liv e  t r ib b le  ( re fe r  again 

to  Figure 13). Frequently, th e  sub jec t confronted with th i s  s itu a tio n  

e lec ted  to  place th e  hypo thetica l m oisture lin e  midway between th e  

endpoints o f  the two overlapping ranges (although s t a t i s t i c a l l y  i t  

was equiprobable th a t  th e  c r i t i c a l  m oisture lin e  was a t any one o f 

th e  o th er p o ssib le  locations between these  two endpoints due to  the  

uniform ity  o f th e  landing d is tr ib u tio n s ) .  When a  th ird  t r ib b le  was 

p lanted  w ithin the  c r i t i c a l  range already  defined by the  f i r s t  two 

experim ents, i t  was p o ssib le  to  narrow th is  p o te n tia l range somewhat 

such th a t ,  as in  th e  case depicted in Figure 13, th e  sub jec t could 

be c e r ta in  th a t  th e  tru e  c r i t i c a l  l in e  lay  somewhere between th e  end

p o in ts  o f  th e  two most proximal Tanges contain ing  a l iv e  and a dead 

p la n t,  re sp e c tiv e ly  (in  th i s  case re su lt in g  from Experiments 1 and 

3 ). This fu r th e r  narrowing o f  th e  c r i t i c a l  range was o ften  accom

panied by a re lo ca tio n  o f th e  hypo the tica l m oisture lin e  such th a t  i t  

was moved from i t s  former lo ca tio n  a t  th e  midpoint o f  th e  wide range 

defined by Experiments 1 and 2 to  th e  midpoint o f  the narrower range



Experiment 1 
dead | 

t r ib b le  i
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Location 2: 
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m oisture lin e  
i s  moved to  h ere , 
based on r e s u l ts  
o f  Experiment 3.

Location 1: i n i 
t i a l  loca tion  o f 
hypo thetical 
m oisture lin e

t
Experiment 2 
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Experiment 3 
Live Tribble

Based on f i r s t  two d a ta , S 
knows th a t  th e  ac tua l 
c r i t i c a l  m oisture lin e  must 
l i e  between th ese  two p o in ts

Figure 13: Possib le explanation fo r  continued hypothesis rev is io n  on T r ia ls  7-12
by su b jec ts  in  Measurement E rror Only Condition.



defined by th e  inclusion  o f Experiment 3. Although th e re  i s  no 

s t a t i s t i c a l  b a s is  fo r  such a  re lo c a tio n , th i s  type o f  response was 

no t a t  a l l  uncommon in  th e  behavior o f  a number o f su b jec ts . One 

p la u s ib le  explanation fo r  such data  r e la te s  to  a poin t made in 

Chapter I I :  I t  i s  d i f f i c u l t  fo r  su b jec ts  to  suspend b e lie fs  which

they hold about the n a tu ra l universe simply because an experim enter 

has in s tru c te d  them to  do so. Recall th a t  sub jec ts  exposed to  measure 

ment e rro r  were to ld  th a t  t r ib b le s ,  although they could be aimed a t  

a p rec ise  lo ca tio n , would not n e c e ssa rily  land where they were aimed 

but ra th e r  would be d is tr ib u te d  uniform ly throughout a sp ec ified  

landing range. Genuine cognitive in te g ra tio n  o f  t h i s  d esc rip tio n  o f 

th e  experim ental ta sk  requ ired  th a t  th e  subject suspend b e l ie f  in  the 

laws o f g ra v ita tio n  which imply th a t  p lan t landings would tend to  be 

norm ally, ra th e r  than uniform ly, d is tr ib u te d  under such circum

s tan ces. Although su b jec ts  may have been s u p e rf ic ia l ly  aware th a t  the 

d is tr ib u tio n s  w ithin each p lan tin g  range were uniform, they may have 

unw itting ly  been influenced by basic  b e l ie f s  associated  with notions 

o f  c e n tra l tendency in  th e  re lo ca tio n s  they undertook on T r ia ls  7-12.

Assuming fo r th e  purpose o f  speculation  th a t measurement e r ro r  

does not a f fe c t  frequency o f hypothesis re v is io n , what im plications 

might th is  have fo r  s c ie n t i f ic  hypothesis te s t in g  in  general? Are 

th e re  in stan ces  in  which in d iv id u a ls ' reasoning should be a ffec ted  

by th e  presence o f  measurement e r ro r ,  but i t  i s  not? While sub jec ts  

in  th e  p resen t in v e s tig a tio n  know with c e r ta in ty  th a t  th e  variance in 

each datum was a t tr ib u ta b le  to ta l ly  to  measurement e r ro r ,  th ere  are  

numerous in stances in  th e  ac tu a l p ra c tic e  o f  science where th a t  i s



not th e  case . That i s ,  variance Which i s  a t tr ib u te d  i n i t i a l l y  to  

measurement e r ro r  may, a t  tim es, contain  system atic variance a t t r i 

bu tab le  to  some uncontrolled  o r  u n id en tified  v a riab le  unknown to  th e  

experim enter. A cognitive tendency to  a t t r ib u te  d isconfirm atory  find ings 

to  measurement e r ro r  may make th e  d e tec tion  o f  such system atic variance 

le s s  l ik e ly .  When the  d e tec tion  o f  such variance would have s ig n if ic a n t 

th e o re tic a l im plications fo r  a p a r t ic u la r  branch o f  sc ience, a d isregard  o f 

"measurement" e r ro r  may s u b s ta n tia lly  slow th e  progress o f  discovery.

By drawing on a recen t conversation with an experimental physi

c i s t  regard ing  h is  own research , I can provide an example o f a s ig 

n if ic a n t  research  question provoked by th e  d e tec tio n  o f  system atic 

p a tte rn s  in triiat had p rev iously  been a ttr ib u te d  to  random f lu c tu a tio n s  

in d a ta  re su ltin g  from im precision in  measurement instrum entation . 

Newton's law o f g rav ita tio n  a s s e r ts  th a t  th e  g ra v ita tio n a l force 

between two o b jec ts  i s  p roportional to  th e  inverse o f th e  square o f  

the d istan ce  between the two o b je c ts . Measurements o f  th e  magni

tude o f  g ra v ita tio n a l force between o b jec ts  o f  various s ize s  (ranging 

from atomic p a r t ic le s  to  p lan e ta ry  bodies) and a t  various d istances 

o f sep ara tio n  (ranging from angstrom u n its  to  l ig h t  years) have 

y ielded  s tr ik in g  em pirical conform ity with the  inverse square law.

But p e rio d ic  dev ia tions from th e  values p red ic ted  by the law have 

been observed and were, u n t i l  very re c e n tly , a t t r ib u te d  ex clusive ly  to  

'Measurement e r ro r " —instrum entation im precision. A p h y s ic is t a t  the  

U niversity  o f  C a lifo rn ia  (Newman, 1982) noted th a t  c e r ta in  o f  these  

dev ia tions appeared to  be system atica lly  associa ted  with ob jec ts  o f  

in term ediate  s ize  (several fe e t in  diam eter) a t  in term ediate d istan ces



from one another (several fe e t to  several m ile s) . Systematic inves

t ig a tio n s  o f  th is  once anomalous find ing  have served to  corroborate
*

th e  i n i t i a l  'hunch" such th a t  s ig n if ic a n t th e o re tic a l rev is io n s  are  

now implied by r e g u la r i t ie s  in  cu rren t experimental d a ta . To repeat 

th e  e s se n tia l  po in t o f  t h i s  i l l u s t r a t iv e  example, a tendency to  

neg lec t o r  "look beyond" measurement e r ro r ,  although i t  may ty p ic a lly  

rep resen t an appropriate  and valuable h e u r is t ic  device serving to  

reduce th e  cognitive demands o f  an inference ta sk , may a lso  reduce 

the  p ro b a b ility  th a t  system atic f lu c tu a tio n s  in da ta  which have 

th e o re tic a l  s ig n ifican ce  w ill be detec ted .

The im plications o f  th e  r e s u l ts  regarding measurement e r ro r  fo r  

c l in ic a l  d iagnosis and treatm ent seem to  have p a r t ic u la r  s ig n ifican ce  

in th e  domain o f  psychometric measurement. An extensive body of 

em pirical l i t e r a tu r e  suggests th a t  a l l  psychological t e s t s  have 

lim ita tio n s  with regard to  various types o f  r e l i a b i l i t y  and v a l id i ty ,  

the  m ajo rity  o f  which are a d ire c t  r e s u l t  o f l im ita tio n s  in  the 

p rec isio n  with which the  c h a ra c te r is t ic s  under examination can be 

measured. I t  i s  conceivable th a t  a cognitive p red isp o sitio n  toward 

neg lect o f  measurement e r ro r  may cause p rac tic in g  c lin ic ia n s  to  

t r e a t  psychological assessment data  as though i t  were wholly d iag

n o s tic  when in fa c t i t  may freq u en tly  be only weakly co rre la te d  with 

th e  phenomenon which i t  purports to  measure. I t  i s  in te re s tin g  to  

note in  th i s  regard th a t those assessment instrum ents which system atic 

research  suggests are  th e  most dubious with regard to  r e l i a b i l i t y  and 

v a l id i ty  considera tions (F isher 5 F isher, 1950; H oltrberg $ Wexler, 

1950; Swensen, 1957) remain extremely popular among p ra c tic in g
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c l in ic ia n s .  Hie l i te r a tu r e  on i l lu so ry  c o rre la tio n  (Chapman, 1967; 

Chapman 6 Chapman, 1967, 1969; Golding 6 Rorer, 1962; Smedslund,

1 1963; Ward 5 Jenkens, 1965), c o n s is ten t with the  find ings o f  th e  present 

in v e s tig a tio n , a t t r ib u te  t h i s  sustained  po p u larity  to  the  fa c t  th a t 

in d iv id u a ls  have a b as ic  cognitive tendency to  neg lect random e rro r  

in da ta  in  o rder to  s e le c tiv e ly  perceive hypothesized asso c ia tio n s  

between t e s t  responses and c l in ic a l  syndromes which are  in  no way 

in d ica ted  in th e  assessment da ta .

Probe Check Likelihood Following Disconfirm atory, Versus Confirmatory, 

Outcomes

Recall th a t  i t  was hypothesized th a t  a g rea te r  proportion of 

probe checks would occur following d isconfirm atory, than following 

confirm atory, outcomes due to  th e  specu lation  th a t  experimental 

methodology comes under g re a te r  sc ru tin y  following em pirical re fu 

ta t io n  o f  a proposed hypothesis. While a trend  toward support o f 

t h i s  hypothesis emerged in  th e  d a ta , the s tren g th  o f  t h i s  trend  

w asn 't s u f f ic ie n t  to  reach s t a t i s t i c a l  s ig n ifican ce . The weak mag

n itude o f  t h i s  r e s u l t  should be considered, however, in  l ig h t  o f  

the  fa c t th a t  th e  measurement designed to  e l i c i t  th e  e ffe c t was 

a r e la t iv e ly  in se n s itiv e  one. Each subject was given only th ree  

op p o rtu n itie s  to  check on th e  s ta tu s  o f  th e  instrum entation during 

the  ta s k , and i t  i s  probably safe  to  assume th a t  p a r t ic ip a n ts ' emo

t io n a l commitment to  the  hypothesis under t e s t  was r e la t iv e ly  weak.

That even a tren d  in  th e  hypothesized d ire c tio n  emerged under these  

circum stances suggests th a t  th e  b as ic  th e o re tic a l question may be 

worthy o f fu r th e r  in v estig a tio n  using  a more se n s itiv e  methodology
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(I'm  questioning th e  v e ra c ity  o f  one o f  my a u x i l ia r ie s  in  an 

e f fo r t  to  avoid abandonment o f  th e  fo ca l h y p o th esis!).

One f in a l  to p ic  should be d iscussed in  r e la tio n  to  the  

manner in which th i s  question was addressed in  th e  p resen t 

in v e s tig a tio n . Note th a t  confirm atory and d isconfirm atory  

outcomes had equal inform ational value in  terms o f  the  sub

j e c t 's  focal hypothesis. T heoretical w ritin g s  which have d is 

cussed th e  appropriateness o f  abandoning (versus modifying) 

disconfirm ed hypotheses have argued th a t  i t  i s  o ften  more 

ra tio n a l and app rop ria te  to  question o n e 's  a u x ilia ry  assump

tio n s  in  th e  face o f d isconfirm ation  than in  th e  face o f con

firm ation  due to  th e  fa c t th a t  confirm atory outcomes f r e 

quently  ca rry  more inform ational value than d isconfirm atory 

outcomes. This a sse r tio n  i s  based on th e  fa c t th a t  when a 

p rec ise  em pirical p red ic tio n  i s  made ( e .g . ,  c ■ v /r )  and then 

borne out by em pirical observation , i t  becomes fo o lish  to  

examine o n e 's  experim ental methodology since th e  em pirical 

outcome would have been extrem ely u n lik e ly  to  occur had the  

hypothesis under t e s t  (including any a u x i l ia r ie s  with which 

i t  had been conjoined) been f a ls e .  A d isconfirm atory outcome under 

such circum stances, on th e  o th e r hand, would be h igh ly  ambiguous, 

p o te n tia l ly  a t t r ib u ta b le  to  any number o f methodological flaws in  

th e  design o f  th e  experiment such th a t  th e  t ru th  o f  th e  focal hypo

th e s is  would remain undetectab le  in  a s in g le  em pirical t e s t .  Such 

explanations fo r  th e  g re a te r  sc ru tin y  o f  a u x ilia ry  assumptions f o l 

lowing em pirical r e fu ta tio n  o f  a foca l hypothesis do not presume th e
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ex istence o f  a b asic  cognitive b ia s  toward confirm ation , but ra th e r  

suggest th a t  such a tendency i s  a wholly ra t io n a l  response to  the  

param eters o f  th e  ta sk  s i tu a t io n . While th e  above argument may have 

considerable m erit under many circum stances, the design o f  th e  

p resen t in v es tig a tio n  with respect to  th e  inform ational value o f 

confirm atory and d isconfirm atory  outcomes was such th a t  i t  was 

possib le  to  is o la te  a purely  cogn itive  b ia s  toward increased sc ru tin y  

o f  experim ental methodology follow ing em pirical r e fu ta t io n , from the 

ra tio n a l m otivations o u tlin ed  above.

Confidence Ratings

S u b jec ts ' confidence ra tin g s  suggest th a t  th e  behavioral tendency 

to  postpone re je c tio n  o f a disconfirm ed hypothesis when th e  data  con

ta in  s to c h a s tic  e r ro r ,  was p a ra lle le d  by a su b jec tiv e  experience o f 

u n ce rta in ty  with regard to  th e  in te rp re ta tio n  o f  da ta  in th ese  two 

co n d itio n s. In te re s tin g ly , th e  in troduction  o f  both measurement and 

s to c h a s tic  e r ro r  re su lte d  in a g reat deal o f  variance in  p a r t i c i 

p an ts ' su b jec tiv e  response to  th e  feedback d a ta . Note th a t  while 

most confidence ra tin g s  in  Conditions 2 through 4 were somewhat 

a ffec ted  by th e  inclusion  o f  e r ro r  in  th e  d a ta , f iv e  su b jec ts  appeared 

to  be "overwhelmed" by th i s  m anipulation. H iat i s ,  they  a l l  in d i

cated th a t  they were "extremely u n certa in "  th a t  they had located  the  

tru e  m oisture l in e  by th e  end o f  th e  ta sk . Visual comparison o f  

th ese  su b je c ts ' responses with th e i r  ac tua l d istan ce  from th e  tru e  

lo ca tio n  o f th e  c r i t i c a l  l in e  a t  th e  end o f  th e  experiment does not 

suggest any c le a r  a sso c ia tio n  between confidence ra tin g s  and l i k e l i 

hood o f  problem so lu tio n . I t  i s  in te re s tin g  to  specu late  whether
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th e re  might be la rg e  ind iv idual d iffe ren ces  in  how people engaged in 

hypothesis te s t in g  respond to  data  e r ro r .  I f  t h i s  were th e  case 

then th e  same em pirical outcome might lead one experim enter to  make 

an enormous specu la tive  leap  w hile another experim enter might p er

form 100 re p lic a tio n s  o f  th e  same experiment before accepting the  

i n i t i a l  outcome as le g itim a te . Which o f these  s tra te g ie s  would be 

most l ik e ly  to  f a c i l i t a t e  the  discovery process would very l ik e ly  

depend on th e  sp e c if ic  research  question being addressed. In the 

p resen t ta s k , fo r  example, those su b jec ts  in  th e  S to ch astic  E rror 

Only Condition who were w illin g  to  make su b s ta n tia l leaps o f inference 

on the b as is  o f a s in g le  datum ( e .g . , Subject 6) tended to  d iscover the tru e  

lo ca tio n  o f  the m oisture lin e  much more ra p id ly  than did sub jec ts  who 

made extensive disconfirm ing observations p r io r  to  rev is io n  ( e .g . , Subject 

2 ) . Given th e  p o te n tia l ex istence of la rge  in d iv id u a l d iffe ren ces  in 

"conservatism " with resp ec t to  hypothesis re v is io n , em pirical inves

t ig a t io n  o f  any r e g u la r i t ie s  in  th e  ta sk  s itu a tio n  which might sug

gest p re sc r ip tiv e  norms th a t  should guide the choice o f one s tra teg y  

over ano ther, would be extrem ely p roductive .

Proximity to  True Moisture Line a t Completion o f  Task

Ihe  data derived from measurement o f  th e  d is tan ce  between p ar

t ic ip a n ts ' f in a l  placement o f  th e  hypo thetica l m oisture lin e  and th e  

tru e  lo ca tio n  o f  th e  c r i t i c a l  l in e  tended to  corroborate  th e  inference 

th a t  th e re  e x is t large  ind iv idual d iffe ren ces  in  th e  amount o f  data 

which must be accumulated before m odification  o f  a  hypothesis i s  

undertaken. Possib le im plications o f  t h i s  p a tte rn  in  th e  da ta  have 

a lready  been d iscussed .
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A dditional T ribb les Requested

Because so much variance emerged in  su b je c ts ' responses when 

they  were asked how many ad d itio n a l t r ib b le s  they  would need to  p lan t 

in  order to  be ab so lu te ly  c e r ta in  th a t  they  had located  the  ac tua l 

c r i t i c a l  m oisture l in e ,  i t  was d i f f i c u l t  to  draw any conclusive (or 

even specu la tive) in ferences from th i s  d a ta . U nfortunately , based on 

s u b je c ts ' frequent requests  to  have th e  phrase "abso lu te ly  c e r ta in "  

defined o p e ra tio n a lly , i t  i s  suspected th a t  su b je c ts ' in te rp re ta tio n s  

o f  th e  meaning o f th is  question may have been h igh ly  id io sy n c ra tic , 

making th i s  an in se n s itiv e  dependent measure.

Memory Test

Recall th a t  su b jec ts  whose feedback da ta  contained s to ch a s tic  

e r ro r  tended to  overestim ate th e i r  p re d ic tiv e  accuracy when asked how 

many o f th e i r  experiments had come out as  a n tic ip a te d , while sub jec ts  

in the o th er two groups tended e i th e r  to  accu ra te ly  r e c a l l ,  o r to  

s l ig h t ly  underestim ate th e i r  p re d ic tiv e  accuracy. The ac tu a l number 

o f  accurate  experim ental p red ic tio n s  d id  no t d i f f e r  across th e  four 

co n d itio n s . What did d i f f e r  fo r  sub jec ts  in  Conditions 3 and 4 

(S tochastic  E rror Only and both Measurement and S tochastic  E rro r) , 

however, was th e  amount o f su b je c tiv e ly  experienced ambiguity in  th e  

feedback da ta  received  throughout th e  experim ental ta sk  (as suggested 

by r e s u l ts  from both q u a li ta t iv e  and q u a n tita tiv e  dependent v a r ia b le s ) . 

A recen t body o f  l i t e r a tu r e  on a t t r ib u tio n s  o f  c a u sa lity  and personal 

re sp o n s ib il i ty  fo r  outcomes (Ebbesen 5 Z e iss , 1976; Ross 6 S icoly ,

1979) suggests th a t  b iases  in  re c a l l  e x is t  which cause o n e 's  own 

co n trib u tio n s  to  a jo in t  product to  be more e a s i ly  and frequen tly
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re c a lle d  than are  th e  co n trib u tio n s  o f  o th e rs . A re la te d  phenomenon

may account f o r  th e  d is to r t io n s  in  memory observed in  th e  present

in v e s tig a tio n . That i s ,  a general tendency toward egocen tric  a t t r i -

bu tional b iase s  e x is tin g  in a l l  p a r tic ip a n ts  may have become m anifest

only in th e  context o f  ambiguity crea ted  by th e  in troduction  of

s to c h a s tic  e r ro r .

D irections fo r  Future Research

Param etric M anipulations. Several p o s s ib i l i t ie s  fo r  ad d itio n a l

research  are  suggested by r e s u l ts  o f  th e  p resen t in v e s tig a tio n .

F i r s t ,  a param etric m anipulation o f  both measurement and s to c h a s tic

e r ro r  would f a c i l i t a t e  determ ination o f whether some c r i t i c a l  lev e l

e x is ts  fo r  each o f  th ese  independent v a r ia b le s , above which an impact

on the  dependent measures begins to  emerge. (Note th a t  th e  absence

o f  any e f fe c t  fo r  measurement e r ro r  may be due to  the fa c t th a t  the

sin g le  lev e l o f  t h i s  independent v a riab le  included in  th e  p resen t 
»

study d id n 't  exceed th i s  c r i t i c a l  v a lu e .)  Such a m anipulation would 

a lso  d e tec t any system atic a sso c ia tio n  between lev e ls  o f independent 

v a riab le s  and th e i r  magnitudes o f  e f fe c t  on dependent measures. I t  

seems p la u s ib le  to  suppose, fo r  example, th a t  i f  the  amount o f  

s to c h a s tic  e r ro r  contained in  feedback da ta  were increased , frequency 

o f  hypothesis rev is io n  on th e  p a r t o f  su b jec ts  would decrease co r

respondingly. But would t h i s  decrease n ec e ssa rily  be lin e a r?  A 

number o f  in te re s t in g  specu la tions about th e  e f fe c t o f  s to ch a s tic  

e r ro r  on th e  in ference process would be suggested by th e  find ing  th a t  

t h i s  a sso c ia tio n  is  b e s t represen ted  by a p o s itiv e ly  o r n egative ly  

ac ce le ra tin g  curve, fo r  example.
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Manipulation o f  ♦T heoretical11 A u x ilia r ie s . A second d ire c tio n  

fo r  fu tu re  research  has been alluded to  throughout th e  d is s e r ta tio n . 

The m anipulation o f  independent v a riab le s  needs to  be extended out 

o f th e  domain o f  " in strum entational"  a u x il ia r ie s  in to  th e  domain o f  

" th e o re tic a l"  a u x i l ia r ie s  in  o rder to  provide a more comprehensive 

p ic tu re  o f  th e  impact o f  a u x ilia ry  hypotheses on th e  in ference process.

Which Will Be Questioned in the  Pace o f  D isconfinnation ; 

Hypothesis o r  A u x ilia ries?  A th ird  in te re s t in g  question not addressed 

in  th e  p resen t in v es tig a tio n  is  whether th e re  may e x is t  param eters o f 

th e  problem s itu a t io n ,  o th er than the presence o f  da ta  e r ro r ,  which 

influence th e  lik e lih o o d  th a t  a d isconfirm atory outcome w ill lead to  

hypothesis rev is io n  ra th e r  than examination o f a u x i l ia r ie s .  Such 

param eters might include: (1) The degree o f  p r io r  commitment to  the

hypothesis under t e s t ;  (2) The r e la t iv e  weight assigned to  a given 

em pirical datum as determined by fa c to rs  o th e r than those assoc ia ted  

with measurement and/or s to ch a s tic  e r ro r ;  and (3) The number o f  com

pe tin g  hypotheses which account equally  well fo r  an observed ex p eri

mental outcome.

F urther In v estig a tio n  o f  th e  Impact o f  Data E rror on the 

Inference P rocess. System atic study o f th e  e f fe c t  o f  da ta  e rro r  

on th e  h y p o th e s is -te s tin g  process i s  a new domain o f  inquiry  

w ithin  th e  psychology o f  science which deserves fu r th e r  in v e s tig a 

tio n  in  i t s  own r ig h t .  Any number o f  paradigms could be 

employed in which sub jec ts  would be asked to  d e tec t lawful 

p a tte rn s  in  a un iverse where experim enter inpu ts were cau sa lly  

r e la te d  to  em pirical outcomes, but in  a p ro b a b ilis t ic  o r
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im precise fash ion .

Summary and Conclusions

7he r e s u l ts  o f  th e  cu rren t study in d ica te  th a t  people do 

not in v a ria b ly  (o r almost in v ariab ly ) persevera te  in  te s t in g  

f a l s i f ie d  hypotheses, as e a r l i e r  em pirical work in  th e  psychol

ogy o f  science has tended to  suggest. R ather, the  lik e lih o o d  th a t 

a disconfirmed hypothesis w ill be rev ised  in  o rder to  inco r

porate  anomalous da ta  appears to  be s tro n g ly  influenced by the  

natu re  o f  th e  fa ls ify in g  data  received by th e  in v e s tig a to r .

When a c e r ta in  proportion o f  the data  i s  known, a p r io r i ,  to  

have been generated a t random, the  research er may m anifest a 

strong tendency to  r e p lic a te  disconfirm atoxy outcomes many tim es 

before coming to  accept them as conclusive . On th e  o th e r hand, 

when the  data  i s  known to  be f re e  o f  such (s to ch as tic )  e r ro r , 

o r  to  have some amount o f  random measurement e r ro r  associa ted  

with each datum received , the  ty p ica l in v e s tig a to r  w ill re a d ily  

re v ise  a disconfirm ed hypothesis, freq u en tly  on th e  b as is  o f  a 

s in g le  experiment.

In general, th e  p resen t study suggests th a t  attem pts to  

form ulate u n iversa l " ru le s"  regard ing  th e  appropriateness o f 

confirm atory versus d isconfirm atory  reasoning s tr a te g ie s ,  

probably hold l i t t l e  promise fo r  uncovering th e  cogn itive  

mechanisms th a t  u n d erlie  (or should u n d erlie ) s c ie n t i f ic  th in k 

ing . Instead , in v es tig a tio n s  o f  th e  unique param eters o f  th e  

in ference ta sk  triiich define th e  e ffic a cy  o f  one reasoning 

s tra te g y  over th e  o th e r , seem more l ik e ly  to  lead  u ltim a te ly



the design o f  p re sc r ip tio n s  fo r  b e t te r  s c ie n t i f ic  inqu iry .



APPENDIX A

In s tru c tio n s  to  Subjects in the  No E rro r, 

Measurement Error Only, and S tochastic  

Error Only C onditions, Followed by 

Q uestionnaire Completed by Subjects a t  

End o f Task
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I n s tru c t io n s :  So E rro r C ondition (1)

You a re  e s c i e n t i s t ,  in v e s tig a tin g  an unexplored p la n e t ,  E thereus.
R ight now, you a re  o r b i t in g  E thereus in  a spacesh ip . Pro* your spacesh ip , 
you can conduct a  v a r ie ty  o f  c o n tro lle d  experim ents. P revious re se a rc h  has 
shown th a t  c e r ta in  l i f e  forms e x i s t  on th e  p la n e t ,  b u t th e  co n d itio n s  which 
support th e se  l i f e  forms a re  very  p o o rly  understood . Your re se a rc h  p ro je c t 
w il l  involve an a t t e s t  to  determ ine what c o n d itio n s  promote th e  growth o f  
a  p la n t ,  th e  t r i b b l e ,  found In  c e r ta in  reg io n s  o f  E thereus. The t r i b b l e  was 
s e le c te d  a s  th e  focus o f  t h i s  i n i t i a l  in v e s tig a tio n  because e a r l i e r  work sug
g e s ts  th a t  i t s  su rv iv a l depends on ly  on th e  amount o f  m oisture p re se n t in  
th e  s o i l .  I t  i s  suspected  th a t  above a c e r ta in  m oistu re  c o n te n t, t r ib b le s  
grow. Below t h i s  m oisture c o n te n t, th e  p la n ts  d ie .  Your ta s k  i s  to  d e te r 
mine whet t h i s  c r i t i c a l  le v e l i s  by sy s te m a tic a lly  p la n tin g  t r ib b le s  a t  
v a rio u s  p o in ts  on th e  p la n e t 's  su rfa ce  and see ing  whether o r  not th e y  su rv ive  
a t  th e se  lo c a t io n s .  Each o f  th e  p o in ts  you s e le c t  f o r  p la n tin g  w ill  c o r re s 
pond to  a c e r ta in  m oisture le v e l .  The s i t e  o f  th e  in v e s tig a tio n  w i l l  be a
250,000 square-m lle a re a  encompassing a la rg e  p o r tio n  o f  th e  p la n e t 's  
sou thern  hem isphere. There i s  a  d isp la y  o f  t h i s  a re a  on th e  computer con
s o le  in  f ro n t o f  you.

F o rtu n a te ly , re se a rc h  has e s ta b lish e d  th a t  th e  d is t r ib u t io n  o f  m oisture 
in  th e  p la n e t 's  s o i l  i s  rem arkably r e g u la r .  The percen tage o f  s o i l  m oisture 
on your viewing screen  In c rea ses  uniform ly from west ( l e f t  s id e  o f  sc reen ) 
to  e a s t ( r ig h t  s id e  o f  sc re e n ) . P re lim inary  d a ta  in d ic a te s  th a t  t r ib b le s  
can su rv iv e  on ly  when th e  percen tage o f  m o istu re  in  th e  s o i l  equals o r  
exceeds a c e r ta in  le v e l in d ic a te d  by t h i s  d o tte d  l in e  (g in d ic a te s ) .  Your 
jo b  i s  to  conduct a more thorough in v e s tig a tio n  o f  th e  r e n ta t lv e  h y p o th esis  
th a t  t r ib b le s  can su rv iv e  on ly  a t  m oistu re  le v e ls  equal t o  o r  exceeding th e  
le v e l d isp lay ed  on th e  sc reen  by p la n tin g  them e a s t  o r  west o f  t h i s  l in e  
and observing w hether th e y  l iv e  o r  d ie .

Each tim e y o u 're  ready  to  p la n t a t r i b b l e ,  a sm all do t w ill appear on 
th e  sc reen . T his dot (g in d ic a te s  to  s )  re p re se n ts  th e  p la n tin g  lo c a tio n  
o f  your f i r s t  t r i b b l e .  —I t  can be move? to  th e  e a s t  o r  w est o f  where i t  
f i r s t  appears v ery  e a s i ly .  I f  you want to  move th e  do t t o  th e  e a s t ,  ju s t  
h o ld  down th e  " re p e a t"  (REPT) key and p re ss  th e  arrow beneath  i t  on th e  
r ig h t  (■*). To move th e  d o t in  a w estern  d i r e c t io n ,  ho ld  down th e  re p e a t 
key and p re ss  th e  arrow In  th e  l e f t  ( ♦ ) .

You have re so u rce s  a v a ila b le  to  p la n t a  t o t a l  o f  £  t r i b b l e s .

In o rd e r  th a t  I  can b e t t e r  understand  what y o u 're  th in k in g  about as  
you perform  th e  ta s k .  I 'd  l i k e  you to  go th rough  th e  fo llow ing  s te p s  each 
tim e you p la n t a  t r i b b l e :

1 . When th e  dot ap p ears , p o s it io n  I t  ov er th e  lo c a tio n  a t  td iich  you 
would l ik e  t o  p la n t .  A fte r  th e  p la n tin g  a re a  has been s e le c te d , 
p re ss  th e  "F" key f o r  FINISHED, (g dem onstrates)
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No E rro r (p . 2)

2. At th e  b o tto a  o f  th e  screen  I t  now sa y s , "PREDICT RESULTS; D > DIE,
L ■ LIVE." Beted on th e  d a te  you have a v a ila b le  to  you, I 'd  l ik e  
you to  t r y  and p re d ic t  whether th e  t r i b b l e  y o u 're  about to  p la n t 
w il l  l i v e  o r  d ie .  I n i t i a l l y ,  you nay f e e l  you d o n 't  have enou(h 
in fo ia a t io n  to  w arrant a  reaconab le p re d ic t io n ,  b u t I 'd  l ik e  you 
to  do your b e a t.

3 . As aoon as you 've fo ra u la te d  your p re d ic tio n  I 'd  l ik e  you to  t e l l  
m , a s  b e s t  you can , th e  reason  fo r  your p re d ic tio n .

4 . R elease th e  t r i b b l e  by p re ss in g  th e  "L" o r  th e  "D" key . The t r ib b le  
w il l  then  descend to  th e  su rfa c e  o f  th e  p la n e t and e i th e r  grow o r  
d ie .  The r e s u l t  w ill  be rad ioed  back to  your space c r a f t  and d i s 
p layed  on your screen  a s  e i t h e r  green o r  p u rp le , ( t  d ea o n s tra te s )

5 . At t h i s  p o in t ,  th e  lower p o r tio n  o f  th e  coapu te r screen  says,
"DO YOU WANT TO OUNCE TOE HYPOTHETICAL LINE? TYPE Y OR N."
What I ' a  in te r e s te d  In  fin d in g  ou t I s  Whether o r  n o t th e  d a ta  
you 've  generated  has led  you to  r e je c t  th e  lo c a tio n  o f  th e  
o r ig in a l  c r i t i c a l  ao ls tu T e  l in e  in  fav o r o f  a new lo c a tio n . 1 
want you to  r e lo c a te  t h i s  l i n e  on ly  when your d a ta  in d ic a te s  th a t  
th e  l i n e 's  p re se n t lo c a tio n  i s  wrong and does n o t re p re se n t th e  
a c tu a l c r i t i c a l  a o ls tu r e  le v e l .  Do t h i s  by typ ing  "Y" fo r  YES, 
and re p o s it io n in g  th e  hypo thesis  l in e  in  th e  sane uanner as 
re p o s it io n in g  a t r i b b l e  (by u sin g  th e  arrow keys and th e  rep e a t 
h ey ). (K d e a o n s tra te s )  When you 've  reached a po in t th s t  r e p re 
se n ts  your new working hyp o th esis  about where th e  c r i t i c a l  a o ls tu r e  
l in e  should b e , ty p e  "F" fo r  FINISHED and th e  coapu te r w il l  g ive 
you your nex t t r i b b l e .  I f  you d o n 't  want to  aove th e  l i n e ,  type  
"N" fo r  NO and th e  coapu te r w ill  aake your nex t t r i b b l e  a v a ila b le  
f o r  p la n tin g . T h is procedure w ill be follow ed f o r  each t r ib b le  
you p la n t u n t i l  you 've  p la n ted  a  t o t a l  o f  S t r ib b le s .  Do you 
have any q u es tio n s?

(E c l a r i f i e s  any a re a s  on which the  s u b je c t rmm^ina u n c lea r a t  t h i s  p o in t . )

I t  would be h e lp fiil to  ae  i f  you could  ' t a l k  out loud" as  you p e r fo ra  
th e  ta s k ,  sh a rin g  w ith  ae  any in fe ren c es  you aay be Baking o r  reason ing  
s t r a t e g ie s  you aay  be u sin g  as  you work. I ' l l  be ask ing  a  ta p e  reco rd in g  
o f  any though ts o r  p e rc e p tio n s  you sh a re , so  th a t  I  can go back l a t e r  and 
c o r r e la te  th e se  w ith  s p e c if ic  responses you 've wade on th e  ta s k .
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In s tru c tio n s ; Measurement Error Only Condition (2)

You a re  a  s c le n t1 s t ,  in v e s tig a tin g  an unexplored p la n e t ,  E thereus.
Right now, you a re  o r b i t in g  E thereus in  a sp acesh ip . Proa your spacesh ip , 
you can conduct a  v a r ie ty  o f  c o n tro lle d  experim ents. P revious re se a rc h  has 
shown th a t  c e n a i n  l i f e  forms e x is t  on th e  p la n e t ,  but th e  c o n d itio n s  tdilch 
support th e se  l i f e  forms a re  very  poo rly  understood . Your re se a rch  p ro je c t 
w il l  invo lve an a ttem p t to  determ ine what co n d itio n s  promote th e  growth o f  
a  p la n t ,  th e  t r i b b l e ,  found in  c e r ta in  reg io n s  o f  E thereus. The t r i b b l e  was 
se le c te d  as  th e  focus o f  t h i s  i n i t i a l  in v e s tig a tio n  because a a r l l e r  wort: sug
g e s ts  th a t  i t s  su rv iv a l depends on ly  on th e  amount o f  m oisture p re se n t in  
th e  s o i l .  I t  i s  suspected  th a t  above a c e r ta in  m o istu re  c o n te n t,  t r ib b le s  
grow. Below th i s  m o istu re  c o n te n t, th e  p la n ts  d ie .  Your ta s k  i s  to  d e te r 
mine whit t h i s  c r i t i c a l  le v e l  i s  by sy s te m a tic a lly  p la n tin g  t r ib b le s  a t  
v a rio u s  p o in ts  on th e  p la n e t 's  su rfa ce  and see ing  whether o r  no t th e y  su rv ive 
a t  th e se  lo c a t io n s .  Each o f  th e  p o in ts  you s e le c t  f o r  p la n tin g  w ill  c o r re s 
pond to  a c e r ta in  m o istu re  le v e l .  The s i t e  o f  th e  In v e s tig a tio n  w ill  be a
250,000 square-m lle a rea  encompassing a la rg e  p o rtio n  o f  th e  p la n e t 's  
sou thern  hem isphere. There i s  a d isp la y  o f  t h i s  a rea  on th e  computer con
s o le  in  f ro n t o f  you.

F o rtu n a te ly , re se a rc h  has e s ta b lish e d  th a t  th e  d is t r ib u t io n  o f  m oistu re  
in  th e  p la n e t 's  s o i l  i s  rem arkably r e g u la r .  The percen tage o f  t o l l  m oistu re  
on your view ing screen  In c rea ses  un iform ly  from west ( l e f t  s id e  o f  screen ) 
to  e a s t ( r ig h t  s id e  o f  sc re e n ) . P re lim inary  d a ta  in d ic a te s  th a t  t r ib b le s  
can su rv iv e  on ly  when th e  percen tage o f  m oisture in  th e  s o i l  eq u a ls  o r  
exceeds a c e r ta in  le v e l in d ic a te d  by t h i s  d o tte d  l in e  (£ in d ic a te s ) .  Your 
jo b  i s  t o  conduct a  more thorough in v e s tig a tio n  o f  th e  t e n ta t iv e  hypo thesis  
th a t  t r ib b le s  can su rv iv e  on ly  a t  m oisture le v e ls  equal to  o r  exceeding th e  
le v e l d isp lay e d  on th e  sc reen  by p la n tin g  them e a s t o r  west o f  t h i s  l in e  
and observ ing  whether th e y  l iv e  o r  d ie .

Each tim e y o u 're  ready to  p la n t a  t r i b b l e ,  a sh o r t h o r i to n ta !  l in e  
w ill  appear on th e  sc reen . This l in e  (e In d ic a te s  to S) re p re se n ts  an area  
in  which you can p la n t your t r i b b l e .  i f i l s  a rea  can be moved to  th e  ea s t 
o r  west o f  where i t  f i r s t  appears very  e a s i ly .  I f  you want to  move th e  
a re a  to  th e  e a s t ,  j u s t  ho ld  down th e  " re p e a t"  (KEPT) key and p re ss  th e  
arrow beneath  i t  on th e  r ig h t  ( * ) .  TO move th e  a rea  in  a w estern d i r e c 
t io n ,  ho ld  down th e  re p e a t key and p re ss  th e  arrow  on th e  l e f t  ( * ) •

Why I s  th e  p la n tin g  a re a  rep re se n ted  by a h o r iz o n ta l l in e  In stead  o f  
a do t? Because you a re  o rb it in g  th e  p la n e t from a d is ta n c e  o f  500 m iles , 
you a re  n o t ab le  to  p la n t t r ib b le s  a t  a  p re c is e  lo c a tio n .  R ather, t r ib b le s  
w ill  land w ith in  15 m iles  o f  th e  lo c a tio n  a t  which you aim . Although th e  
t r i b b l e  may land  somewhat e a s t ,  w est, n o r th , o r  south o f  th e  lo c a tio n  you 
sp e c ify , on ly  ea s t-w est e r r o r  i s  o f  in te r e s t  w ith  re sp e c t to  your m oisture 
h y p o th e s is , so t h i s  i s  th e  e r r o r  you see  rep re se n ted  on th e  screen  by th e  
h o r i to n ta l  l in e .  By moving th e  l in e  e a s t  o r  west on each t r i a l  you can 
sp e c ify  a p la n tin g  lo c a tio n .  Mien th e  t r i b b l e  i s  r e le a s e d , you w ill  know 
th a t  i t  has landed somewhere w ith in  th e  ea s t-w es t range rep resen ted  by th e  
h o r i to n ta l  l in e ,  b u t you can be no more s p e c if ic  in  your o b se rv a tio n s than  
t h i s .
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M u n im e n t  E rro r  Only (p . 2)

You have resource*  a v a ila b le  t o  p la n t a  t o t a l  o f  £  t r i b b l e s .

In o rd e r  th a t  I  can b e t t e r  understand tdiat y o u 're  th in k in g  about a* 
you perform  th e  ta s k .  I 'd  l ik e  you to  go through th e  fo llow ing  s te p s  each 
t i a e  you p la n t a t r i b b l e :

1 . When th e  l in e  ap p ears , p o s it io n  i t  over th e  lo c a tio n  a t  which you 
would l i k e  to  p la n t .  A fte r  th e  p la n tin g  a re a  has been s e le c te d ,  
p re s s  th e  "F" key f o r  FINISHED. ( |  tfaaonstraees;

2. At th e  b o tto n  o f  th e  sc reen  i t  now sa y s , "PREDICT RESULTS; D ■ DIE, 
L ■ LIVE." Based on th e  d a ta  you have a v a ila b le  t o  you. I 'd  l ik e  
you to  t r y  end p re d ic t  Whether th e  t r i b b l e  y o u 're  about to  p la n t 
w il l  l iv e  o r  d ie .  I n i t i a l l y ,  you nay f e e l  you d o n 't  have enough 
in f o n u t lo n  to  w arrant a  reaso n ab le  p re d ic tio n ,  bu t I 'd  l i k e  you 
to  do your b e s t .

3 . As soon a s  you 've f o n u la te d  your p re d ic t io n  I 'd  l ik e  you to  t e l l  
ne , as b e s t you can , th e  reaso n  f o r  your p re d ic tio n .

4. Release th e  t r i b b l e  by p re ss in g  th e  "L" o r  th e  "D" key. The 
t r ib b le  w ill  then  descend to  th e  su rfa ce  o f  th e  p la n e t and e i th e r  
grow o r  d ie .  The r e s u l t  w ill  be rad io ed  back to  your space c r a f t  
and d isp lay ed  on your sc reen  as e i t h e r  gTeen o r  p u rp le . ( j  deaon- 
atiMtn) (£ show* index  ca rd  1 to S and InqultmM)

5. At t h i s  p o in t,  th e  low er p o r tio n  o f  th e  co ap u te r screen  sa y s ,
"DO YOU WANT TO CHANCE THE HYPOTHETICAL LINET TYPE Y OR N ."
What I 'n  in te re s te d  in  f in d in g  ou t i s  Whether o r  n o t th e  d a ta  
you 've  generated  has led  you to  r e j e c t  th e  lo c a tio n  o f  th e  
o r ig in a l  c r i t i c a l  a o ls tu r e  l in e  in  fav o r o f  a new lo c a tio n . I  
want you to  r e lo c a te  t h i s  l in e  on ly  tdien your d a ta  in d ic a te s  th a t  
th e  l i n e 's  p re se n t lo c a tio n  i s  wrong and does n o t re p re se n t th e  
ac tu a l c r i t i c a l  a o ls tu r e  le v e l .  Do t h i s  by ty p in g  "Y" f o r  YES, 
and re p o s it io n in g  th e  hyp o th esis  l i n e  in  th e  sane Banner as  
re p o s it io n in g  a  t r i b b l e  (by u s in g  th e  arrow keys and th e  rep e a t 
k ey ), (c d eao n straces) When you 've  reached a p o in t th a t  r e p re 
se n ts  your new working h y p o th esis  about where th e  c r i t i c a l  a o ls tu re  
l in e  should be, ty p e  "F" f o r  FINISHED and th e  co apu te r w ill  g ive 
you your nex t t r i b b l e .  I f  you d o n 't  want to  aove th e  l i n e ,  type 
"N" f o r  NO and th e  coapu te r w ill  Bake your nex t t r i b b l e  a v a ila b le  
f o r  p la n tin g . This procedure w il l  be follow ed f o r  each t r ib b le  
you p la n t u n t i l  you 've p la n ted  a t o t a l  o f  8 t r i b b l e s .  Do you 
have any q u es tio n s?

( t  clarifioa  any a re a s  on which th e  s u b je c t  re a a in s  u n c lea r  a t  t h i s  point.)

I t  would be h e lp flil to  ae  i f  you could  ' t a l k  out lo u d "  as  you p e rfo ra  
th e  ta s k ,  sh a rin g  w ith  ae  any in fe ren c es  you aay  be Baking o r  reasoning  
s t r a t e g ie s  you aay  be u s in g  as you work. I ' l l  be ask ing  a  ta p e  rec o rd in g  
o f  any th o u g h ts  o r  p e rc e p tio n s  you sh a re , so  t h a t  1 can go back l a t e r  and 
c o r r e la te  th e se  w ith  s p e c if ic  responses you 've nade on th e  ta s k .
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In s tru c tio n s ; S tochastic  E rror Only Condition (J)

You o re  a s c i e n t i s t ,  In v e s tig a tin g  an unexplored p la n e t ,  E thereus.
R ight now, you a re  o rb it in g  E thereus in  a sp acesh ip . P ros your spacesh ip , 
you can conduct a  v a r ie ty  o f  c o n tro l le d  experim en ts. P rev ious re se a rc h  has 
shown th * t  c e r ta in  l i f e  forms e x is t  on th e  p la e n t ,  b u t th e  co n d itio n s  which 
support th e se  l i f e  form s a re  very  p o o rly  understood . Your re se a rc h  p ro je c t 
w ill  Involve an attem pt to  determ ine what c o n d itio n s  promote th e  growth o f  
a p la n t ,  th e  t r i b b l e ,  found in  c e r ta in  reg io n s  o f  E th e reu s. The t r i b b l e  was 
s e le c te d  as  th e  focus o f  t h i s  i n i t i a l  in v e s tig a tio n  because e a r l i e r  work sug
g e s ts  th a t  i t s  su rv iv a l depends on ly  on th e  amount o f  m o istu re  p re se n t in  
th e  s o i l .  I t  i s  suspected  th a t  above a c e r ta in  m o istu re  c o n te n t, t r ib b le s  
grow. Below t h i s  m o istu re  c o n te n t, th e  p la n ts  d ie .  Your ta s k  I s  t o  d e te r 
mine id iat t h i s  c r i t i c a l  le v e l i s  by sy s te m a tic a lly  p la n tin g  t r ib b le s  a t  
v ario u s  p o in ts  on th e  p la n e t 's  su rfa c e  and seeing  w hether o r  n o t th e y  su r 
v iv e  a t  th e se  lo c a t io n s .  Each o f  th e  p o in ts  you s e le c t  f o r  p la n tin g  w ill 
correspond to  a  c e r ta in  m o is tu re  le v e l .  The s i t e  o f  th e  in v e s tig a tio n  w ill  
be a  250,000 s q u a re -a ile  a re a  encompassing a  la rg e  p o r tio n  o f  th e  p la n e t 's  
sou thern  hem isphere. There i s  a  d isp la y  o f  t h i s  a re a  on th e  computer con
so le  in  f ro n t  o f  you.

F o rtu n a te ly , re se a rc h  has e s ta b lish e d  th a t  th e  d is t r ib u t io n  o f  m oistu re  
in  th e  p la n e t 's  s o i l  i s  rem arkably r e g u la r .  The percen tage o f  t o i l  m o is tu re  
on your viewing screen  in c re a se s  un iform ly  from w est ( l e f t  s id e  o f  screen ) 
to  e a s t  ( r ig h t  s id e  o f  s c re e n ) . P re lim inary  d a ta  in d ic a te s  th a t  t r ib b le s  
can su rv iv e  on ly  when th e  percen tage o f  m oisture in  th e  s o i l  equa ls  o r  
exceeds a c e r ta in  le v e l  in d ic a te d  by t h i s  d o tte d  l in e  f r  In i ic t tM ) .  Your 
jo b  i s  t o  conduct a more thorough in v e s tig a tio n  o f  th e  t e n ta t iv e  hypo thesis  
th a t  t r i b b l e s  can su rv iv e  only  a t  s u is tu r e  le v e ls  equal t o  o r  exceeding th e  
le v e l d isp lay ed  on th e  sc reen  by p la n tin g  them e a s t o r  west o f  t h i s  l in e  
and observ ing  whether th e y  l iv e  o r  d ie .

Each tim e y o u 're  ready  to  p la n t a  t r i b b l e ,  a sm all d o t w ill  appear on 
th e  sc re e n . This dot (s in d ic a te s  to  5) re p re se n ts  th e  p la n tin g  lo c a tio n  
o f  your f i r s t  t r i b b l e ,  ~ I t  can be move? to  th e  e a s t  o r  west o f  where i t  
f i r s t  appears very  e a s i l y .  I f  you want to  move th e  d o t to  th e  e a s t .  Ju s t 
hold  down th e  " re p e a t"  (KEPT) key and p re ss  th e  arrow beneath  i t  on th e  
r ig h t  ( •* ) ,  To move th e  do t in  a  w estern d ir e c t io n ,  hold  down th e  rep e a t 
key and p re ss  th e  arrow on th e  l e f t  ( + ) .

You have re so u rce s  a v a ila b le  to  p la n t a t o t a l  o f  £  t r i b b l e s .

Because you a re  o rb i t in g  th e  p la n e t from a  co n s id e rab le  d is ta n c e ,  th e re  
a re  se v e ra l la y e rs  o f  in s tru m e n ta tio n  involved in  c o l le c t in g  d a ta  reg a rd in g  
w hether o r  no t your t r i b b l e  su rv iv ed . S p e c i f ic a l ly ,  your sp acesh ip  i s  
equipped w ith  a s e r ie s  o f  p ro b es, one o f  which la  se n t down w ith  every  
t r i b b l e  you p la n t .  O ccasio n ally , th e  probe m alfunctions and sends back 
random in fo rm ation  t o t a l l y  u n re la te d  to  th e  t r u e  co n d itio n  o f  th e  t r i b b l e .  
l h a t  i s ,  what th e  probe says about th e  t r i b b l e  b ea rs  no r e la t io n  to  i t s  
t r u e  c o n d itio n . ( t  e x p la in s )  P revious work invo lv ing  such probes in d ic a te s  
th a t  th e  r a t e  o f  m alfunction  i s  approxim ately  25%, o r  one in  fo u r . Because
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t h i s  i s  an average, however, your own r a t e  o f  probe a a lfu n c tio n  aay  be 
s l i g h t ly  g re a te r  o r  l e s s  th an  25%. F o rtu n a te ly , your spacesh ip  i s  equipped 
w ith a  d ev ice  which can check on th e  fu n c tio n in g  o f  th e  probe and t e l l  you 
when you have rece ived  random d a ta  r e s u l t in g  f ro *  instrum ent m alfunction . 
Because o f  th e  f in a n c ia l  c o s ts  a s so c ia te d  w ith  probe checks, you w il l  be 
allow ed to  eaploy i t  on only two occas io n s.

You have reso u rce s  a v a ila b le  to  p la n t a  t o t a l  o f  8 t r i b b l e s .

In o rd e r  th a t  I  can b e t t e r  understand  what y o u 're  th in k in g  about as 
you perform  th e  ta s k ,  I 'd  l i k e  you to  go through th e  fo llow ing  s te p s  each 
t l a e  you p la n t a t r i b b l e :

1 . Nhen th e  dot ap p ears , p o s it io n  i t  over th e  lo c a tio n  a t  which you 
would l ik e  to  p la n t .  A fte r  th e  p la n tin g  area  has been s e le c te d , 
p re s s  th e  "F" key f o r  FINISHED. (£ dem onstrates;

2. At th e  bottom o f  th e  screen  i t  now sa y s , "PREDICT RESULTS; D ■ DIE, 
L ■ LIVE." Based on th e  d a ta  you have a v a ila b le  t o  you, I 'd  l ik e  
you to  t r y  and p re d ic t w hether th e  t r i b b l e  y o u 're  about to  p la n t 
w ill  l iv e  o r  d ie .  I n i t i a l l y ,  you may f e e l  you d o n 't  have enough 
in fo rm ation  t o  w arrant a  reaso n ab le  p re d ic t io n ,  b u t I 'd  l i k e  you 
to  do your b e s t .

3 . As soon as you 've  form ulated  your p re d ic t io n  I 'd  l ik e  you to  t e l l  
me, as  b e s t you can , th e  reason  fo r  your p re d ic t io n ,  on th e  w hite 
sh ee t o f  paper in  f ro n t  o f  you.

4 . R elease th e  t r i b b l e  by p re ss in g  th e  "L" o r  th e  "D" key. The 
t r ib b le  w ill then  descend to  th e  su rfa ce  o f  th e  p la n e t and e i th e r  
grow o r  d ie .  The r e s u l t  w il l  be rad io ed  back to  your space c r a f t  
and d isp layed  on your screen  as e i th e r  green o r  p u rp le . (£ demon
s t r a t e s ;  ”

5 . Next, dec ide  whether o r  n o t you want t o  do a probe check on t h i s  
t r i a l .  In d ic a te  "Y" f o r  YES o r  "N" f o r  NO in  accordance w ith  
your d e c is io n . (8 dem onstra tes; Remember, you have on ly  two 
probe checks a v a ila b le .

6 . At t h i s  p o in t ,  th e  lower p o rtio n  o f  th e  coapu te r screen  sa y s ,
"DO YOU WANT TO CHANGE THE HYPOTHETICAL LINET TYPE Y OR N ."
Nhat I'm  in te r e s te d  in  f in d in g  out i s  w hether o r  n o t th e  d a ta  
you 've  generated  has led  you to  r e j e c t  th e  lo c a tio n  o f  th e  
o r ig in a l  c r i t i c a l  m oistu re  l in e  in  fav o r o f  a  new lo c a tio n . I  
want you to  r e lo c a te  t h i s  l in e  on ly  when your d a ta  in d ic a te s  th a t  
th e  l i n e 's  p re se n t lo c a tio n  i s  wrong and does n o t re p re se n t th e  
ac tu a l c r i t i c a l  m o istu re  le v e l .  Do t h i s  by ty p in g  "Y" f o r  YES, 
and re p o s it io n in g  th e  h y p o th esis  l i n e  in  th e  s in e  manner as  
re p o s it io n in g  a t r i b b l e  (by u sing  th e  arrow keys and th e  re p e a t 
k ey ), ( t  dem onstra tes; When you 've  reached  a  p o in t th a t  r e p r e 
s e n ts  your new working h ypo thesis  about where th e  c r i t i c a l  m oisture
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l in e  should bo, type "F" f o r  FINISHED and th e  co ap u te r w il l  g ive 
you your n ex t t r i b b l e .  I f  you d o n 't  want t o  aove th e  l in e ,  type 
"N" f o r  NO and th e  coapu ter w ill  make your n ex t t r i b b l e  a v a ila b le  
f o r  p la n tin g . I b i s  procedure w ill  be follow ed f o r  each t r ib b le  
you p la n t u n t i l  you 've p la n te d  a t o t a l  o f  8 t r i b b l e s .  Do you 
have any questIonsT

(E c l a r i f i e s  any a re a s  on which th e  su b je c t  r e  wains u n c lea r  a t  t h i s  p o in t . )

I t  would be helpfU l t o  ae i f  you could  " t a lk  ou t loud" as  you p e r fo ra  
th e  ta s k ,  sh a rin g  w ith a e  any In fe re n ce s  you aay be Baking o r  reasoning  
s t r a te g ie s  you aay  be u sin g  as  you work. I ' l l  be ask ing  a  ta p e  reco rd in g  
o f  any though ts o r  p e rc ep tio n s  you sh a re , so  th a t  I  can go back l a t e r  and 
c o r r e la te  th e se  w ith s p e c if ic  responses you 've  Bade on th e  ta s k .
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D u e _ _ _ _ _ _ _ _ _ _  C ondition : ____________  S ub jec t ID

How c e r ta in  a re  you th a t  th e  t r u e  l in e  i a  w ith in  1 /2  inch o f  where your 
p re se n t l in e  laT (C irc le  number)

1.................. 2 ...................3_ _ 4_ 5 6 7
E x treae ly  Somewhat Soaevhat Extremely
U ncertain  U ncertain  C e rta in  C erta in

I f  you had an in f i n i t e  tupp ly  o f  t r i b b l e s ,  how many would you need to  p la n t 
in  o rd e r  to  be a b so lu te ly  c e r ta in  o f  th e  t r u e  lo c a tio n  o f  th e  lin e ?

Approximately how aany o f  your "e x p erin e n ts"  caae ou t a s  p re d ic te d , th a t  i s ,  
you p red ic ted  "live* ' and th e  t r i b b l e  l iv e d ,  o r  you p re d ic te d  " d ie ” and th e  
t r i b b l e  d ied? _____________

I 'd  l ik e  you t o  t r y  and d e sc rib e  how "good" you f e l t  th e  d a ta  you received  
was. That i s ,  t r y  to  d esc rib e  how d la g n o s t ic /h e lp fu l /v a l ld /d l f f e re n t la t in g /  
e t c .  i t  wss, There i s  no c l e a r  o r  s p e c if ic  answer to  t h i s  q u es tio n . ! '■  
j u s t  In te re s te d  in  your ln p re ss lo n  o f  th e  " q u a lity "  o f  th e  d a ta .
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3  GOTO 9 0
10  IF  PS -  1 THEN 2 0
12  HTAB l i  VTAB l l  BET A t* I F  A t -  A t(A C ) THEN
AC(AC) *  AC(AC) +  l i  RETURN
14 AC -  AC +  1 IA t(A C ) -  A tiA C (A C ) -  l i  RETURN

2 0  I F  RC -  O THEN AC -  AC +  liR C  -  AC(AC)
2 2  A t -  A t(A C )iR C  -  RC -  1
2 4  I F  ABC (A t)  < 2 2  THEN RETURN
2 6  FOR H »  1 TO B12s NEXT Hi HOME l HTAB 2 0 l
VTAB 2 3 i PRINT A t | i  FOR N -  1 TO 012* NEXT Hi
RETURN
9 0  LOMEMi 1 6 3 8 4 ID t  -  CHRt ( 4 ) l F T t  -  BTSK-PRM8nl F S t
-  "BUB-DAT"* DIM A t ( 3 0 0 ) t  DIM AC( 3 0 0 ) I DIM I T t ( 2 0 ) i  
DIM T A t( 4 1 ) I  PRINT Dt|"BLOADBINARY"! POKE 2 3 2 ,Os 
POKE 2 3 3 ,3 i  FOR N -  1 TO 2 5 iA D t -  ADt •+ " - " i
NEXT N
10 0  REM PRIME-BTART 
11 0  TEXT |8 D  -  1
1 2 0  HOME i HTAB Bi VTAB 1 2 i PRINT "PLAY OR REPLAY?
P OR R M| l  BET A ti  IF  (A t < > "P "  AND A t <
> "R"> THEN 120
1 3 0  HOME I HTAB 5 i  VTAB 1 2 i PRINT "INSERT TASK
DIGK AND HIT RETURN " | I  BET B t i  HOME l HTAB l S i
VTAB 1 2 i PRINT "DISK WAIT"
14 0  IF  A t -  "P "  THEN PS -  Oi PRINT « PRINT D t"O PEN "FTt 
I PRINT D t"R E A D "FT ti INPUT LE ,6E ,M T ,M C ,E T ,E C ,T D ,H S,R X i 
PRINT Dt"CLOSEMF T t i  PRINT DtiTM  -  MTiCM ■ MCsTE
-  ETsCE -  ECl 60T 0 3 0 0
14 3  PS -  l l  GOSUB BlOOt BOSUB B 200 i HOME i HTAB 
4 s  VTAB 1 2 t PRINT "DATA ONLY OR RECREATE? D OR 
R I BET A ti  IF  A t -  "D" THEN TT -  TM + TE +
TDs GOTO 2 8 4 0
13 0  HOME s HTAB 1 2 i VTAB 1 2 i PRINT "SOUND? Y 
OR N " | « GET A ti  IF  A t -  "N" THEN SD -  0
3 0 0  HR -  1 4 0  -  LE -  2 lT S  -  INT (1 5 9  /  (TM ♦
TE + 1 ) ) iT L  -  LEi I F  LE -  O THEN TL -  1
4 0 0  FOR N -  7 7 6  TO 9 4 4 i POKE N ,6 i  NEXT Ni FOR
N -  O TO TM «• TEi POKE 7 7 6  «■ N t  CTS -  2 )  ,1 4 6 *
NEXT Ni POKE 7 7 6  ♦  (TM ♦  1) t  (TS -  2 > ,0  
lOOO REM TBK—BTART
1 0 0 5  AC -  OlDC -  TDlTT -  Oi IF  TD > O THEN TEXT 
i  HOME I VTAB 1 2 l HTAB 19* PRINT "DEMO"l FOR 
M -  1 TO 12001 NEXT N 
1 1 0 0  REM TSK-REBTART
1 1 2 3  TC -  OlCC -  OiHX «  HSl HBR s HCOLOR- 3 l
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SCALE- l l  DRAW 2  AT HX,Ol DRAW 2  AT HX + 1 ,0  
1130  BY -  TS * CTM ♦  1) ♦  I t  HCOLOR- 2 l  HPLOT 
H X ,0 TO 0 , 0  TO Of BY TO HX,BYl HCOLOR- l i  HPLOT 
HX 1 , 0  TO 2 7 9 ,0  TO 2 7 9 , BY TO HX +  1,BY 
2 0 0 0  REM TSK—DRIVER
2 0 1 0  SOSUB 30001 GOSUB 4 0 0 0 i SOSUB 5 0 0 0  
2 0 1 5  TAtCTT> -  TA t
2 0 2 0  IF  PS -  1 THEN HOME l VTAB 2 2 l  GOSUB 6000* 
PRINT T A *fl GOSUB 9 9 9 9
2 2 2 9  DC — DC — l i  IF  D C - 0  THEN HSR t TEXT
i HOME i VTAB 12* HTAB 1 7 l PRINT “RESTART“ i FOR
W -  1 TO 12001 NEXT Hi GOTO 1100
2 2 9 0  IF  TC < TM THEN 2 0 0 0
2 3 0 0  REM EXTRA-TRIBBLES
2 3 1 0  IF  TE -  0  THEN 2 4 0 0
2 3 1 2  TEXT i  HOME t  HTAB lG i VTAB 1 2 i PRINT "W A IT"fi 
FOR W -  1 TO 12001 NEXT Wi HTAB 1 6 i PRINT "YOU 
HAVE"I HTAB 20* VTAB 1 4 i PRINT TE" EXTRA TRIBBLES"!I 
IF  CE > 0  THEN HTAB 20* VTAB 16* PRINT CE" EXTRA 
CHECKS9* j
2 3 1 4  HCOLOR- O* HPLOT 0,B Y  TO 2 7 9 ,BY*BY -  TS 
t  CTM + TE + 1) + I t  HCOLOR- 2 l  HPLOT 0 , 0  TO 
O,BY TO HX,BYt HCOLOR- l i  HPLOT HX 1,BY TO 
2 7 9 ,BY TO 2 7 9 ,0
2 3 1 5  FOR W -  1 TO 1200* NEXT Ws POKE -  1 6 3 0 4 ,Oi 
POKE 7 7 6  +  CTM + 1) * CTS -  2 ) , 146s POKE 7 7 6
+ (TM + TE +  1> * CTS — 2 > ,0 *  HCOLOR- 3* SCALE- 
l i  DRAW 2  AT HX,Oi DRAW 2  AT HX + 1 , 0 i TM -  TM 
+ TEiCM -  CEiTE -  OiCE -  OiCC -  Ol GOTO 2 2 9 0  
2 4 0 0  REM POST-COLLECT
2 4 1 0  IF  PS -  O THEN HOME > GOSUB 9 9 9 9  
2 8 0 0  REM TSK-COMPLETE 
2 8 1 0  IF  PS  -  1 THEN 2 8 4 0
2 8 2 0  TEXT t  HOME l HTAB lO i VTAB lO i PRINT "DO 
YOU WANT TO SAVE"! HTAB lO i VTAB 12* PRINT "TH IS 
SUBJECT’ S DATA?"I HTAB 1 7 i VTAB 14* PRINT "Y 
OR N " | i  GET A t i  I F  A t -  "Y" THEN GOSUB BlOOl 
GOSUB B300 
2 8 3 0  GOTO lOO
2 8 4 0  TEXT t  HOME t  GOSUB 6 0 0 0
2 6 4 5  FOR N -  I  TO TT* PRINT TA tCN )I PRINT I
I F  N /  10  -  INT CN /  lO ) THEN GOSUB 9 9 9 9 t HOME
• GOSUB 6 0 0 0
2 8 5 0  NEXT N
2 8 5 5  N -  N -  l l  IF  N /  10  < > INT CN /  10)
THEN GOSUB 9 9 9 9  
2 8 6 0  GOTO 10 0  
3 0 0 0  REM TRIBBLE



3 0 1 0  TC «  TC ♦  l iT T  -  TT ♦  liT Y  -  TC * TS + 1 
3 2 0 0  REM POSITION
3 2 1 0  HONE B VTAB 2 2 1 HTAB S i PRINT “TRIBBLE"|* 
HTAB 30« VTAB 24t PRINT " -  PINI8H ED “ | l  HTAB 2 8 l  
VTAB 2 4 l  FLASH l PRINT “F “ | l  HTAB 30* VTAB 2 2 i  
PRINT “< - “ |*  HTAB 33* PRINT " - > “ |*  NORMAL 
3 2 1 2  VTAB 2 2 s  HTAB 1 3 t PRINT "NO. "»TC |
3 2 1 4  POKE 9 4 6 ,7 0 1  POKE 9 4 7 ,0 »  POKE 9 6 6 ,2 0 3 *
POKE 9 4 5 ,3 0
3 2 1 B BOSUB 9 2 0 0 * TX -  LE +  1 +  INT ( ( 2 7 7  -  2  
* LE) * RN)I HCOLOR- 3 i  HPLOT TX -  TL,TY TO TX 
+ T L ,T Y tT I*  -  RIGHT* ( STR* (TX ♦  1 0 0 0 ) ,3 )
3 2 2 0  GOSUB lO t IF  A* < > CHRt (8 )  THEN 3 2 4 0
3 2 3 2  IF  TX > LE + 1 THEN XDRAW 1 AT TX ♦  TL,TY i 
XDRAW 1 AT TX -  TL -  1 ,T Y i TX -  TX -  l i  IF  8D
-  1 THEN CALL 9 4 8
3 2 4 0  IF  A* < > CHR* (2 1 )  THEN 3 2 5 0
3 2 4 2  IF  TX < 2 7 9  -  LE -  1 THEN XDRAW 1 AT TX
-  TL,TY i XDRAW 1 AT TX + TL + l.T Y sT X  -  TX +
I t  IF  SD -  1 THEN CALL 9 4 8
3 2 5 0  IF  A* < > " F M THEN 3 2 2 0
3 3 0 0  REM PREDICT
3 3 1 0  HOME ( HTAB 1 3 i VTAB 22* PRINT "PREDICT 
R ESU LTS"|I VTAB 2 4 l  HTAB 2 i  FLASH l PRINT "D ")*  
HTAB 24* PRINT " L " |»  NORMAL t HTAB 4* PRINT " -  
D IE (PU R PL E)"|«  HTAB 2 6 i PRINT LIVE (GREEN)M|  
3 3 5 0  GOSUB lO i IF  (A* < > "D" AND A* < > "L ")
THEN 3 3 5 0  
3 3 6 0  TP* -  A*
3 4 0 0  REM DROP
3 4 1 0  HCOLOR- Ol HPLOT TX -  TL,TY TO TX ♦  TL,TY i 
HOME I POKE 9 4 6 ,6 0 1  POKE 9 4 7 ,Ol POKE 9 6 6 ,2 0 5 *
FOR MP -  5  TO 2 5 5  STEP 5»XX -  TX -  TL + INT 
(2  * TL * RND (1> )
3 4 4 3  IF  MP < 175  THEN HCOLOR- 3 i  HPLOT XX,TY 
TO XX + 1,TY
3 4 4 4  IF  SD -  1 THEN POKE 9 4 5 ,MPs CALL 9 4 8  
3 4 4 6  HCOLOR- Ob HPLOT XX,TY TO XX *► l,T Y t NEXT 
MP
3 5 0 0  REM LAND
3 5 2 0  GOSUB 9200sLX  -  TX -  LE ♦  INT ( ( 2  * LE 
+  1 ) « R N )bTL* -  RIGHT* ( STR* (LX ♦  1 0 0 0 ) ,3 )  
3 6 0 0  REM GROW
3 6 2 0  TV -  OlTV* -  “D“ t I F  LX > RX THEN TV -  IsTV * 
m »L"
3 7 0 0  REM PROBE
3 7 2 0  GOSUB 9 2 0 0 tPV  -  O lP I*  -  " B " t I F  SE < RN 
THEN PV -  l t P I *  -  "V"
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3 8 0 0  R BI REPORT
3 8 1 0  I F  PV ■ 1 THEN TH -  2  -  TV
3 8 2 0  IF  PV *  O THEN GOSUB 920 0 lT H  -  1 +  INT
(2  * RN)
3 8 3 0  HCOLOR* THi HPLOT TX -  TL,TY TO TX ♦  7L,TY*TA* 
-  "D "i I F  TH -  I  THEN TA* -  "L "
3 9 0 0  REH PROBE-CHECK
3 9 1 0  IF  CC -  CM THEN IPC * *  "X"» GOTO 3 9 9 9  
3 9 2 0  HOME t  HTAB l l  VTAB 2 2 i  PRINT "YOU HAVE 
"ICM -  C C |" PROBE CHECKS L E F T "!I HTAB 3 6 t  PRINT 
" «  Y E S " |i  HTAB l i  VTAB 2 4 I PRINT ”0 0  YOU WANT 
TO CHECK THIS PR O B E?"|* HTAB 3 6 1 PRINT " -  NO” f t  
FLASH l HTAB 3 4 1 PRINT "N "pI HTAB 3 4 i  VTAB 2 2 1 
PRINT " Y " |I  NORMAL
3 9 3 0  GOSUB lO i IF  A* -  "N" THEN PC* -  A*i GOTO 
3 9 9 9
3 9 4 2  IF  A* < > "Y” THEN 3 9 3 0
3 9 4 3  CC -  CC l i  HOME t I F  8D -  O THEN 3 9 9 0
3 9 4 5  POKE 9 4 6 ,7 0 1  POKE 9 4 7 ,3 2 i  POKE 9 6 6 ,2 0 6 *
FOR MP -  8 0  TO 2 5 0  STEP S t  POKE 9 4 5 ,MPi CALL 
9 4 8 I NEXT MP
3 9 4 6  POKE 9 4 6 ,1 0 1  POKE 9 4 7 ,B i POKE 9 6 6 ,2 0 6 *
FOR W -  1 TO 4 0 i  POKE 9 4 5 ,2 0 0  5 5  * RND ( l ) i
CALL 94B i NEXT W
3 9 4 7  POKE 9 4 6 ,7 0 1  POKE 9 4 7 , 1 6 i POKE 9 6 6 ,2 3 8 l  
FOR MP -  201 TO 1 STEP -  3* POKE 9 4 3 ,MPi CALL 
9 4 8 i NEXT MP
3 9 5 0  HOME I HTAB l i  VTAB 2 2 i  PRINT "ORIGINAL 
PROBE DATA WAS " | i  FLASH I I F  PV -  1 THEN PRINT 
"V A L ID "!iP C * -  "V "i GOTO 3 9 9 0  
3 9 5 6  PRINT "UNRELIABLE"!IPC* -  "B"
3 9 9 0  NORMAL I FOR W -  1 TO 2 4 0 0 I NEXT H
3 9 9 9  TF* -  RIGHT* C STR* (TX +  1 0 0 0 ) , 3 ) I RETURN

4 0 0 0  REM HYPO
4 0 0 4  H I*  -  RIGHT* ( STR* (HX +  1 0 0 0 > ,3 >
4 0 1 0  HOME I HTAB l i  VTAB 22* PRINT "DO YOU WANT
TO CHANGE"!* HTAB 36* PRINT " *  Y ES"pi HTAB l i
VTAB 24* PRINT "THE HYPOTHETICAL L I N E ? " |» HTAB
3 6 1 PRINT " *  NO"! I HTAB 3 4 1 FLASH l PRINT " N " |i
HTAB 3 4 I VTAB 2 2 I PRINT " Y " | l  NORMAL
4 0 2 0  BOSUB lOlHM* *  A*l I F  A* -  "N" THEN 4 2 9 9
4 0 3 0  IF  A* < > "Y" THEN 4 0 2 0
4 0 4 0  SCALE* l i  POKE 9 4 6 ,2 0 *  POKE 9 4 7 ,4 *  POKE
9 6 6 ,2 0 6
4 1 0 0  HOME l VTAB 23* HTAB 5 l  PRINT "HYPOTHESIS"! i 
HTAB 3 0 1 VTAB 2 4 1 PRINT " *  FIN ISH ED "!* HTAB 2B l 
VTAB 24* FLASH l  PRINT " F " | i  HTAB 30* VTAB 22*



PRINT " < - " |*  HTAB 3 3 1 PRINT I NORMAL
4 2 1 0  POKE 9 4 5 ,6 0 s  BOSUB 10« IF  A f < > CHR*
(B> THEN 4 2 2 0

4 2 1 S  I F  HX < > 1 4 0  -  HR THEN XDRAW 2  AT HX
+ 1 ,0 «  XDRAW 2  AT HX -  l ,O i  HCOLOR- l i  HPLOT
HXt Oi HPLOT HXpBYsHX -  HX -  l i  IF  8D -  1 THEN

PA! I 9 4 9
4 2 2 0  IF  A t < > CHR* (2 1 )  THEN 4 2 9 0
4 2 2 5  IF  HX < > 140  +  HR THEN XDRAW 2  AT HX.Ot
XDRAW 2  AT HX + 2 ,0 *  HCOLOR- 2 i  HPLOT HX +  1 ,0 *
HPLOT HX + 1 , BYiHX -  HX + I t  I F  SD -  1 THEN

4 2 9 0  I F  A* < > " F "  THEN 4 2 1 0  *
4 2 9 9  HF* -  RIBHT* ( STR* (HX + 1 0 0 0 ) , 3 ) i  RETURN

5 0 0 0  TN* -  RIGHT* ( STR* (TC + 1 0 0 ) ,2 ) *  IF  DC
> O THEN TN* -  "D" +  RIGHT* (T N * ,1 )
5 0 1 0  TA* -  TN* + " "  +  T I*  +  " " «► TF* *► " "
+ TP* + " ■ + TL* +  " " +  TV* + « -  + P I *  +  -
M TA* +  * ' " '♦ ■  PC* + " " +  HH* + H I*  +
" " +  HF«s RETURN
6 0 0 0  PRINT "T T T T T T P T P H H  
H**« PRINT "N I  F  P L V I A C H  I  F " t  
PRINT s RETURN 
8 1 0 0  REM INDEX
G 105 HONE I HTAB 15* VTAB 12* PRINT "DISK WAIT"
S I 10  PRINT I PRINT D * "0 P E N "F S * " ,L 5 0 0 0 " i PRINT 
D*,,READMF S * ,,PR 0,,i  FOR N -  1 TO 20« INPUT I T * ( N ) i  
NEXT Nt PRINT D*"CLOSEMF S * i PRINT D*
S 1 3 0  HONE l  FOR N -  1 TO 20* HTAB 3  -  LEN (
STR* ( N ) ) s PRINT N ("  N| l T * ( N > i  NEXT N
8 1 5 0  HTAB l i  VTAB 2 3 i  PRINT "ENTER SUBJECT NUMBER 
" |«  INPUT BN
8151  IF  (SN < 1 OR 8N > 2 0 )  THEN 8 1 5 0
B 152 IF  (PS -  O AND IT*(SN> < > AD*) THEN 8 1 5 0
8 1 5 4  IF  (PS -  1 AND IT*(SN> -  AD*) THEN 8 1 5 0
8 1 5 8  IF  PS -  1 THEN 8 1 9 9
8 1 6 0  VTAB 2 3 I HTAB l l  PRINT "TAG "A D * |I HTAB 
5> INPUT IT *(S N )
8 1 6 5  IF  LEN ( I T * ( S N ) )  < 1 THEN 8 1 6 0  
8 1 7 0  IT*(SN> -  LEFT* ( IT * (S N ) ,2 5 )
8 1 9 9  RETURN
8 2 0 0  REN 6ETHDLD—SUBJ
8 2 1 0  HONE l  HTAB 15* VTAB 12* PRINT "DISK WAIT" 
8 2 2 0  PRINT D *"0P E N "F S *",L 5000"«  PRINT D*"READ"F8* 
SNt INPUT L E ,S E ,T H ,C H ,T E ,C E ,T D ,H S ,R X  
8 2 2 3  FOR N - l T O T H + T E + T D i  INPUT TA *(N) l  
NEXT N



B 230 N -  O
8 2 4 0  N *  N +  l i  INPUT At(N),ACCN)
8 2 4 4  IF  A t CN) -  "RA" THEN A t(N )  -  CHR* (2 1 )
8 2 4 5  I F  A t (N) -  "LA" THEN At(N> -  CHRt (B>
B2S0 I F  A t <N> < > "END-OF-DATA" THEN B240
B 260 PRINT D t-CLOSEMF S t i  PRINT D t l  RETURN 
8 3 0 0  REM PUT-NEW-SUBJ
8 3 1 0  HOME l HTAB 1 5 i VTAB 1 2 l PRINT “DISK WAIT- 
8 3 2 0  PRINT D t" 0 P E N " F 8 t" pL 5 0 0 0 " l PRINT D t"N R IT E "F S t"  
"» FOR N -  1 TO 201 PRINT I T t ( N ) s  NEXT Nl PRINT 
D t"W R IT E "F B t"pR " |S N
8 3 4 3  PRINT LE* PRINT SE i PRINT MTt PRINT MCl 
PRINT ET* PRINT ECl PRINT TDt PRINT H 8t PRINT 
RX
8 3 4 7  FOR N - 1 T 0 T D  + NT +  ET* PRINT TA t <N>I 
NEXT N
8 3 5 0  FOR N -  1 TO AC
8 3 5 2  IF  A t (N )  -  CHRt (2 1 )  THEN A t ( N )  -  "RA"
8 3 5 4  IF  At(N> «  CHRt (8> THEN A t ( N )  -  "LA"
8 3 5 6  IF  ( A8C <At(N>> > 6 4  AND ASC (At(N>>
< 9 0  OR ASC ( A t ( N ) ) -  4 6 )  THEN PRINT At(N> >
PRINT AC(N>
8 3 5 8  NEXT N
8 3 6 0  PRINT "END-OF-DATA"! PRINT 999999i PRINT 
D t"C L O S E "F S ti PRINT D t l  RETURN
9 2 0 0  IF  PS -  O THEN A t (AC +  1 ) -  RIGHT*
( STR* ( 1E5 + INT (1E 5  t  RND C l ) >>t 5>iAC(AC 
+ 1) «  1
9 2 5 0  AC -  AC + U R N  -  VAL (A t (AC)) I RETURN
9 9 9 9  HTAB 4 0 i  VTAB 2 4 i  GET B t i  RETURN
1 0 0 0 0  PR# I t  PRINT CHRt C9>"70N" CHRt ( 9 ) "60R "
CHRt ( 9 ) "1 5L " CHRt ( 2 7 ) "E" CHRt ( 2 7 ) "C" CHRt 
(6 6 )  CHRt ( 2 7 ) "N" CHRt ( I B ) l  L IS T



APPENDIX C 

Raw Data fo r  All Experimental Subjects



DATA INTERPRETATION

a Tribble Huber

B - Tribble Initial

^  •’J H Tribble Final
X  U H Tribble Prediction

g~* Tribble Land
X  < H Tribble Vitality
X  H I Probe Integrity
X  > H Tribble Appearance
x  o*e Probe Check
X  X X Hypo Move

Hypo Initial

Is *, s Hypo Final

0  X  ** t»
>1 - 3*0 

■  O K  h  c• c d ort *** 9
n h  O n
•  f  3  l -1 O
•  a* n il
• O 7 *

« cn a* oo on n o
•  3 c

Nuaber of last cribble. Restart after deao crlbblea.

Poaicion where cribble is presented to subject.

Position to which subject aoves tribble.
Subject's prediction. D • Die L - Live.
Position at which tribble accually lands.
Actual growth of tribble. D ” Die L - Live.
Probe condition. V - Valid B - Broken (Unreliable)
Info to subject froa probe. D ■ Die L - Live.
Used. N - NO V - yes/Valid B - yes/broken X - none left 
Did supject opt to move line. Y “ Yes N ■ No.
Position of hypothetical line before tribble.

Position of Hypothetical line after tribble.
Note. Hypo line at task begin ■ 110.

Real line ■ 210*
TV - L only when TL is greater than 210*
The letter B (for Broken) is used in PI and PC 
instead of U (for Unreliable) because U*s are 
difficult to distinguish froia V's (for Valid) 
on the television screen.
♦ or live tribble i - or ---  ■ dead tribble

126
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CONDITION* 1 -  NO ERROR

SUBJECT NUtli 1

SUBJECT TAGl 9  PHYSICS EXP STH YR

T T T T T T P T P H H H
N Z F P L V I A C H I F PARAMETERS

D1 OBI 0 6 0 D 0 6 0 D V D X Y 110 111 LE . 0
01 115 12 2 L 122 D V D X Y 110 133 SE O
0 2 0 8 6 161 L 161 D V D X Y 133 182 TD ■ 1
0 3 2 7 5 2 0 6 L 2 0 6 D V 0 X Y 182 2 2 6 TS ■ 8
04 0 8 2 2 4 5 L 2 4 5 L V L X N 2 2 6 2 2 6 C8 ■ 0
0 5 15 2 2 2 7 L 2 2 7 L V L X Y 2 2 6 2 1 5 TE 4
0 6 2 3 8 2 1 9 L 2 1 9 L V L X Y 2 1 5 2 1 2 CE ■ 0
0 7 111 2 1 3 L 2 1 3 L V L X Y 2 1 2 2 0 9 HS ■ 110
OB 0 6 8 2 1 0 L 2 1 0 D V D X Y 2 0 9 211 RL ■ 2 1 0
0 9 153 2 1 2 L 2 1 2 L V L X Y 211 2 1 0
10 0 2 9 211 L 211 L V L X Y 2 1 0 2 0 9
11 0 9 2 2 1 0 D 2 1 0 D V D X Y 2 0 9 2 1 0
12 2 3 4 211 L 211 L V L X N 2 1 0 2 1 0
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CONDXTIONi 1 -  NO ERROR

SUBJECT NUHl 2

SUBJECT TAG! 6  PHYSICS EXP STH YR

T T T T T T P T P H H H
N 1 F P L V I A C M 1 F PARAMETERS

D1 0 6 8 0 4 7 D 0 4 7 D V D X Y 110 H O LE - 0
01 0 2 8 102 D 102 D V D X N 110 110 8E 0
0 2 2 2 2 121 L 121 D V D X Y 110 130 TD 1
0 3 1B3 141 L 141 D V D X Y 130 151 TS ■ 8
0 4 2 5 6 165 L 165 D V D X Y 151 175 C8 0
0 5 0 6 7 186 L 186 D V D X Y 175 194 TE ■ 4
0 6 2 0 7 2 0 3 L 2 0 3 D V D X Y 194 2 3 9 CE ■» 0
0 7 10 5 2 5 2 L 2 5 2 L V L X Y 2 3 9 221 H8 110
OB 0 4 6 2 3 0 L 2 3 0 L V L X N 221 221 RL 2 1 0
0 9 2 5 3 2 1 4 D 21 4 L V L X Y 221 2 0 7
10 124 2 0 6 D 2 0 6 D V D X Y 2 0 7 2 0 8
11 0 6 9 2 0 7 D 2 0 7 D V D X Y 2 0 8 2 1 0
12 0 1 5 2 1 0 D 2 1 0 D V D X Y 2 1 0 211
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CONDITIONS 1 — NO ERROR

SUBJECT NUHl 3

SUBJECT TAGS IB  PHYSICS EXP 4TH YR

T T T T T T P T P H H H
N I F P L V I A C 11 I F PARAMETERS

D1 14 0 0 5 6 D 0 5 6 D V D X Y 110 110 LE . 0
01 169 0 9 3 L- 0 9 3 D V D X N 110 110 8E ■ 0
0 2 001 102 L 102 D V D X N 110 110 TD ■ 1
0 3 1 0 6 u s L 11B D V D X Y 110 126 TS ■ 8
04 251 136 L 136 D V D X Y 126 146 CS 0
0 5 151 157 L 157 D V D X Y 146 185 TE ■ 4
0 6 1 5 5 195 L 195 D V D X Y IBS 2 3 8 CE m 0
0 7 2 1 7 2 4 5 L 2 4 5 L V L X Y 2 3 8 2 2 9 HS ■ 110
0 8 2 4 4 2 3 6 L 2 3 6 L V L X Y 2 2 9 2 2 9 RL ■ 2 1 0
0 9 119 221 L 221 L V L X Y 2 2 9 211
10 2 1 4 2 0 0 L 2 0 0 D V D X N 211 211
11 144 2 1 5 L 2 1 5 L V L X Y 211 2 0 7
12 0 7 2 2 0 4 L 2 0 4 D V D X N 2 0 7 20 7
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CONDITIONS 1 -  NO ERROR

SUBJECT NUNs 4

SUBJECT TAGS 2 6  PHYSICS EXP 4TH YR

T T T T T T P T P H H H
N I F P L V I A C H I F PARAMETERS

D1 OBI 061 D 061 D V D X Y 110 109 LE . o
01 115 111 L 111 D V D X N 110 H O BE m 0
0 2 0B6 201 L' 201 D V D X Y 110 2 0 0 TD m 1
0 3 2 7 5 2 4 0 L 2 4 0 L V L X N 2 0 0 2 0 0 TB m B
04 0 8 2 221 L 221 L V L X N 2 0 0 2 0 0 CS m 0
0 5 152 211 L 211 L V L X N 2 0 0 2 0 0 TE m 4
0 6 23B 2 0 6 D 2 0 6 D V D X Y 2 0 0 2 0 5 CE m O
0 7 111 2 0 8 D 2 0 0 D V D X Y 2 0 5 2 0 7 HS m 110
OB 0 6 8 2 1 0 L 2 1 0 D V D X Y 2 0 7 2 1 0 RL m 2 1 0
0 9 153 2 1 7 L 2 1 7 L V L X N 2 1 0 2 1 0
10 0 2 9 2 1 4 L 2 1 4 L V L X N 2 1 0 2 1 0
11 0 9 2 211 L 211 L V L X Y 2 1 0 2 0 9
12 2 3 4 2 1 0 D 2 1 0 D V D X N 2 0 9 2 0 9
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CONDITIONS 1 -  NO ERROR

SUBJECT NUTIi 5

SUBJECT TABS 14 CHEMISTRY IN0R6 4TH YR

T T T T T T P T P H H H
N I F P L V I A C M I F PARAMETERS

D1 0 9 5 0 2 7 D 0 2 7 D V D X Y 110 110 LE _ 0
01 IB S 111 L 111 D V D X N 110 110 BE m 0
0 2 0 4 7 116 L 116 D V. D X Y 110 132 TD m 1
0 3 261 132 L 132 D V D X Y 1 32 152 TS m B
0 4 0 3 0 190 L 190 D V D X Y 1 52 231 C8 m 0
0 5 106 261 L 261 L V L X N 231 231 TE m 4
0 6 1 7 3 2 3 2 L 2 3 2 L V L X Y 231 211 CE m 0
0 7 0 1 6 2 0 3 D 2 0 3 D V D X N 211 211 HS m 110
0 0 2 6 5 2 2 2 L 2 2 2 L V L X N 211 211 RL ■ 2 1 0
0 9 0 4 5 211 L 211 L V L X Y 211 20B
10 1 95 2 0 9 L 2 0 9 D V D X Y 20B 2 0 9
11 0 5 7 2 1 0 L 2 1 0 D V D X Y 2 0 9 2 1 0
12 121 2 1 2 L 2 1 2 L V L X Y 2 1 0 211
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CONDITION! 1 -  NO ERROR

SUBJECT NUNl 6

SUBJECT TAG* 21 CHEMISTRY ORG 3RD YR

T T T T T T P T P H H H
N 1 F P L V I A C N I F PARAMETERS
D1 245 055 D 055 D V D X Y 110 104 LE . 0
01 230 102 D 102 D V D X N 110 110 8E •* 0
02 276 119 L 119 D V D X Y 110 119 TD m 1
03 173 130 L 130 D V D X Y 119 130 TS m 8
04 097 142 L 142 D V D X Y 130 159 C8 ■ 0
03 027 164 L 164 D V D X Y 159 198 TE ■ 4
06 115 205 L 205 D V D X Y 198 242 CE ■ 0
07 009 254 L 254 L V L X N 242 242 H8 ■ 110
08 005 235 L 235 L V L X Y 242 235 RL m 210
09 007 212 D 212 L V L X Y 235 209
10 196 207 D 207 D V D X N 209 209
11 120 209 L 209 D V D X Y 209 210
12 117 210 L 210 D V D X Y 210 211
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CONDITION* 1 -  NO ERROR

SUBJECT NUN* 7

SUBJECT TABi 25 CHEMISTRY 0R6 3RD YR

T T T T T T P T P H H H
N I F P L V I A C N I F PARAMETERS
D1 047 047 D 047 D V D X Y 110 108 LE « 0
01 043 143 L 143 D V D X Y H O 205 SE m 0
02 105 208 L 200 D V D X Y 205 240 TD m 1
03 109 277 L 277 L V L X N 240 240 TB m 0
04 122 240 L 240 L V L X Y 240 223 C8 m 0
05 077 224 L 224 L V L X Y 223 215 TE m 4
06 093 215 L 215 L V L X Y 215 212 CE m 0
07 079 213 L 213 L V L X Y 212 210 HS m 110
OB 223 211 L 211 L V L X Y 210 209 RL m 210
09 165 209 D 209 D V D X Y 209 210
10 167 211 L 211 L V L X N 210.210
11 145 145 D 145 D V D X N 210 210
12 212 212 L 212 L V L X N 210 210
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CONDXTXONi 1 -  NO ERROR

SUBJECT NUMl B

SUBJECT TASl 3 0  BIOLOGY H1CR0 4TH YR

T T T T T T P T P H H H
N 1 F P L V X A C H I F PARAMETERS

D1 081 059 D 059 D V D X Y 110 108 LE 0
01 115 055 D 055 D V D X N 110 110 8E 0
02 006 086 L 086 D V D X N 110 110 TD ■* 1
03 273 134 L 134 0 V D X Y 110 135 TB ■ 8
04 0B2 174 L 174 0 V D X Y 135 174 C8 ■ 0
03 132 232 L 232 L V L X N 174 174 TE 4
06 238 238 L 238 L V L X N 174 174 CE 0
07 111 204 L 204 D V D X Y 174 230 HS m 110
OB 068 220 D 220 L V L X Y 230 220 RL ■ 210
09 153 208 D 208 D V D X N 220 220
10 029 212 D 212 L V L X Y 220 211
11 092 209 D 209 D V D X N 211 211
12 234 234 L 234 L V L X N 211 211
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CONDITION! 1 — NO ERROR

SUBJECT NUMi 9

SUBJECT TAGi 36 BIOLOGY BIOCHEH 3RD YR

T T T T T T P T P H H H
N I F P L V I A C H X F PARAMETERS
D1 OBI 069 D 069 D V D X Y 110 H O LE . 0
01 115 115 L 115 D V D X N 110 110 SE * 0
02 0S6 176 L 176 D V D X Y 110 177 TD ■ 1
03 275 241 L 241 L V L X N 177 177 TB ■ B
04 0B2 002 D 082 D V D X N 177 177 C8 0
OS 152 207 L 207 D V D X Y 177 210 TE ■ 4
06 23B 229 L 229 L V L X N 210 210 CE ■ 0
07 111 111 D 111 D V D X N 210 210 HS ■ 110
OB 06B 013 D 013 D V D X Y 210 216 RL ■ 210
09 153 212 D 212 L V L X Y 216 209
10 029 206 D 206 D V D X N 209 209
11 092 268 L 268 L V L X N 209 209
12 234 213 L 213 L V L X N 209 209
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CONDITION* 1 — NO ERROR
SUBJECT NUMi 10
SUBJECT TAG* 39 BIOLOGY MICRO 4TH YR

T T T T T T P T P H H H
N I F P L V I A C N I F PARAMETERS
D1 OBI 067 D 067 D V D X Y 110 107 LE - 0
01 115 100 D 100 D V D X N 110 110 8E ■ 0
02 0B6 124 L 124 D V D X Y 110 118 TD m 1
03 275 143 L 143 D V D X N 118 118 TS 8
04 0B2 167 L 167 D V D X Y 11B IBS C8 ■ 0
OS 152 201 L 201 D V D X N 185 185 TE 4
06 236 23B L 238 L V L X Y IBS 223 CE ■ 0
07 111 214 L 214 L V L X Y 223 225 HS ■ 110
OB 06B 207 L 207 D V D X Y 225 226 RL ■i 210
09 153 240 L 240 L V L X N 226 226
10 029 212 L 212 L V L X Y 226 226
11 092 245 D 245 L V L X Y 226 214
12 234 211 L 211 L V L X Y 214 212
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CONDITIONS 2  -  MEASUREMENT ERROR

SUBJECT NUHs 1

SUBJECT TAGS 7 PHYSICS EXP 3RD YR

T T T T T T P T P H H H
N I F P L V 1 A C M I F PARAMETERS
D1 172 029 D 035 D V D X Y 110 110 LE . 10
01 137 096 D 103 D V D X Y 110 111 BE ■ 0
02 243 125 L 131 D V D X Y 111 137 TD 1
03 101 152 L 161 D V D X Y 137 218 TS m 8
04 0S9 233 L 242 L V L X Y 218 192 C8 ■ 0
OS 072 206 L 200 D V D X Y 192 206 TE ■ 4
06 043 21B L 21B L V L X Y 206 201 CE ■ 0
07 179 214 L 221 L V L X Y 201 199 HS ■ 110
06 182 107 D 185 D V D X Y 199 200 RL ■ 210
09 134 190 D 194 D V D X Y 200 209
10 098 20B L 204 D V D X N 209 209
11 169 214 D 221 L V L X N 209 209
12 045 210 D 217 L V L X N 209 209



138

CONDITION! 2  -  MEASUREMENT ERROR

SUBJECT NUHt 2

SUBJECT TAG! 8 PHYSICS EXP 4TH YR

T T T T T T P T P H H H
N I F P L V I A C M I F PARAMETERS
D1 065 036. D 043 D V D X Y 110 110 LE . 10
01 059 122 L 132 D V D X N 110 110 SE 0
02 ISO 132 L 140 D V D X Y 110 173 TD a 1
03 161 257-L 253 L V L X N 173 173 TS ■ B
04 094 169 D 162 D V D X Y 173 224 CS *■ 0
05 034 209 D 206 D V D X N 224 224 TE ■ 4
06 122 23B L 230 L V L X N 224 224 CE m 0
07 111 224 L 219 L V L X Y 224 216 HS m 110
OB 242 216 D 222 L V L X Y 216 212 RL ■ 210
09 098 213 L 206 D V D X Y 212 214
10 174 099 D 102 D V D X N 214 214
11 179 246 L 239 L V L X N 214 214
12 157 202 D 209 D V D X N 214 214
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CONDITIONi 2  -  MEASUREMENT ERROR

SUBJECT NUMi 3

SUBJECT TAGI 11 PHYSICS EXP 1ST YR

T T T T T T P T P H H H
N I F P L V I A C M I F PARAMETERS

D1 24B 031 D 0 2 3 D V D X Y 110 109 LE . 10
O l 1 33 0 6 3 D 061 D V D X N H O n o SE ■ 0
02 1 26 OBS D 0 9 3 D V D X N 110 110 TD 1
03 0 1 3 106 L 113 D V D X Y 110 126 TS ■ 8
04 122 128 L 138 D V D X Y 126 152 C8 ■ 0
05 2 2 2 151 L 154 D V D X Y 152 175 TE ■ 4
06 2 5 5 173 L 170 D V D X Y 175 196 CE 0
07 0 1 9 196 L 187 D V D X Y 196 2 2 5 H8 110
OB 2 4 5 2 2 0 L 2 1 8 L V L X Y 2 2 5 2 0 7 RL ■ 2 1 0
0 9 0B 9 2 0 7 L 197 D V D X Y 2 0 7 2 1 5
10 2 4 2 2 1 3 L 2 0 3 D V D X Y 2 1 5 2 2 2
11 0 3 7 2 1 9 L 2 0 9 D V D X Y 2 2 2 2 2 5
12 0 7 2 ? ? ? L 2 2 6 L V L X Y 2 2 5 2 2 7
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CONDITION! 2  -  MEASUREMENT ERROR

SUBJECT NUMt 4

SUBJECT TAB! 23 PHYSICS EXP 3RD YR

T T T T T T P T P H H H
N I F P L V 1 A C M X F PARAMETERS
D1 127 056 D 052 D V D X Y 110 108 LE • 10
01 116 090 D 080 D V D X N 110 110 BE ■ 0
02 IBS 107 D 116 D V D X N 110 110 TD ■ 1
03 OIB 120 L 123 D V D X Y 110 120 TS ■ 8
04 142 135 L 136 D V D X Y 120 135 CS ■ 0
05 044 152 L 155 D V D X Y 135 200 TE ■» 4
06 071 228 L 222 L V L X N 200 200 CE ■ 0
07 071 183 D 187 D V D X Y 200 206 H8 m 110
OS 250 210 L 203 D V D X Y 206 216 RL m 210
09 112 213 D 207 D V D X Y 216 228
10 159 225 L 220 L V L X Y 228 223
11 217 223 L 224 L V L X Y 223 218
12 190 215 L 207 D V D X Y 218 222
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CONDITION! 2 - MEASUREMENT ERROR
SUBJECT NUHi S
SUBJECT TAGi 13 CHEMISTRY ORO 3RD YR

T T T T T T P T P H H H
N I F P L V I A C M I F PARAMETERS
D1 191 035 D 036 D V D X Y 110 110 LE 10
01 213 158 L 148 D V D X Y 110 130 BE ■> 0
02 032 1B7 L 182 D V D X Y 130 171 TD — 1
03 216 216 L 226 L V L X Y 171 199 TS m B
04 216 201 L 199 D V D X N 199 199 C8 m 0
05 062 209 L 201 D V D X N 199 199 TE m 4
06 01B 217 L 227 L V L X N 199 199 CE m 0
07 137 214 L 214 L V L X N 199 199 HS m 110
OB 121 210 L 213 L V L X Y 199 209 RL ■ 210
09 239 208 L 212 L V L X N 209 209
10 153 203 L 200 D V D X N 209 209
11 036 205 D 212 L V L X Y 209 207
12 072 203 D 210 D V D X N 207 207
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CONDITION! 2  -  MEASUREMENT ERROR

SUBJECT NUMl 6

SUBJECT TAGt 22 CHEMISTRY INOR8 4TH YR

T T T T T T P T P H H H
N I F P L V I A C M I F PARAMETERS
D1 005 063 D 061 D V D X Y H O 112 LE . 10
01 117 008 L 090 D V D X N 110 110 BE — 0
02 090 135 L 130 D V D X N 110 110 TD ■ 1
03 265 116 L 100 D V D X Y n o 102 TB m 0
04 006 206 L 209 D V D X Y 102 214 C8 m 0
05 151 248 L 245 L V L X Y 214 226 TE ■ 4
06 231 210 D 216 L V L X Y 226 222 CE m 0
07 113 214 D 206 D V D X Y 222 225 HS ■» 110
00 073 216 L 213 L V L X N 225 225 RL m 210
09 152 214 D 216 L V L X Y 225 215
10 037 206 D 20B D V D X N 215 215
11 096 215 L 225 L V L X Y 215 217
12 227 214 L 220 L V L X N 217 217
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CONDITION! 2  -  MEASUREMENT ERROR

SUBJECT NUNl 7

SUBJECT TAOt 33 CHEMISTRY BIOCHEM 3 YR

T T T T T T P T P H H H
N 1 F P L V 1 A C M I F PARAMETERS
D1 005 070 D 066 D V D X Y 110 H O LE ■ 10
01 117 110 L 112 D V D X N 110 110 BE M 0
02.090 121 L 116 D V D X Y 110 130 TD ■ 1
03 265 131 L 123 D V D X Y 130 140 TS 8
04 066 139 L 142 D V 0 X N 140 140 C8 ■1 0
05 151 151 L 146 0 V D X Y 140 161 TE «■ 4
06 231 173 L 171 D V D X Y 161 183 CE ■ 0
07 113 193 L 185 D V D X Y 1B3 203 HS ■■ 110
OS 073 214 L 211 L V L X N 203 203 RL m 210
09 152 203 L 205 D V 0 X Y 203 212
10 037 223 L 225 L V L X N 212 212
11 096 209 L 219 L V L X Y 212 216
12 227 206 L 212 L V L X N 216 216
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CONDITION! 2 - MEASUREMENT ERROR
SUBJECT NUMl 8
SUBJECT TAGi 29 BIOLOGY MICRO 4TH YR

T T T T T T P T P H H H
N 1 F P L V 1 A C M 1 F PARAMETERS
D1 OSS 073 D 073 D V D X Y 110 103 LE - 10
01 117 097 L 099 D V D X N 110 110 8E ■ 0
02 090 117 L 112 D V D X N 110 110 TD ■ 1
03 263 128 L 120 D V D X Y 110 123 T8 B
04 086 132 L 133 D V D X N 123 123 CS 0
03 131 135 L 152 D V D X Y 123 150 TE 4
06 231 173 L 173 D V D X Y 150 174 CE ■ 0
07 113 217 L 209 D V D X Y 174 217 H8 m 110
OB 073 238 L 233 L V L X Y 217 227 RL 210
09 132 227 L 229 L V L X N 227 227
10 037 220 L 222 L V L X Y 227 220
11 096 220 L 230 L V L X N 220 220
12 227 220 L 226 L V L X Y 220 210
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CONDXTlONi 2 - MEASUREMENT ERROR
SUBJECT NUMl 9
SUBJECT TAG* 35 BIOLOGY MICRO 4TH YR

T T T T T T P T P H H H
N 1 F P L V I A C M I F PARAMETERS
D1 191 053 D 054 D V D X Y 110 106 LE • 10
01 215 098 D 088 D V D X N 110 110 SE ■» 0
02 032 198 L 193 D V D X Y 110 187 TD ■ 1
03 216 236 L 246 L V L X N 187 187 TS m 8
04 216 217 L 215 L V L X Y 187 227 C8 m 0
05 082 204 L 196 D V D X N 227 227 TE m 4
06 OIB 209 L 219 L V L X Y 227 219 CE m 0
07 137 200 D 200 D V D X N 219 219 HS m 110
OB 121 207 L 212 L V L X Y 219 217 RL m 210
09 239 203 L 207 D V D X N 217 217
10 153 207 L 202 D V D X Y 217 210
11 036 212 L 219 L V L X Y 210 211
12 072 211 D 218 L V L X Y 211 206
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CONDITIONI 2 - MEASUREMENT ERROR
SUBJECT NUMf 10
SUBJECT TASi 37 BIOLOGY BIOCHEM STH YR

T T T T T T P T P H H H
N 1 F P L V I A C M I F PARAMETERS
D1 005 066 D 064 D V D X Y 110 107 LE 10
01 117 112 D 114 D V D X N 110 110 8E ■ 0
02 090 112 D 107 D V D X N 110 110 TD ■* 1
03 263 113 0 105 D V D X N 110 110 TS m 8
04 086 113 D 116 D V D X N 110 110 CS m 0
03 151 127 L 124 D V D X N 110 110 TE m 4
06 231 129 L 127 D V 0 X N 110 H O CE m 0
07 113 141 L 133 D V D X Y 110 123 HS — 110
OB 073 137 L 154 0 V D X Y 123 133 RL m 210
09 132 174 L 176 D V D X N 133 133
10 037 196 L 198 D V D X N 133 133
11 096 215 L dfcifcw L V L X Y 133 168
12 227 207 L 213 L V L X Y 168 191
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CONDXTIONi 3  -  STOCHASTIC ERROR 

SUBJECT NUMl 1

SUBJECT TAGt 3  PHYSICS EXP 18T YR

T T T T T T P T P H H H
N 1 F P L V X A C M X F PARAMETERS

D1 0 6 1 0 6 6 D 0 6 6 D V D N N 1 1 0 n o LE - O
01 1 1 3 1 1 3 L 1 1 3 D B L N N 1 1 0 1 1 0 8E ■ . 2 5
0 2 0 2 3 1 0 3 D 1 0 3 D V 0 V N 1 1 0 1 1 0 TD ■ 1
0 3 0 9 2 1 1 4 L 1 1 4 D V D N N 1 1 0 1 1 0 TB *» 8
0 4 191 1 3 7 L 1 3 7 D V D N N 1 1 0 1 1 0 C8 2
OS 0 3 3 1 2 3 D 1 2 3 D V D N N 1 1 0 1 1 0 TE ■ 4
0 6 O i l 161 L 161 D V D N N H O n o CE 1
0 7 ISO 1 6 3 L 1B3 0 V D V N 1 1 0 1 1 0 HS 1 1 0
OB 2 5 6 2 2 5 L 2 2 5 L B L X Y 1 1 0 2 0 2 RL ■ 2 1 0
0 9 2 1 0 2 1 4 L 2 1 4 L B D N N 2 0 2 2 0 2
1 0 1 5 6 2 3 6 L 2 3 6 L B L B N 2 0 2 2 0 2
11 0 5 2 2 2 4 L 2 2 4 L B L X N 2 0 2 2 0 2
1 2 1 0 0 2 1 5 D 2 1 5 L B L X N 2 0 2 2 0 2
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CONDITION! 3  ~  STOCHASTIC ERROR

SUBJECT NUMi 2

SUBJECT TAG! 1 2  PHYSICS EXP 3TH YR

T T T T T T P T P H H H
N I F P L V 1 A C H I F PARAMETERS

D1 0 6 3 0 2 9 D 0 2 9 D B L B Y 1 1 0 1 0 9 LE - o
0 1 1 4 5 0 7 7 D 0 7 7 D V D N N 1 1 0 1 1 0 SE ■ . 2 5
0 2 2 1 1 0 9 3 D 0 9 3 D B L B N H O 1 1 0 TD m 1
0 3 2 2 4 0 9 4 D 0 9 4 D B D N N 1 1 0 1 1 0 TS ■ e
0 4 0 8 7 0 9 3 D 0 9 3 D V D N N 1 1 0 1 1 0 C8 ■ 2
0 5 1 1 6 1 1 6 L 1 1 6 D V D N N n o 1 1 0 TE ■■ 4
0 6 1 2 7 0 9 3 D 0 9 3 D B L N N 1 1 0 1 1 0 . CE ■ 1
0 7 2 0 1 0 9 4 D 0 9 4 D V D N N 1 1 0 1 1 0 HS ■ 1 1 0
0 0 2 4 5 0 9 4 D 0 9 4 D V D V N 1 1 0 1 1 0 RL 2 1 0
0 9 121 131 L 131 D V D N N 1 1 0 1 1 0
1 0 lO l 131 L 131 D V D N N n o 1 1 0
11 1 8 5 131 L 131 D V D N N 1 1 0 1 1 0
1 2 1 1 0 131 L 131 D B L B Y 1 1 0 131
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CONDITIONS 3  -  STOCHASTIC ERROR

SUBJECT NUNI 3

SUBJECT TAG* 1 7  PHYSICS EXP 3RD YR

T T T T T T P T P H H H
N I F P L V I A C M I F PARAMETERS

D1 1 3 2 0 4 5 D 0 4 5 D B L B Y 1 1 0 1 0 9 LE - 0
01 1 2 6 121 L 121 D B D B N 1 1 0 1 1 0 BE ■ . 2 5
0 2 2 3 3 101 D 101 D V D N N 1 1 0 1 1 0 TD ■ 1
0 3 0 2 2 1 2 8 L 1 2 8 D V D N N 1 1 0 1 1 0 T8 ■ 8
0 4 2 7 5 1 4 4 L 1 4 4 D V D N Y 1 1 0 1 4 6 CS ■ 2
0 5 1 3 9 1 5 0 L 1 5 0 D V D N N 1 4 6 1 4 6 TE ■» 4
0 6 0 2 6 1 6 2 L 1 6 2 D V D N Y 1 4 6 161 CE ■ 1
0 7 0 6 2 1 9 5 L 1 9 5 D V D V Y 161 2 0 3 H3 ■ 1 1 0
0 6 1 6 5 2 2 7 L 2 2 7 L V L X N 2 0 3 2 0 3 RL ■ 2 1 0
0 9 OOB 2 1 4 L 2 1 4 L V L N N 2 0 3 2 0 3
1 0 0 9 5 2 0 7 L 2 0 7 D V D V Y 2 0 3 2 0 9
11 1 3 3 2 1 3 L 2 1 3 L V L X N 2 0 9 2 0 9
12 1 2 5 2 1 1 L 2 1 1 L B L X N 2 0 9 2 0 9 *
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CONDITION! 3  -  STOCHASTIC ERROR

SUBJECT NUMi 4

SUBJECT TAG I 1 9  PHYSICS EXP 3RD YR

T T T T T T P T P H H H
N I F P L V I A C M I F PARAMETEf

D1 OBI 03 1 D 0 3 1 D V D V Y 1 1 0 1 0 6 LE . 0
0 1 1 2 0 1 0 3 D 1 0 3 D V D V N 1 1 0 1 1 0 BE ■ . 2 3
0 2 2 2 8 1 0 3 D 1 0 5 D V D N N 1 1 0 1 1 0 TD ■ 1
0 3 1 1 4 107 D 1 0 7 D V D N N H O n o T8 8
0 4 1 1 0 1 0 8 D 10B D V D N N l l O 1 1 0 C8 m 2
0 3 0 0 2 111 D 111 D B D N N 1 1 0 1 1 0 TE 4
0 6 2 7 4 1 2 7 L 1 27 D B D N N 1 1 0 1 1 0 CE ■ 1
0 7 1 0 5 1 4 2 L 1 4 2 D V D V Y n o 15B H8 ■ 1 1 0
0 0 0 2 4 1 7 3 L 1 7 5 D V D X Y 1SB 1 6 8 RL m 2 1 0
0 9 2 3 3 IB S L IB S D V 0 N N 16B 16B
1 0 191 1 9 5 L 1 9 3 D V D N N 1 6 8 1 6 8
11 1 3 9 2 0 5 L 2 0 5 D V D N N 16B 168
1 2 1 2 7 221 L 2 21 L V L V Y 1 6 8 2 0 6
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CONDITION* 3  -  STOCHASTIC ERROR

SUBJECT NUN* 3

SUBJECT TAB* 4  CHEMISTRY 0R 6 4TH YR

T T T T T T P T P H H H
N I F P L V I A C H I F PARAMETERS

D1 2 4 7 01B D 01B D V D V Y 1 1 0 1 1 0 LE a 0
01 0 4 3 0 5 6 D 0 5 6 D V D N N 1 1 0 1 1 0 8E a . 2 5
0 2 1 0 5 o e i D OBI D V D N N 1 1 0 1 1 0 TD a 1
0 3 1 0 9 1 0 9 D 1 0 9 D V D N N 1 1 0 1 1 0 T 8 a e
0 4 1 2 2 1 9 8 L 1 9 8 D B L N N 1 1 0 1 1 0 CS a 2
0 5 l i e 1 5 7 L 1 5 7 D V D V Y 1 1 0 161 TE a 4
0 6 0 6 4 161 L 161 D V D V Y 161 1B6 CE a 1
0 7 1 54 1 9 2 L 1 9 2 D V D X N 1 8 6 1B6 HS a 1 1 0
OB 2 1 5 1 9 5 L 1 9 5 D V D X Y 1B6 1 9 5 RL a 2 1 0
0 9 0 0 5 1 9 7 L 1 9 7 D B D B N 1 9 5 1 9 5
1 0 2 7 6 1B6 D 1B6 D V D X N 1 9 5 1 9 5
11 2 5 5 1B6 D 1B6 D V D X N 1 9 5 1 9 5
1 2 2 6 7 1B7 D 1B7 D B L X N 1 9 5 1 9 5
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CONDITIONS 3  -  STOCHASTIC ERROR

SUBJECT NUNi 6

SUBJECT TAGt 5  CHEMISTRY ANALYT 3RD YR

T T T T T T P T P H H H
N 1 F P L V I A C M I F PARAMETERS

D1 OBI 0 4 9 D 0 4 9 D V D V Y 1 1 0 n o LE . 0
01 1 2 0 1 1 4 L 1 1 4 D V D N N 1 1 0 1 1 0 BE — . 2 5
0 2 0 4 7 12B L 1 2 8 D B D N N 1 1 0 1 1 0 TD m 1
0 3 0 9 2 2 0 6 L 2 0 6 D V D V Y H O 2 3 8 TS m 8
0 4 1 1 3 2 7 7 L 2 7 7 L B L N N 2 3 8 2 3 8 CS m 2
0 5 0 6 2 2 4 3 D 2 4 3 L V L N N 2 3 8 2 3 8 TE m 4
0 6 2 3 5 2 3 5 D 2 3 5 L V L N Y 2 3 8 2 2 9 CE m 1
0 7 1 0 5 21B D 2 1 6 L V L V Y 2 2 9 2 0 8 HS m n o
0 6 0 2 4 2 1 2 L 2 1 2 L V L X N 2 0 8 2 0 8 RL m 2 1 0
0 9 2 5 5 2 0 5 D 2 0 5 D V D N N 2 0 8 2 0 8
1 0 191 2 1 1 D 2 1 1 L V L N N 2 0 8 2 0 8
11 1 3 9 2 01 D 201 D V D N N 20B 2 0 8
1 2 1 2 7 2 1 2 L 2 1 2 L V L N N 2 0 8 2 0 8
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CONDITION) 3  -  STOCHASTIC ERROR

SUBJECT NUN) 7

SUBJECT TAG) 2 4  CHEMISTRY ORG 3RD YR

T T T T T T P T P H H H
N I F P L V I A C M I F PARAMETERS

D1 0 8 1 0 4 7 D 0 4 7 D V D V Y 1 1 0 1 0 5 LE 0
01 1 2 0 1 4 6 L 1 4 6 D V D N Y 1 1 0 1 4 0 8E m . 2 5
0 2 0 4 7 1 2 2 D 1 2 2 D B D B N 1 4 0 1 4 0 TD m 1
0 3 0 9 5 1 7 9 L 1 7 9 D V D N N 1 4 0 1 4 0 TS m 8
0 4 1 1 3 2 1 0 D 2 1 0 D B L B Y 1 4 0 1 94 CS m 2
0 5 9 9 ? 161 D 161 D B L X N 1 9 4 1 9 4 TE m 4
0 6 1 8 3 1 8 0 D ISO D V D X N 1 9 4 1 9 4 CE m 1
0 7 1 9 6 2 4 4 L 2 4 4 L B L X N 1 9 4 1 9 4 HS ■ 1 1 0
OB 0 3 2 161 D 161 D V D X N 1 9 4 1 9 4 RL m 2 1 0
0 9 0 9 2 1 9 4 L 194 D B D N Y 1 9 4 2 0 5
1 0 0 2 3 2 2 4 L 2 2 4 L B D B N 2 0 5 2 0 5
11 0 0 4 2 2 4 L 2 2 4 L V L X Y 2 0 5 2 1 4
1 2 2 3 4 2 0 3 L 2 0 3 D V D X Y 2 1 4 2 0 7
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CONDITION! 3  -  STOCHASTIC ERROR 

SUBJECT NUfl* 8

SUBJECT TAB! 2 8  BIOLOGY BIOCHEH POST D

T T T T T T P T P H H H
N I F P L V I A C M I F PARAMETERS

D1 OBI 0 6 6 D 0 6 6 D V D v ‘Y 1 1 0 1 0 7 LE m 0
01 1 2 0 1 2 0 L 1 2 0 D V D N N 1 1 0 1 1 0 SE ■ • 2 5
0 2 0 4 7 1 1 4 L 1 1 4 D B D B N 1 1 0 1 1 0 TD 1
0 3 0 9 3 1 1 6 L 1 1 6 D V D N Y 1 1 0 1 2 0 T8 ■ B
0 4 1 1 3 144 L 1 44 D B L N N 1 2 0 1 2 0 CS ■ 2
0 5 0 6 2 1 3 2 L 1 3 2 D V D N N 1 2 0 1 2 0 TE ■ 4
0 6 2 3 5 1 3 9 L 1 3 9 D V D V N 1 2 0 1 2 0 CE ■ 1
0 7 0 7 4 1 5 0 D 1 5 0 D V D X Y 1 2 0 1 5 0 HS 1 1 0
OB 0 2 4 1 5 7 L 1 5 7 D V D X Y 1 5 0 1 6 0 RL ■ 2 1 0
0 9 2 5 5 2 5 5 L 2 5 5 L V L N N 1 6 0 1 6 0
1 0 191 2 0 9 L 2 0 9 D V D N N 1 6 0 1 6 0
11 1 3 9 2 2 8 L 2 2 8 L V L V Y 1 6 0 2 1 1
1 2 1 9 2 1 8 0 D ISO D B L X Y 2 1 1 1 7 2
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CONDITION! 3  -  8TOCHASTIC ERROR

SUBJECT NUHl 9

SUBJECT TABi 31  BIOLOGY MICRO POST D

T T T T T T P T P H H H
N I F P L V I A C M I F PARAMETERS

D1 OBI 0 4 7 D 0 4 7 D V D V Y 1 1 0 110 LE M 0
01 12 0 144 L 144 D V D N Y 110 153 8E m .2 5
0 2 0 4 7 16 8 L 168 D B D N Y 153 175 TD m 1
0 3 0 9 2 241 L 241 L V L N N 1 73 175 TB m 8
0 4 191 191 D 191 D V D N Y 1 75 199 C8 m 2
0 3 0 3 3 2 2 2 L 2 2 2 L V L N N 1 99 19 9 TE m 4
0 6 O il 2 0 8 L 2 0 8 D V D N Y 199 2 1 3 CE m 1
0 7 15 0 199 D 199 D V D V N 2 1 3 2 1 3 HS m 110
0 8 2 3 8 2 5 8 L 2 5 8 L B L B N 2 1 3 2 1 3 RL m 2 1 0
0 9 2 5 5 2 5 5 L 2 5 5 L V L N N 2 1 3 2 1 3
10 191 2 1 8 L 21B L V L V N 2 1 3 2 1 3
11 114 2 0 6 D 2 0 6 D V D X N 2 1 3 2 1 3
12 192 2 0 9 D 2 0 9 D B L X Y 2 1 3 2 1 2
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CONDITION! 3  -  STOCHASTIC ERROR

SUBJECT NUHl 10

SUBJECT TABt 3 4  BIOLOGY BIOCHEH 4TH YR

T T T T i T P T P H H H
N I F P L V I A C N I F PARAMETERS

D1 OBI 0 6 7 D 0 6 7 D V D V Y 1 10 107 LE 0
01 1 2 0 0 0 7 D 0 0 7 D V D N N 1 10 H O 8E m .2 5
0 2 0 4 7 0 9 7 D 0 9 7 D B D N N 110 11 0 TD m 1
0 3 0 9 2 103 D 103 D V D V N 110 n o T8 m 8
0 4 113 106 L 106 D B L N N 1 10 11 0 CS m 2
0 5 0 6 2 104 L 104 D V D N N 1 10 n o TE m 4
0 6 2 3 5 105 D 105 D V D N N 11 0 110 CE m 1
0 7 1 0 5 10 5 D 105 D V D N Y 11 0 106 HS m 110
0 8 1 5 7 107 L 107 D B D B N 106 106 RL m 2 1 0
0 9 2 7 7 107 L 107 D V D N N 106 106
10 0 3 5 121 L 121 D V D V N 106 106 *

11 1 8 5 140 L 140 D V D X N 106 106
12 0 4 7 2 7 4 L 2 7 4 L B D X Y 1 0 6 2 7 4
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CONDITION* 4  -  MEASUREMENT AND STOCHASTIC ERROR

SUBJECT HUM* 1

SUBJECT TAGi 1 PHYSICS EXP 2ND YR

T T T T T T P T P H H H
N I F P L V I A C M I F PARAMETERS

D1 0 0 5 0 5 3 D 051 D V D V Y 11 0 109 LE _ 10
01 121 0 0 4 D 0 9 2 D V D N N 1 1 0 11 0 BE ■» .2 5
0 2 0 5 4 137 L 127 D B D B N 110 110 TD ■ 1
0 3 0 9 8 12 3 L 13 0 D V D N N 1 1 0 110 T8 ■ 0
0 4 115 169 D 170 D B L N N 110 110 CS ■ 2
0 5 0 6 7 100 D 103 D V D N N 1 1 0 110 TE ■ 4
0 6 2 2 8 120 D n o D V D N N 110 110 CE ■ 1
0 7 107 152 D 159 D V D V N 1 1 0 110 HS ■ 110
0 0 0 3 2 169 L 159 D V D X Y 110 169 RL 2 1 0
0 9 2 4 7 2 4 7 L 2 4 9 L V L N N 169 169
10 187 2 1 7 L 2 1 0 L V L N N 169 169
11 139 193 L 195 D V D V N 169 169
12 108 2 0 6 L 2 1 5 L B L X Y 169 199



158

CONDITlONi 4  -  MEASUREMENT AND STOCHASTIC ERROR

SUBJECT NUHl 2

SUBJECT TAG I 2  PHYSICS EXP 4TH YR

T T T T T T P T P H H H
N I F P L V I A C H I F PARAMETERS

D1 0B 5 122 L 120 D V D V Y 110 110 LE . 10
01 121 127 L 135 D V D V N 110 11 0 . BE .2 5
0 2 2 2 2 159 L 169 D V D N N 11 0 110 TD ■ 1
0 3 11 6 2 6 4 L 2 6 6 L V L N N 11 0 110 TS B
04 112 2 0 8 L 2 0 6 D V D N N 110 110 CS V 2
0 5 O il 2 4 0 L 2 3 6 L B D N N 110 110 TE 4
06 2 6 4 0 1 5 L 021 D B D B N 110 110 CE ■ 1
0 7 0 7 9 0 1 6 L 0 0 6 D V D X N 110 110 HS m 110
OB 0 3 2 2 3 9 L 2 2 9 L V L X Y 110 2 3 9 RL 2 1 0
0 9 2 4 7 2 5 3 L 2 5 5 L V L N N 2 3 9 2 3 9
10 1B7 2 2 4 D 2 2 5 L V L V Y 2 3 9 231
11 116 2 1 5 D 2 0 5 D V D X N 231 231
12 IBB 2 1 5 D 2 2 4 L B L X Y 231 2 1 6
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CONDITION! 4  -  MEASUREMENT AND STOCHASTIC ERROR
1 t

SUBJECT NUMl 3

SUBJECT TAB! 16  PHYSICS EXP 6TH YR

T . T T T T T P T P H H H
N 1 F P L V I A C M X F PARAMETERS

D1 0 8 5 0 5 9 D 0 5 7 D V D V Y 110 106 LE - 10
01 121 134 L 142 D V D V N 110 H O 8E m .2 5
0 2 2 2 2 156 L 166 D V D N N 110 110 TD ■ 1
0 3 116 2 0 4 L 2 0 6 D V D N N 110 110 TB B
0 4 112 2 4 7 L 2 4 5 L V L N N 110 110 CS 2
0 5 O il 2 2 4 D 2 2 2 L B D N Y 1 1 0 2 2 4 TE ■ 4
0 6 2 6 4 2 3 7 L 2 4 3 L B D N N 2 2 4 2 2 4 CE ■ 1
0 7 107 2 4 3 L 2 5 0 L V L N N 2 2 4 2 2 4 HS ■ 110
0 6 156 2 4 0 L 2 3 0 L B D B Y 2 2 4 2 4 0 RL 2 1 0
0 9 2 6 7 2 2 9 D 2 2 8 L V L N N 2 4 0 2 4 0
10 0 4 3 2 3 2 L 2 3 2 L V L N N 2 4 0 24Q
11 0 6 2 2 3 7 L 2 3 5 L V L N N 2 4 0 2 4 0
12 0 5 5 241 L 2 3 8 L B L B Y 2 4 0 2 3 4
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CONDITIONS 4  -  MEASUREMENT AND BTOCHABTIC ERROR

SUBJECT NUTIi 4

. SUBJECT TAGl 2 0  PHYSICS EXP 3RD YR

T T T T T T P T P H H H
N I F P L V I A C M I F PARAMETERS

D1 0 1 8 0 2 3 D 0 2 6 D B D B Y H O 109 LE ■ 10
01 0 2 8 123 L 118 D V D V Y 110 122 BE m .2 5
0 2 199 135 L 132 D V D N Y 122 135 TD — 1
0 3 163 2 0 6 L 2 0 0 D V D N N 135 135 TS ■ 8
0 4 14 4 2 0 6 D 2 1 3 L V L N N 133 13 5 CS ■ 2
0 3 0 8 3 2 0 6 L 2 1 4 L V L N N 135 13 5 TE ■ 4
0 6 2 1 2 169 L 176 D V D N N 135 135 CE ■ 1
07 0 1 9 169 D 176 D V D N Y 135 171 HS ■ 110
0 8 2 2 6 184 D 176 D V D V Y 171 191 RL m 2 1 0
0 9 0 1 9 194 D 187 D B D N Y 191 193
10 163 194 D 193 D V D N N 193 193
11 110 19B L 191 D V D N Y 193 197
12 0 4 6 2 0 7 L 2 0 5 D V D V Y 197 2 0 6
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CONDlTIONl 4  -  MEASUREMENT AND STOCHASTIC ERROR

SUBJECT NUMl 5

SUBJECT TABi 1 0  CHEMISTRY 0R 6 3RD YR

T T T T T T P T P H H H
N I F P L V I A C M I F PARAMETERS

D1 1 2 7 0 2 7 D 0 2 3 D V D V Y 1 1 0 111 LE . 1 0
01 101 101 D 1 0 9 D B L N Y 1 1 0 1 0 2 BE ■ . 2 5
0 2 0 3 0 0 9 4 D 0B 4 D B L B N 1 0 2 1 0 2 TD ■ 1
0 3 1 2 0 101 L 0 9 2 D B D N N 1 0 2 1 0 2 TB m 8
0 4 0 4 1 lOO L 1 0 3 D V D N Y 1 0 2 1 0 6 C8 ■ 2
0 3 0 4 2 . 1 0 2 D 1 0 4 D B D N N 1 0 6 1 0 6 TE a. 4
0 6 0 3 0 1 1 4 L 1 0 7 D V D V Y 1 0 6 1 2 0 CE ■ 1
0 7 lOO 1 3 0 L 1 2 3 D V D X N 1 2 0 1 2 0 HS ■ 1 1 0
OB 1 4 8 1 4 2 L 151 D V D X Y 1 2 0 131 RL *■ 2 1 0
0 9 0 2 4 1 4 3 D 1 4 2 D V D N Y 151 1 6 0
1 0 OBO 1 7 3 L 1 7 0 D 9 D N Y 1 6 0 1 7 2
11 1 6 3 1B4 L 1 7 3 D V D V Y 1 7 2 1 9 8
1 2 1 3 6 2 2 0 L 2 1 4 L V L X Y 19B 2 0 2
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CCMDITIONi 4  -  MEASUREMENT AND STOCHASTIC ERROR

SUBJECT NUMl 6

SUBJECT TAG I 1 5  CHEMISTRY 1NORG 3RD YR

T T T T T T P T P H H H
N 1 F P L V X A C M I F PARAMETERS

D1 1 4 4 0 4 2 D 0 4 3 D V D V Y H O 1 1 2 LE - 10
01 1 1 4 121 L 1 1 3 D V D V N 1 1 0 n o BE m . 2 5
0 2 1 7 5 1 4 2 L 1 45 D V D N N 1 1 0 1 1 0 TD 1
0 3 1 4 4 1 4 2 D 1 5 0 D V D N N 1 1 0 1 1 0 TS e
0 4 1 9 5 1 6 3 D 1 7 0 D B L B N 1 1 0 1 1 0 C8 m 2
0 5 1 0 0 1 6 3 D 16B D V D X Y 1 1 0 1 4 0 TE ■« 4
0 6 2 1 3 1B4 D 1B2 D V D X N 1 4 0 1 4 0 CE ■ 1
0 7 1 6 6 2 0 7 D 2 0 4 D V D X N 1 4 0 1 4 0 HS ■ 1 1 0
OB 1 0 3 2 0 8 D 2 0 5 D V D X Y 1 4 0 1 9 4 RL ■ 2 1 0
0 9 2 2 9 2 3 1 D 2 2 5 L V L N N 1 94 1 9 4
1 0 2 1 2 2 31 D 2 3 3 L V L V Y 1 9 4 2 1 8
11 0 1 5 2 0 7 D 2 0 6 D V D X N 2 1 8 2 1 8
12 0 1 6 2 3 1 L 2 2 5 L V L X N 2 1 8 2 1 8
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CONDITION). 4  -  MEASUREMENT AND STOCHASTIC ERROR

SUBJECT NUN) 7

SUBJECT TAGi 2 7  CHEMISTRY ANALYT 3RD Y

T T T T T T P T P H H H
N 1 F P L V I A C M 1 F PARAMETERS

D1 1 2 7 0 3 2 D 04B D V D V Y 1 1 0 1 0 8 LE . 1 0
01 101 0 9 8 D 1 06 D B L N N 1 1 0 1 1 0 BE ■ . 2 5
0 2 0 3 0 0 0 0 D 0 7 0 D B L N N 1 1 0 1 1 0 TD ■ 1
0 3 0 9 0 0 6 1 D 0 3 3 D B L N N 1 1 0 H O TB ■ 8
0 4 1 2 7 0 41 D 0 3 2 D B D N N 1 1 0 1 1 0 CS ■ 2
0 3 1 3 9 0 3 9 D 0 5 2 D V D V N 1 1 0 1 1 0 TE ■ 4
0 6 0 3 0 0 7 9 D 0 7 2 D V D N N 1 1 0 1 1 0 CE 1
0 7 2 6 5 0 9 8 D 0 9 8 D V D N N 1 1 0 1 1 0 HS 1 1 0
OB 1 3 9 0 7 9 D 0 8 6 D V D V N 1 1 0 1 1 0 RL ■ 2 1 0
0 9 0 2 4 0 9 9 D 0 9 8 D V D N N 1 1 0 1 1 0
1 0 OSO 1 1 8 D 1 1 3 D V D N N 1 1 0 n o
11 1 6 3 1 18 D 1 0 9 D V D N N 1 1 0 1 1 0
1 2 0 1 7 09B D 1 0 0 D V D V N 1 1 0 1 1 0
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CONDITION! 4  -  MEASUREMENT AND STOCHASTIC ERROR

SUBJECT NUMl 8

SUBJECT TAGI 3 2  BIOLOGY B20CHEM 4TH YR

T T T T T T P T P H H H
N I F P L V I A C H 1 F PARAMETERS

D1 0 0 3 0 5 1 D 0 4 9 D V D V Y 1 1 0 1 0 7 LE • 1 0
0 1 121 0 9 9 L 1 07 D V D N N 11 0 . 1 1 0 SE ■ . 2 3
0 2 0 5 4 0 9 9 D 0 8 9 D B D N N 1 1 0 1 1 0 TD ■ 1
0 3 0 9 6 0 9 9 D 0 9 1 D V D N N 1 1 0 1 1 0 T8 8
0 4 1 8 7 1 2 2 L 1 2 5 D V D V Y 1 1 0 131 C8 2
OS 0 7 8 1 4 3 L 1 3 6 D V D N Y 131 1 54 TE ■ 4
0 6 2 6 4 1 6 6 L 1 7 2 D B D N Y 1 5 4 1 7 7 CE 1
0 7 1 0 7 2 1 4 L 2 2 1 L V L N N 1 7 7 1 7 7 HS 1 1 0
OB 1 5 6 1 9 0 D 1B0 D B D B Y 1 7 7 2 0 2 RL ■ 2 1 0
0 9 2 6 7 1 9 0 L 1 8 9 D V D N N 2 0 2 2 0 2
1 0 0 4 3 2 0 2 D 2 0 2 D V D N N 2 0 2 2 0 2
11 0 6 2 2 1 4 L 2 1 2 L V L V N 2 0 2 2 0 2
1 2 0 5 4 20B L 2 0 1 D B D X Y 2 0 2 2 1 0
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CONDITION! 4  -  MEASUREMENT AND STOCHASTIC ERROR

SUBJECT NUMl 9

SUBJECT TAGt 3 8  BIOLOGY MICRO 4TH YR

T T T T T T P T P H H H
N I F P L V I A C M I F PARAMETERS

D1 OSS 0 6 7 D 0 6 5 D V D V Y 1 1 0 1 0 3 LE a 1 0
01 121 1 3 8 L 1 4 6 D V D N N 1 1 0 1 1 0 BE M • 2 5
0 2 0 5 4 1 1 6 D 1 0 6 D B D N N 1 1 0 1 1 0 TD a 1
0 3 0 9 6 1 5 7 L 1 4 9 D V D N N 1 1 0 1 1 0 TS a B
0 4 1 8 7 1 7 9 L 1 8 2 D V D V Y 1 1 0 1B9 C8 a 2
0 3 0 7 8 2 0 2 L 1 9 5 D V D N Y 1 8 9 2 1 4 TE a 4
0 6 2 6 4 2 2 9 L 2 3 5 L B D N Y 2 1 4 2 4 0 CE a 1
0 7 1 0 7 2 5 2 L 2 5 9 L V L V N 2 4 0 2 4 0 HS a H O
OB 0 3 2 2 2 8 D 2 1 8 L V L X Y 2 4 0 2 2 9 RL a 2 1 0
0 9 2 4 7 2 0 5 D 2 0 7 D V D V N 2 2 9 2 2 9
1 0 1 2 7 2 3 9 L 2 3 5 L V L X N 2 2 9 2 2 9
11 1 1 6 2 2 8 L 2 1 8 L V L X Y 2 2 9 2 1 8
1 2 IBB 21B L 2 2 7 L B L X N 2 1 8 2 1 8
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CONDITION! 4  -  MEASUREMENT AND STOCHASTIC ERROR

SUBJECT NUMi 10

SUBJECT TASi 4 0  BIOLOGY MICRO POST DOC

T T T T T T P T P H H H
N I F P L V I A C M I F PARAMETERS

D1 0 8 5 0 5 7 D 0 5 5 D V D V Y H O 1 0 8 LE . 1 0
01 121 1 1 0 L 1 1 8 D V D N N n o n o 8E ■ . 2 5
0 2 0 3 4 1 4 2 L 1 3 2 D B D B Y 1 1 0 1 4 2 TD ■ 1
0 3 0 9 8 1 7 5 L 1 8 2 D V D N N 1 4 2 1 4 2 TS ■» 8
0 4 1 1 5 2 0 3 L 2 1 2 L B L N N 1 4 2 1 4 2 C8 ■ 2
0 3 0 6 7 1 8 5 D 1 8 8 D V D N Y 1 4 2 1 9 8 TE — 4
0 6 2 2 8 2 0 8 L 1 9 8 D V D V Y 1 9 8 2 0 4 CE ■ 1
0 7 0 7 9 2 1 6 L 2 0 8 D V D X N 2 0 4 2 0 4 HS ■ 1 1 0
OB 0 3 2 1 9 5 L 1 8 5 D V D X N 2 0 4 2 0 4 RL ■» 2 1 0
0 9 2 4 7 2 0 4 L 2 0 6 D V D N N 2 0 4 2 0 4
1 0 1B7 2 4 2 L 2 4 3 L V L V Y 2 0 4 2 3 4
11 1 1 6 2 5 6 L 2 4 6 L V L X N 2 3 4 2 3 4
1 2 1 8 8 2 6 8 L 2 7 7 L B L X Y 2 3 4 2 5 3

- h  ....
i --------------a

1
1

-M -+ -

-
•

"-------- |
|
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