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PROLOGUE

'üie co n tex t In  which th e  s tu d ie s  in  th i s  th e s is  are  

p laced  i s  th a t  o f decision-malcing in  c l in i c a l  m edicine.

Various a sp ec ts  o f c l in ic a l  de c i  s i  on-malcing a re  examined 

and a number o f  ten ta .tiv e  conclusions are  advanced.

The f i r s t  ch an ter p a in ts  in  the  background to  d ec is io n 

making in  medicine and pu ts  fonrward a  p o ss ib le  m athem atical 

framework fo r  the in v e s t ig a t io n  o f the  d ia g n o s tic  p rocess 

using- in fo rm ation  th eo ry , co n d itio n a l p ro b a b i l i ty  theo ry  

and d ec is io n  th eo ry .

In  the  s econd ch a p te r  a  d e ta ile d  c r i t i c a l  P iis to r ic a l 

review  o f  s tu d ie s  in  com pu ter-assis ted  d iag n o sis  i s  

p resen ted . Hie use o f tecluiiques o f sy ijbolic lo g ic ,  

p ro b a b il i ty  th eo ry , d isc rim in an t fu n c tio n  a n a ly s is ,  

d ec is io n  th eo ry  and num erical taxonomy i s  i l l u s t r a t e d .

'the th i r d  chanter  p rov ides a  sim ple d e s c r ip tio n  of 

the concepts o f co n d itio n a l p ro b a b il i ty  th eo ry , in fo rm ation  

theo ry  and non-linO ar d isc rim in an t fu n c tio n  which are  used 

in  the  s tu d ie s  in  th i s  th e s is ;  a lso  inc luded  i s  a b r ie f  

in tro d u c tio n  to  d ec is io n  th eo ry  and to  s tu d ie s  o f  c l in ic a l  

decision-m ailing which have made use of i t s  concep ts .

There fo llow s a  group o f s tu d ie s  o f  se q u en tia l 

decision-m aking u s in g  Bayes theorem and the  en tropy  c a lc u la tio n  

o f /



o f  in fo rm ation  th eo ry .

In  the f i r s t  o f these  s tu d ie s  in  Chapter 4 the  b as ic  

se q u en tia l model i s  d escrib ed , in  which the in flu en ce  o f 

p r io r  p r o b a b i l i t i e s ,  f in a n c ia l  and n o n -fin a n c ia l c o s ts , 

a re  d iscu ssed . Computer programs are  p re se n ted , w ritte n  

by the  au th o r, which allow  o n -lin e  computer d iag n o sis  a t  

a  computer term inal*  S ig n if ic a n t red u c tio n  in  the  number 

o f in v e s tig a tio n s  needed to  make a d iag n o sis  in  cases o f 

n on-tox ic  g o itre  i s  demonstrated*

Using th i s  se q u en tia l p ro b a b il i ty  model th e  s tu d ie s  

covered in  Chapter 5 provide a  d e ta ile d  d ia g n o s tic  p ro f i le  

o f  each o f  s ix  c l in ic ia n s  studying  an id e n t ic a l  s e t  o f 

cases o f non -to x ic  g o i t r e .  H iis p ro f i le  a n a ly s is  i s  used 

to  compare the  c l in ic ia n s  in d i r e c t ly  w ith  one an o th er and 

to  study  the in flu en ce  o f p e rso n a lity  factox’s and o f 

c l in ic a l  ex p erien ce .

In  Chap ter  6 the d ia g n o s tic  p ro f i le  i s  p resen ted  on

l in e  a t  two types o f  computer te rm in a l. The r e la t iv e  m erits  

o f  each te rm inal are  compa,red and a system fo r  the  an a ly s is  

and teaching* o f d iag n o stic  s k i l l s  i s  p resen ted  in  some 

d e t a i l .

In Chapter  7 a q u ite  d if f e re n t  approach i s  made to  

the problem o f s e le c tin g  cases fo r  trea tm en t w ith  a n t i 

th y ro id /



th y ro id  d rugs. A n o n -lin e a r  d isc rim in an t fu n c tio n  

technique i s  used to  d is t in g u is h  the c lu s te r  o f  p a t ie n ts  

who are  drug responsive from the c lu s te r  o f those who are  

drug r e s i s t a n t .  Only by tak in g  in to  account th e  

behaviour o f such c lu s te r s  over time was i t  p o ss ib le  to  

sep ara te  the  two groups s a t i s f a c to r i ly .

E in a lly , in  the epilogue a  number o f p o ss ib le  avenues 

o f  ih r th e r  re sea rch  are  suggested which might produce 

answers to  the many q u estio n s r a is e d  by the s tu d ie s  in  

the th e s i s .
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G H A R T E H I  5 INTRODUCTION

I . l  Ihe D iagnostic îTocess,

1.2 A m athem atical a n a ly s is  o f the

d iag n o stic  p ro cess .

1.3 Sequential Deciaion-raaking.



I . l  'The d ia g n o s tic  urooess

Decision-malcing in  c l in ic a l  medicine has always 'been 

regarded as a  d is t in c t iv e ly  Imman a c t iv i ty .  However, the 

nex t decade w il l  see d ig i t a l  computers in c re a s in g ly  used 

in  the  decision-m aking p rocess th a t  u n d e r lie s  d iag n o sis  

and trea tm en t in  c l in ic a l  m edicine. H iis prom ises to  he 

perhaps the most e x c itin g , and alm ost c e r ta in ly  the most 

s ig n i f ic a n t ,  development in  medicine today. I t  may w ell 

marlc the  end o f an e ra  o f  d e s c r ip tiv e  c l in ic a l  medicine 

and the  emergence o f a  new "tw en tie th  cen tu ry" o b jec tiv e  

c l in ic a l  m edicine. The assessm ent and management o f  

p a t ie n ts  as w ell as the decision-making* which u n d e r lie s  

these  a c t i v i t i e s  w il l  change as the simple d e c is io n s  are  

automated and in s ig h t i s  gained in to  the more complex 

ones,

A c l in ic ia n  faced w ith  a d iag n o stic  problem maizes 

a  sequence o f d e c is io n s . .He begins by choosing a symptom 

on which to  con cen tra te  i n i t i a l l y  and when he i s  s a t i s f ie d  

about i t s  presence or absence he chooses what he supposes 

w il l  be the nex t most in fo rm ative item . .An experienced 

s p e c ia l i s t  rep ea ted ly  malces d ec is io n s about wha,t to  

ignore  in  a  p a t i e n t 's  s to ry . He decides when to  ask the 

p a t ie n t  to  ex]]and h is  o r h e r  account o f  a  symptom and where 

to  con cen tra te  h is  exam ination o f the  p a t ie n t .  In  a d d itio n , 

he must decide what la b o ra to ry  t e s t s  might be expected to  

b o /
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be most in fo rm ative  in  a  p a r t ic u la r  case and, f in a l ly ,  

when he has gathered  enough in fo rm ation  he must decide 

what trea tm en t to  a l lo c a te  and the p ro b a b il i ty  o f i t s  

success.

The s e le c t io n  and assessm ent o f c l in ic a l  in fo rm ation  

and the  d ec is io n s  about trea tm en t are  conducted a g a in s t 

a  background o f the c l in i c i a n 's  value system . Hius, he 

must decide i f  th e  expense and discom fort o f any in v e s t

ig a tio n  o r trea tm en t i s  compensated by any expected 

improvement in . th e  p a t i e n t 's  h e a lth . D ecisions o f  th i s  

type form the  b a s is  o f the whole o f c l in ic a l  m edicine.

Yet the  in te l l e c tu a l  p rocesses behind th ese  d ec is io n s  

and even the prem ises on which they  are based a re  poorly  

understood .

1.2 A M athematical M silysis o f the  D iagnostic  Process

D espite the enormous com plexity o f modern teoiiniques 

o f in v e s tig a tiv e  m edicine and o f trea tm en t, alm ost no th ing 

i s  knovm o f the  in te l le c tu a l  p rocesses by which in v e s t

ig a tio n s  a re  s e le c te d , t h e i r  r e s u l t s  a ssessed  and an 

ap p ro p ria te  trea tm en t chosen. *fhe d iag n o stic  p rocess i s  

la rg e ly  tau g h t by example and alm ost no th e o re t ic a l  b a s is
f

e x is ts  as  y e t to  d escribe  the in te l l e c tu a l  a c t i v i t i e s  

which u n d e r lie  i t .

Techniques/
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Teolmiques of co m p ate r-ass is ted  diagnoses have, u n t i l  

r e c e n tly ,  been seen la rg e ly  as in te r e s t in g  a r ith m e tic  

e x e rc ise s  o f l i t t l e  p r a c t ic a l  importance in  m edical 

p r a c t ic e .  They have le d , however, to  the  g radual emergence 

o f m athem atical concepts which describe  im portan t components 

o f the  d ia g n o s tic  p rocess (T aylor, 1967)#

Almost a l l  s'kudies o f  com pu ter-assis ted  d iag n o sis  

have attem pted  to  reproduce the  t r a d i t io n a l  o r  s t a t i c  

view o f  the  d ia g n o s tic  p ro cess . The c l in ic ia n  i s  seen 

as c o l le c t in g  a l l  a v a ila b le  d a ta  on th e  s ta te  o f  h e a lth  

o f  h is  p a t ie n t  befo re  a s se ss in g  th i s ,  reaching' a  d iag n o sis  

and choosing a  s u ita b le  trea tm en t (k ig . I . l ) .  As 

c l in ic ia n s  we teach  th i s  v e rs io n  o f the d ia g n o s tic  p rocess 

to  our s tu d en ts  bu t in  p ra c t ic e  we use a  se q u e n tia l form 

o f decision-m alcing (hedley and Lusted, 1959? Ledley, I 966; 

Hamilton, I 966) .
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1,3  Sequeix tia l decislon-malciiw

A fte r the  d iag n o stic  p rocess has been broken domi 

in to  a sequence o f d ec is io n s  (Mg', 1 .2 )  i t  may be r e s ta te d  

il l  m athem atical teim s by mailing use o f in fo rm ation  th eo ry , 

co n d itio n a l p ro b a b il i ty  th eo ry  and s t a t i s t i c a l  d ec is io n  

theory* Although c l in ic ia n s  a re , o f course , f a m il ia r  w ith 

th e  use o f  such measurements as blood p re s su re , pu lse  r a te  

and blood sugar le v e l ,  they  a re  la rg e ly  unaware th a t  

f u r th e r  s t a t i s t i c a l  teolm iques can be aj)p lied  to  the  

o b jec tiv e  in te rp r e ta t io n  o f such measurements, Ih r th e r  

a n a ly s is  i s  based on s t a t i s t i c a l  th e o r ie s  whose over

r id in g  im portance i s  th a t  t h e i r  b a s is  in  mathem atics 

malces t h e i r  e x p lo ita tio n  Y/ith d ig i t a l  computers very  

prom ising and holds out the p o s s ib i l i ty  th a t  p a r t  o f the 

d ia g n o s tic  p rocess can ev e n tu a lly  be talcen over by the  

computer.

ïhkOEfvîàfXOh mïlOBy s ta te s  th a t  'in form ation*  can be 

gained in  tY/o d i s t in c t  ways s by communication in  some 

agreed language o r s ig n  system in  which a, message can be 

assembled? and by observa tion  -  Ydien, fo r  example, we look 

a t  a  p ic tu re  o r down a m icroscope, ÎThe exchange o f  

in fo rm ation  (the  s ig n a l)  talces p lace ac ro ss a  ' channel * 

connecting  the p a t ie n t  o r  sender and the c l in ic ia n  o r 

re c e iv e r , The amount o f in fo rm ation  tra n sm itte d  by a  

channel/
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clianneX can be measured and the  upper l im it  o f th e  amount 

th a t  any channel can tran sm it i s  laioYm as the  'channel 

c a p a c i ty '.  The chaimel o f te n  tran sm its  in fo rm ation  

o th e r  than  the  s ig n a l (n o ise ) ,

The exchange o f in fo rm ation  between d o cto r and p a t ie n t  

can be viewed in  th i s  way, Tiie d a ta  about the p a t i e n t 's  

co n d itio n  can be au d ito ry  (M sto ry , h e a r t soim ds), v isu a l 

( f a c ia l  ex p ressio n , e lec trocard iogram , blood s l id e )  o r 

t a c t i l e  (p u lse ) . They a re  encoded, tran sm itte d  and then 

d e tec ted  and decoded in  the c l in i c i a n 's  b ra in . The 

occurrence o f  n o ise  in  th i s  channel can be measured as 

'o b se rv e r v a r i a t i o n ',  This v a r ia t io n  takes two forms:

' in tra -o b s e rv e r  e r r o r ' ,  where one c l in ic ia n  d i f f e r s  in  

h is  assessm ent o f  the  same d a ta  (such as M s to ry , pliysioal 

examination*, blood s l id e s )  on d if fe re n t  occasions? and 

'in te r -o b s e rv e r  e r r o r ' ,  where two o r more c l in ic ia n s  

d i f f e r  in  t h e i r  assessm ent o f the same s e t  o f  d a ta . 

Inform ation  th eo ry  allow s us to  measure both th e  in form ation  

provided by a  p iece o f d a ta  and the e f f e c t  o f  n o ise . I t  

can be used to  study m athem atically  th i s  im portan t aspec t 

o f  the  d ia g n o s tic  p rocess and to  compare d i f f e r e n t  methods 

o f acquirii% ' and a s se ss in g  c l in ic a l  d a ta  (whether th i s  i s  

provided by comimter o r  by c l in ic ia n ) .

Item s/
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Items o f a  p a t i e n t 's  h is to ry , p liysica l exam ination 

and la b o ra to ry  t e s t s  a l l  produce s in g le  p ie ces  o f 

in fo rm ation , each o f v/hioh must be processed  in  a  

s im ila r  ivay. Thus, the q u estio n  'Ms your neck p a in fu l? ” 

o r the o b se rv a tio n  ”Is  th e  th y ro id  gland h ard , firm  o r 

s o f t  in  co n s is ten cy ?”, can both be c a lle d  t e s t s .

When th e  c l in ic ia n  has in  hand the  outcomes o f one 

o r more o f such t e s t s ,  ano ther stage in  the d ia g n o s tic  

p rocess b eg in s . Ife must in te r p r e t  these  p ieces  o f  

in fo rm ation  and a sse ss  them in  the l ig h t  o f  h is  fa c tu a l 

knowledge and personal experience o f the group o f 

d ise ase s  from which he thixilcs h is  p a t ie n t  may be su ffe r in g . 

Ife r e v is e s  h is  opin ion  about d iagnosis  and trea tm en t 

p ro g re ss iv e ly  a,s new in fo rm ation  becomes a v a ila b le .

Once again  th e re  i s  a  w ell e s ta b lish e d  th eo ry  o f 

s t a t i s t i c a l  inference, ty p if ie d  by co n d itio n a l p ro b a b il i ty  

th eo ry  and by Ikiyes theorem in  p a r t ic u la r  which can 

d escrib e  th i s  p ro cess . Bayes theorem i s  v/idely used in  

s tu d ie s  o f com pu ter-assis ted  d iag n o sis . I t  allow s u s , 

m athem atically , to  re v ise  our opinion o f a hypo thesis  

( fo r  in s ta n c e , d.eaiding i f  a  p a t ie n t  i s  s u f fe r in g  from 

thyx'oid cancer) in  the l ig h t  o f noY/ in fo rm atio n , such as 

the outcome o f a  te s t*  Hie c a lc u la tio n s  a re  based on 

p rev io u s /
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prev ious knowledge o f the d ise ase s  being s'fcudied. This 

imov/ledge i s  summarised in  the  form o f 'l ik e l ih o o d s  *

?/hich p re d ic t  from p a s t surveys the r e la t iv e  freq u en cies  

o f  t e s t  outcomes in  each d ise a se .

In  th i s  way lik e lih o o d s  a re  used to  summarise 

q u a n t i ta t iv e ly  p rev ious experience o f the d is e a se s . 

Presumably the  c l in ic ia n  s to re s  the somie in fo rm atio n  

d erived  from h is  own p as t experience o f a  la rg e  number 

o f  d ise a se s  in  h is  b ra in  in  some coded form. He uses th i s  

d a ta  to  re v ise  h i s  opinion in  the l ig h t  o f new in fo rm ation  

by psycho log ica l mechanisms as y e t unknown.

Apart from these  lik e lih o o d s , the  only o th e r  r e t r o 

sp ec tiv e  d a ta  used in  com puter-assis ted  d iag n o sis  are  the 

p r io r  p r o b a b i l i t ie s  o f each d ise a se . These are  the 

inc idence r a te s  o f the d ise ase s  in  the p o p u la tio n  being 

s tu d ie d . The p ro b a b i l i t ie s  vary  in  d i f f e re n t  p o p u la tio n s . 

Thus, t r o p ic a l  d ise a se s  are  common around th e  eq u a to r and 

ra re  in  B r i ta in .

So by combining p r io r  p r o b a b i l i t ie s ,  lik e lih o o d s  and 

t e s t  outcomes (on the p a t ie n t  being a s se sse d ) , by means 

o f co n d itio n a l p ro b a b il i ty  theo ry  we can re p re se n t 

m athem atically  the  process o f in fe ren ce  involved  in  the 

d ia g n o s tic  process* Manj o f the s tu d ie s  o f comirater- 

a s s i s te d /
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a s s is te d  d iag n o sis  are  based on o o n d itio n a l p ro b a b il i ty  

tbeoiT  and have been found to  give an accuracy in  

d iag n o sis  comparable to  th a t  o f c l in ic ia n s .

Hie th i r d  th e o re t ic a l  component o f t i i i s  a n a ly s is  o f 

the d iag n o stic  p rocess i s  s t a t i s t i c a l  d e c is io n  th eo ry .

This d esc rib es  m athem atically  the docision-m aking process 

which u n d e r lie s  the s e le c tio n  and assessm ent o f  c l in ic a l  

in fo rm ation  and the choice o f in v e s tig a tio n s  and trea tm en ts . 

At each s tep  o f  the  d ec is io n  p rocess a number o f  fa c to rs  

has to  be vmighed up* Hie se inc lude the advantages of 

maluing an immediate c o rre c t d iagnosis  and the  consequences 

o f making an overhasty  m isd iagnosis, fu rtherm ore , the 

f in a n c ia l  c o s t, d iscom fort, inconvenience and delay  due 

to  fu r th e r  in v e s tig a tio n s  before trea tm ent i s  begun must 

be considered .

•Mü PRINCIPLE o f 'r a t io n a l i ty *  -  one o f  the  bases 

o f s t a t i s t i c a l  d ec is io n  theory  •» when ap p lied  to  the  

c l in ic a l  s i tu a t io n  a s s e r ts  th a t  any r a t io n a l  d iagnosticiorx  

a c ts  as i f  he i s  ab le  to  measure the advantages and d is 

advantages of a d ec is io n  in  com on u n i ts  and make d ec is io n s  

(such as to  continue te s t in g  o r to  make a  d ia g n o sis )  so 

th a t  the expected n e t advantage i s  as  la rg e  as p o s s ib le .

In  o th e r  words, he a ttem pts to  achieve the  g r e a te s t  b e n e f it  

f o r /
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fo r  M b p a t ie n ts  a t  a  minimum 'c o s t ' .  H iis view o f  the 

p ra c t ic e  o f m edicine in  term s o f 'c o s t s ' re p re se n ts  the 

im p l ic i t  value system w ith  which c l in ic ia n s  manage th e i r  

p a t i e n t s •

Since c l in ic ia n s  d i f f e r  in  th e i r  judgements o f  

these  c o s ts ,  i t  can he sa id  th a t  each s ta te  o f h e a lth  or 

o f  i l l n e s s  has i t s  'v a lu e ' fo r  each c l in ic ia n .  Thus, 

one c l in ic ia n  in  a  chronic re n a l d ia ly s is  u n i t ,  ’where 

p o te n tia l  p a t ie n ts  g re a t ly  outnumher the  l im ite d  n'omber 

o f  k idney machines a v a ila b le , may fe e l  th a t  only young 

a d u lts  should be accepted  fo r  chronic d ia ly s i s .  By 

c o n tra s t ,  ano ther c l in ic ia n  may f e e l  only p a t ie n ts  w ith 

0, crim insil reco rd  should be excluded and th a t  a l l  o th e rs  

should be pu t on a w aitin g  l i s t .  The im portance of such 

value systems i s  th a t  they  s tro n g ly  in flu en ce  the  number 

o f in v e s tig a tio n s  and type o f trea tm en t chosen. 

S ta t i s t i c a l  d e c is io n  th eo ry  provides a m athem atically  

based framevmrk fo r  study ing  and m easuring such v a lu es .



G H A P T E H  2 5 TEEOKilTICAL MGKQROEMB

2.1  C onditional P ro b a b ility  Hieory.

2 .2  Inform ation Theory and S equential Models,

2 .3  N on-linear D iscrim inant lU nction  Models,

2 .4  D ecision Theory,

14
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K ieo re tlo a l Baolcfiround to  the  S tudies

Hie s tu d ie s  in  th i s  th e s is  can he conven ien tly  d iv ided  

in to  those u s in g  the d isease  system of n on -tox ic  g o i t r e ,  

which are  based on d e r iv a tiv e s  o f co n d itio n a l p ro b a b il i ty  

theo ry  and o f in fo rm ation  th eo ry , and those using- a non

l in e a r  d isc rim in an t fu n c tio n  method in  the development of 

a  dynamic model o f th y ro to x ic o s is .

2.1 O onditional p ro b a b ili ty  thepOT

3?robability  can be defined  as a means o f  q u an tify in g  

u n c e r ta in ty  and i t  may be argued th a t  a l l  p r o b a b i l i t ie s  

a re  co n d itio n a l in  th a t  one * s degree of c e r ta in ty  about 

an ev en t, such as a symptom o r a  d iag n o sis , i s  conditioned  

by the loiowledge one a lread y  possesses about i t .

C onditional p ro b a b i l i t ie s  provide a p r o b a b i l i s t ic  

exp ression  o f  our re v is io n  o f an opinion in  the  l i g h t  o f 

new in fo rm atio n .

The b e s t known example o f co n d itio n a l p ro b a b il i ty  i s  

j ^ e s  ' Iheorem which i s  used to  combine new in fo rm ation  

w ith  th a t  a lread y  laiown to  reach  fo r  example a  d i f f e r e n t i a l  

d ia g n o s is .

2 .1 .1  The use o f  Bayesian co n d itio n a l p r o b a b i l i t ie s  has 

been summarised b r ie f ly  as  fo llow s :

(1) P ro b a b i l i t ie s  are  o rd e rly  opinions

(2 )/
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(2) S t a t i s t i c s  i s  concerned w ith the  r e v is io n  o f 

opin ion  in  the  l ig h t  o f new inform ation*

(3 ) }3ayes * Theorem o f p ro b a b il i ty  th eo ry  i s  a. mathe

m a tic a lly  optim al r a le  fo r  such re v is io n s  o f 

opinion*

(4 ) Such p r o b a b i l i t ie s  are  u su a lly  expressed  as 

fra ,c tio n s o f 1 , such th a t  the t o t a l  o f  probab

i l i t i e s  in  the group considered ( fo r  example 

d ise a se s )  add up to  1 .

Before d esc rib in g  Bayes* Theorem, i t  i s  worthwliile 

re s ta tin g ' two o f the d e f in i t io n s  a lread y  used in  the  

in tro d u c tio n ,

Since an item  o f h is to ry  and o f p h y sica l exam ination 

produces in fo rm ation  in  the same way as la b o ra to ry  or 

o th e r  t e s t s ,  i t  w il l  be the convention in  the  s tu d ie s  

described  in  t l i is  th e s is  to  refex^ to  a l l  such item s as 

t e s t^ .  The response to  a q u es tio n , the r e s u l t  o f an 

exam ination o r in v e s tig a tio n  are  thus r e f e r re d  to  as 

t e s t  o u tcomes*

2.1*2 My OS * Theorem can be expressed in  many forms* 

but the commonest v e rs io n  i s :

P(D /T) = P (g /D )P (D )
p ( t ) (Unless P(d ) = 0 o r P (l’ ) = O)

Vhere D « d is e a se , and T = t e s t  outcome, the standard

n o ta t io n /
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n o ta tio n  o f p ro b a b il i ty  th eo ry  means th a t  the  expressions 

P(1)/t ) reads a s  ”the  p ro b a b il i ty  o f d isease  D given t e s t  

outcome T” ; fo r  example, the  p ro b a b il i ty  o f th y ro to x ic o s is  

(d) g iven th a t  exophthalmos ( t e s t )  i s  p re se n t ( t e s t  ou t

come). S im ila rly  f(T /h ) reads "the p ro b a b il i ty  o f  t e s t  

outcome (exophthalmos i s  p re se n t)  given the d ise a se  (tliy ro - 

to x ic o s is ) .

P(D) reads "the p ro b a b il i ty  o f d isease  D”

}?(T) reads "the p ro b a b il i ty  o f t e s t  outcome T"

Hie exp ression  P(b ) i s  norm ally c a lle d  the * i n i t i a l  * ox»

before the t e s t  T has been c a rr ie d  

o u t, w hile P(J)/t ) i s  the  'f in a l*  o r 'p o s te r io r*  p ro b a b il i ty  

i . e .  the rev ised  opinion about d isease  D in  the  l ig h t  o f 

the  new in fo rm ation  provided by the t e s t  outcome Ï .  P(T /d) 

i s  r e fe r re d  to  as  the  l ik e lih o o d .
Makat vtAifï recfc-mé» lU hL-irttxaxtxnr

2 .1 .3  P r io r  p ro b a b i l i t ie sCnsnu«Ulpn.MHRAui 'W .1 iff» *rw ;

Hie p r io r  p ro b a b il i ty  (P /h) re p re se n ts  th e  incidence

r a te s  o f the d isease s  under co n s id e ra tio n  in  th e  popu la tio n

being s tu d ie d . Thus, in  the  non-tox ic  g o i t r e  study

(Chapter 4 ) the frequency w ith  which the th re e  d ise ase s

are  seen in  the  tliy ro id  c l in ic  a t  the Royal In firm ary ,

Glasgow, a re  Hashim oto's d isease  10 per c e n t, sim ple g o itre

89 p e r cen t and carcinoma o f th y ro id  1 p er cent? th i s  g ives 
the  p r io r  p r o b a b i l i t ie s  used in  the s'tudy o f  ( .1 0 , 189,

. 01).
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In the  s tu d ie s  described  here the p o p u la tio n  fi'om 

which the sample i s  draira i s  w ell d efin ed , namely, a  

p a r t ic u la r  thjcroid c l in ic  in  o, p a r t ic u la r  h o s p i ta l ,  and 

so the  choice o r p r io r  p r o b a b i l i t ie s  i s  sim ple. %  

c o n tra s t ,  where a  group o f d isease s  i s  s tu d ied  ivithout 

any c le a r  re fe ren ce  to  a  s p e c if ic  p o p u la tio n , th e  choice 

o f  p r io rs  may be d i f f i c u l t .  Boyle e t  a l  (1966) avoided 

th i s  by choosing the  " re la t iv e  lik e lih o o d "  form o f  M yes * 

theorem in  which the  p r io r  p ro b a b i l i t ie s  a re  e f f e c t iv e ly  

om itted . The e f f e c t  o f  d i f f e r e n t  p r io rs  has been 

d iscussed  w ith  re fe ren ce  to  Cushing's syndrome by Nugent 

e t  a l  (1964) when comparing th e i r  own study in  S a lt Lalie 

C ity , Utalis, If, S.A, to  th a t  o f co lleagues in  a  s im ila r  

study  in  N ash v ille , Tenessee. In  the  foamier g ro u p 's  d a ta  

the  p r io r  p ro b a b il i ty  of Cushing * s syndrome was 0 .25 , 

w hile in  the l a t t e r  popu la tio n  i t  was 0.19» Thus, J?(l)) 

can be seen as the  'geograph ica l * component o f  M y es ’ 

theorem, h a te r  in  the study  o f non -tox ic  g o i t r e  the  e f f e c t  

o f d i f f e r e n t  p r io r  p r o b a b i l i t ie s  on the  e f fe c t iv e n e s s  o f 

a  d ia g n o s tic  model a re  explored  and d iscussed  (4 * 6 .3 ).

2 . 1 .4  L ikelihoods

L ikelihoods might be sa id  to  rep re se n t q u a n t i ta t iv e ly  

the  p rev ious experience o f th e  d isease s  in  q u es tio n . F ig .

2.1 g ives an example o f l ik e lih o o d s  in  n o n -to x ic  g o itr e  

wMch/



L I K E  L I H O O D S

No. Test Response HASHIMOTO'S SIMPLE CANCER

25 Consistency Firm .9057 .5800 .4600
Hard .0566 .0400 .5300
Soft .0377 .3800 .0100 +

27 C .F . test ++ .8372 .0100 .0200
+ .0698 .0513 .1081
- .0930 .9387 .8719

8 Pyramidal Lobe Absent .8491 .9608 .9783
Present .1509 .0392 .0217

PIG. 2 .1 .  JilXïUÆPLE OP LIKELIHOODS
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wMch i s  taken  from the m atrix  o f lik e lih o o d s  pub lished  

by Boyle e t  a l  I t  shows th a t  a  ' f irm * gland i s

much more l ik e ly  to  be Hashlm oto's d isease  ( • 9057) than  

sim ple g o itr e  (.5800) o r th y ro id  carcinoma ( . 46OO); wliile 

a  'h a rd ' g land i s  more l ik e ly  to  be th y ro id  cancer (,5300) 

than  Ikishim oto's d isease  (*0566) o r  sim ple g o i tr e  ( . 0400) . 

33y c o n tra s t ,  the  presence o r absence o f a pyram idal lobe 

i s  very  s im ila r  in  a l l  th re e  d iseases  and so th i s  t e s t  

i s  o f l i t t l e  d isc r im in a tin g  value in  th ese  th re e  d ise a se s .

A se q u en tia l technique to  s e le c t  t e s t s  on the  b a s is  

o f  t h e i r  expected u se fu ln e ss  in  d isc rim in a tin g ' w ith in  a 

group o f  d ise a se s  i s  the b a s is  of the f i r s t  p a r t  o f  th i s  

th e s i s .  Btie th e o re t ic a l  b a s is  o f  th i s  technique i s  

d escrib ed  l a t e r  (2 .2 ) .

2. 1 .5  P o s te r io r  p ro b a b i l i t i e s

llie p o s te r io r  p r o b a b i l i t ie s  re p re se n t the rev ise d  

s t a t i s t i c a l  op in ion in  the  l i g h t  o f  the a v a ila b le  d a ta , 

i . e .  the d i f f e r e n t i a l  d iag n o sis . The f in a l  d iag n o sis  i s  

a l lo c a te d  to  the d isease  w ith  the h ig h es t p o s te r io r  

p ro b ab ility *  In the  study  o f non-tox ic  g o itr e  (C hapter 4 ) 

a p o s te r io r  p ro b a b il i ty  o f  .99 which i s  unchanged fo r  

tliree  consecutive d ia g n o stic  o rd ers  was chosen as the  

’’s to p p in g ” ru le  fo r  an accep tab le  f in a l  d ia g n o s is . Jxi 

c a s e s /
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cases where the  f in a l  p o s te r io r  p ro h a h il i ty  i s  l e s s  tliasi 

,99 ; the d iag n o sis  may be regarded as le s s  r e l i a b l e ,

Ihe number o f  such u n c e rta in  diagnoses in  a sample 

o f t e s t  cases must c le a r ly  be taken in to  accoun t. In 

the assessm ent o f  the  value o f  a  model fo r  computer-» 

a s s is te d  d iag n o sis  Oz'ooks e t  a l  (1959); ïlugent e t  a l  

(1964) and Anderson and Boyle (1968) have each in troduced  

a ca tegory  o f  u n c e rta in  ox’ 'queried* d iag n o sis  in  which 

judgement i s  suspended u n t i l  f u r th e r  in fo rm ation  i s  

a v a ila b le , Grooks e t  a l  (1959) u sin g  a l in e a r  d isc rim in an t 

model l e f t  an a re a  in  the ce n tre  o f the l in e a r  sca le  of 

t h e i r  d ia g n o stic  index such th a t  a  score o f from -Id  to  

t i l  would in d ic a te  a  d iagnosis  o f ’'d éfin i.te  n o n -to x ic” , 

a soore o f more them t l9  was " d e f in ite  th y ro to x ic ” and 

the in te rm ed ia te  score o f t i l  to  t l8  was denot:lng the 

"equivocal ran g e”. Hugent e t  a l  (1964) iu  t h e i r  Bayesian 

model f o r  C ashing 's syndrome, used a  f in a l  p o s te r io r  

p ro b a b il i ty  o f ,90 o r more fo r  a 'l ik e ly  d iag n o sis  ' w ith  

judgement being  rese rv ed  in  o th e r  cases ( le s s  than  . 90) , 

Anderson and Boyle (1968) used as  a  stopping  ru le  th a t  

the la rg e s t  p o s te r io r  p ro b a b il i ty  should be a t  l e a s t  te n  

tim es tlm t o f the next la r g e s t .  Other a sp ec ts  o f  the 

problem o f d ia g n o stic  c e r ta in ty  and m isd iagnosis are  

d iscussed  in  d e ta i l  l a t e r  (4 *6 ).
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2 ,1 .6  Ihclependonoe o f t e s t s

llie assum ption o f  s t a t i s t i c a l  independence between 

t e s t  i s  rao.de in  a l l  s tu d ie s  to  date o f co m p u ter-assis ted  

d iagnosis  by co n d itio n a l p ro b a b il i ty  models. I h is  i s ,  

s t r i c t l y  speaking', u n r e a l i s t i c  in  p ra c t ic e  s in ce  th e  

v ario u s c l i n i c a l ,  biochem ical and o th e r m a n ife s ta tio n s  

o f a d isease  o r a  p a th o lo g ic a l process a re  l ik e ly  to  have 

some r e la t io n s h ip  to  one another,. Hie im portan t p o in t 

i s  whether th e se  in te r - r e la t io n s h ip s  are  weaîc o r strong' 

and whether th e re  i s  any th e o re t ic a l  o r  p r a c t ic a l  b e n e f it  

in  a ttem p tin g  to  measure them and to  talce such i n t e r 

ac tio n s  in to  account in  the model.

In many s tu d ie s  in  th e  l i t e r a tu r e  the  assum ption of. 

independence i s  acknowledged, b r ie f ly  d iscu ssed  but d is 

regarded in  the  c a lc u la tio n s  (O verall and W illiam s, 1961% 

Winkler e t  a l ,  1957)« Some workers have attem pted  to  

reduce th e  e f f e c t  o f in te ra c t io n  on the assum ption, not 

so f a r  co n c lu s iv e ly  proven, th a t  f a i lu r e  to  take in te ra c t io n  

in to  account would reduce the success o f  the  model, 'darner 

e t  a l  (1964) grouped to g e th e r  fo u r d if f e r e n t  types o f 

diagnoses which were laiomi to  be in te rdependen t and 

allow ed one p o s it iv e  response fo r  one o r more o f  them 

being p re se n t, Lodwick e t  a l  (1965) adopted a  s im ila r  

approach/



22

approach o f grouping r e la te d  t e s t s  in  t h e i r  model fo r  the 

d iag n o sis  o f prim ary hone tum ours, so th a t  only  one t e s t  

outcome was recorded fo r  the whole group- Mugent e t  a l  

(1964) prepared  contingency ta b le s  fo r  the a c tu a l and 

expected coincidence o f 154 p o ss ib le  p a ired  com binations 

o f  13 t e s t s  in  the  p a t ie n ts  s tu d ied . Hie ex ten t o f 

in terdependence was c a lc u la te d  on the b a s is  o f the  Chi 

square t e s t .  Since two t e s t s  ( (a) the presence o r absence 

o f eccliymoses and (b) a  serum potassium  o f  3 .6  m * e q ,/ l i t re  

o r  le s s )  were involved in  the  f iv e  s ig n i f ic a n t  a s so c ia tio n s  

found, th ese  were e lim ina ted  and the  rem aining 11 t e s t s  

used in  the  model.

In. the se q u en tia l model o f  non-tox ic  g o itr e  used in  

th i s  study the d a ta  used i s  th a t  o f Eoyle e t  a l  (1966).

In  the  o r ig in a l  p rep a ra tio n  o f the m atrix  o f  l ik e lih o o d s  

these  au tho rs e lim ina ted  tliree  serum t e s t s  knomi to  be 

based on serum g lo b u lin s  and in  two o th e r serum t e s t s  

(thymol tu r b id i ty  find zinc sulpha,te tu r b id i ty )  the  r e s u l t  

o f only one o r  o th e r o f th e  t e s t s  was used , never bo th . 

Independence among the  rem aining t e s t s  ifvas otherw ise 

assumed,

Hie n o n -lin e a r  d isc rim in an t fu n c tio n  model used in  

the second p a r t  o f the  th e s is  uses continuous d a ta  and 

some/
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some account i s  talcen in  the  c a lc u la tio n s  o f  in terdependence 

among the  t e s t s  used*

In p ra c t ic e  the assum ption o f independence i s  

d ic ta te d  by the  la ck  o f s u f f ic ie n t ly  la rg e  samples to  talce 

account o f  in terdependence and by the g re a t in c re a se  in  

com putational tim e needed. Only in  s i tu a t io n s  where models 

based on the  independence assum ption do no t fu n c tio n  

e f f i c i e n t ly  (compared w ith  c l in ic ia n s )  w ill  the  more 

so p h is tic a te d  model be necessary . In  more th e o re t ic a l  

ana ly ses o f the  m athem atical 's tru c tu re *  o f d is e a se s , as 

in  the  th y ro to x ic o s is  study d escribed  l a t e r ,  th e  more 

so p h is tic a te d  models a re  p re fe ra b le  to  p reven t m is

in te rp r e ta t io n  o f  d a ta ,

2,2*1 Sequen t i a l  p ro b a b i l i s t ic  models and in fo rm ation  theo ry  

In th e  in tro d u c to ry  ch ap ter the se q u en tia l n a tu re  o f 

c l in ic a l  decision-malcing was described  and in  the preceding  

s e c tio n  o f th i s  ch ap ter the  use o f 'Bayes* theorem in  the 

's t a t ic *  models o f com puter-assis ted  docision-malcing has 

been d iscussed  in  d e ta il*

In  the  l i t e r a t u r e  to  date  only two forams o f seq u en tia l 

d e c is io n  models have been developed.

Hie f i r s t  group f a l l  in to  the ca tegory  o f lo g ic a l  

d ec is io n  t r e e s  where the outcome o f t e s t s  a re  recorded as 

Yes/Ho/
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Yes/Ho,or eq u iv a len t o lasB ifio a tio n B , Examples o f such 

lo g ic a l  d e c is io n  t r e e s  a re  those o f Edwards (1970) ( fo r  

the  anatom ical and p a th o lo g ic a l d iagnosis  o f dysphagia), 

Kleinmuntz ( I 965) and Y/ortman (1966) in  the  n eu ro lo g ica l 

f i e l d ,  and Slack e t  a l  (1966) who used such a  lo g ic a l  

d e c is io n  tr e e  as the b a s is  o f a  com puter-based h is to ry  

ta k in g  system . Several systems o f th i s  type a re  reviev/ed 

in  Taylor (1970c).

Such lo g ic a l  d ec is io n  t r e e s  are  r ig id  and i t  i s  

p o ss ib le  to  take the wrong ro u te  in  the d ec is io n  t r e e  should 

a  t e s t  outcome be u n c e rta in  o r in c o rre c t w ithout any 

p o s s ib i l i ty  o f c o rre c tin g  the ro u te  in  the l i g h t  o f l a t e r  

in fo rm ation , llhey a re  l ik e ly  to  make a lim ite d  c o n tr ib 

u tio n  to  the gen era l problem o f the c l in ic a l  d ia g n o sis ,

The o th e r group o f seq u en tia l d ec is io n  models are  

those based on s t a t i s t i c a l  d ec is io n  th eo ry , G insberg and 

Offensend (1968) d e a lt  w ith  a simple d ec is io n  problem about 

the type o f b iopsy  se le c te d  to  in v e s tig a te  a  co llap sed  

S]?inal v e r te b ra  in  a 5 y ea r o ld  boy, w hile Gorry and 

B arnett (1968) used a lim ite d  form o f s t a t i s t i c a l  d ec is io n  

theo ry  on the d a ta  o f Warner and h is  a s s o c ia te s  (1965) 

fo r  co n g en ita l h e a r t  d ise a se . Hie ro le  o f d ec is io n  theory  

i s  d iscussed  l a t e r  in  th i s  ch ap ter (2 , 4 ) and a  d e ta ile d  

a n a ly s is  o f the  above s tu d ie s  has a lre ad y  been p resen ted  

in  the l i t e r a t u r e  review  (3.5)»
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2 .2 .2  Bie se q u e n tia l jp ro 'b a 'b ilis tlo  model

Hi o l i i i ic a l  p ra c t ic e  c l in ic ia n s  c o l le c t  d a ta  on th e i r  

p a t ie n ts  in  a  sequence, being guided a t  each s tag e  o f 

s e le c tin g  the next t e s t  by a  mental es tim ate  o f  the 

p r o b a b i l i t ie s  o f the d ise ase s  under consideration#  he 

chooses the t e s t  (o r  group of t e s t s )  which he expects to  

y ie ld  most in fo rm ation  a t  the  stage he has reached in  

the case being considered .

I t  i s  p o ss ib le  to  s e le c t  t e s t s  in  a s im ila r  way by 

u sin g  a  oalcula-tion  which p re d ic ts  the most in fo rm ative  

t e s t ,  The te  clinique used in  th i s  study was f i r s t  

d escribed  by h ind ley  (1956) when he suggested u s in g  the 

in fo rm ation  o r 'entropy* measure o f Shannon (1948), one 

o f the  key concepts o f  in fo rm ation  th e o ry ,fo r  s t a t i s t i c a l  

problem s. H iis measure was o r ig in a l ly  used to  measure 

m athem atically  th e  amount o f  in fo rm ation  tra n sm itte d  by 

a communication channel. L indley suggested th a t  th i s  

could be ap p lied  as  a measure of the inforcaation  provided 

by an experim ent, This could then  to  used to  s e le c t  in  

a sequence those experim ents which are  expected to  y ie ld  

the g re a te s t  ga in  in  in fo rm ation  and continue experim ent

a t io n  u n t i l  a pre-assign.ed amount of in fo rm ation  has been 

ob ta ined .

Good/ >
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Good (196s )  suggested th a t  l in d le y  *s use o f  the  entropy 

c a lc u la tio n  could he used to  s e le c t  t e s t s  in  a  sequence 

to  reach  a p re -ass ig n ed  amount o f in fo rm ation , namely a 

p o s te r io r  p ro h a h il i ty  o f an accep tab le  v a lu e . Each t e s t  

i s  then  seen as an experim ent.

Hie technique suggested by Bindley uses the  p o s te r io r  

p r o b a b i l i t ie s  as c a lcu la te d  by Bayes * theorem fo r  each 

t e s t  se p a ra te ly . Hie c a lc u la tio n s  to  s e le c t  the 'b e s t 

te s t*  from the  a v a ila b le  30 t e s t s  in  the n o n -to x ic  g o itre  

study (ch ap te r 4 ) i s  as  follow s :

(1 ) For each t e s t  outcome the ap p ro p ria te  lik e lih o o d  

(from the  ta b le  o f lik e lih o o d s )  i s  used to  c a lc u la te  the 

p o s te r io r  p ro b a b il i ty  by means of Bayes * theorem . Hence 

w ith , fo r  example, 30 t e s t s  and two p o ss ib le  outcomes fo r  

each, we w ill  have 60 p o s te r io r  p r o b a b i l i t ie s .

(2 ) Hie p o s te r io r  p ro b a b i l i t ie s  fo r  each outcome o f each 

t e s t  a re  combined by Shannon's infozmiation o r 'entropy* 

measure to  a r r iv e  a t  a  value fo r  the expected g a in  o f  

in fo rm ation  f o r  each t e s t .

(3 ) Hie t e s t  w ith  the low est entropy value (o r conversely  

the  h ig h e s t in fo rm ation  v alue) i s  s e le c te d  as th a t  which 

i s  l i k e l i e s t  to  y ie ld  the g re a te s t  gain  o f in fo rm ation  

whatever the  t e s t  outcome in  the p a t ie n t in  q u es tio n  proves 

to  be .



1# jBcoEk lik e lih o o d  mid. p r io r  p r o h a b l l l t le a  use  

Bayee* theorem to ooloulate

2# PoGterlor probabilities m̂ e combined by Shmmon's 

'entropy* measure to  arrive at value for

' f o r  eaob te s t,

3, ?3aleot te^st with lowest 'entropy* value as the one 

which la  l ik e lie s t  to  y ie ld  greatest gala of 

l3>fo n c t io n .

4* That outomme from  ee leotod te s t en tered a t te r f^ lm l,

5# Bzom a ll  the posterior prob abilities eoloulated in  

*1*, the posterior probability oorreapondliig to  

the te s t  outoome la  printed out at the tarmimdL* 

Hiey also  beoomo tW prior prob abilities for the 

next oyole*

FIG. 2 . 2 ,  suim mY OF m m  s e s ^ p m tu l  teci-m iqtje
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Hie c a lc u la tio n s  ju s t  d escribed  are  summarised in  

F ig , 2 .2 , wlxLle in  F ig , 2*3 an 'entropy* value i s  c a lc u l

a ted  fo r  each t e s t  outcome and the  t o t a l  en tropy  p e r

t e s t  i s  shown*

(4 ) 111 the  program used in  the  study o f n o n -to x ic  g o itre  

the 'b e s t  te s t*  i s  se le c te d  by the  above means. Hie t e s t

outcome i s  en te red  a t  the  te rm in a l and the  p o s te r io r

p ro b a b il i ty  (a lread y  c a lc u la te d  fo r  each t e s t  outcome) 

a p p ro p ria te  to  th e  outcome i s  used as the  new p r io r  

p ro b a b il i ty  f o r  th e  next cycle* This p o s te r io r  probab

i l i t y  i s  p r in te d  out a t  the  te rm inal and i s  used  to  p lo t  

the graphs sh o w n 'la te r  (F ig , 4*8 -  4* Il)»

Hie value  o f such a p ro b a b i l i s t ic  se q u en tia l d ec is io n  

t r e e  i s  th a t  i t  more c lo s e ly  resem bles the  a c tu a l  p ra c t ic e  

o f  c l in ic ia n s  than  the  ' s t a t i c '  models so f a r  u sed . Hie 

lo g ic a l  d ec is io n  t r e e s  are  much more r ig id  and do no t 

alloy/ the e f f e c t  o f  erroneous t e s t  outcomes to  be overcome 

l a t e r  as in  the d ia g n o stic  se q u en tia l p r o b a b i l i s t ic  model,

2 .3  F o n -lin ea r d isc rim in an t fu n c tio n  model

Hie normal d isc rim in an t iBunction technique a ttem p ts 

to  sep a ra te  two or more groups o f d a ta  by a  s t r a ig h t  l in e  

( in  a two dim ensional model) o r  i t s  eq u iv a len t in  h igher 

dim ensions. In  some cases no such l in e  can be drawn which 

w i l l /
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vifill sep a ra te  the  groups. A n o n -lin e a r  model ( ï 'l g .2 . 4 ) 

u ses an e l ip s o id  to  circum scrihe each group in  th e  

fo llow ing  maimer (M tch iso n , 19719 Personal com iunication ). 

Suppose th a t  a  niuaher o f p a ,tien ts  have he en diagnosed 

in to  two c la s se s  and th a t  fo r  each p a t ie n t  the  r e s u l t s  

o f t  d ia g n o s tic  t e s t s  are  a v a ila b le .

liie techniqiie d e fin e s  the two groups o f p a t ie n ts  as  two 

c lu s te r s  in  m ultid im ensional space. A measure Itnown as 

the  q u ad ra tic  form fo r  each case i s  computed which re p re se n ts  

th e  r e la t io n s h ip  o f th a t  p o .r tic u la r  case to  the c lu s te r  

to  wl'üch i t  belongs s, a,nd a  s im ila r  q u ad ra tic  form i s  

c a lc u la te d  fo r  th e  r e la t io n s h ip  ( in  m ultid im ensional 

space) o f  the  same case to  the o th e r c l u s t e r ( s ) .  Ihe 

value th a t  the q u ad ra tic  form tak es in  any case i s  determ ined 

by the t e s t  outcomes in  the case in  q u es tio n .

The b a s is  o f  the  technique can be s ta te d  in  a  more 

p re c ise  m athem atical form in  the  fo llow ing  ways 

hach p a t ie n t  i s  rep resen ted  by the outcomes in  h is  case 

o f  the s e t  o f t e s t s  chosen to  in v e s tig a te  the  d isease s  

in  q u es tio n . Ihe cases a re  a lread y  in  a d ia g n o s tic  

ca tegory  o r c la s s .  The s e t  o f  t e s t  outcomes in  any one 

case i s  denoted as the v ec to r  o f outcomes in  t  d ia g n o stic  

t e s t s .

L e t/
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l e t  and denote the two c la s se s  o f v e c to rs  o f 

t e s t  outcomes ( fo r  example in  th y ro to x ic o s is  th e  c la s se s  

a re  "cured" and "relapsed")#

Let^c- and S. he the v e c to r  o f t  means and th e  co- 

v ariance  m atrix  o f the i t h  group o f p a t ie n ts  ( i  -  1 ,2 ) .

For any t-d im ensiona l v ec to r X  ( t e s t  outcomes in  a  s in g le  

p a t i e n t ) ,  d efin e  the  tvm q u ad ra tic  formes 

a^ (x ) = (x~x7) s^“’*’(x -x ^ ),

and l e t

k i  ~ max d .(x )1 ^
Jc60.

( th a t  i s ,  l e t  k i  ~ the  maximum value th a t  the  q u ad ra tic  

form dj^(x) talces in  c la s s  i )  

then  -  (xsd^(x) -  k ^ ) ,

defin e  the  c ircum scrih ing  quadrics o f the two c lasses#

The circum scrib ing  quadrics a re  f i t t e d  by the  computer 

program to  each group in  the  form o f " e l l ip s o id s "  tak in g  

the  *sh ap es ' o f th ese  c lu s te r s  and of such a  s iz e  th a t  

they  ju s t  co n ta in  a l l  the p o in ts  o f th e i r  c lu s te r^

Ihe degree o f se p a ra tio n  o f the two c la s s e s  can then  

be in v e s tig a te d  in  two s tag es  -

(1) by geom etrical co n s id e ra tio n s

(2 ) by lik e lih o o d  r a t io i

(1 ) /
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(1) Any X in  suoh tlia t dg (x )^  kg and any x in  Cg such 

th a t  d^(x)>  i s  sa id  to  be separa ted  by geom etrica l 

co n s id e ra tio n s  alone# Any x  in  o r Gg no t so separa ted  

l i e s  in  ^  Q̂g, the in te r s e c t io n  o f the two quadrics#

(2 ) Any X in  o r Cg, no t separa ted  by ( l ) ,  may be 

in v e s tig a te d  by co n s id e ra tio n  o f the lik e lih o o d  r a t io

A i ^ )  ^ f à e t  SgY ^ (% )  -  dg(x)|V  ,
^det

where dot (#) denotes determ inant# Our ru le  i s  to  regard  

X in  as  sep ara ted  i f  A ( x ) > l  and, s im ila r ly  x in  Cg 

as sep ara ted  i f  A(%) <1#

For the  d iagnosis  o f a  new p a t ie n t  w ith  v e o to rX o f  

t e s t  r e s u l t s  we compute d^(x) and dg(x)# I f  d^(x) -

and d g (x )> k g  then  x  l i e s  in  but ou tsid e  Qg and we 

diagnose as in  f i r s t  c la s s  (*oure*)# I f  d ^ (x )> k ^  and 

dg(x) S kg then  x  l i e s  in  Qg but ou tside  and we 

diagnose a s  in  second c la s s  ( 'r e l a p s e ') .  I f  d^(x) = k^ 

and dg(%) = kg the  p a t ie n t  i s  in  both and Qĝ  v/e then 

com puteA(%) and diagnose as in  f i r s t  o r second group 

accord ing  as A  (x) >1 o r < 1# I f  d ^ (x )> k g  we say th a t  the 

new p a t ie n t  i s  'o u ts id e  p rev ious ex p erien ce ' ;  in  th i s  

case YJB again  compute A  (x) and diagnose as above*

fo llow ing  p o in ts  should be noted in  a d d itio n :

1 . Ihe number o f p a t ie n ts  in  each c la s s  must be a t  

l e a s t /
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l e a s t  t+ 1 .

2 . Separate covariance m atrices are  computed fo r  the  

tvm c la s se s  and prev ious experience w ith  the

, technique suggest th a t  the covariance m a trices  are  

s u f f i c ie n t ly  d if fe re n t  to  make l in e a r  d isc rim in an t 

a n a ly s is  o f  in f e r io r  quality*

3. S im ilar experience suggests th a t  the lik e lih o o d  

r a t i o  w i l l  be more u se fu l in  p ra c t ic e  th an  the 

geom etric method*

2*4 S ta t i s t i c a l  d ec is io n  theo ry

Eie concepts o f d ec is io n  theo ry  are  no t im m ediately 

re le v a n t to  the a c tu a l experim ents in  t h i s  th e s is  but 

ma.ny o f  the  problems o f d iag n o sis  and co m p u ter-assis ted  

d iag n o sis  can be illu m in a ted  i f  viewed in  term s o f 

deci sion-malcing*

In  th e  in tro d u c to ry  ch ap te r (1 .3 ) the  im portance o f 

the value system v/hich guides the  c l in ic ia n  in  h is  choice 

o f in v e s tig a tio n s  and trea tm en t was em phasised. The 

concept o f  f in a n c ia l  and n o n -fin a n c ia l c o s ts  was a lso  

pu t forw ard. The 'p r in c ip le  o f r a t io n a li ty *  v/as shown 

to  a s s e r t  th a t  any r a t io n a l  d ia g n o s tic ia n  a c ts  as  i f  he 

i s  ab le  to  weigh up the advantages and d isadvan tages o f 

a d ec is io n  in  common u n i ts  and make d ec is io n s  so th a t  

th e /
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the expected n e t advantage i s  as la rg e  as possib le*  In 

t h i s  way he a ttem p ts to  achieve the g re a te s t  b e n e f i t  fo r  

h is  p a t ie n ts  a t  minimum cost*

Ihe concepts o f d ec is io n  theory  were pu t forw ard in  

the  e a r l i e s t  w ritin g s  on com pu ter-assis ted  d iag n o sis  

(hedley and Lusted, 1959) bu t so f a r  have had l i t t l e  

p r a c t ic a l  re levance in  s tu d ie s  to  date* Lusted ( I 968) 

d iscu sse s  i t s  value in  c a lc u la tin g  the  choice o f  optim al 

trea tm en t and A itch ison  (1970) proposes a  technique fo r  

the c a lc u la tio n  o f co s ts  which c l in ic ia n s  a t ta c h  to  the 

trea tm en ts  which they  choose*

Since no study in v o lv ing  s t a t i s t i c a l  d e c is io n  theo ry  

i s  inc luded  in  the th e s is  no fu r th e r  e la b o ra tio n  o f the  

theory  i s  needed, a p a r t from th e  general p r in c ip le s  

covered in  th i s  se c tio n  and in  the  l i t e r a t u r e  review .



33

C H A 3? T S H 3 s ïIISTOHIGAL m V IE W  OF

COmTOGH-ASSISTEL LIAGHOSIS

3*1 In tro d u c tio n s  e a r ly  s tu d ie s

3 .2  symbolic lo g ic  and lo g ic a l  d ec is io n  t r e e s

3*3 D iscrim inant fu n c tio n  a n a ly s is  models

3 .4  C onditional p ro b a b il i ty  models

3 .5  S ta t i s t i c a l  d ec is io n  theory

3 .6  C r i t ic a l  ana lyses o f the d ia g n o s tic  process

3.7 C om puter-assisted d isease  c l a s s i f ic a t io n

3 .8  S tudies o f th y ro id  d ise a se .



34

3.1  In tro d u c tio n : e a r ly  s tu d ie s

C om puter-assisted d iag n o sis  has developed over the 

l a s t  15 yea.rs from s tu d ie s  based on symbolic lo g ic  o r 

d isc rim in an t .function a n a ly s is  (o ften  deducing o r c a lc u l

a t in g  d i f f e r e n t ia l  diagnoses w ithout a c tu a l ly  u s in g  a 

d ig i t a l  computer) to  the p re sen t day emphasis on 

co n d itio n a l p ro b a b il i ty  theory*

Several o f the  e a r l i e s t  s tu d ie s  used d isc rim in an t 

fu n c tio n  a n a ly s is  to  c a lc u la te  the d iagnosis  in  l i v e r  

d isease  (2ieve and H il l ,  1955)* in  tiiy ro id  d isease  (Crooks 

e t  a l ,  1959)9 in  lung cancer (H ollingsw orth, 1959) and 

to  es tim a te  prognosis in  pulmonary tu b e rc u lo s is  (Oyama 

and Tatsuoka, 1956). Concepts o f symbolic lo g ic  were 

used in  se v e ra l e a r ly  s tu d ie s  to  deduce lo g ic a l ly  a  d i f f 

e r e n t ia t io n  d ia g n o s is . Hash (1954) developed a  'lo g ic a l  

s l id e  ru le*  fo r  d i f f e r e n t i a l  d iagnosis  among 336 common 

d ise a se s , w hile Ledley (1956) and h ipk in  and Iferdy (1958) 

used a  s im ila r  lo g ic a l  approach in  haematology by means 

o f m arginal punched cards*

However* the  most im portant e a r ly  paper in  the  whole 

f i e ld  o f  com pu ter-assis ted  d iag n o sis  was undoubtedly th a t  

o f Ledley and Lusted (1959) which la id  the  founda.tion in  

symbolic lo g ic ,  p ro b a b il i ty  th eo ry  and s t a t i s t i c a l  d ec is io n  

th eo ry  fo r  a l l  the  s ig n if ic a n t  re se a rch  since th en .
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The g en era l p ic ‘bure t>iat has emerged s in ce  1959 i s  

th a t  o f a c tiv e  re sea rch  in  many s p e c ia l i s t  a re a s , in  

p a r t ic u la r  th y ro id  d ise a se , card io logy  and haematology, 

w ith  a  s tro n g  emphasis on Bayesian co n d itio n a l p ro h a h il i ty  

m odels. However, in  the l a s t  few years such s tu d ie s  have 

decreased and no se rio u s a ttem pt has been made to  apply 

th e  teeîin iques a lread y  a v a ila b le  to  ' r e a l - l i f e  ' c l in ic a l  

s i tu a t io n s .  This i s  probably due in  p a r t  to  " lack  o f a 

s u f f ic ie n t  number o f  people endowed w ith the  necessary  

c ro ss  d is c ip l in a ry  background in  both computer sc ience 

and m edicine" (Ledley, I 969)*

The main reason  i s  alm ost c e r ta in ly  th a t  th e  d iag n o stic  

problems so f a r  chosen fo r  in v e s tig a tio n  do no t q u ite  f i t  

the day -to -day  c l in ic a l  m a te r ia l seen by c l in ic ia n s .  A ll 

s tu d ie s  to  date  have assumed th a t  only one d isease  i s  

p re se n t (w ith  the  p o ss ib le  excep tion  o f Warner e t  a l  ( I 961) 

in  t h e i r  study o f  co n g en ita l h e a r t d ise a se )  and have la rg e ly  

ignored  the  importance o f  psychological d iso rd e rs  which 

very  commonly c o -e x is t  w ith  o r sim ulate o rgan ic d isease  

(T aylor, 1969) .  The au tho r has proposed a tw o - t ie r  ou t

p a t ie n t  system in  which the  f i r s t  screen ing  t i e r  i s  based 

on a system o f com pu ter-assis ted  d iag n o sis  (T ay lo r, 19?0) 

using' the  se q u en tia l d ec is io n  model described  in  the 

p rev io u s /



36

prev ious ch ap te r (2 ,1 ) , An im portant fe a tu re  o f  th i s  system 

wi3.1 he the co n cen tra tio n  on taiiirqç account o f dual 

pathology ( fo r  example, sim ple g o itre  w ith  an an x ie ty  

s ta te )  and o f psychological d ise a se s .

In th e  fo llow ing  review  o f p rogress between the  e a r ly  

s tu d ie s  ju s t  described  and th e  p resen t th e  headings 

in d ic a te  the  te  clinique used . The most im portan t techniques 

are  those o f symbolic lo g ic ,  lo g ic a l  d e c is io n  t r e e s ,  

d isc rim in an t fu n c tio n  a n a ly s is , co n d itio n a l p ro b a b il i ty  

theory  and s t a t i s t i c a l  d ec is io n  theo ry . A b r i e f  d iscu ss

io n  o f  the  v ario u s techniques o f num erical taxonomy used 

in  the  c lo se ly  r e la te d  f i e ld  o f d isease  c la s s i f i c a t io n  

i s  in c lu d ed .

3 .2  Symbolic lo g ic  and lo g ic a l  d ec is io n  t r e e s

Ihe paper o f Hash (1954) proposing th e  use o f  a 

'lo g ic a l  s l id e  ru le  * was probably  the e a r l i e s t  paper in  

th i s  f i e ld .  The s l id e  ru le  had a  re fe ren ce  s e t  o f 336 

common d ise a se s  l i s t e d  along one edge. S tr ip s  corresponding 

to  the  symptoBis, signs and t e s t  r e s u l t s  in  an urdcnom case 

were in s e r te d  in to  the 'Logoscope* and the  d i f f e r e n t ia l  

d iag n o sis  i s  'read -o ff*  where a complete l in e  i s  seen 

ac ro ss  the whole o f the  s l id e  r u le .  More re c e n tly  Hash

(1960J
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1960, 19^3 ) has ap p lied  t h i s  teohniqiie to  a  wide v a r ie ty  

o f c l in ic a l  problems and advocated the use o f  symbolic 

lo g ic  in  c la r i f y in g  our id eas  about the p rocess o f 

d ia g n o s is .

hedley (1956) and hiplcin and Hardy (195B) both  

advocated the use of m arginal punch cards in  a r r iv in g  a t  

a  lo g ic a l  d i f f e r e n t i a l  dia,gnosis. Each d ise ase  i s  

rep resen ted  by a  card  w ith  a l l  the d isease  fe a tu re s  

recorded  as  m arginal punches. %  m echanically  e x tra c tin g  

the  d isease  cards w ith a l l  the fe a tu re s  o f the  t e s t  

p a t i e n t*8 case , a d i f f e r e n t ia l  d iagnosis  i s  au to m a tica lly  

reached . Since th e re  i s  one d isease  p e r card  ( i . e .  

m u ltip le  pathology i s  no t considered) and s o r t in g  i s  done 

only  on the p o s it iv e  presence o f a fe a tu re  ( i . e .  no sig"* 

n if ic a n ce  i s  a tta c h ed  to  the  absence o f a fe a tu re )  the  

system i s  o f lim ite d  v a lu e , h ipk in  and Hardy (195&) 

ap p lied  t h i s  method w ith lim ite d  success to  26 d if f e re n t  

blood d ise a se s . A s im ila r  system fo r  use in  ophthalmology 

has been developed by Baycha (1955, I9 6 0 ). More re c e n tly  

Barker and Bishop (197O) have used a  computer program which 

scans p a t i e n t 's  reco rds fo r  com binations o f  symptoms and 

s ig n s which a re  a s so c ia te d  w ith a high frequency o f liypo* 

thy ro id ism .

A nother/



38

Another use o f oymhollo lo g ic  has been i t s  a p p lic a tio n  

to  problems o f d isease  c l a s s i f ic a t io n  and d e f in i t io n ,  

f e in s te in  (1963, I 964, 1966) has w ritte n  e x te n s iv e ly  in  

th i s  a re a  w ith p a r t ic u la r  re fe ren ce  to  the  d e f in i t io n  and 

p rognosis o f acu te rheum atic fever*

More re c e n tly  the use o f lo g ic a l  d ec is io n  t r e e s  has 

combined the concepts o f symbolic lo g ic  w ith  the  use o f 

o n -lin e  in te r - a c t iv e  computer te rm in a ls . By a  s e r ie s  o f 

q u estions and answers a t  a  te rm in a l the p a t ie n t  o r c l in 

ic ia n  i s  le d  lo g ic a l ly  to  a  d iag n o sis .

fhe most im portant a p p lic a tio n  of such lo g ic a l  

decision-malciiig i s  w ith h is to ry  talcing- te rm in a ls  connected 

to  a computer. In  Great B r i ta in , Edwards (197O) has 

developed a lo g ic a l  d ec is io n  t r e e  fo r  the d iag n o sis  o f 

dysphagia. This i s  based on h is  refinem ent over many years 

o f an e leg an t anatom ical, fu n c tio n a l and p a th o lo g ic a l 

ana lyses o f  the  mechanisms o f  dysphagia. Be has developed 

th i s  fo r  use w ith an o n -lin e  m icrofilm  type computer 

te rm in a l connected to  a  remote computer fo r  automated 

h is to ry - ta k in g . Ih?ies e t  a l  (197 O) has used  a s im ila r  

lo g ic a l  model in  the  d iag n o sis  o f sev era l types o f  

a r t h r i t i s .

I to n e r  Slack and h is  group in  the U n iv e rs ity  o f  

W isconsin/
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W isconsin (S lack e t  a l ,  I 966, 1968) have used a 

computer w ith  i t s  sm all v is u a l d isp lay  fo r  gen era l h is to ry  

talcing. More re c e n tly  Majne e t  a l  (1968) a t  the  1/Iayo 

C lin ic  have experim ented w ith  a  r a th e r  complex m icrofilm  

te rm in a l (w ith  a  l ig h t  pen) fo r  genera l h is to ry  talcing. 

Grossman e t  a l  (1968) a t  the  M assaohussets General h o sp ita l 

have used a sim ple te le ty p e  fo r  h is to ry  talcing in  which 

the  pa/bient i s  le d  through over 200 genera l h is to ry  questions 

by a sim ple lo g ic a l  d ec is io n  t r e e .  Ihe Ifeyo C lin ic  system 

invo lves about 300 p o ss ib le  questio n s and the  Slack system 

has about 4OO q u es tio n s .

A ll o f  th ese  systems are  reviewed in  Taylor (l970) 

in c lu d in g  a oonimercial h is to ry  tak in g  system wloich i s  

a lread y  being  marketed by a  su b s id ia ry  o f an American drug 

firm  (Medidata I n c . ,  Waltham, M assaohussets, U .S .A .).

This system i s  based on a PUP 61 computer and u se s  as i t s  

d a ta  base a  w ell e s ta b lish e d  m edical q u es tio n n a ire  the 

C ornell Medical Index (Uordman a t  a l ,  1949)#

The d isadvan tages o f  such lo g ic a l  d e c is io n  t r e e s  are  

t h e i r  r i g i d i t y  and the f a c t  th a t  erroneous d a ta  may lead  

i^creversib ly  down a q u ite  m islead ing  p a th  in  th e  d ec is io n  

t r e e .  The se q u e n tia l p ro b a b i l i s t ic  model d esc rib ed  in  

the f i r s t  p a r t  o f th i s  th e s is  has none o f th ese  d is -  

advantageB.
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3 .3  Uisoriffiiiaant fu n c tio n  a n a ly s is  models

S tudies u s in g  a d isc rim in an t fu n c tio n  model wore, 

as  we have seen above, among the e a r l i e s t  in  th e  f i e ld  

o f c a lc u la te d  or com puter-assis ted  d iag n o s is .

2iev0 mid H il l  (1955) used th i s  to  clinique to  a sse ss  

11 l i v e r  fu n c tio n  t e s t s  in  normal and c i r r h o t ic  p a t ie n ts  

and showed th a t  4 o f the  t e s t s  could d i f f e r e n t ia te  between 

normal and abnormal l iv e r  fu n c tio n  as e f f e c t iv e ly  as the 

whole group# Oyama and Tatsuoka (1956) used 13 item s o f 

in fo rm ation  to  produce a  p rognostic  score fo r  pulmonary 

tu b e rc u lo s is  wMch was 75 p ar cen t c o rre c t in  i t s  

p red ic tio n #

Mong the b e s t laiovm s tu d ie s  w ith a d isc rim in an t 

fu n c tio n  model i s  th a t  o f Crooks e t  a l  (1959) in  the 

development o f  t h e i r  c l in ic a l  d iag n o stic  index fo r  tliy ro - 

to x ico sis#  A complimentary index fo r  the d iag n o sis  o f 

hyxjotl^rroidism was l a t e r  produced by the same grou^D 

(Billewicg; e t  a l ,  I 969)# Gurney e t  a l  (197O) have m odified 

tiie o r ig in a l  tiiy ro to x lc o s is  index to  taJie account o f 

psycho log ica l i l ln e s se s#  A ll of these  th y ro id  s tu d ie s  

based on l in e a r  d isc rim in an t fu n c tio n s w il l  be covered 

in  more d e ta i l  in  th e  se c tio n  of th i s  review  d ea lin g  w ith  

th y ro id  disease#

H ollingsw orth /
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H ollingsw orth  (1959) in v e s tig a te d  the  e a r ly  d iagnosis  

o f  b ro n ch ia l carcinoma by l in e a r  d isc rim in an t fu n c tio n  

and produced a  l in e a r  model which was 85 p e r cen t 

e f f i c i e n t  w ith  th e  200 cases used# More re c e n tly  Hughes 

e t  a l  (1963) and M orris e t  a l  (1969) have used  a  s im ila r  

approach to  su rv iv a l and m orb id ity  a f t e r  m yocardial 

in fa rc tio n #  M orris e t  a l  (1969, 1970) produced th e i r  

p ro g n o stic  index to  help  in  th e  s e le c tio n  and msamgernent 

o f  p a t ie n ts  in  a  coronary care  un it#  Heurath e t  a l  

(1969) have used a  s im ila r  approach to  p re -o p e ra tiv e  

d iag n o sis  before  p e lv ic  surgery# P e r r is  e t  a l  (1970) 

re c e n tly  used a n o n -lin e a r  d isc rim in an t fu n c tio n  model 

(used in  Gliapter 7 o f  th i s  th e s i s )  in  the  d i f f e r e n t i a l  

d iag n o sis  o f  Conn’s syndrome#

3#4 C onditional p ro b a b il i ty  models

By f a r  th e  most f re q u e n tly  used models in  s tu d ie s  o f  

computer a s s is te d  d iag n o sis  a re  those based on Bayes’ 

theorem (2 # l) o r  i t s  d e riv a tiv es#

The e a r l i e s t  %)aper on th e  use o f  c o n d itio n a l 

p ro b a b il i ty  models in  com pu ter-assis ted  d iag n o sis  i s  th a t  

o f  Ledley and Lusted (1959)* In th i s  paper th e  au tho rs 

l a id  the  broad foundation  in  symbolic lo g ic ,  co n d itio n a l 

p ro b a b il i ty  th eo ry  and s t a t i s t i c a l  d ec is io n  th eo ry  on 

which most o f  the subsequent work in  tM s  a re a  i s  based .
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In  8, s e r ie s  o f papers s ince  then  (hedloy and Lusted, 

1960$ Ledley and Lusted, 19&2; Ledley, I 966) bo th  authoszs 

have developed fu r th e r  the  g en era l th e o re t ic a l  framework 

in  the  f i e ld  and have, in  p m zticu la r, extended the  theo

r e t i c a l  a n a ly s is  o f  the  use o f  d ec is io n  th eo ry  in  trea tm en t 

p lann ing . Ledley (1959) in  p a r t ic u la r  has developed a  

th e o re t ic a l  b a s is  fo r  autom atic p a t te rn  re c o g n itio n  and 

produced the f i r s t  system fo r  autom atic p a t te rn  reco g n itio n  

o f chromosomes (Ledley, I 966, I 969)# More re c e n tly  Lusted 

(1968) has pub lished  a  monograph on m edical d e c is io n -  

mailing which assem bles and ana lyses c r i t i c a l l y  most o f 

th e  work in  the  f i e ld  o f com pu ter-assis ted  d iagnosis#

The monograph a lso  in c lu d es a  d e ta ile d  a n a ly s is  o f  the  

im portant to p ic  o f  observer erro r*

Most o th e r  s tu d ie s  in  the  f i e ld  o f co n d itio n a l 

p ro b a b il i ty  models have ap p lied  Bayes’ theorem to  d i f f e r 

in g  p o p u la tio n s o f p a tie n ts*  Some have confined  them selves 

to  apply ing  the  technique accompanied by some comments 

on i t s  value in  re sea rch  and in  c l in ic a l  p ra c t ic e  in  

th e i r  own sp e c ia lity *  Others Imve attem pted to  reso lv e  

some o f the  problems involved in  the use o f  Bayesian models 

such as the  independence assum ption, the  e f f e c t  o f  p r io r  

p r o b a b i l i t ie s  and the Importance o f n o n -fin a n c ia l costs% 

All/
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i l l  o f  these  to p ic s  ere  d iscussed  in  d e ta i l  in  the  previous 

ch ap te r and in  the  body o f th i s  th e s is#

lii© review  o f  co n d itio n a l p ro b a b il i ty  s'budies i s  

perhaps b es t made under the  headings o f in d iv id u a l 

s p e c ia l i t i e s .

in  th e  f i e ld  o f haematology Lipkin (1964) has used 

the  l ik e lih o o d  r a t i o  ( i . e .  the  r e la t iv e  odds on each 

d iag n o sis) in  th e  d i f f e r e n t ia l  d iagnosis o f  26 blood 

d iseases#  In  th i s  study the  computer "matched" the  t e s t  

case to  the most l ik e ly  d isease  to  produce a  l i s t  o f 

d i f f e r e n t i a l  diagnoses and to  suggest f u r th e r  t e s t s .

In  the f ie ld  o f G astro -en tero lpgy  IMaialdo e t  a l  

(1963) and Soheinok and Hinaldo (1968) have used a 

co n d itio n a l p ro b a b il i ty  model to  analyse 11 item s characte r- 

i s in g  upper abdominal p a in  and have compared the  lUyeaian 

model w ith  a d isc rim in an t fu n c tio n  model. Tb.e d a ta  were 

c a re fu l ly  defined  in  both  papers and even w ith  8 item s 

from the  h is to ry  alone the  computer program was over 69 

p e r cen t accu ra te  in  h ia tu s  h e rn ia , g a lls to n e s  and duodenal 

u lc e r  p a t ie n ts .  An im portant fe a tu re  o f  these  s tu d ie s  

was th a t  the  aim was to  p re d ic t  the  rad io g rap h ic  fin d in g s  

and n o t an o p era tiv e  o r h is to lo g ic a l  d ia g n o s is . In  the 

comparison o f  the  Bayesian and d isc rim in an t fu n c tio n  models 

th e /
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the  l a t t e r  was b e s t fo r  g a s t r ic  u lc e r s .  Wilson ©t a l  

(1965) used a co n d itio n a l p ro b a b il i ty  model in  developing 

c r i t e r i a  f o r  the  ra d io lo g ic a l d i f f e r e n t ia t io n  o f benign 

and m alignant g a s t r i c  u lce rs*  liom an o r ig in a l  l i s t  of 

70 item s, Bayes* theorem was used to  id e n t i f y  a  f in a l  

l i s t  o f  31 s t a t i s t i c a l l y  s ig n if ic a n t  v a riab les*

The most im portant s tu d ie s  in  the  f i e l d  o f Cardiology 

have been those of Warner ©t a l  (196I)#  liom a  la rg e  

Emount o f c l in i c a l  and la b o ra to ry  d a ta  they  have developed 

a  Bayesian model fo r  53 item s on 35 types o f co n g en ita l 

h e a r t disease* In  a  s e r ie s  o f s tu d ie s  (Toronto e t  a l ,  

1963; Warner e t  a l ,  I 964# Warner e t  a l ,  1965) many 

im portant problems in c lu d in g  s t a t i s t i c a l  independence o f 

d a ta  and dual pathology have been thought f u l ly  analysed . 

Templeton e t  eiI ( I 966) and hoale e t  a l  (1968) developed 

a s im ila r  model f o r  the ra d io lo g ic a l d iag n o sis  o f 

co n g en ita l h e a r t d ise a se , aa have Bruce and h is  co-workers 

(Bruce, I 963; Bcuce e t  a l ,  I 96I ,  I 966) in  the  f i e ld  o f 

v a lv u la r  and ischaem ic h e a r t d ise a se .

In o th e r  a reas  o f  c l in ic a l  medicine Lodv/ick e t  a l  

(1965) had an accuracy r a te  o f  80 p er cen t in  a  study  o f 

primaay bone 'bumours, w hile O verall and Gorham (1963) 

d e a l t /
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â e a l t  i n  d e t a i l  w ith  p s y c h ia t r ic  d ia g n o s is .  The a p p l ic -

a t  io n  o f  a  Bayesian model to  Gu sh in g 's  syndrome by Mugent 

e t  a l  (1964) ta ck led  many im portant problem s, in c lu d in g  

the e f f e c t  o f p r io r  p r o b a b i l i t ie s ,  independence o f  d a ta  

and the  comparison o f th e  d a ta  used in  the  study  w ith  

id e n t ic a l  d a ta  c o lle c te d  in  ano ther centre#

3.5 S ta t i s t i c a l  d ec is io n  th eo ry

Apart from the th e o re t ic a l  s tu d ie s  o f  Ledley (1966,

1969)9 Lusted (1968) and Ledley and Lusted (1959, I 962) 

th e re  are  very  few s'tudios o f  d ec is io n  th eo ry  in  a 

m edical context# Gorry and JBaxnet ( I 968) developed a 

th e o re t ic a l  se q u en tia l d ec is io n  model based on a r t i f i c i a l  

c o s ts  in  which a  trea tm en t was chosen by a  p a th  o f  

’minimal co s t* . Ginsberg and Offensend ( I 968) have used 

a d ec is io n  th eo ry  framework to  auEilyse the  sim ple d ec is io n  

problem o f  choosing a  method o f biopsy in  a c h ild  w ith 

a  co llap sed  sp in a l vertebrae#  Obis d ec is io n  system has 

fo u r  p o ss ib le  diagnoses (bone in fe c t io n , bone oeuicer, 

h is t io c y to s is  and rheum atoid nodu le), fo u r trea tm en ts  and 

fo u r p o ss ib le  outcomes (cu re , kyphosis, p arè ily sis  o r  

death)# A d e ta ile d  a n a ly s is  o f the  problem in c lu d in g  

d ec is io n  t r e e s  i s  included  in  th i s  in te r e s t in g  th e o re t ic a l  

ana ly sis#

Ok/o/



4-6

Two rec e n t s tM ie s  o f trea tm en t choice have leaned  

h ea v ily  on d ec is io n  theo ry  (A itohison, 1978? Card and Good, 

197c)» % e form er dea ls  in  considerab le  d e ta i l  w ith  

u t i l i t y  e s tim a tio n  in  genera l and in  medicine in  

p a r t ic u la r ,  and proposes a  technique fo r  c a lc u la tin g  

u t i l i t y  fu n c tio n s  from the  deoision-malcing behaviour o f 

c l in ic ia n s  which i s  being used in  a study o f d e c is io n -  

malcing in  th y ro to x ic o s is  by the w r i te r .

3 .6  C r i t ic a l  a n a ly s is  o f com puter-assis ted  d i^ -n o s ls

S te r lin g  and Pollack  (1966) c r i t i c a l l y  reviewed the 

approach to  com pu ter-assis ted  diagnosis# They id e n t i f ie d  

tiiree  tj^pes o f d ia g n o stic  problems 5 the  f i r s t  ca tegory  

in c lu d es  the  s i tu a t io n  where the c l in ic ia n  s t a r t s  w ith  

no p r io r  îmowledge o f the p a t ie n t  and the  au th o rs  suggest 

the  f i e ld  i s  too wide fo r  any computer system , jbqperience 

w ith  genera l h is tc ry - ta k in g  systems (Black e t  a l ,  I 968; 

Grossman e t  a l ,  I 968) suggests th i s  i s  too  p e s s im is tic  

a  view.

‘The second ca tegory  i s  th a t  o f d i f f e r e n t i a l  d iagnosis 

such as in  a  s p e c ia l i s t  c l i n i c .  I t  i s  in  th i s  ca tegory  

th a t  they  f e l t  com puter-assis ted  d iagnosis was most 

prom ising.

Tiie th i r d  ca tegory  i s  in  e lec tro ca rd io g rap M c a n a ly s is , 

p ro ce ss in g /
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p ro cessin g  o f  rad io iso to p e  scans and r a d ia t io n  trea tm en t 

p lann ing  and success in  th i s  a re a  i s  a lre ad y  a p p a re n t.

Tîie most d i f f i c u l t  problem, o f  a l l ,  acco rd ing  to  

these  au th o rs , i s  use o f computers in  d ec is io n s  where 

value judgements a re  invo lved , liie s tu d ie s  d esc rib ed  in  

an em zlier se c tio n  (3*5) o f  th i s  review  are  elem entary 

a ttem p ts a t  t h i s  problem.

3.7  Computer*^assisted d isease  c l a s s i f ic a t io n

The f in a l  p a r t  o f th i s  review  d ea ls  w ith  an a re a  

which, l ik e  observer e r ro r  s tu d ie s , i s  c lo se ly  r e la te d  

to  th e  to p ic  o f th i s  th e s i s .  Because o f the s im ila r i ty  

o f  the  techniques used in  the s ‘tud ies o f th y ro to x ic o s is  

in  O iap ter 7 to  t r a d i t io n a l  methods o f num erical tEixonomy, 

these  w ill  be d e a lt  w ith in  some d e t a i l .  The most 

im portan t techn iques used in  th i s  a rea  a re  s^mibolic lo g ic  

and num erical taxonomy.

One o f th e  most a.otive workers in  the  f i e l d  o f 

d isease  c la s s i f ic a t io n  i s  fO in s te in  (1963, 1964s 1966,

1970)9 who makes ex tensive  use o f the concepts o f  symbolic 

lo g ic  and in  p a r t ic u la r  Venn diagram s, which p o r tra y  the 

lo g ic a l  re la tio n s l 'i ip s  between groups o f symptoms by moans 

o f  overlapping  c irc le s *  Bach techniques a re  u s e fu l  i n  

c la r i f y in g /
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c la r i fy in g  id eas  about d ise a se s  and F e in s te ln  e t  a l  (1964) 

have made very  e f fe c t iv e  use o f  such techn iques in  th e i r  

s tu d ie s  o f  the  v a r ia t io n s  in  the m an ife s ta tio n s  and in  

the  prognosis o f  acu te rheum atic fev e r .

In  the  more complex problems o f c l a s s i f i c a t io n ,  the 

group o f tecîm iques Imovm as num erical taxonomy have 

been used . These were o r ig in a l ly  developed fo r  use on 

b a c te r io lo g ic a l  and b o ta n ica l c la s s i f ic a t io n s  and during  

the  l a s t  decade over 30 methods hsive been proposed to  

measure the  in te r* -re la tio n sh ip  between organism s, p la n ts  

o r p a t ie n ts  (W ishart, I 969)# The su b jec t o f  num erical 

taxonomy has been ex ten s iv e ly  reviewed in  an im portant 

book by Sokal and Bneath (1963 ) .

The gen era l o b jec tiv e  o f num erical taxonomy (o r 

’c lu s te r  a n a ly s i s ’ as i t  i s  o ften  Imown) i s  to  jx ir t i t io n  

a  popu la tion  o f  in d iv id u a ls  in to  "meaningful " o r "usefu l " 

c la s s e s , The computer programs used in  th ese  s tu d ie s  scan 

th e  s e t  o f d a ta  re p re se n tin g  a  la rg e  p o p u la tio n  o f p a tie n ts  

w ith  a  s e t  o f r e la te d  d ise a se s , to  d e te c t s im i la r i t i e s  

between p a ir s  o f p a t ie n ts .  This s im ila r i ty  i s  measured 

by means of a  s im ila r i ty  c o - e f f ic ie n t  and the  computer 

’l i n k s ’ to g e th e r  in  p a ir s  in to  c lu s te r s  those p a t ie n ts  

who are  most s im ila r .  Over 30 d if f e r e n t  tech n iq u es, based 

on /
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on d if f e re n t  c o - e f f ic ie n ts  o f  s im ila r i ty ,  a re  now in  use 

(Solml and Sneath, 19631 l%rd, 1963; W ishart, I 969),

Mamerioal taxonomy has been ap p lied  w ith  success to  

the leuliaemias (ïïayhoe a t  a l ,  I 964; Ehox, I 964; M antel, 

1967)5 p y e lo n e p h ritis  (SLnnser e t  a l ,  1962), ca rd io logy  

(Manning and Watson, I 966) and l i v e r  d isease  (itcaser and 

Baron, 1968) , llie l a t t e r  au tho rs have reviewed the  

a p p lic a tio n  o f num erical taxonomy to  m edicine (Baron and 

E rase r, I 965) .

Techniques o f num erical taxonomy d i f f e r  r a d ic a l ly  

from th e  n o n - lin e a r  model f o r  c lu s te r  d e f in i t io n  used in  

the  second h a l f  o f  th i s  th e s i s .  In  the  n o n - lin e a r  model 

the  c lu s te r s  a re  sp e c if ie d  a t  th e  o u tse t o f the  study  and 

a  m athem atical model i s  f i t t e d  to  each c lu s te r .  Unlmown 

cases a re  then  diagnosed on the  b a s is  o f t h e i r  r e la t iv e  

s im ila r i ty  to  these  c lu s te r s .

In  num erical taxonomy, as  we have seen, the c lu s te r s  

'emerge ’ in  the  course of the a n a ly s is .

3 .8  S tudies o f th y ro id  d isease

The e a r l i e s t  study in  th y ro id  d isease  was the  attem pt 

by Bchultg and 31 eve (1956) to  produce a  rem issio n  a f t e r  

a  s in g le  dose o f ra d io a c tiv e  iod ine  in  th y ro to x ic  p a t ie n ts ,  

H iis /



5 0

Hais s tudy  used a  score ob ta ined  by a l lo c a t in g  weighted

values a t  in te rv a ls  a f t e r  therapy  to  the  c l in i c a l  s t a te ,
131the  th y ro id  uptake o f I ,  the b asa l m etabolic  r a te  

and the  le v e l  o f serum c h o le s te ro l .

The most im portant e a r ly  study  was th a t  o f  Crooks 

e t  a l  (1959) who used the  symptom aniiLysis o f  Wayne 

(1954) to  id e n t i f y  the  most d isc rim in a tin g  item s in  

p a t ie n ts  suspected  o f th y ro to x ic o s is . A l in e a r  d isc rim - 

iim nt fu n c tio n  a n a ly s is  was used to  produce w eighting  

fa c to rs  fo r  the  chosen symptoms and s ig n s . A t o t a l  score 

o f  ^  *e*19 was talcen as ’d e f in i t e ly  th y ro to x ic  ’ , < -i-ll was 

'd e f in i t e  non -to x ic  ’ , w hile the  in te rm ed ia te  zone o f -i-ll 

to  *}-19 was d es ig n a ted  th e  ’equivocal range ’ where c l in ic a l  

judgement should be reserved* A success r a te  o f  85 p er 

cen t in  1?1 t e s t  cases was o b ta in ed . A decade l a t e r  the 

same group produced a  s im ila r  index fo r  îiypothyro id ism  

(B illevfica e t  a l ,  I 969) . This i s  now used fo r  the fo llow - 

up o f t r e a te d  th y ro to x ic  p a t ie n ts  (Hadley, 19?0) w hile 

Gurney e t  a l  (19?G) have m odified the th y ro to x ic o s is  index 

to  take some account o f  iDsyohological d is o rd e rs .

Ihe b e s t loiovm co n d itio n a l p ro b a b il i ty  model in  

th y ro id  d isease  i s  th a t  o f  O verall and W illiams ( I 961) 

w hich/
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which was Is ite r  developed fu r th e r  hy F itz g e ra ld , O verall 

and W illiams (1966) . In th i s  study the  d iag n o sis  was 

made between th re e  types o f  c l in ic a l  th y ro id  s ta tu s ,  i . e .  

hyj)otliyroid, eu th y ro id  o r  hyperth y ro id , and p a t ie n ts  were 

a l lo c a te d  to  th ese  c la s se s  on the b a s is  n o t o f  la b o ra to ry  

t e s t s  bu t o f response to  tre&itmexat a f t e r  one y e a r ’s 

o b se rv a tio n . In  th i s  study the  Bayesian model was 96 p er 

cen t co rrec t*

This same model, in c lu d in g  the  o r ig in a l  d a ta , was 

l a t e r  used by Winkler e t  a l  (1967) .  'This l a t t e r  group 

compared in  d e ta i l  t h e i r  own d a ta  w ith th a t  o f F itzg e ra ld  

e t  a l  (1966) and made im portant observa tions on th e  e f f e c t  

o f the d e f in i t io n  o f symptoms ( in  p a r t ic u la r  ’le thargy*  

where th e re  was a  te n fo ld  d iffe re n c e  in  inc idence  between 

the  p o p u la tions ) . The model was 91 p er cen t accu ra te  on 

t e s t  cases provided by Wihlcler e t  a l .

More re c e n tly  Grover and Gordon (197O) in  I s r a e l  

have used the  same F itzg e ra ld  e t  a l  (1966) program and 

d a ta  on 1,000 cases from I s r a e l i  cen tre s  w ith an accuracy 

o f 98 p er c e n t.

The study from wl'ùch the  f i r s t  p a r t  o f t h i s  th e s is  

i s  derived  i s  th a t  o f  Boyle e t  a l  (1966) in  the s in p le  

th r e e /
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tliree  d ise ase  system o f non -tox ic  g o itre  whex’e th e  

d iagnosis  r e s t s  between Hashimoto’s d ise a se , sim ple 

g o itr e  and th y ro id  cancer (4*2)• Two p ro b a b i l i s t ic  

models were s tu d ie d , Bayes* theorem and the  r e la t iv e  

lik e lih o o d  (where p r io r  p r o b a b i l i t ie s  a re  assumed to  be 

equal)# The l a t t e r  method was found to  be su p e rio r  

because no cases o f th y ro id  cancer were misdiagnosed#
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4 .0  Summary

A se q u en tia l p r o b a b i l i s t ic  model o f th e  d ia g n o stic  

p rocess has been developed which i s  based on a  com bination 

o f Bayes* theorem and a  ’minimal entropy* oalcn la ,tion  

derived  from in form ation  th eo ry . I t  has been ap p lied  to  

the  simple th ree  d isease  systems of non-tox ic  g o i t r e .

Ttxe o r ig in a l  model based on 155 cases has been shown to  

have an accuracy o f  between 87 p e r cen t and 93 p er cen t, 

depending on the p r io r  p r o b a b i l i t ie s ,  when te s te d  w ith 

60 cases deriv ed  from the  same c l in ic  p o p u la tio n .

'lliree experim ents w ith  d if fe re n t  p r io r  p ro b a b i l i t ie s  

were conducted and the most e f fe c t iv e  model weis found to  

be th a t  u sin g  e q u ip ro b a b ility , thus confirm ing o th e r  

s im ila r  s tu d ie s  elsewhere and suggesting  th a t  p r io r  

p r o b a b i l i t ie s  might be s a fe ly  ignored in  fu tu re  s tu d ie s .

llie fo o t o r s in c lu d in g  f in a n c ia l  and n o n -fin a n c ia l 

c o s ts ,  redundancy o f t e s t s  and methods o f p a ,r tit io n in g  

continuous d a ta  v/hich in flu en ce  the choice o f a  d iag n o stic  

model are  d iscussed  in  some d e t a i l ,  along w ith  sev e ra l 

i l l u s t r a t i v e  ezeunple s .

The g re a t v a r ia t io n  in  d isc rim in a tin g  power among 

t e s t s  has been shown and the value o f a  se q u e n tia l model 

in  h ig iili# i.tin g  such v a r i a b i l i t y  i s  in d ic a te d , The 

s u p e r io r i ty  o f some c l in ic a l  t e s t s  over expensive 

la b o ra to ry /
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la b o ra to ry  t e s t s  i s  a lso  c le a r  when the se q u en tia l model 

i s  used .

F in a lly , th e  importance o f the o n -lin e  d ia g n o s tic  

technique developed fo r  th i s  study i s  emphasised and i t s  

p r a c t i c a l i ty  fo r  fu tu re  la rg e r  d ec is io n  systems i s  b r ie f ly  

d iscu ssed .

4 .1  In tro d u c tio n

Almost a l l  examples of com puter-assis ted  d iag n o sis  

to  date  a re  based on the " s ta tic *  model d escrib ed  e a r l i e r  

(Fig’. l . l ) .  Apart from lo g ic a l  d ec is io n  t r e e s  (2 .2 ) , the 

only o th e r secjuential model i s  th a t  developed by Gorry 

and Barnet (1968) which i s  based on a lim ite d  a p p lic a tio n  

o f  s t a t i s t i c a l  d ec is io n  theo ry  ( 2. 5 ) .

In  c l in ic a l  p ra c t ic e , c l in ic ia n s  c o l le c t  d a ta  in  a 

sequence, being guided a t  each stage in  the s e le c t io n  o f 

the next t e s t  by a mental es tim ate  o f the  p r o b a b i l i t ie s  

o f the  d ise a se s  under co n s id e ra tio n . He s e le c ts  the t e s t  

(o r group o f t e s t s )  which he expects to  y ie ld  the  most 

in fo rm ation  a t  the p a r t ic u la r  stage o f the d ia g n o s tic  

p rocess which has been reached .

4*2 S ta t i s t i c a l  method

In  th i s  study  the t e s t s  to  be used a re  s e le c te d  in  

a  sequence by the  ’minimal entropy* c a lc u la tio n  (L indley,

1956/
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1956; Good, 1968) describod  in  d e ta i l  p rev io u s ly  (2 .2 ) .

S ta t i s t i c a l  independence i s  assumed between the t e s t  

outcomes in  the  study since  the o r ig in a l  sample was too 

sm all to  measure th e i r  in terdependence and to  use i t  in  

the  calculE itions ♦

In  the  th ree  experim ents in  th i s  study  th e  p r io r  

p r o b a b i l i t ie s  v/ere i n i t i a l l y  s e t  a t  e q u ip ro b a b ility  

(,33g .33% , 33); in  the  second experiment th e  p r io r  

p ro b a b i l i t ie s  used were those o f the  c l in ic  p o p u la tio n  

from which the cases were drawn (*10, .89 , .0 1 ) . In  the 

th i r d  experim ent they  corresponded to  the d is t r ib u t io n  

o f diagnoses in  the  60 oases used in  a l l  tlm ee experim ents. 

These were 34 cases o f HasMmoto*s d ise a se , I 9 o f simple 

g o itr e  and 7 o f th y ro id  carcinoma ( . 566, .317? . 107) .

4*3 C lin ic a l d a ta

The d a ta  used in  the c a lc u la tio n s  are  d eriv ed  from 

th a t  o f Boyle e t  a l  (1966) based on a  survey o f  non -tox ic  

g o itr e  i n  two th y ro id  c l in ic s  in  Glasgow.

In  a  p a t ie n t  w ith a v is ib ly  en larged  th y ro id  gland 

who i s  n o t su f fe r in g  from th y ro to x ic o s is  ( i . e .  w ith  non

to x ic  g o i t r e ) ,  the  d i f f e r e n t ia l  d iagnosis  r e s t s  araong 

Hashimoto’s d is e a se , simple g o itre  and carcinoma of th y ro id . 

I n /



HISTORY EXAMINATION

3 -  D isco m fo rt  

9 -  P ain  in  g o i t r e

10 -  H oarsen ess '

11 -  D ysphagia ' ,

12 “ Choking o r  t ig h t n e s s

13 -  Cough o r  s t r id o r

15 " R ecent in c r e a s e  in  s i z e  

23 “ D u ration  

30 -  Age

6 -  F ix a t io n  to  t i s s u e s

7 -  C e r v ic a l lymph g la n d s

8 *- P yram idal lo b e

16 -  N odular o r  d i f f u s e

24 “ E s t im a te d -s iz e  o f  g lan d

25 -  C o n s is te n c y
■ * . ■

26 -  C l in i c a l  s t a t u s

SPECIAL EXAMINATION

4 -  T ra ch ea l d e v ia t io n  (o r  com p ression  on X -ray)

5 -  L aryn gea l p a ls y  ( in d ir e c t  la ry n g o sc o p y )

SERUM TESTS SPECIAL TESTS

1 -  P r e c ip i t in  t e s t "

2 Serum g lo b u l in s

18 -  Gammaglobulin

19 -  ESR

27 -  CF T e s t

28 -  Thymol t u r b id i t y

29 -  Z in c  s u lp h a te  t u r b id i t y

14

17

20

21

22

KCIO  ̂ d isc h a r g e  ' 

B .E .lS ll
24 hour th y r o id a l  

1+8 hours PB^^lj

PIG. 4 . 1 .  TABIiB OP IBSTS USED IK STtJOT.
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In  the o r ig in a l  s'tnxdy by Boyle e t a l  ( I 966) , t h i r t y  

item s o f in fo rm ation  ( i te s t s * )  were used (F ig . 4*1)•

The lik e lih o o d s  ( f ig # 2*1) used in  the  c a lc u la tio n s  

a re  based on 155 oases; 53 p a t ie n ts  w ith ïfeishiïïioto*s 

d ise a se , 51 w ith  simple g o itr e  and 51 w ith  th y ro id  

carcinoma. A ll p a t ie n ts  had been re fe r re d  to  the  th y ro id  

c l in ic s  in  the Royal and Western Infi3rm aries, Glasgow.

The model was te s te d  w ith 60 new cases derived  from 

the  same c l in ic  popu la tion  as the  o r ig in a l  d a ta . In 

each p a t ie n t  both in  the o r ig in a l  data  and in  the  t e s t  

cases the  d iagnosis  was e i th e r  e s ta b lish e d  h is to lo g ic a l ly  

( in  about 70 p er cent o f cases) or by agreement among 

p h ysic ians w ell experienced in  thyi^oid d is e a se s .

4 . 4 # Ero^ramming technique

In s tu d ie s  where the 's ta t ic *  view  ̂ o f the  d iag n o stic  

p rocess i s  assumed, Bayes" theorem ( 2 . l )  i s  ap p lied  to  

a l l  the a v a ila b le  da ta  before ca lcu la tin g ' th e  f in a l  

p o s te r io r  p ro b a b il i ty . This was the technique used by 

Boyle e t  a l  ( I 966) and many o th e rs  (3,4)*

In  the  p re sen t study the au thor wrote the  o r ig in a l  

computer program in  Algol 60 fo r  the I.G .L . IC*I).F.9 a t  

the  Computing Service Department, Glasgow U n iv e rs ity .

The/
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'Ihe o r ig in a l  v e rsio n  was an ’o f f - l i n e ’ program where 

the  d a ta  on the t e s t  p a t ie n ts  were s to red  in  th e  body o f 

the program as a d a t a - f i l e .  Test outcoEies on a  p a t ie n t  

being diagnosed by the  program were 'read  o f f  th i s  f i l e  

during  the  running  o f the program.

'The program, u s in g  the  'minimal en tropy ’ technique 

(2 . 2 ) , c a lc u la te s  wirLch t e s t  i s  expected to  be the  most 

in fo rm ative a t  each d iag n o stic  cy c le . Wien th i s  t e s t  

s e le c tio n  procedure in  the program i s  com pleted, the t e s t  

outcome on the  p a r t ic u la r  t e s t  se lec ted  i s  read  o f f  the 

d a ta  f i l e  on th e  program, the  p o s te r io r  p r o b a b i l i t ie s  

ap p ro p ria te  to  th i s  t e s t  outcome are  p r in te d  out and are  

used as the  new p r io r  p ro b a b i l i t ie s  fo r  the  nex t cycle* 

The ’o f f - l i n e '  v e rs io n  of the  program w rit te n  in  ivlgol 60 

i s  shown in  Appendix A.
A typicel exaijjle of the out%)ut from this version 

of the pro, ram is shown in Ap/miaix 41, with a, simplified 
versj-on of the same pro^^ram written in lortran IV for the 
I.G.h. h*„«f.9 computer.

The main value of the  seq u en tia l teclm ique l i e s  in  

i t s  resem blence to  the se q u en tia l approach to  d e c is io n 

making used by c l in ic ia n s .  In  o rder to  make i t  f e a s ib le  

f o r /
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fo r  a  Computer based d iag n o stic  model to  be used in  a c tu a l 

p ra c t ic e ,  we must provide the  computing f a c i l i t y  in  the 

h o s p ita l  a rea  (e .g . o u tp a tie n t c lin i,o ) where d ec is io n s  

are  made.

This type of f a c i l i t y - i s  p o ssib le  u sin g  an 'o n -lin e*  

computer l in k  to  a computer a t  some d is tan ce  fr-om th e  

c l in i c .  Tlie te le ty p e  te rm inal (Fig.4*S) i s  connected to  

the computer by a sw itching dev ice , c a lle d  a  G-.P.O. 

'modem', over the p u b lic  telephone c i r c u i t .  Access to  

the computer i s  ob tained  by d ia l l in g  a  mmber u s in g  an 

e x -d ire c to ry  l i n e .

The o r ig in a l  'o n -lin e  ' program was v rritten  by the 

au tho r in  Algol 60 fo r  the commercial 'tim e-sharing*  

system of General l l e c t r i o  h iform ation  Serv ices (G .E .I .S .)  

and i s  a lso  shovm in  Appendix A. A s im ila r  v e rs io n  of 

th i s  'o n -lin e*  program was v rritten  by the au th o r fo r  the 

o n -lin e  system ( Cotan 3) provided by Glasgow U n iv ers ity  

Coraputing Service on th e i r  I.C .L . E.D.P.9 computer.

Ihe ta sk  o f design ing , v /r itin g , te s t in g  and develop

ing  the s e t  o f programs ju s t  described  re p re se n ts  a,bout 

12-14 months ' work on the  p a r t  of the au th o r.

?hen the te rm inal i s  in  u se , the  program s e le c ts  

a f t e r  a command s ig n a l from the te le ty p e  keyboard the 

'b e s t /
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THIS IS A DEMONSTRATION OF INTER-ACTIVE DIAGNOSIS.

WHEN A QUESTION IS PRINTED OUT, PLEASt. . fPE THE RESULl AS GIVEN ON THE 
CASE RECORD AND THE NEW PROBABILITIES WILL BE PRINTED.
IF you DECIDE THAT NO MORE TESTS ARE REQUIRED, TYPE *0* AS THE RESPONSE 
TO THE NEXT QUESTION.

HASHIMOTO'S SIMPLE CANCER

THE PRIOR PROBABILITIES ARE :
C.F. TEST (27)? I
THE PROBABILITIES ARE NOW :
P.B. 127 I (21)? 2
THE PROBABILITIES ARE NOW :
PRECIPITIN TEST ( 1)? 2
THE PROBABILITIES ARE NOW ;
THYMOL TURBIDITY (28)? 2
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'b est*  t e s t  from the to t a l  o f 30 shovm xii 'fhe

te rm inal p r in ts  out the name of the t e s t s  and a.waits entr;^" 

by the p h y sic ian  o f the  p a t i e n t 's  response ( t e s t  outcome) 

before proceeding to  s e le c t  the  next most in fo rm ative  

t e s t .  F ig . 4*3 shows a  ty p ic a l  example o f a * p r in t-o u t* 

from the te rm in a l,

4*5 R esu lts

fhe f i r s t  aoh ievm nt o f the study came when both 

the o f f - l in e  v e rs io n  of the  program ( in  Algol 60 and 

F o rtran  IV) mid the on*^line v e rs io n  (G-.F.I.S, and Cotan 3 

v e rs io n s )  were f in a l ly  run  w ithout erro r#

Ihe r e s u l t s  o f the th re e  experim ents a re  sliomi in  

Fig® 4*4 and 4*5* Ihe o v e ra ll success r a te  u s in g  the 

th re e  s e ts  o f p r io r  p ro b a b i l i t ie s  (#33? .33 , #33)?

(.lOÿ #89? .0 1 ); (#566; #316; ,116) are  shomi in  F ig ,4*4* 

The f i r s t  genera l observa tion  th a t  can be made i s  

th a t  the h ig h e r the p r io r  p ro b a b il i ty  fo r  a  d iagnosis? 

the fewer the m is c la s s if ic a tio n s  in  th a t  ca tego ry  in  the 

60 t e s t  Cases I th i s  i s  e s p e c ia lly  c le a r  in  HasM moto's 

d isease  and th y ro id  carcinoma, Ihe b es t o v e ra ll  model 

i s  th a t  u sing  e q u ip ro b a b ility  w ith the th i r d  model being 

c lo se  behind#

M is c la s s if ic a tio n s  tend to  occur in  the d ire c t io n

o f /
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Study P rio r C orrect %?ong H S G

1 ,33 32 2 0 0 2

HASHIMOTO'S 2 .10 29 5 0 4 1

3 #566 32 2 0 0 2

1 .33 17 2 1 0 1

SIMPLE 2 .89 18 1 0 0 1

3 .316 16 3 2 0 1

1 .33 7 0 0 0 0

CAHOimom 2 .01 5 2 0 2 0

3 ,116 7 0 0 0 0

TOTAL Study 1 56 4 - 93 p e r  cen t

ti 2 52 8 = 87 p e r cen t

M 3 55 5 92 p e r  cen t
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o f the  o th e r  d isease  w ith the h ig h es t p r io r  p r o b a b i l i t ie s .  

For exam%]le? in  Basliim oto's d isease  the m is c la s s if ic a t io n s  

w ith  the .10 model are  m ostly as simple g o itr e  whose 

p r io r s  in  th i s  model are  .8 9 1 a s im ila r  tren d  i s  found 

w ith  m is c la s s if ic a t io n s  o f carcinomas as sim ple g o i t r e .

Ihe o th e r  m is c la s s if ic a t io n s  a re  probably too evenly 

spread to  m erit comment.

in  im portant aspec t o f m is c la s s if ic a t io n s  i s  t h e i r  

r e la t iv e  se rio u sn ess  c l in ic a l ly ,  Thus? only two m is- 

c la s s i f ic a t io n s  o f  carcinoma occur. Both o f  th e se  are  

found where the p r io r  fo r  carcinoma i s  low est o f  a l l  

( i . e .  .01) and the  m is c la s s if ic a tio n s  a re  bo th  as simple 

g o itr e  (where the  p r io rs  a re  h ig h es t o f a l l?  i . e .  .8 9 ) .

In both the e q u ip ro b a b ility  model and the th i r d  model 

th e re  a re  no m is c la s s if ic a tio n s  o f carcinoma a t  a l l .

The problem o f m is c la s s if ic a tio n s  can be viewed in  

c l in ic a l  term s by looking more c lo se ly  a t  some examples 

o f m is c la s s if ic a t io n s .  Thus, in  the f i r s t  model 

( .3 3 , .33 , .33) th e re  were fo u r m is c la s s if ic a t io n s .

Two simple g o itr e s  were m isdiagnosed, one as hashim oto 's 

d isease  and one as carcinoma. Two cases o f Hashim oto's 

d isease  were misdiagnosed as carcinoma.

ICn the case o f simple g o itre  m isdiagnosed as 

carcinom a/
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Munaber o f T ests 
Study P r io r  _ j2 ____3"6_......7 -1 0 — A ll

T o33 j 12 12 3 4

olO 10 16 . 3 0

.566 15 9 3 1

1

0
2

1 o33 ' 0 3 ' 7 3 4

SIMPLE 2 .89 10 5 0 0 3

3 o3l6 0 4 5 • 2 5

1 o33 0 . 5 1 1 0

CABCIEOMA 2 .01 0 1 2 2 0

3 ■ ' ,116 0 . 2 2 , 2 1

A B

A . Cases w ith  a f in a l  p ro b a b il i ty  o f ^ .9 9  

B . Cases w ith  a  f in a l  p ro b a b il i ty  o f o51"*98 

in  which a l l  30 t e s t s  a re  u sed .
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carcinomaj the thyx'oid gland was hard  and nodu lar w ith  

a rece n t in c rease  in  s is e  and, in  f a c t ,  went to  h is to lo g y  

to  exclude carcinoma. In the  second case o f simple 

g o itr e  m isdiagnosed as I^sh im oto ' s d ise a se , the  p r o d p -  

i t i n  and complement f ix a t io n  t e s t s  were m ild ly  p o s it iv e  

even though h is to lo g y  showed a, simple g o itre  • 'IMs case , 

o f cou rse , r a is e s  the  very im portant q u estio n  o f dual 

pathology , i . e .  the  co -ex is ten ce  o f simple g o i t r e  and a, 

m ild degree o f auto-immune th y r o id i t i s ,  which i s  w ell 

documented in  the l i t e r a tu r e  (G ribeta e t  a l ,  1954)#

Peview of the two cases o f ïîashimoto *s d isease  

m isdiagnosed as cEircinoma showed evidence s tro n g ly  

suggestive  o f carcinom a. Both p a t ie n ts  were eu th y ro id , 

both  g o i t r e s  were hard  and no immunological evidence o f 

Hashimotohs d isease  was dem onstrated d e sp ite  the  c le a r  

h is to lo g ic a l  d iag n o sis . As was s ta te d  e a r l i e r ,  the  f in a l  

d iag n o sis  was e s ta b lish e d  in  each case e i th e r  h is to lo g 

i c a l l y  or by agreement among c l in ic ia n s  w ell experienced 

in  th y ro id  d ise a se .

in o th e r  very im portant asp ec t o f the study  i s  summar

is e d  in  F ig . 4#5# This shows an a n a ly s is  o f the  cases 

which were oo3?rectly diagnosed in  terms of the number o f 

t e s t s /
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t e s t s  needed to  reach  and s ta y  a t  a p ro h a M lity  o f Q.99 

and over; a lso  shown are  the oases where the  diagnoses 

were c o rre c t hut where the  f in a l  d iagnosis  was le s s  than 

0.99#

P a r t ic u la r ly  s t r ik in g  in  th ese  r e s u l t s  i s  the  f a c t  

th a t  over a  th i r d  o f a l l  the  tjashimoto *s cases  were 

diagnosed w ith  only two t e s t s  o r le s s  in  the  f i r s t  and 

th i r d  experim ents; in  a l l  th ree  experim ents over two- 

th i r d s  o f a l l  cases took le s s  than  7 t e s t s ,  This e f f e c t  

was l e a s t  marked in  the  carcinoma ca se s , Hie e f f e c t  o f 

the h igh  p r io r  p ro b a b i l i t ie s  in  reducing the  number o f  

t e s ta  i s  p a r t ic u la r ly  marked in  the second experim ent 

w ith  simple g o i t r e s .

In  each case in  the f i r s t  experiment the  moat inform 

a tiv e  t e s t  v/as the consistency  o f the  gland ( i . e .  in  a l l  

60 t e s t  c a se s ) . In , fo r  example, the 12 cases o f  

I-3ashimoto *s d isease  in  the f i r s t  experim ent, th e  second 

*best* t e s t  were the complement f ix a t io n  t e s t  (lO ), the

( l )  and th e  p r e c ip i t in  t e s t  ( l ) .  The most inform 

a t iv e  t e s t  i n  both  the second and the th i r d  s tu d ie s  was 

the  complement f ix a t io n  t e s t ,

4 .6  I l l u s t r a t i v e  cases

The value o f a se q u en tia l approach i s  b e s t seen when

th e /
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the clismgeB in  p ro b a b i l i t ie s  (as t e s t s  are  s e le c te d )  are  

d isîjlayed  g raph ica lly*  F ig , 4»6 shows a t;ypical case 

which took le s s  than  seven t e s t s  to  reach  a  p ro b a b il i ty  

o f  0*99* F ig . 4*7 shows a  case where c o n tra d ic to ry  

in fo rm ation  le d  to  the p ro b a b i l i t ie s  o s c i l l a t in g  in  the 

e a r ly  s tag es  before s e t t l i n g  l a t e r  to  a  f in a l  le v e l o f 

0 . 9B, !0he outcomes o f t e s t s  4s> 30, 21 @ I 9 » 7 and 10

were t

4 , frao h ea l d ev ia tio n  Tes

6, F ix a tio n  to  t is s u e s  ho

30. Age 31-60 y ea rs

21. < 3 .0 /iG /l00m l

19* E.B.H, 0-20 mm.Hg in  1 s t  hour

7- C erv ical lymph glands Palpable

10, Hoarseness Yes

Ihe se q u en tia l technique allow s us to  p in p o in t the poor 

o r c o n tra d ic to ry  item s o f evidence ( t e s t s  4? 6» 30, 21,

19) and dem onstrates how th e  p o s it iv e  evidence o f t e s t s  

7 and 10 overcomes th i s .  F ig s, 4*0 and 4*9 show s im ila r  

graphs o f o th e r  cases ,

4*7 D iscussion

Olie p lace  o f  th i s  model in  com pu ter-assis ted  

d iag n o sis  can be d iscussed  under a  number o f head ings,

4 . 7 . 1/
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4.7*1 Segue n t ia l  v ' s t a t i c '  model

In the  in tro d u c tio n  to  th i s  th e s is  the  se q u en tia l 

n a tu re  o f  c l in ic a l  deoiBioiiHmking 1ms been d iscussed  

(F ig ,1 ,2 ) .  Almost a l l  s tu d ie s  in  the f i e ld  o f computer- 

a s s is te d  d iag n o sis  iiave used the * s t a t i c ’ d ia g n o s tic  

model (e ,g , YÏarner e t  a l ,  I 96I ;  Lodv/iok e t  a l ,  1965s 

F itz g e ra ld  e t  a l ,  1966), *fiie exceptions a re  the  lo g ic a l  

d ec is io n  t r e e s ,  Olius, Eleinmuntz ( I 965) used a  simple 

‘̂ Yes/ho'* type o f d ec is io n  tr e e  in  the  d iag n o sis  o f 

n eu ro lo g ica l d iso rd e rs  which c lo se ly  resem bles th a t  o f 

W'ortman ( I 966) w hile Edwards (1970) has developed a 

s im ila r  d ec is io n  t r e e  fo r  the  d iagnosis  o f dysphagia.

Among the  commonest u ses o f lo g ic a l  d ec is io n  t r e e s  are  

the  computer based h is to ry - ta k in g  systems u s in g  a  computer 

te rm in a l, o f which those o f Slack e t  a l  (1966) and 

C o lta r t e t  a l  (1965) are  the b es t known examples. SLstory- 

tak in g  systems o f th i s  type are  b r ie f ly  reviewed in  

fa y lo r  ( l 970c ) .

A ll o f th ese  systems must o f n e c e ss ity  s im p lify  the 

complex in te rsec tio n  and exchange o f  in fo rm ation  between 

c l in ic ia n  and p a t ie n t  and tend  to  be r ig id .  C lin ic a l 

s i tu a t io n s  where a  pu re ly  lo g ic a l  exchange o f in fo rm ation  

i s  p o ss ib le  a re  very lim ite d . An in c o rre c t answer to  a 

q u e s tio n /
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q u estio n  w il l  r e s u l t  in  a  vnzong emd i r r e v e r s ib le  pa th  being 

se le c te d  down the d ec is io n  tree*

Ihe p r o b a b i l i s t ic  se q u en tia l model used in  th i s  study 

approxim ates much more c lo se ly  to  r e a l i t y  (as  s tu d ie s  o f 

d iag n o stic  s k i l l  in  Chapter 5 w ill  show) and i s  much more 

f le x ib le .  I t  i s  a lso  ab le  to  cope vhLth m islead ing  

in fo rm ation  as the a n a ly s is  o f  the  i l l u s t r a t i v e  cases 

(4*6) has shown* I t  i s  o f wide ap ip lication  in  c l in ic a l  

m edicine and i s  l ik e ly  to  make the  use o f computer based 

h is to ry -ta lc in g  much more feas ib le*  Many a ttem p ts  have 

been made to  use long' q u es tio n n a ire s  to  fo rm alise  h is to ry -  

ta k in g , fo r  example the Cornell Medical Index-H ealth  

Q uestionnaire (Enzdmann, I 964) and th e  M innesota M ulti- 

phasic  P e rso n a lity  Investo ry  (home, I 962)# Hie l a t t e r  

c o n s is ts  o f 550 Yes/ho statem ents* Ihe use o f  a probab

i l i s t i c  d ec is io n  tr e e  might greo/bly reduce th e  number o f 

item s needed fo r  a  d iagnosis  to  be made,

4 . 7 . 2  Gos^s

Ihe model described  here co n cen tra tes  s o le ly  on the 

in fo rm ation  p ro cessin g  asp ec t o f the d ia g n o s tic  p rocess 

and talces no account o f the c o s ts  o f the t e s t s  o r  the  very  

im portant problem o f n o n -fin a n c ia l co s ts  ( such as the 

d isco m fo rt/
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discom fort and inconverdence o f t e s t s  and the  ’cost* of 

m isd iag n o sis). Hie ro le  o f s t a t i s t i c a l  d e c is io n  theory  

in  p rov id ing  a  framework fo r  fo rm ulating  such c o s t consid

e ra t io n s  has been d iscussed  e a r l i e r  (2. 4 ) .

Hie only  n o n -lo g lca l d ec is io n  tr e e  so f a r  developed, 

a p a rt from the  one described  h e re , i s  th a t  o f  Gorry and 

]3amet ( I 968) , Hie se au th o rs developed a  th e o re t ic a l  

d ec is io n  t r e e  in  which a r b i t r a r y  co s ts  were a ttach ed  to  

the  outcome o f c l in i c a l  d e c is io n s . The choice o f d ec is io n  

was decided by computing the  expected c o s ts  a t  each 

d e c is io n  p o in t and by s e le c t in g  the choice w ith  the  

low est expected c o s ts .  Hie co s t values in  th i s  S'budy were 

not derived  from c l in ic ia n s  them selves o r from th e  study 

o f t h e i r  behaviour*

A itch ison  (1970) has pu t for\^ard a m athem atical 

technique fo r  in f e r r in g  the  co s ts  which c l in ic ia n s  a t ta c h  

to  the trea tm en t which they  s e le c t .  Hie au th o r i s  a t  

p re se n t engaged in  apply ing  tM s  teclm ique to  th e  study 

o f treofm ent s e le c tio n  in  th y ro to x ic o s is ,

A le s s  complex approach to  co s ts  would be to  concen

t r a t e  s o le ly  on f in a n c ia l 'c o s ts  and by a t ta c h in g  a  co s t 

t o /
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to  each t e s t ,  develop the b a s ic  computer program to  s e le c t  

th e  t e s t  w ith  the  h ig h est expected y ie ld  o f in fo rm ation  

p e r u n i t  c o s t .  A co s t a n a ly s is  has been completed in  the 

H]yi?oid C lin ic  a t  the Royal In firm ary , Glasgow, and a 

m o d ifica tio n  to  the computer program to  take account o f 

co s ts  i s  being  made. I t  i s  q u ite  c le a r  from the  study 

in  th e  fo llow ing  chap ter o f the  co s t es tim a tes  made by 

c l in ic ia n s  th a t  tru e  f in a n c ia l  co s ts  o f in v e s tig a tio n s  

a re  no t a c c u ra te ly  known to  them.

4*7*3 Hie e f f e c t  o f p r io r  p ro b a b i l i t ie s

Ihe e f f e c t  o f the p r io r  p ro b a b i l i t ie s  a re  summarised 

in  F ig s , 4*4 and 4*5»

Hie f i r s t  g en era l observa tion  i s  th a t  the f i r s t  model 

(•33 , .33? .33) i s  the b e s t from the p o in t o f view o f 

avoid ing m is c la s s if ic a tio n s *  Hie second model had the 

h ig h es t t o t a l  m is c la s s if ic a t io n s  and a lso  wrongly diagnosed 

two cases of carcinom a. In  a  model based on, ’c o s t s ’ the 

p o ss ib le  co s t o f m isdiagnoses such as these  would have 

to  be taken  in to  account, Jioyle and Anderson (1968) 

made some attem pt to  guard a g a in s t such m isdiagnoses in  

e f f e c t  by a tta c h in g ’ w eights to  each d iag n o sis  so th a t  

such mi solans s i  f i  c a tio n s  9 as m issing a case o f th y ro id  

carcinom a, are  made much le s s  l ik e ly .  Hie same au tho rs 

l a t e r /



l a t e r  compared two models in  d iagnosing n o n -to x ic  g o i t r e .

Hiese were the  normal Bayesian* co n d itio n a l p ro b a b il i ty  

model, and a  m o d ifica tio n  o f t h i s ,  in  which the  p r io r  

p ro b a b i l i t ie s  were no t talcen in to  account ( r e la t iv e  l ik e 

lih o o d ) .

Hie au th o rs in  th i s  l a t t e r  study were in  e f f e c t  

comparing model 2 (*10, ,89? *0l) the f u l l  JkiyesiBn model, 

w ith  ( ,3 3 , *33, .33) the  r e la t iv e  lik e lih o o d  model* Hiey 

a lso  reached the  same conclusion  th a t  the  l a t t e r  model 

was more e f f e c t iv e  in  th a t  i t  produced fewer m is c la s s if^  

ic a t io n s  and th a t  no cases of carcinoma were m isdiagnosed, 

'Hie same model e f f e c t iv e ly  w eights the  d iag n o sis  in  

favour o f  carcinoma (,3 3 ) ooaiiiared w ith th e  a c tu a l p r io r  

(*01) ,

Hie o v e ra ll  e f f e c t ,  however, o f the p r io r  p ro b a b i l i t ie s  

seems to  be sm all, H iis conclusion  i s  o f some importance 

since th e  d i f f i c u l t y  o f m atching the  p r io r  p r o b a b i l i t ie s  

to  d i f f e r e n t  p o p u la tio n  samples (e .g , G *P.surgery, genera l 

m edical c l i n i c ,  tlfy ro id  c l in i c )  i s  then avoided,

4*7*4 Redundancy o f c l in ic a l  in fo rm ation

There i s  alm ost c e r ta in ly  a g rea t deal o f redundancy 

in  d a ta  recorded on p a t ie n ts .

F ig , 4*6 fo r  example, dem onstrates c le a r ly  th a t  the 

g r e a t /



g re a t m a jo rity  o f the  t e s t s  in  th i s  case were su p erflu o u s, 

.Fig, 4 .1  shows sev era l t e s t s  under the heading ’serum 

t e s t s ’  ̂ o f  th e se , 1 , 28 and 2? a re  much more d isc rim in a tin g  

than  the  o th e rs  (as shown 'by the  f a c t  th a t  they  a,re 

se le c te d  much e a r l i e r  in  th e  d iag n o stic  sequence). Many 

t e s t s  could he e lim in a ted  vfithout lo s s  o f d ia g n o s tic  

accuracy I fo r  example, t e s t  8 (-pyramidal lo h e ) i s  alm ost 

in v a r ia b ly  w ell down the l i s t  o f the  t e s t s  se le c te d  and 

th i s  i s  exp lained  by the lik e lih o o d s  fo r  t h i s  t e s t  (F ig .

2,1 ) which show th a t  i t s  r a te  o f occurrence i s  alm ost 

id e n t ic a l  in  each d ise a se . I t  should be p o ss ib le  to  

e lim in a te  t e s t s  by noting’ t h e i r  r e la t iv e  p o s i t io n  in  the 

t e s t  s e le c t io n  in  a  la rg e  number o f t e s t  cases and 

removing those which a re  low est on the l i s t ,

The v a r ia t io n  among t e s t s  in  th e i r  d isc rim in a tin g ' 

power i s  a lso  rev ea led  by the  graphs (F ig s . 4*6 to  4*9) 

and a  poor t e s t  (e .g . p yram idal lobe) can be p re c is e ly  

lo c a te d  u s in g  th i s  approach. A lte ra tio n  o f  the  ’normal * 

range in  a la b o ra to ry  t e s t  in  a  p a r t ic u la r  group o f 

d ise a se s  may malce a  t e s t  more p re c is e , Thus, Boyle e t  

a l  (1966) adopted an inform al method o f c la s s i fy in g  

continuous v a r ia b le s  to  achieve b e s t se p a ra tio n  in  the 

group o f d ise ase s  being  s tu d ied . The c l a s s i f i c a t io n  of 

th e /
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th e  e ry th ro cy te  sed im entation  r a te  in to  th ree  c la s se s  

(0-20 , 21- 4 0 5 ^ 4 0  mm in  1 s t hour) was decided a f t e r  

p lo t t in g  a  frequency histogram  and n o tin g  th a t  th e  above 

c l a s s i f i c a t io n  achieved the  b e s t a r b i t r a r y  se p a ra tio n  in  

oases o f  non^^toxio g o i t r e .  The im portant p o in t to  note 

here i s  th a t  a  t e s t  i s  being  a l te r e d  fo r  o p e ra tio n a l 

reaso n s , i , e ,  to  be o f maximum value in  d iagnosing  a 

group o f p a t ie n t s ,  r a th e r  than  to  make a  more p re c ise  

measure o f  a  p h y sio lo g ica l v a r ia b le .

Hie d isc r im in a tin g  power of c l in ic a l  d a ta  (as 

opposed to  la b o ra to ry  o r o th e r in s tn m e n ta l  d a ta )  may 

w ell be g re a t ly  underestim ated . Thus, th e  t e s t  in v a r ia b ly  

s e le c te d  a s  b e s t in  a l l  60 cases in  model 1 (.33? *33?

, 33) i s  the ’c o n s is te n c y ’ o f the  th y ro id  g land . This i s  

c la s s i f ie d  as *hard% ’f irm ’ o r ’s o f t* . I t  would appear 

th a t  the in e v ita b le  o b se rv e r-e rro r  in  such a s ig n  has 

no t dim inished too  g re a t ly  i t s  d isc rim in a tin g  power in  

th i s  group o f d ise a se 05 in  the second and th i r d  experim ents 

( .1 0 , , 89$ #01 and . 566, .316, ,116) th i s  t e s t  alm ost 

in v a r ia b ly  ranlcs second. The im p lica tio n s  o f  th i s  fe a tu re  

a re  co n s id e rab le , s ince  th i s  c l in ic a l  s ig n  i s  th e re fo re  

o f  comparable d iag n o stic  va3.ue in  th i s  group o f  d isease s  

to  such e lab o ra te  and expensive la b o ra to ry  t e s t s  as 24*’ 

hour tliy ro id a l I  uptalce and the  4B'’hour
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Ihe in flu en c e  o f  the  p r io r  p ro b a b i l i t ie s  on the red 

undancy o f t e s t s  i s  not entirely* c le a r  (F ig . 4*5)* Thus, 

i f  one uses as a  guide the  number o f cases where le s s  than  

11 t e s t s  were needed, then  the second experim ent w ith  4 7 

out o f 60 i s  b e t t e r  than  the  f i r s t  (43/6o) o r  the th i r d  

(40/ 60) , However, account must be taken in  dec id in g  on 

the o v e ra ll e f f ic ie n c y  o f  the m is c la s s if ic a t io n s  a lread y  

d iscu ssed . T herefore , the d iffe re n ce  between the  second 

and the  f i r s t  i s  no t h igh enough to  d e f le c t  one from the  

choice of the  f i r s t  model as  the o v e ra ll b e s t .

C learly , the  complex balancing  of a l l  such fa c to rs  

e n te rs  in to  c l in ic a l  decision-m alting and by g iv in g  

c l in ic ia n s  f re s h  in s ig h t  in to  the  elem ents o f the  

d ia g n o s tic  p rocess we hope to  improve d ia g n o s tic  p e r fo r 

mance (A itch ison , 1970u? 197Ob).

The f in a l  choice of a p a r t ic u la r  model in  any given 

c l in ic a l  s i tu a t io n  must be reached by weighing up such 

fa c to rs  as the e f f e c t  o f the p r io r s  s e le c te d , the  a r b i t 

r a ry  le v e l  fo r  a f in a l  d iag n o sis  (the le v e l  o f  *99 in  

th i s  Case re p re se n ts  an e r ro r  r a te  of 1 in  100 c a s e s ) ,  

the f a c to r  o f  redundancy of t e s t s ,  the  choice o f ’normal 

ranges* and methods o f c l a s s i f ic a t io n  o f continuous d a ta  

and, above a l l ,  the importance o f f in a n c ia l  and non- 

f in a n c ia l  c o s ts .
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4 « 7*5 Programming: and system  d e s ig n

This s tu d y 'h a s  shomi th a t  the use o f an o n -lin e  

computer tenaninal w ith  su ita b le  programs makes the use 

of a computer in  d iagnosis a t  l e a s t  te  c lin ic a lly  fe a s ib le  

in  an o u tp a tie n t c l in i c .  In the epilogue o f t h i s  th e s is  

d ea lin g  w ith  fu tu re  s tu d ie s  a p lan  i s  put foxward fo r  a 

com puter-based screen ing  c l in i c ,  which i s  under develop

ment a t  the  .’Department o f Medicine in  the Eoyai Infirm ary  

Glasgow.

I t  i s  im portant to  note th a t  th i s  model o f non-tox ic  

g o i t r e  invo lves only 30 t e s t s  in  th ree  d is e a s e s . Hie 

time delay  between e n te r in g  a p a t i e n t ’s response ( te s t  

outcome) a t  ‘bhe term inal and p r in t in g  out th e  nex t ’b es t 

t e s t ’ i s  o f the o rder o f 5*5 6 .0  seconds, th  a  lax’g er

model o f a l l  th y ro id  d ise ase s  (w ith 10 o r more d isease s  

and 80 t e s t s )  the time delay  may be much lo n g e r. Î-Ibwever 

the  computer used in  the p re sen t s'tudy was r e la t iv e ly  

sm all and i t  i s  l ik e ly  th a t  the la rg e r  time sh a rin g  

systems now under development could su c c e s s fu lly  manage 

such la rg e  c a lc u la tio n  f a s t  enough to  make o n -lin e  

d iagnosis  p r a c t i c a l •



CLINICAL DECISION iJAXING



74

C H A P T E H  5  s DOCTORS AS D E C ISIO K -m iflilR S

5 * 0  SuiTimary

5*1 In tro d u c tio n

5*2 The study

5*3 Teciinlqixe

5*4 A nalysis

3*3 E q u ila te ra l t r ia n g le

5 .6  D iscrepancies between computer and c l in ic ia n s

5*7 I l l u s t r a t i v e  examples

5 #8 R esu lts

3*9 D iscussion .
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5 • 0 Simm^y

In a  study  o f  s ix  experienced c l in ic ia n s  tackling* 20 

v a rie d  cases o f non -tox ic  g o i t r e ,  the  c l in ic ia n s  were 

compared in  d e t a i l  w ith  a  computer program whose 

accuracy in  d iag n o sis  was comparable to  an experienced 

c l in ic ia n ,

The techn iques o f  in fo rm ation  th eo ry , s t a t i s t i c a l  

in fe ren ce  and c o n d itio n a l p ro b a b il i ty  th eo ry  were used to  

produce a d ia g n o s tic  p ro f i le  o f each c l in ic ia n  f o r  each 

of the  20 cases which he ta c k le d . H iis p r o f i l e ,  c o n s is tin g  

o f f iv e  measures o f  d iscrepancy  between each c l in ic ia n  and 

the computer program, allowed the  s ix  c l in ic ia n s  to  be 

compared I n d ir e c t ly  w ith one an o th er.

Using th e  * entropy* c a lc u la tio n  from in fo rm ation  

th eo ry  i t  was p o ss ib le  to  dem onstrate, by means o f  equ i

l a t e r a l  ir ia n g le s , the  g re a t v a r i a b i l i t y  in  d ia g n o s tic  

s t r a te g ie s  among' the  group o f c l in ic ia n s .

Measures o f p e rso n a lity  in c lu d in g  e x tro v e rs io n  and 

obsessionalism  showed s ig n if ic a n t  c o r re la t io n  w ith  in d iv id u a l 

elem ents o f  th e  d iag n o stic  p r o f i l e ,  w ith  d ia g n o s tic  accuracy 

and w ith  the t o t a l  number o f  t e s t s  used to  diagnose the 20 

cases i n  th e  study .

G eneral/
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General c l in ic a l  ex p erien ce , but no t s p e c ia l i s t  

th y ro id  experience , appears to  be r e la te d  to  o th e r  

elem ents o f the  p r o f i l e ,  Hie p o ss ib le  re levance  o f these  

f in d in g s  to  the teaching* o f the d iag n o s tic  p ro cess  and the  

s e le c tio n  o f s u b - s p e c ia l i t ie s  by c l in ic ia n s  i s  d iscu ssed .

I t  i s  observed th a t  in d iv id u a l c l in ic ia n s  may vary 

in  t h e i r  c a p ac ity  fo r  p rocessing  in fo rm ation  and the  

re levance  of th i s  f in d in g  to  c lin rlca l decision-m aking i s  

n o ted ,

'Ihe p o s s ib i l i t y  th a t  two measures in  th e  d iag n o stic  

p r o f i l e ,  l ib e ra lis m  and * d iag n o sis  *, may be used  to  d e te c t 

a  type o f  p a t te rn  reco g n itio n  i s  advanced. He s u i t s  which 

may in d ic a te  th a t  one o f the s ix  c l in ic ia n s  in  p a r t ic u la r  

u ses th i s  type o f in form ation  p rocessing  a re  p resen ted .

F in a lly , the  ro le  o f f in a n c ia l  sind non™ financial co s ts  

in  c l in ic a l  decision-making* i s  d iscussed  in  th e  l ig h t  o f 

es tim a tes  by the  c l in ic ia n s  o f the  f in a n c ia l  c o s ts  o f the 

la b o ra to ry  t e s t s  used in  the  study ,

5él In tro d u c tio n

'Ihe d ia g n o stic  process can be viewed as a  sequence o f 

d ec is io n s  and i s  then  amenable to  a n a ly s is  in  term s o f 

in fo rm ation  th e o ry , p ro b a b il i ty  theory  and s t a t i s t i c a l  

d e c is io n  th eo ry .

The/
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Hie se q u en tia l model p resen ted  in  the l a s t  ch ap ter has 

a  d ia g n o s tic  accuracy o f  93 p er cen t (F ig . 4*4) and so i s  

comparable in  t h i s  small s e t  o f d ise ase s  to  th a t  o f an 

experienced e n d o c rin o lo g is t.

I f  c l in ic ia n s  are  to  accep t the  value o f  such examples 

o f com pu ter-assis ted  d iag n o sis , a  comparison between the 

computer program and the d iag n o stic  behaviour o f  the  

c l in ic ia n  i s  n ecessary .

Such comparisons in  the p a s t have been based on simple 

d if fe re n c e s  between the  diagaiostio  accura,cy o f  the  c l in ic ia n  

and th a t  o f  the  computer. Several au th o rs have, fo r  

exaniple, used d if fe re n c e s  in  percen tages o f  c o r re c t 

d iagnosis  o r in  the  average p ro b a b il i ty  r a t l i n s  (Crooks e t  

a l ,  1955p Warner e t  a l ,  I 96I ;  Boyle e t  a l ,  1966) . Moreover, 

in  such s tu d ie s  the d iagnosis has only been made a f t e r  the 

process o f  d a ta  c o l le c t io n  i s  completed (the  's t a t ic *  o r 

t r a d i t io n a l  model o f the d iag n o s tic  p rocess (F ig . l . l ) ) .

Hie se q u e n tia l p rocess o f d iagnosis  (F ig , 1 .2 )  can 

by analysed f u r th e r  in to  a  simple s in g le  re c u r re n t cycle 

(F ig . 5 *1 )* At each such cycle the fo llow ing  fa c to rs  o r 

*costs*  must be weighed up?

( i )  the  advantages o f making an immediate c o r re c t  

d ia g n o s is ,

( i i ) /
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o r  (x i)  malce d iagnosis  «
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( i l )  the consequences o f  malcing an o v er-h as ty  m isd iagnosis 

( i l l )  the f in a n o ia i c o s t ,  d iscom fort, inconvenience and 

de lay  due to  f a r th e r  d iag n o stic  in v e s t ig a t io n s  

before trea tm ent i s  begun*

The fo ie  o f f in a n o ia i c o s ts  in  d ia g n o s tic  d ec is io n 

making w ith in  th e  N ational H ealth Service i s  f a r  from clear*  

I t  would obviously  d i f f e r  from th a t  in  o th e r  c o u n trie s  

where c l in ic ia n s  are  o f n e c e ss ity  more co s t conscious*

In the  design  o f the study an attem pt has been made 

to  elim iim te such cost-consciousness as  may e x i s t  by 

co n s tan tly  rem inding the p a r t ic ip a n ts  during' each case 

th a t  t e s t s  were to  be regarded  as eq u a lly  a v a ila b le  and 

*c o s t- f re e  *•

(Hie prim ary purpose o f the study i s  to  show how a 

d e ta i le d  comparison between computer and c l in ic ia n  i s  

p o s s ib le . O bjective techniques have been developed which 

allow  the d ia g n o stic  performoaices o f a group o f c l in ic ia n s  

to  be compared w ith  each o th e r  in  some d e ta il*  The simple 

th re e  d isease  system o f n on -tox ic  g o itre  i s  used and s ix  

c l in ic ia n s  are  s tu d ied  in  d e ta il*  The in flu en ce  o f 

p e rs o n a lity  f a c to rs  and o f c l in ic a l  experience i s  a lso  

shown.

5 .2 /



TESTS
1 st

SESSION
2nd

SESSION

A :<2 2 5

B 3-6 2

G 7-10 1 0

D ^11 1 \ 0

E <o99 2 2

I’ Wjcong 1 1

GROÜP A,B,G, D ^  o99 

GROUP E < o99

H = 2, S -  16, 0 = 2  

1 s t  Session: 2, 9, 28, Jg , 13, 20, 1?, 11, 4, 23 

2nd " : 36, 1, 2, §3, 11, 19, 24, 25, 17, l6

FIG, 5 ;2 . EXPERmSNTAL DESIGN FOR SOTDY,
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5 .2  Î3ae s*.....

A to t a l  o f 20 cases o f non-tox ic  g o itr e  was used , 

com prising 16 d if f e r e n t  cases w ith  4 o f th ese  rep ea ted  

uzfmown to  the  p a r tic ip a n ts#  The cases were p resen ted  to  

each o f  s ix  c l iz i ic ia n s , members o f s t a f f  in  the  Thyroid 

C lin ic  o f Glasgow Royal In firm ary  * in  2 se ss io n s  o f 10 

ca se s . The design  o f the study i s  shown in  Fig# 5*2#

The cases c o n s is ted  of 2 cases o f Ihsh im o to 's  d ise a se ,

12 cases (4 rep ea ted ) o f sim ple g o itre  and 2 cases o f 

th y ro id  carcinoma; th i s  d is t r ib u t io n  was chosen as 

reasonab ly  re p re se n ta tiv e  o f the freq u en cies (lO p er 

cent* 89 p e r  cen t and 1 p er cen t) w ith whioh th ese  

d ise ase s  are  seen in  the  c lin ilo .

THie oases were s e le c te d  to  provide v a r ia t io n  in  

d i f f i c u l t y  by the  o b je c tiv e  method o f c l a s s i f i c a t io n  used 

in  the p rev ious ch ap ter (Fig# 4*5)* Tlie method groups 

cases accord ing  to  the number o f t e s t s  req u ired  to  reach  

a  d ia g n o stic  p ro b a b il i ty  le v e l  o f 0*99 by the  procedure 

used in  the  program ( i# e . the  combination o f Bayes* 

theorem and the *minimal entropy* c a lc u la tio n  ( 2 .2 ) ) .

The cases were p resen ted  to  each c l in ic ia n  in  an id e n t ic a l  

random o rd er (Fig# 5*2) such th a t  no c le a r  p a t te rn  o f 

d iagnosis  o r ease o f d iagnosis  was ap p aren t.

5 .3 /
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5 * 3  T e o b n ic t iie

Qlie caBes were p resen ted  in  the form o f a b s tra c te d  

case reco rd s w ith  the r e s u l t s  o f 30 t e s t s  (P ig . 4*1) 

avsvilable on each# The c l in ic ia n  used a  recordin.^ sheet 

(F ig . 5*3)' Be began by reco rd in g  h is  assessm ent o f the 

p r io r  p r o b a b i l i t ie s  (incidence r a te s )  o f the  th re e  

d ise ase s  a t  the  c l in i c .  He then  se le c te d  h is  f i r s t  t e s t ,  

was to ld  th e  outcome and then  en tered  h is  re v ise d  a s se s s 

ment o f th e  p ro b a b i l i t ie s  o f the th re e  d ise a se s  in  the  

l ig h t  o f t i l l s  in fo rm ation . He noted th i s  by d iv id in g  the 

s t r i p  (o f u n i t  len g th  in  F ig . 5*3) in to  tlire e  p ro p o rtio n s , 

and a lso  recorded  the p ro b a b i l i t ie s  below. He then  

se le c te d  h is  next t e s t ,  was to ld  the outcome and again  

a l te r e d  the p ro b a b i l i t ie s  as he thought f i t .  He continued 

in  th i s  way u n t i l  he was s a t i s f i e d  th a t  he had s u f f ic ie n t  

in fo rm ation  to  make a d ia g n o sis .

Be ?/as allowed to  s e le c t  t e s t s  in  any sequence, to  

*baok tra c k  % fo r  exemple from a la b o rs lo ry  t e s t  to  an item  

of h is to ry .  He was rep ea ted ly  reminded th a t  a l l  t e s t s  were 

eq u a lly  a v a ila b le  and th a t  no co s ts  should be tWien in to  

account •

5*4

Hie p r in c ip le s  underly ing  the  a n a ly s is  depend on 

s t a t i s t i c a l /
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s t a t i s t i c a l  id eas  o f in fe ren ce  and d ec is io n  th eo ry , and o f 

in fo rm ation  th eo ry , p a r t ic u la r ly  the work o f Shannon 

(1948)9 ku llhack  and L e ih le r  (1951) and L indley (1956),

th a t a lread y  d escrib ed  in  the  

prev ious ch ap ter which o p era tes on the fo llow ing  

assum ptions i

( i )  fo r  a  g iven  d ise a se , the  t e s t s  are  s t a t i s t i c a l l y  

independent;

( i i )  the  t e s t s  are  eq u a lly  a v a ila b le  w ithout c o s t;

( i i i )  the  t e s t  se lec ted  a t  each d iag n o stic  cycle  (F ig .5 * i)  

i s  tha/b which, r e la t iv e  to  the p o s it io n  a t ta in e d , 

prom ises to  provide most a d d itio n a l in fo rm ation  

by th e  end o f the cy c le ;

( iv )  a f t e r  a  t e s t  outcome becomes a v a i la b le , the

p ro b a b i l i t ie s  o f th e  d isease  are  updated by the 

use o f  33ayes * theorem,

A c l in i c i a n 's  do c i  sion-maldng behaviour a t  each 

d ia g n o stic  cycle  i s  described  by5 

( i )  h is  choice o f t e s t ;

( i i )  h is  updating  o f th e  d isease  p r o b a b i l i t ie s  a f t e r  

le a rn in g  the outcome of the t e s t .

At the  s t a r t  o f  each cycle the c l in ic ia n  i s  u n c e r ta in  about 

th e  d ia g n o s is . The degree o f h is  u n c e r ta in ty  i s  in d ic a ted  

b y /
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by the  c u rre n t p ro b a b i l i t ie s  he i s  quoting  and can indeed 

be q u a n tif ie d  by means o f the  'entropy* c a lc u la tio n  

(Shannon, 1948) described  in  Cîmpter 2.2  and used in  the 

computer program described  above. For example, the 

p ro b a b i l i t ie s  (A,A,A) assigned  to  Hashim oto's d ise a se , 

simple g o itr e  and th y ro id  carcinoma correspond to  a 

ma.xiffium. degree o f  u n c e r ta in ty  since the c l in ic ia n  i s  eq u a lly  

* to rn  * between the th ree  p o ss ib le  diagnoses# At the  

opposite  extrem e, in  such a p ro b a b il i ty  assessm ent as 

( i j  0, O), the  c l in ic ia n  i s  stating* th a t  the  d iag n o sis  i s  

c e r ta in ly  Hashimoto's d isease  and th e re  i s  no u n c e r ta in ty  

in  th i s  view. Such an assessm ent as (0 .5 9 0 .3 , 0 .2 ) 

c le a r ly  l i e s  in te rm ed ia te  to  th ese  two extrem es in  i t s  

a s so c ia te d  degree o f u n c e r ta in ty . This in tu i t iv e  o rdering  

i s  r e f le c te d  in  the q u a n tif ie d  degrees o f u n c e r ta in ty  TJ 

c a lc u la te d  as 1 .5 8 , 0 and I .48 b i t s  (stan d ard  u n i t s  fo r  

measuring u n c e r ta in ty  and in fo rm ation ; see Shannon, 1948) 

fo r  the  p ro b a b il i ty  assignm ents (A?A/A), ( l ,  0, O) and 

(0.5s 0 .3 , 0 . 2 ) , r e s p e c tiv e ly .

5*5 The e q u i la te r a l  t r i a n g le

An illu m in a tin g  method o f p resen tin g  a  c l i n i c i a n 's  

p a th  to  a d iag n o sis  i s  to  use an e q u i la te r a l  t r ia n g le
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HSC (l''xg. 5 *4)9 whose v e r t ic e s  re p re se n t the  th re e  d ise a se s : 

Hashim oto's d isease*  simple g o i t r e  and th y ro id  carcinonia.

I f  the  a l t i tu d e  o f th i s  t r ia n g le  i s  o f u n i t  le n g th  then  

each p o in t w ith in  the  tr ia n g le  can be used to  re p re se n t a  

p ro b a b il i ty  assessm ent fo r  the th ree  d is e a se s . In  th i s  

re p re se n ta tio n  the  d is tan ce  o f the p o in t from the  side  

opposite  a  d isease  v e rtex  i s  the  p ro b a b il i ty  p laced  on th a t  

d ise a se ; fo r  example * the d is tan ce s  o f a  in  I l g .  5*4 from 

the s id e s  SC* CH and HS are  O.bs O.B? 0,2* and hence a  

re p re se n ts  a p ro b a b il i ty  assessm ent of 0. 59 0,3* 0,2 on 

Hashimoto*s (h)* simple g o itre  (s) and th y ro id  carcinoma 

(C), Each time the  c l in ic ia n  changes h is  p ro b a b il i ty  

assessm ent he moves from one p o in t to  ano ther and so tra c e s  

out a  d ia g n o stic  path  w ith in  the  tr ia n g le  ( l i g s ,  5*5 0J%d 

5, 0); h is  move towards a  corner ( fo r  example H) re p re se n ts  

h is  changing proxim ity  to  th a t  d iagnosis  (hashimoto *s 

d is e a s e ) .

We can provide an e x tra  dimension to  th i s  v isu a l 

p ic tu re  by a s so c ia tin g  w ith  each p o in t in  th e  t r ia n g le  i t s  

degree o f u n c e r ta in ty  d iscussed  above* I f  each degree o f 

u n c e r ta in ty  i s  rep resen ted  by a  depth below the su rface  o f 

the t r ia n g le  we can tra c e  out as the uncexdain ty  su rface  

a  k ind  o f *b:iangular bowl (F igs, 5*^ and 5*7)* -the su rface  

re a c h e s /



FIG. 5 . 6 .  TRIANGULAR BOWL.
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FIG. 5 . 7 . MODEL OF TOIAHGUL-'Jl BOWL WITH TYPICAL PATH
OF A CLINICIAN.



FIG. 5 , 8 .  laiANGLÜ WITH C0HT0UR8 OF UHCKRTAHÎTY.
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TeaohùB to  th e  le v e l  o f  th e  tri£mg*le o n lj  a t  the  v e r tic e s#  

Fig# $ .8  shows th e  u n c e r ta in ty  countonrs (Schin ittj 1969) 

in  the  same way as  a  contour map shows ocean depth# As 

he c o l le c ts  in fo rm ation  the c l in ic ia n  moves around the  howl 

a ttem p tin g  to  climb towards one ox the v e r t ic e s  and so to  

a r r iv e  a t  a  f im i d iag n o sis .

I l l u s t r a t i o n  o f the equi l a t e r a l  tr ia iijd e#

F ig . 9#9 shows the  w idely d if f e r e n t  d ia g n o s tic  paths 

taken  by th re e  c l in ic ia n s  (hos# 3^ 9$ 6) when d ea lin g  w ith  

the  same case o f th y ro id  carcinoma; a lso  shomi by a 

broken l in e  i s  the  p a th  talien  by the  computer progpzam.

For each p a th  the p o in t la b e l le d  by 0 i s  the s ta r t in g  

position#  For a  c l in ic ia n  th i s  s ta r t in g  p o in t corresponds 

to  h is  view o f the  inc idence r a te  o f the tlrcee d ise a se s  in  

the  c l in i c ;  f o r  the  computer program th i s  s t a r t in g  p o in t 

corresponds to  th e  observed inc idence path s in  th e  th y ro id  

c l i n i c 5 namely O.lOg 0 .89 , #01 fo r  hashim oto*s d ise a se , 

sim ple g o itr e  and th y ro id  carcinoma# Hie sxiccessive 

p o in ts  marked along  a  ro u te  show the p o s it io n s  moved to  

a f t e r  successive  te s ts *  l ‘he s e r ia l  numbers o f  the  t e s t s  

s e le c te d  were as fo llow s :
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hecisiori'^inalcer l e s ta  in  o rd er se le c te d

C lin ic la a  3 30, 23, 26, 25, 16, 13, 7 , 1 , 10

C lin ic ia n  5 15, 23, 7 , 25

C].inician 6 15, 30, 23, 3, 10, 12, 11, 25, 16, 6 , 7 , 1

Computer program 1 , g , 28, 25, 30, 7

Hie c lu s te r  o f p o in ts  on the  dia^m ostic p a th  o f  C lin ic ian  6 

corresponds to  h is  p o s it io n  a f t e r  t e s t s  23, 3 , 10 , 12, 11,

29 and 16 ; in  o th e r  words, having aririved th e re  a f t e r  t e s t  

23 he made no a l t e r a t io n  to  h is  p ro b a b il i ty  assessm ent fo r  

the nex t s ix  t e s t s  he s e le c te d , in  each p a th  th e  f in a l  

p o in t shovfti i s  th a t  a t  which the  d iag n o sis  o f tîiy ro id  

carcinoma was c o r re c t ly  made in  each case#

9 .6  D iscrepancies between computer and c l in ic ia n s

The p lo tt in g ' o f such p a th s  c le a r ly  in d ic a te s  a p ic tu re  

o f  broad v a r ia t io n  between c l in ic ia n s ,  and between some 

c l in ic ia n s  and the  computer program# We can o b ta in , however, 

a  more p e n e tra tin g  a n a ly s is  by fo rc in g  a  comparison between 

c l in ic ia n  and computer in  each d iag n o s tic  cycle# 0?o allow  

a f a i r  comparison the computer program i s  made to  operate  

w ith  the c l in ic ia n * s  p r o b a b i l i t ie s  a t  the s t a r t  o f each cycle#

In  each such cycle th e re  are  then  two ways in  which d i f f e r 

ences between the c l i n i c i a n ’s behaviour and the  computer 

program /
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program may a r is e s

(1) the t e s t  chosen by the c l in ic ia n  may d i f f e r  from the 

computer s e le c tio n  o f t e s t

( 2) the  updating  o f the  p ro b a b i l i t ie s  as s ta te d  by the 

c l in ic ia n  may d i f f e r  from the  updating  made by the 

computer. F ig . 9*10 shows a diagrammatic re p re se n ta tio n  

o f the  cycle  and p o ss ib le  p o in ts  o f d isc repancy .

At eanh cy c le , and fo r  each c l in ic ia n ,  fo u r  measures 

Biay be computed to  a ssess  v ario u s a sp ec ts  o f  th ese  

d if fe re n c e s .

9 . 6. 1 . Measures o f  d is c r epancy

T e s t-s e le c tlo n  discrepanciv^ f . At a  p a r t ic u la r  stage 

o f  the  d ia g n o s tic  p rocess the  value o f any t e s t  can be 

measured in  terms o f  the amount o f  in fo rm ation  i t  then  

p rov ides; th a t  i s ,  th e  amount o f  u n c e r ta in ty  i t  removes*

At any s tag e  o f d iag n o sis  i t  i s  th e re fo re  n a tu ra l  to  s e le c t  

the t e s t  wiiich prom ises, o r i s  expected g to  prov ide most 

a d d itio n a l in fo rm ation  to  d isc rim in a te  between the tlxree 

d is e a se s . Hie computer program does th i s  (Assumption 3,

F ig . 9 . 1 ) . Hie amount by which th i s  maxiraum expected gain  

o f in fo rînation  exceeds the corresponding g a in  a s so c ia ted  

w ith  the  t e s t  chosen by the c l in ic ia n  i s  termed the  t e s t -  

s e le c tio n  d iscrepancy  T.
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In ference cü-Bcrepancyo I .  A measure o f the  d iscrepancy  

between th e  c l i n i c i a n ’s in te rp r e ta t io n  o f  a  t e s t  outcome 

and the  computer in te rp r e ta t io n  must be some o v e ra ll  

measure o f  the  d iffe re n c e s  between the two s e ts  o f  updated 

p r o b a b i l i t ie s .  One appropxiate  measure i s  th e  JSxllback- 

h e ib le r  ( l9 9 i)  measux'© o f  d iB orirnination, whioh we denote 

here by I .  H iis has the p ro p erty  th a t  i t  i s  zero  when 

the s e ts  o f  updated p ro b a b i l i t ie s  co in c id e , tlm t i s ,  when 

th e re  i s  agreement between the  c l in ic ia n  and th e  computer 

program, and i s  p o s it iv e  when thex*e i s  any disagreem ent.

Hie g re a te r  th e  disagreem ent the  g re a te r  i s  the  value o f 

I .

C onservativism -^liberalism  index. L. In  P ig . 5»4 

s ta r t in g  from the  a t ta in e d  p o s it io n  a ,  suppose th a t  the 

computer move goes to  b , w hile the  c l i n i c i a n ’s move takes 

him to  c . The movement from a to  c re p re se n ts  a  sm alle r 

red u c tio n  in  u n c e r ta in ty  than  the move fb?om a to  b_. Hie 

c l in ic ia n  may th e re fo re  be sa id  to  be a c tin g  co n se rv a tiv e ly  

in  h is  use o f d a ta  r e la t iv e  to  the  computer program in  th i s  

case* I f ,  on th e  o th e r hand, he moves to  £ , a  p o s it io n  o f 

le s s  u n c e r ta in ty  than  b , he i s  over-u sing  the  d a ta  o r  

a c tin g  l i b e r a l l y  r e la t iv e  to  the  computer program. For 

o th e r  co n fig u ra tio n s  o f  a , b , sim ilar: arguments app ly .

1 /
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A measure o f th i s  type o f d iscrepancy  i s  the  d iffe re n c e  h 

in  th e  decrees o f  u n c e r ta in ty  a sso c ia ted  w itji and 

talcen p o s i t iv e ly  fo r  l ib e r a l  > and n eg a tiv e ly  fo r  eonserv" 

a t iv e  behaviour.

headway towards c o rre c t d iag n o sis , h . % is  i s  a  simple 

measure to  show, se p a ra te ly  fo r  each cy c le , the r e la t iv e  

p rog ress o f  c l in ic ia n  and computer program towaz'ds the 

corre^ct d iag n o sis . I t  i s  sim ply c a lc u la te d  as the  d i f f e r -  

enoe between the updated p ro b a b i l i t ie s  assigned  to  the 

Imown c o rre c t d ise a se , talien p o s i t iv e ly  i f  th e  c l in ic ia n * s  

assessm ent i s  the le irger.

5.7 fIU M gtratlve_exm #lg&

l i g .  5 .10  has a lread y  shovm the ab so lu te  d if fe re n c e s  

between c l in ic ia n s  and the comjputor program. F ig , 5*11
t,
'pshows' the corresponding cyc le-by -cycle  d isc re p an c ie s  and 

p rovides th e  ( h . f . I .h .h )  p ro f i le  fo r  each c l in ic ia n  in  the 

saiae case o f th y ro id  carcinoma. The e f fe c t iv e n e s s  o f th i s  

form of a n a ly s is  can be i l l u s t r a t e d  by some observa tions 

on th ese  r e s u l t s .  I t  must be emphasised th a t  no value 

judgements a re  im plied  in  these  com parisons. She computer 

program m erely provides an o b jec tiv e  in d ir e c t  comparison 

among a number o f  c l in ic ia n s .

(a ) /
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(a) C lin ic ian  3 shoY/s a  la rg e  d iscrepancy  in  t e s t  s e le c tio n  

( î )  but i s  c lo se  to  the  comx)uter program in  in te rp r e t in g  

these  t e s t s  ( l ) .  He i s  g e n e ra lly  conservative  in  h is  use

o f d a ta  (L < o) ,  bu t i s  m ild ly  l ib e r a l  in  the  use o f 

in fo rm ation  from t e s t  16«

(b) C lin ic ia n  5 reduces the degree o f  u n c e r ta in ty  (u) 

more ra p id ly  than  the  o th e rs . Ha i s  a lso  much n ea re r  the 

computer program in  t e s t  s e le c tio n  ( l )  and u ses fev/er t e s t s  

than  c l in ic ia n s  3 and 6 to  reach  a  c o rre c t d ia g n o s is . In 

t e s t  7 he i s  l i b e r a l  (L> O) in  p ro b a b il i ty  e s tim a tio n  and 

i s  ahead o f the  norm ative model in  p rog ress towards the 

d iag n o sis  (h ) .

(c) CILinieian 6 i s  more u n c e rta in  a t  the end o f  h is  ease 

than  when he began (h ); he i s  c o n s is te n tly  co n serv a tiv e  

(3j < 6) and shows a  la rg e  d iscrepancy  in  t e s t  s e le c t io n  ( f ) .

His in fe ren ce  d iscrepancy  ( l )  i s  low, but th i s  may be 

explained  by the  f a c t  th a t  the t e s t s  he s e le c ts  provide 

l i t t l e  in fo rm ation  when th i s  i s  c a lc u la te d  in  acoordan.ce 

w ith  the  computer prograiïu

Ihe th re e  c l in ic ia n s  s e le c t  t e s t  25 a t  d i f f e r e n t  s tag es 

o f t h e i r  d ia g n o s tic  p a th s , and y e t the t e s t  s e le c t io n  

d iscrepancy  Ï  i s  zero fo r  each. Ih is  i s  sim ply explained  

by t e s t  25 being  h ig h ly  in fo rm ative fo r  most s ta r t in g  

p o s it io n s  in  th e  t r ia n g le .
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5 .8  R e s u lts

The d ia g n o s tic  performance o f the s ix  c l in ic ia n s  in  

the study  can he analysed a t  sev e ra l lev e ls*

The s im p lest le v e l i s  th a t  o f  d iag n o s tic  accuracy and 

o f the number o f t e s t s  used fo r  each case by the  c l in ic ia n s .

More complex in fo rm ation  can be acqu ired  by the 

a n a ly s is  o f th e  ’ro u te  * o r  pa th  talien by the  c l in ic ia n s  to  

a d iag n o sis . Wide d if fe re n c e s  a re  rev ea led  by t l i i s  

a n a ly s is ,  p a r t ic u la r ly  i f  the ’entropy* measure (Sliannon,

194s )  i s  u sed .

D ifferences w ith in  the  group are  more e a s i ly  dem onstrated 

Y/ith; the  fo u r measures o f d iscrepancy  whioh, w ith  th e  

* entropy* m easure, raalce up the d iag n o stic  p r o f i l e .

In te rp ré ta t io n  of in d iv id u a l d iffe re n c e  i s  g rea .tly  

helped by the a d d itio n  o f d a ta  from p e rs o n a li ty  t e s t s  etnd 

simple in fo rm ation  about c l in ic a l  experience .

5 . 8*1 D iagnostic accuracy

Cases o f vary ing  d i f f i c u l ty  were se le c te d  fo r  use in  

the study by the o b jec tiv e  technique a lread y  describ ed  

(? ig . 4 *5 )* Two o f th ese  cases were m isdiagnosed by the 

computer model, g iv in g  i t  an o v e ra ll accura^cy o f 18/20 in  

the study .

Ihe accuracy o f the s ix  c l in ic ia n s  vairied from 1? to

2 0 /



j
! C lin ic ia n s  ran k ed f o r  o b se s s io n a lis m

i 1 5 5 4 2 3

Number o f  c o r r e c t

d im groses o u t o f 20 20 19 18 18 17

20^
-

T o ta l  number o f

t e s t s  u sed 213 174 , 141 141 120 153

* Computer 18 /20

Fia. 5.12. DIAGHOSOIIC ACClffiACY BT SOOTY.
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2k

2B

4

9

I IA

IIB

12

13

15

16 

17A 

17B 

20 

23A 

23B

24 .

25 

28 

36

3

3

3

16

98

10

5

2

2

16

2

2

2

2

XQ

3

S

S

s

s

G

•S

s

0

H

S

S

S

s

s

s

s

H

S

s

s'

3

8 5 8 8

0 S

C

H e

20 18 17 18 19 20

BIG. 5 .1 3 .  DIAGNOSTIC ACCURACY WITH WRONG DIAGNOSES IN BONES: 
SECOND COLUMN GIVES (a )  NUMBER OE TESTS IE  CORRECT (b ) 
EINAL PROBABILITY IE  <.99 and (c )  WRONG DIAGNOSIS OE 
CARCINOMA i n  24 and 28, EOR COMPUTER.
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20 (I 'lg . 5 *12) , Ml a n a ly s is  o f  in d iv id u a l cases (E ig. 5*13) 

shovfs th a t  in  16/20 cases éxll c l in ic ia n s  %?ere c o r re c t 5 in  

no case vmre more than  3 c l in ic ia n s  wrong.

I t  i s  im portant to  note th a t  in  20 p e r cen t o f cases 

the f in a l  p ro b a b il i ty  in  the chosen d iag n o sis  was <*8 .

This i s  r e f le c te d  in  the measure o f "average u n c e r ta in ty  

before d iag n o sis"  and seems to  be r e la te d  to  obsessionalism  

( 5 . 8 . 6) .

In  the  two cases which were misdiagnosed by the 

computer, 3 out o f  6 (ho. 24) and 5 out o f  6 c l in ic ia n s  

(Ho. 28) were c o r re c t in  t h e i r  d iagnosis ( l i g .  5*13)*

H iis means th a t  the computer, mailing use o f Bayes * theorem 

and a l l  the  a v a ila b le  d a ta  (30 t e s t s )  ivas le s s  e f fe c t iv e  

than  the c l in ic ia n s  u sin g  between 6 and 11 t e s t s  p e r case . 

Since i t  i s  u n lik e ly  th a t  a l l  the c l in ic ia n s  were guessing , 

i t  suggests th a t  the  su ccessfu l c l in ic ia n s  were x^rocessing 

the d a ta  in  a  more e f fe c t iv e  way than the  com puter. They 

may w ell be u s in g  some p a t te rn  o f interdependence among the  

d a ta  which the  computer program, w ith i t s  assuiaiption of 

independence (2 .1 .6 )  has ignored .

I t  i s  c le a r ly  o f .in te re s t to  be ab le  to  d e te c t  and 

study in  d e ta i l  such 'p a t te rn  reco g n itio n '*  h a te r  in  th i s  

ch ap te r a method (based on the  'lib e ra lism *  and 'd ia g n o s is ' 

components/



NUMBER OP TESTS USED
Case 1' 2 3

1 10 3 5

2A 7 6 4

2B 11 4 8

4 12 8 9

9 9 6 9

llA 10 7 8

IIB 11 10 8

12 11 7 8

13 11 15 12

15 15 5r 8

16 11 4 6

I 7A. 10 4 6

17B 11 4 7

20 11 3 8

23A 12 4 6

23B 10 4 5

24 9 10 8

25 11 4 4

28 10 7 12

36 11 5 12

A 214 120  153
B 153 78 104

6 ë 

5 12

7 12 

8 5 

4 12 

6 10

6 13 

8 9

9 10 11 

0 7 6

7 7

7 

7 

7 

7 

7

7

7

7

7

6

0

2

2 

2

!XC 

2

• 3- 

237
57 ■ ■ ' ■

E I G .5 . 1 4 .  mM EER OE TESTS EOR A (ALL CASES). AND (WITHOUT ' 
THOSE IN  b o x e s ) .

7 6 

7 11

7___ 6

C om p u ter

2

3

3

3

16

,98

,98

10

5

2

2

„6



Number 15-

S ïzlB

' normative'

Total
number

of
cases

per
Clinician

is
20

TOTAL

10
1 3 5 7 9 11 13 15_Number of tests to reach Diagnosis

I
I

jza.
CLINICIAN

1
10-|

10-1

ion

101

101

5 ,1 5 .  TOm'j 0? AS HISTOGHiMS.
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oomponeirbs o f the 'p r o f i l e ')  i s  suggested which may help  

to  d e te c t the  more obvious in s ta n ce s  o f 'p a t te rn  recog

n i t io n  ' in  s tu d ie s  such as t h i s .

5 . 8 .2  hi'imber o f  t e s t s  used

For a l l  20 cases in  the  study the  computer model 

took 237 ca ses , w hile the c l in ic ia n s  v a ried  w idely  from 

120 to  214 (F ig . 5 . 14)* i f  the  6 cases in  which the  

computer was e i th e r  wrong or d id  no t reach  *99 aui'e 

removed (s in ce  a l l  30 t e s t s  a re  used in  each c a se ) , the  

computer c le a r ly  uses many fewer t e s t s  than  the  c l in ic ia n s .  

In  most in d iv id u a l oases the computer talces fewer t e s t s .

I t  i s  v/orth n o tin g  th a t  c l in ic ia n  1 took alm ost 

tivice as many t e s t s  a,s c l in ic ia n  2. This appears to  be 

r e la te d  to  the  degree o f  obsessionalism  o f each and i s  

d iscussed  in  d e ta i l  l a t e r  in  the  chap ter (5*8.55 5*9*3%

5. 9 . 6 ) .

Another notew orth fe a tu re  i s  th a t  most o f the  cases 

(72/ 120) in c lu d in g  the  most d i f f i c u l t  ones, wore diagnosed 

w ith betv;een 5 and 9 t e s t s  p er ease . This fe a tu re  

(summarised in  F ig . 5*15) may be explained by l im ita t io n s  

o f sh o rt-te rm  memory o r by the c l in j .c ia n 's  c a p a c ity  fo r  

p rocessing  in fo rm ation . Ih is  fe a tu re  i s  d e a lt  w ith  in  

more d e ta i l  l a t e r  in  th i s  ch ap ter (5 . 8 *8 ) .



c a s e

c lin ic ia n  
1  2  3  4  5  6

2

1 1

1 7

2 3

8  5  6  5  2  7  to ta l

FIG. S.16. COîTSIS'MCX M  MtTMHîS OF Tii’SBS USED IB' I'HOSE
CASES WHICH TOHB! IffiPEAIED ISf ÎHE STUDY.



p a t h

30 age 
23 duration  
15 recen t  s ize 
25 consistency

6 f ixation
7 glands
1 prec ip i t in  te s t  

9 pain in goitre  
13 cough

- > 60
- < 1 y ea r  
'  no
- h a rd
- yes
-  palpable
- nog.

CASE 9
DIAGNOSIS; C

•23,15,
CLINICIAN 1

PATH
26 clinical atatua • authyroid 
29 conalatancy - hard 

1 precipitin teat - nag,
16 nodularity - nodular 
13 cough/atrldor - no 
7 cervical node# - palpable

CASE 9 
DIAGNOSIS; C

CLINICIAN 2

%

KG. 5 . 17 . (a) l-’ATH OP CLIBICIAIiS 1 MID 2 IB SAl'ffi CASE
'as p i g. 5.9.
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Four cases (2 , 11, 17, 23) were rep ea ted  in  the  second 

h a l f  o f the study . VJhen the nmiher o f t e s t s  used in  these  

cases i s  compared fo r  each h a l f  o f the  study , v a r ia t io n  

i s  aga in  seen (F ig . 5*16). For example, in  case 2 th e re  

i s  a  100 p e r cen t d iffe re n c e  between case 2A and 2B fo r  

clinici& m s 3 and 4* Ih general^ consistency  (o r  reproduc

i b i l i t y )  as measured in  t h i s  way i s  good and c l in ic ia n  5 

i s  the most c o n s is te n t .

5*8.3 In d iv id u a l p a th s  to  a  d iagnosis

Ihe v/ide v a r ia t io n  in  the  ro u tes  taken  by c l in ic ia n s  

to  a  d iag n o sis  has been c le a r ly  shown in  F ig . 5*9, while 

F ig . 5*17 shows the rem aining 3 c l in ic ia n s  in  the same 

case . QZhis va3? iab ility  tak es many forms.

Ih u s, c l in ic ia n  6 taJces seven t e s t  outcomes before 

a l te r in g  h is  p ro b a b il i ty  assessm ent and i s  even more 

u n c e rta in  a f t e r  doing so . C lin ic ian  2 h e s i ta te s  and 

talies 3 t e s t  outcomes before making a  f in a l  d iag n o sis .

Ihe in d e c is iv en ess  o f c l in ic ia n  6 in  th is  exam%)le i s  

ty p ic a l o f h is  o v e ra ll perform ance, while w ith c l in ic ia n  

2 the th ree  t e s t s  a re  aimed a t  f in a l ly  excluding  

Hashimoto' s d isease  and confirm ing carcinoma.

M iile i t  i s  in fo rm ative to  compare the 6 * ro u te s  * 

fo r  case 9 by in sp e c tio n , i t  would be b e t te r  i f  more formal 

methods o f comparison were p o ss ib le .



PATH

30 age 
23 duration 
16 nodularity

CASE 9
- > 60 DIAGNOSIS: C

- nodular 
11 dyiphagia - no
7 cervical node# - palpable 
6 fixation - yea

CLINICIAN 4

3?IG. 5 .1 7  (b ) PA'JOH OF 4 ÏH SAî.ffi CASE AS
K G . 5 . 9 .



AVERAGE
UNCERTAINTY

AVERAGE
UNCERTAINTY

,CLŒIÇIAN_

1

2

3

4  

5 .

6

1.0156 .2433

: .0 1 1 7 ' .1279 :

; ,0178 .1213 ;

: .0117 .0641

: ,0074 .0 2 8 9

.ŒU58 .2251

FIG. 5 .1 8 .  ■ VALUES FOR UNCERTAINTY MEASURES.
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Tile most obvious way would be to  malce use o f  the  

* m ice rta in ty * measure (5*9) which reduces th e  tiire e  probab

i l i t i e s  to  a  s in g le  v a lu e . I t  can be used in  two ways ; 

by c a lc u la t in g  ( i )  the  average u n d e r ta in ty  p e r t e s t ,  and 

( i i )  th e  average u n c e r ta in ty  before d ia g n o s is .

The average u n c e r ta in ty  p e r t e s t  i s  a  guide to  how 

long the  c l in ic ia n  spends in  the  c e n tra l  (low er) p a r t  o f 

th e  t r ia n g u la r  bo?/l. I t  w il l  be low i f  th e  ro u te  towards 

a co rn er i s  ra p id  and d ir e c t  since  th e re  w il l  be fewer 

t e s t s  in  the cen tre  where the  u n c e rta in ty -v a lu e  i s  M gh 

(K g . 5 .6 ) .

The average u n c e r ta in ty  before d iag n o sis  w il l  measure 

how n ea r the c l in ic ia n  goes to  a> co rner (o r v e r te x  F ig .^ .Y ) 

befo re  s e t t l i n g  on h is  f in a l  d ia g n o sis .

The values fo r  these  two measures are  shown in  F ig . 

5 .18 . C lin ic ia n  5 has the  low est value fo r  b o th , w hile 

c l in ic ia n s  1 and 6 have h igh  v a lu es fo r  b o th . The s ig n i f 

icance o f th ese  r e s u l t s  i s  b e s t assessed  in  r e la t io n  to  

p e rs o n a li ty  f a c to rs  and to  c l in ic a l  experience (see 

below, 5*8.6; 5*8*7)*

The v a rie d  ro u te s  o f the  6 c l in ic ia n s  in  a  case o f 

hashimoto *s d isease  are  shown in  F ig . 5*19* Tlie computer 

model took 5 t e s t s  and was c o r re c t ,  w hile c l in ic ia n s  2, 3 

and /



PATH
30 age
24 #ize
23 duration
25 c o n i l i ten cy
I 5 recen t  #lze
26 cl inical i ta tue

1 p rec ip i t in  tea t
6 fixation
7 ce rv ica l  g land t ' 

22 48 h r ,
2 me rum globulin '

30-60 year*  
< 100 G 
1-10 year*  
f i rm  
ye*
euthyroid
nag,
no
impalpable
> 1% D /L  0-2,20%

CASE 11
DIAGNOSIS; II

CLINICIAN 1
I

PATH
26 clinical atatu*
25 coneiatency 
16 nodularity 
7 cervical node*

12 choking! stridor 
1 precipitin test 

22 48 hr. uptake 
6 fixation 

21 PB *̂"̂1 
19 ESR 
18 -globulin 
28 thymol turbidity 
24 thyroid eiae 
15 recent eiae < 
30 age

euthyroid 
firm 
modular 
not palpable

nog.
> 1% D/L 
no
normal 
21-40 mtnHg 
0-0.9 mg 
2.1-5.0 
0-100 C 
yen
31-60 year#

CASE 13 
DIAGNOSIS: H

CLINICIAN 2

>/

FIG. 5.19, (a )  PATH OF CLIIICXMS 1 AHB 2 IK CABS OF 
M SjEHI/IOTO'S DISEASE.



PATH

30 age
23 duration
15 recent eiae
10 hoareeneee 
12 choking
24 eiae
16 nodularity
6 fixation

11 dysphagia
7 cervical glande 

19 ESR
4 tracheal dev.

3 0 - 6 0  y e a r s  
1 - 1 0  y e a r s  
y e s
n o
no
>  1 0 0  G  
n o d u l a r

n o
i m p a l p a b l e  
2 0 - 4 0  m m H g  
y e s

CLINICIAN 3

CASE 13

DIAGNOSIS: H

PATH
30 age
23 duration
15 recent
24 thyroid eiae
16 nodularity
25 consistency 
13 cough/stridor 21 PB“ Î
1 precipitin test

- 30-60 years
- 1-10 years
- yes
- < 100 G
- nodular
- firm
- no
-  3  5  .
- nog.

CASE 13 
DIAGNOSIS: H

CLINICIAN 4

/

FIG. 5 .1 9 . (;b) PATH OF CLMICIAKS 3 AND 4 IN CASG OF 
MSHMOTO ' B DiaiiASE.



PATH
15 recent 
23 duration
7 cervical nodes

25 consistency
8 pyramidal lobe

16 nodularity
26 clinical status 

1 precipitin test
22 48 hr. PB^^h 
19 ESR

yes
1-10 years 
Impalpable 
firmDO
nodular 
euthyroid 
net. ,
> 1%D/L 
21-40 mmHr

CASE 13

DIAGNOSIS; H

/
CLINICIAN 5

PATH
30 age
23 duration
15 recent else 
3 discomfort

24 sire
25 consistency
16 nodularity 
6 fixation
1 precipitin test 

27 compliment fix.
13122 48 hr. PB"a

- 31-60 years
- 1-10 years
- yes
- no
- < 100 o
- firm
- nodular
- no
- neg.

> 1.0% D/L

CLINICIAN 6

r

»

CASE 13 
DIAGNOSIS: H

FIG. 5.19. (c) PATH OF CLIHICIANS 5 and 6 IH CASE OF
msmmoTO'B diseiase.
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aïid 4 m isdiagnosed the  case as  one o f sim ple g o i t r e  (F ig . 5*13)• 

C lin ic ia n  2 in  p a r t ic u la r  has a  very  v a r ia b le  ro u te  before 

making a  wrong diagnosis#

In  the  same case c l in ic ia n  6, a lthough  slow to  malce 

use of the  t e s t  outcomes which he has asked f o r ,  moves 

d e l ib e ra te ly  to  the  c o r re c t diagnosis#  C lin ic ia n  Jp a f t e r  

n o tin g  th a t  the  gland i s  firm  ( t e s t  25) i s  d e f le c te d  from 

ïkishim oto*s d isease  by th e  absence o f a  pyram idal lo b e , 

he th en  moves to  e lim in a te  the  p o s s ib i l i ty  o f sim ple g o itre  

( t e s t s  16, 26, l )  before  op tin g  d o c is iv e ly  fo r  hash im oto 's 

d is e a s e #

The most s trik in g - fe a tu re s  o f  a l l  in  th e se  i l l u s t r a t i v e  

examples i s  the in d iv id u a l i ty  and v a r i a b i l i t y  in  the 

d ia g n o s tic  s ty le s  o f the  c l in ic ia n s  when ta c k lin g  id e n t ic a l  

problems #

5#8»5 ’P ro f i le  ana l y s i s ’ s measures o f d iscrepancy

%3ie f i r s t  elem ent o f  the  ’p r o f i le  ’ i s  the  u n c e r ta in ty  

measure and th i s  has been d e a l t  w ith  in  some d e ta i l  in  the 

preceding  s e c tio n  (5 *8 . 4 )* For the rem aining measures 

( t e s t  s e le c t io n , in fe re n c e , c o n se rv a tiv ism /lib e ra lism  and 

d ia g n o s is ) , the  average v alues p e r t e s t  a re  shorn in  

F ig . 5*20. ¥;hen th ese  values are  ranlced and compared w ith 

the  me assures o f obsessionalism , ex tro v e rs io n  and c l in ic a l  

ex p e rien ce /



CLINICIAN 1

T E S T N O . T 1 LIB. C O N . D

1 11 • 0361 • 0239 • 0018 - • 0 6 4 2 -•0291

2 2 • 131b • 0334 • 0000 - . 1 0 4 1 - •1601

3 0 • 0000 • 0000 • 0000 • 0000 • 0000

A 0 • 0000 • 0000 • 0000 .0 0 00 • 0000

b 1 • 1 024 .0022 • 0000 - • 0 2 6 9 • 03 78

6 1 8 • 10b2 • 0 1 49 • 0006 - • 0 3 2 3 - . 0 3 4 4

1 1 8 • 1 076 • 0081 • 0076 - . 0 2 7 9 - • 0 2 2 2

8 0 • 0000 • 0000 • 0000 • 0000 • 0000

9 8 • 09b9 • 0024 • 0000 - . 0 1 3 0 - • 0 0 2 3

10 2 • 1287 • 0065 • 0000 - •03 01 • 001 7

1 1 3 • 1096 • 0007 • 0000 - . 0 2 0 0 - •0 2 0 3

12 1 • 1 629 • 0084 • 0007 • 0000 • 0621

13 3 • 123b • 0021 • 0000 -  .  0 1 42 - •0 1 17

14 I • I 744 • 0034 • 0000 - • 0 0 6 3 • 0761

IS 1 7 • 106b • 0441 • 0083 - • 0 3 9 2 - • 0 2 6 4

16 9 • 1 188 • 0033 • 0027 - . 0 3 6 2 - . 0 2 0 6

I 7 0 • 0000 • 0000 • 0000 • 0000 • 0000

18 0 • 0000 • 0000 • 0000 • 0000 • 0000

1 9 1 • 0367 • 0168 • 0000 - . 0919 - • 1 123

20 1 1 • 1232 • 020 7 • 0294 - • 0 2 1 4 • 0430

21 2 • 0483 • 01 1 4 • 0000 - . 0 2 4 1 • 0806

22 1 7 • 0633 • 0283 • 0001 - . 0 9 0 0 - • 1 1 1 9

23 20 • 1293 • 01 39 • 0123 - . 0 2 2 0 - . 0 2 1 3

24 16 • 1 068 • 0870 • 0036 - . 0  7 3 3 • I 309

2b 20 • 041 0 • 0762 • 0000 - • I 570 - •  1 138

26 1 3 • 1 127 • 003 7 • 0039 - . 0 1 0 3 ->0030

27 0 • 0000 • 0000 • 0000 .0000 • 0000

28 0 . 0000 • 0000 • 0000 • 0000 • 0000

29 0 . 00 00 • 0 00 0 • 0000 • 0000 • 0000

30 20 • 1 036 • 0396 • 03 73 - . 0 6  7 7 1032

FIG. 5.20. (a) AVEIiAGE VAWSS FOB PROFILE MEASURES
FOE CLIHICIAÎS 1 .



CLINICIAN 2

S T N O T 1 LIB. C O N D

1 13 • 01 60 • 01 90 • 01 72 - • 0 1 5 3 - • 0 1 6 4

2 0 • 0000 • 0000 • 0000 • 0000 • 0000

3 0 • 0000 • 0000 • 0000 • 0000 •0000

A 0 • 0000 • 0000 • 0000 •0000 .0000

5 0 • 0000 • 0000 • 0000 • 0000 • 0000

6 8 • 0797 • 0383 • 0304 - . 0 2 1 8 • 1191

7 10 • 0676 • 0222 • 0044 - • 0 3 3 4 • 0300

8 0 • 0000 • 0000 • 0000 • 0000 • 0000

9 0 • 0000 • 0000 • 0000 • 0000 • 0000

10 1 • 1637 • 0016 • 0000 - «01^3 •0255

1 1 0 • 0000 • 0000 • 0000 • 0000 • 0000

12 2 • 1814 • 0162 • 0000 - . 0 6 9 5 • 0800

13 2 • 1236 • 01 13 • 0376 - . 0 20 5 • 0924

14 0 • 0000 • 0000 • 0000 • 0000 • 0000

15 3 • 1290 • 061 4 • 0520 -  .01 70 - • 0 1 0 7

16 7 • 1 3 1 5 • 0159 • 0049 - • 0 1 8 9 - . 0 0 6 3

1 7 1 • 1276 • 0197 .0 3 7 4 • 0000 • 0921

18 1 • 1144 • 0068 • 0000 - • 0 1 7 5 .02 2 5

19 1 • 0785 • 1 869 • 0000 - . 2 84 4 - . 3776

20 1 1 • 0932 • 0369 • 0203 - . 00 25 - • 0 3 3 4

21 5 • 01 86 • 0455 • 0079 - • 0 1 3 6 - • 0 7 3 7

22 1 1 • 0546 • 0254 • 0053 - . 0 2 2 7 - • 0 5  72

23 0 .00 0 0 • 0000 • 0000 • 0000 • 0000

24 2 • 1 471 • 0585 • 0000 - .0639 • 1 797

25 20 • 01 46 • 1 479 • 01 93 - • I 189 - . 0 9 4 2

26 20 •0593 • 0024 .0 3 3 3 • 0000 • 0176

2 / 0 . 0000 • 0000 • 0000 • 0000 • 0000

28 1 • 0662 • 1 486 • 0000 - • 0 5 2 9 - . 3 5 7 3

29 0 • 0000 • 0000 • 0000 • 0000 • 0000

30 1 • 0821 • 0122 • 0000 - • 0 1 2 3 - • 0 5 5 7

.2 0 . (b )  ATEMGE YM JJM S FOR 
FOR C L IK IC M  2 .

PROFILE



CLINICIAN 3

TEST NO. T 1 LIB. CON. D

1 2 .0395 .1517 .01 52 - .01 1 6 - . 0 2 3 0

2 0 .0000 • 0000 . 0000 .0000 .0000

3 1 . 1 541 • 0083 . 0000 - . 0 0 3 5 - . 0 1 5 8

4 3 • 0368 • 2578 .002  7 -*0144 • 200 7

5 0 .0000 • 0000 • 0000 • 0000 • 0000

6 9 • 0820 • 1093 • 0432 - . 0181 .0258

7 5 • 0701 .0465 • 0197 - . 0 2 7 5 - . 0 1  1 4

8 2 • I 605 • 3994 • 1698 - . 0 0 5 0 .1296

9 0 .0000 • 0000 .0000 .0000 • 0000

10 5 • 1365 .0903 • 0000 - . 0 4 9 9 - . 0 1 2 7

1 1 3 • 1 740 .0026 .0094 - .0121 - . 0 0 4 2

12 4 • I 737 • 0449 .01 98 - . 0 1 0 2 - •0 1 4 4

1 3 3 • 1527 • 0030 • 0109 - . 0 1 3 7 • 0463

1 4 0 .0000 • 0000 • 0000 • 0000 .0000

15 1 1 • 1362 .0896 • 0131 - . 0 4 9 9 - . 0 6 2 2

16 1 8 • 1 569 • 3006 .0172 - .0352 • 0160

1 7 0 • 0000 .0000 • 0000 • 0000 • 0000

18 0 • 0000 .0000 .0000 • 0000 .0000

19 3 • 0574 .48 2  7 • 0324 - . 1 4 6 2 . 1 528

20 1 • 0695 1 .3808 • 0000 - . 2 3 4 6 - . 2 3 0 8

21 0 • 0000 .0000 • 0000 • 0000 • 0000

22 0 .0000 • 0000 • 0000 . 0000 • 0000

23 1 8 • 1604 .0242 • 00 7 5 - .0263 - •02 1 5

24 6 • 1 540 • 3652 • 0002 - • 1 2 8 4 .0200

25 1 9 • 0395 .0  779 • 0015 - •1 6 47 - . 1 5 6 4

26 1 9 • 1 335 • 0 460 .0220 - . 0 1 9 3 .0555

27 0 .0000 . 0000 . 0000 . 0000 .0000

28 1 .0335 .0185 • 0707 .0000 - . 0 5 4 9

29 0 .0000 • 0000 • 0000 • 0000 .0000

30 20 . 1 328 .0417 • 000 5 - .0 7 79 - . 0  946

FIG. 5.20. (c) AVERAGE VALUES FOR PROFILE ÎIIilASUEES
FOR CLDIICIAH 3 .



CLINICIAN 4

TEST NO. LIB. CON.

1

2

3

A

5

6

7

8 

9

10 

1 1 

12

13

14

15

16

17

18 

1 9 

20 
21 

22
23

24

25

26

27

28

29

30

3 

0 

0 

0 
0

4

5 

0 

0 

0 

7 

5 

2 

0

1 7 

I I 

0 

0 

0 

0 

1 

0 

20 
17 

14 

12 

0 

0 

0 

20

. 023 4  

•  0000  

• 0000 

•0000 

•  0000

• 1410

• 1044

•  0000  

•  0000  

•  0000

• 0893

• 0831

• 1 337

•  0000  

• 0808

• 0976

•  0000  

•  0000  

•  0000 
•  0000

• 0534

•  0000

• 0843

• 0824 

.01 39 

.0709  

.0000  

.0000  

.0000  

. 043 I

• 1042

•  0000  

•  0000  

•  0000 

•  0000

• 1718

• 0599 

.0000

•  0000 

•  0000

• 0722

• 3003

• 0034

•  0000
• 1079

•  101  1 

•  0000  

. 0000 

•  0000 
•  0000  

.0079 

•  0000  

• 0102 

.3547

• 0543

• 2834  

.0000  

.0000

•  0000 

.0442

•  0000 

•  0000 

•  0000 

•  0000 
•  0000

• 0639

• 041 1

•  0000  

•  0000  

•  0000 

• 0161

• 0045

•  0000  

•  0000

• 0247

• 0105 

. 0000

•  0000 

•  0000 

•  0000  

•  0000  

•  0000  

• 0126 

• 021 1

• 001 9 

. 0835

•  0000  

. 0000 

•  0000 

•  0000

- .0573 

•  0000  

•  0000  

• 0000  

•  0000

- . 0 1 1 8

-  .0229 

•  0000  

•  0000  

•  0000

- . 0 2 5 0  

“•0684  

- •0 3 0 0  

•  0000  

- . 0 2 4 8  

- • 0 8 5 6  

•  0000  

• 0000  

•  0000  

•  0000  

- . 0 0 7 2  

•  0000  

- . 0 3 0 4  

- •1 0 6 8  

- • 1 4 2 4  

- . 0 0 8 3  

•  0000 
. 0000  

•  0000  

- . 1 2 7 0

• 0103

•  0000  

•  0000  

.0000 

•  0000

• 0291

• 0289

•  0000  

.0000 

•  0000 

. 0263

• 0829 

. 0224

•  0000

• 0291

•  0010 
•  0000  

•  0000  

.0000 

•  0000

• 0510

•  0000  

.0123 

• 1 820

• 0679

• 0411

•  0000  

.0000 

•  0000 

• I 1 I 7

F I G .  5 . 2 0 .  ( d )  AVKRAGE VALUI3S FOR F R O F IL E  MEASURES

FOR C L IH IC I/U J 4 .



N I C I A N  5  

S T  N O . T 1 LIB. CON. D

1 12 • 0082 • 0185 • 0246 “ •0244 • 0243

a 1 • 1034 • 0200 • 0000 - •1 1 4 6 - . 1 0 4 7

3 0 • 0000 • 0000 • 0000 • 0000 • 0000

A 0 • 0000 • 0000 .0000 • 0000 • 0000

5 1 • 0423 • 001 5 • 0000 - •0308 • 0258

6 1 • 0757 • 0098 • 0000 - .0621 - .0580

7 1 9 • 0440 • 0869 • 0146 - . 0 1 1 7 • 0725

8 3 • 1 376 • 0519 • 0694 - .0010 • 1 328

9 0 • 0000 • 0000 • 0000 • 0000 • 0000

10 0 • 0000 • 0000 • 0000 • 0000 • 0000

1 1 0 •0000 • 0000 • 0000 • 0000 • 0000

IS 0 •0000 • 0000 • 0000 • 0000 • 0000

13 0 • 0000 • 0000 • 0000 • 0000 • 0000

14 0 • 0000 • 0000 • 0000 • 0000 • 0000

15 19 • 0752 • 0592 • 0558 - . 0408 • 0279

16 1 • 1842 • 3631 • 0000 - •2 7 7 3 - . 3 3 2 2

17 1 • 0599 • 051 7 • 1 1 16 • 0000 • 071 1

18 0 • 0000 • 0000 • 0000 • 0000 • 0000

1 9 7 • 0426 • 2969 • 0456 - . 0 6 2 7 • 0893

20 0 • 0000 • 0000 .0000 • 0000 • 0000

21 0 • 0000 .0000 • 0000 • 0000 • 0000

22 18 • 01 32 • 0406 • 0091 - . 0 2 5 2 • 0 1 88

23 20 • 0828 • 0060 • 000 6 - •0 3 2 4 - •0 0 1 0

24 0 • 0000 .0000 • 0000 • 0000 • 0000

25 20 .0243 .0420 • 0052 - . 0 7 0 0 • 0117

26 16 • 0282 • 001 3 • 0000 - . 0 0 9 1 • 0006

27 0 • 0000 .0000 • 0000 • 0000 • 0000

28 1 .051 3 • 081 8 . 0000 - . 1653 .2736

29 0 .0000 . 0000 • 0000 .0000 • 0000

30 1 • 0981 .0420 • 0000 - .0008 • 0455

0 . (e )  ATliiMCJil VALUFÜ FOR MBASOBES
FOR CLIRICXMf 5 .



CLINICIAN 6

EST NO. T 1 LIB. C O N D

1 6 . 0 3  1 3 • 1318 • 0000 - . 0 8 3 8 • 1 812

2 0 . 00 0 0 .0000 .00 0 0 • 0000 • 0000

3 5 . I 454 .040 8 • 0000 - . 0 3 4 5 .01 96

A 1 .049 9 .0533 • 0000 - . 1 6 1 2 - .2261

5 1 . 0967 .00 3 3 • 0000 - •0 0 2 7 - • 040 I

6 I 0 . 1 035 .045 0 • 0081 - . 0 4 0 2 - • 0 9 0 3

/ 8 . 11 3 3 .0861 • 0000 - •05 41 - . 1 6 0 1

8 0 .00 0 0 • 0000 • 0000 • 0000 • 0000

9 1 . 1 609 . 00 1 0 • 0000 -  . 0106 - •0008

10 3 .12 7 3 • 0058 • 0000 - • 0 2 1 7 - • 0 1 1 0

1 1 2 . I 322 • 0009 • 0000 - . 0 1 4 0 • 0067

12 1 . 1 689 • 0085 • 0000 - . 0 3 5 3 • 0 736

13 0 • 0000 .0000 • 0000 .00 0 0 • 0000

1 A 0 • 0000 • 0000 • 0000 • 0000 .0 00 0

1 5 I 9 • 1 1 85 • 0444 .00 3 9 - • 0425 • 0521

1 6 1 8 .10 3 0 • 0057 .0 03 6 - • 0 3 0 8 - . 0 0 5 2

17 0 • 0000 • 0000 . 0000 . 0000 • 0000

1 8 0 . 0000 .0000 • 0000 • 0000 • 0000

1 9 0 • 0000 .0000 .00 00 • 0000 • 0000

20 5 . 07 85 .0372 .00 00 - . 0586 • 0820

21 1 .0361 .0039 . 0000 - . 030 5 .03  7 1

22 1 0 .0339 .0 22 5 .0016 - • 0 3 8 8 - .0621

23 20 . 1 384 • 01 44 .0031 - . 0 3 6 1 - •0026

24 1 8 . 1208 . 1 525 .0 0 5 4 - . 0814 .2005

25 20 .03 7 5 • 0 5 1 5 .0001 - . 1099 - . 06 8 8

26 2 .1141 . 0036 . 0000 - . 00  72 - • 0249

2 7 3 . 0000 . 123  7 . 0000 - . 1568 - . 2 1 5 6

28 0 . 0000 .0000 . 0000 .00 0 0 • 0000

29 0 .0000 . 0000 . 0000 • 0000 . 0000

30 20 . 1 302 .0385 • 0069 - .066  7 - . 0 4 / 1

FIG. 5.20. (f) AVERAGE VALUES FOR PROFILE M3ASDEES
l'os CLHTICIAH 6.
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experience a  nimber o f p o ss ib le  a s so c ia tio n s  emerge (F ig .$ .2 1 ) . 

Tims, c l in ic a l  experience appears to  be r e la te d  to  t e s t  

s e le c tio n , w hile co n serv â t!vism i s  c o r re la te d  w ith  

n e u ro tic  obsessionalism  ($ .8 .6 ) .  These fin d in g ’s w il l  be 

d iscussed  in  d e ta i l  l a t e r  ($ .$ .6 ; $.9*7)•

The in c lu s io n  o f the ’d iagnosis  * measure in  the p r o f i le  

was p r im a rily  aimed a t  d e te c tin g  u n usua lly  e f f e c t iv e  use 

o f d a ta . Tims i f  a  c l in ic ia n  u ses d a ta  to  move to  the 

c o r re c t d iag n o sis  much f a s te r  than  the  com puter, then  t l i is  

may in d ic a te  the  use o f  something l ik e  ’p a t te rn  re c o g n itio n  ’.

combining the  l ib e ra lis m  and the  d iag n o sis  measures 

i t  may be p o ss ib le  to  d i f f e r e n t ia te  ’^guessing ’ from such 

p a t te rn  re c o g n itio n . This type o f an a ly s is  w il l  be 

d isucssed  in  more d e ta i l  l a t e r  under the  heading o f  

’p a t te rn  recogn ition*  ($*9*9)*

.Another fe a tu re  which was in v e s tig a te d  was th e  

r e la t io n s h ip  between the t e s t  s e le c tio n  and co n serv a tiv ism / 

lib e ra lis m  measures and th e  freguency w ith  which t e s t s  

were s e le c te d .

Ihen t e s t  s e le c tio n  values are  considered  th e re  i s  a 

c le a r  tendency to  s e le c t  e f f e c t iv e ly  ( i . e .  *T* i s  low) 

those t e s t s  which are  chosen fre q u e n tly . Conversely, t e s t s  

which a re  seldom se le c te d  tend  to  have a h igh  *T* value 

( f ig .  $ .2 2 ) .



"TEST SELECTION"

TOP TWO BOTTOM TWO

TOTAL 147 TOTAL 24

T F T F T ■ F T F

1 . I 1 1 2$ 2 0 14 1 " 1 2 1

2 2$ 2 0 1 13 1 2 2 1 0 1 ‘

3 2 8 1  ̂ 29 19 1 1 3 1 2 , 4

4 2$ 14 1 3 6 4 13 2  .

3 1 1 2 2 2 1 8 1 6 1 ■■ 8 3 .

6 1 6 2 2 1 0 1 2 1 9 1

"COMSERYATIYISM/LIBBRALISM"

Tox) T w o - L ib e r a l i s m B o tto m  Tvm -  C o n s e r v â t i v i s m

C L H T IC IM  3

T F T F T F  . T F

1 30 20 20 11 1 2$ 13 :■ 2 2

2 15 3 13 1 2 19 1 . ■ 25 20 ’•

3 8 2 28 1 ■ 20 1 25 20

4 2 6 12 .6
1.

■
2$ 14 '30 2 0

5 17 1 1 8 3 16 1
•

28 1.

6 30 2 0 24 18 1 4 1 •• 27 3

T = mJlCBEH OF THE TEST

F  «  FREQTMCY OF TEST SELECTION 
F IG . $ . 2 2 .  RELATION OF MEASURES OF DISCREPANCY TO 

. FREQUENCY OF TEST SELECTION. '



T-'TEST SELECTION'

CUNICIAN HISTORY EXAMINATION SPECIAL SERUM SPECIAL
EXAMINATION TESTS TESTS

2

3

OËDD

lriW h

n D

M m i

9 M (3 23 7 46 25

niTiT-.

_D J  m n rt-n

cO

i i« 27 29 2 19 28 14 20 22 17 21
_ I i  11 rh-n
rsi . . F!̂ m n
rsn n
J1 m mi n _
tm r u

HISTORY: 3 Discomfort
9 Pain in goitre

10 Hoarseness
11 Dysphagia
12 Choking or tightness
13 Cough or stridor
15 Recent increase in size
23 Duration 
30 Age

EXAMINATION 6 Fixation to tissues
7 Cervical lymph glands
8 Pyramidal lobe

16 Nodular or diffuse
24 Estimated size of gland
25 Consistency
26 Clinical status

SPECIAL
EXAMINATION 4 Tracheal deviation 

5 Laryngeal palsy

SERUM TEffTS 1 Preclpltine teat 
2 Serum globulins 

18 Gamma globulins
10 ESR
27 CF Test
28 Thymol turbidity
28 Zinc sulphate turbidity

SPECIAL
TESTS 14 KCIO 4 discharge 

17 BE
20 24 hour Thyroidal 131 t
21 PB 127|
22 48 hour PB 131

FIG. 5.23. OVSEALL P A I T M  OF HBST SBKSOTIOW.



L-LIBERALISM-CONSERVATISM'

CUNICIAN HISTORY EXAMINATION SPECIAL SERUM SPECIAL
EXAMINATION TESTS TESTS

+'2n

-2-J

—2 —

+’2 —1

- .2 -1  

+ 2

r

— *2 —

tzr n

cJ~taz^

— "2 —̂
J 10 U t5 50 6 I 24 24 4 1 1« 27 29 ff ao 22

+ •2 -^  9 H 15 23 7 K 25 5 2 19 % (7 21

n ■a

■^=0

FIG. 5 .2 4 .  OVBHALlj PATïJSffll FOR COHSERWUVIBM/LIBEIiâLISfâ.
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In  the  case o f the  co n eerT a tlv ism /li‘bera3,isiii measure 

no c le a r  conclusions can he d r  aim.

Ihe o v e ra ll  p a t te rn  o f t e s t  s e le c tio n  d isc re p an c ie s  

i s  siioim fo r  a l l  20 cases in  f i g .  5*23* In  g e n e ra l, 

h is to ry  item s a re  p o o res t, w ith  c l in ic ia n s  4 dnd 5 making 

h o s t use o f the h is to ry *  In  th e  la b o ra to ry  t e s t s  the  

serum t e s t s  a re  no t se le c te d  e f f e c t iv e ly ,  e s p e c ia l ly  by 

c l in ic ia n  3*

A s im ila r  a n a ly s is  o f the  co n se rv a tiv ism /lib e ra lism  

measure (fig*  5 . 24) shows a  genera l tendency to  under-» 

value the  p liy s ica l exam ination d a ta  w ith c l in ic ia n s  1 and 

6 being  th e  l e a s t  l ib e r a l  o v e ra l l .  'Bie co n sis ten cy  o f 

the  tliy ro id  g land (25) appears to  be the most undervalued 

t e s t  o f a l l*  Bais i s  because i t  i s  the most u se fu l t e s t  

o f a l l  b u t , a lthough  c l in ic ia n s  value i t  h igM y, they  s t i l l  

f a i l  to  ap p rec ia te  how u s e fu l i t  i s  in  t h i s  ga?oup o f 

d iseases*

5*8,6 P e rso n a lity  fa c to rs

In the  course o f  the  study  the in flu en ce  o f  p erso n a l

i t y  f a c to rs  was considered as a  p o ss ib le  ex p lan a tio n  of 

the  wide in d iv id u a l v a r ia t io n s  in  d iag n o stic  s tra te g ie s *

I t /
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I t  was decided to  use two w e ll-e s ta b lish e d  q u es tio n n a ire s  

the  %rsenok p e rs o n a lity  inv en to ry  (hysenok and Eysenck,

1965)5 and the  I 6 p e rso n a lity  f a c to r  q u es tio n n a ire  

(C a te l l ,  1963)5 to  g ive an o v e ra ll assessm ent o f  p e rso n a l

i t y  f a c to r s .  Because o f the la rg e  amount o f  in fo rm ation  

provided by th e  *16 p e rs o n a lity  fac to r^  t e s t ,  i t  was decided 

to  concen tra te  on obsessionalism  which, i n tu i t iv e ly ,  

seemed the  most prom ising s ta r t in g  p o in t.

When obsessionalism  appeared to  be o f  some s ig n ific a n c e  

a  f a r th e r  q u es tio n n a ire  s p e c if ic a l ly  concerned w ith  obsess- 

iona lism  was u sed . ïh i s  q u es tio n n a ire  (Ingram, 1970) 

i s o la te s  two second order fa c to rs  f^ -  *o rd e r lin e s s  *, and 

fg  -  ’in d e o is iv e n e s s*, and i s  based on a  p o p u la tio n  o f 300 

norm als. iU.1 q u es tio n n a ire s  were scored independen tly  by 

an experienced c l in ic a l  p sy ch o lo g is t. Scores f o r  e x tro 

v e rs io n  were derived  from the lysenok p e rs o n a li ty  inven to ry  

but w ith  th e  *16 p e rso n a lity  fac to r*  t e s t  th e  c l in ic ia n s  

were m erely ranked fo r  t h e i r  degree o f obsessiona lism .

This ranlcing v;as, in  f a c t , id e n t ic a l  to  th e  o v e ra l l  ranlcing 

fo r  obsessionalism  derived  from the obsessiona lie ia  question 

n a ire  before th e  scores fo r  the  two second o rd e r fa c to rs  

were c a lc u la te d . Bie r e s u l t s  o f the obsessionalism  

ran k in g /



OVERALL
OBSESSIOaVLlfaliS EXKiAVERSIOH OBSESSIOKALiai 

(16  P . F . )  ( E . P . l )  (Ingram )
*w*#m%%w.fwmwkw.WMrm

5 4 5

4 5 4

2 6 2

3 1 3

FIG. 5 . 25 .  HfflKIHG OF VALUES IM PERSONALITY TESTS.



TOTAL
OBSESSIONALISM EITHAVEHSIOlî 'ACCURACY' TESTS

( l 6  P . P . )  ( E . P . l )

1 3 1 1

6 2 6 6

5  4  5  3

4  5  4  5

2 6 2 4

3  1  3  2

P IG . 5 . 2 6 .  EELATIOHSHIP B E 'Jn W I PERSONALITY PACl'GES, 
ACCOEACX AND HtJMHiüIi OP T E ST S.



ÛBSE88I0KALI8M SCOIÜSS POH CLIHICIM8 IE SBJBYim xri

2 _3___  4 ___5 6

3^ * o rd e r lin e s s  * 9 6 7 3 14 12

Fg * in d ec is iv en ess  *3 5 4 3 10

FIG. 5 , 27. SECOÎID o m m  FACÏOHB JOK OBSESBIOMAhim,
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from the  *16 p e rs o n a li ty  f a c t o r ’ t e s t  and the  

e x tro v e rs io n  rai')king from the % senok p e rs o n a li ty  inven to ry  

a re  shomi in  F ig . 5* 25* This shows th a t  th ese  two 

raiik ings a re  the  exact converse o f  one ^mother, which i s  

noomial •

When th e  t o t a l  number o f t e s t s  used , the  d ia g n o stic  

accuracy and obsessionalism  a re  reviev/ed some a .ssoc ia tion  

i s  appa,rent (F ig . 5*26). ho obvious r e la t io n s h ip  was 

found w ith  t e s t  s e le o tio n , in fe ren ce  or co n se rv â t!vism / 

l ib e r a l i s m •values *

Bie values fo r  the  two second o rder fac to r 's  fo r  

obsessionalism  a re  shomi in  F ig . 5•27* There was no c le a r  

r e la t io n s h ip  w ith  any o f the p ro f i le  measures by 

in sp e c tio n  bu t th e re  v/as a c o r re la tio n  c o e f f ic ie n t  o f 

.81 between co n se rv â t!vism and fp  -  ’in d e c is iv en ess  * 

which was alm ost s ig n i,f ic an t a t  the .05 le v e l .  F acto r f^  

a lso  c o r re la te d  n eg a tiv e ly  w ith  ’average u n c e r ta in ty  before 

d ia g n o s is ’ (5*8.3) but i t s  c o r re la t io n  d id  no t reach  

s ig n if ic a n c e  (F ig . 5*28). There were no obvious 

c o r ré la tio n s  between any o f the  p ro f i le  measures and 

f^ -  ’o rd e r lin e s s  *.

5 .6 .7  C lin ic a l experience 

In /



THïRorD G m am L  avebage
EKPEMEHCE CLINICAL tmCBRTAIMTY

(ïEAKS) EMHÏEüTCE PEH (ElilST

5 5 5 (.0074) 5 ( .o 66?)

2 4 4(.0117) 4(.0787)

6 2 2(.0117) 2 ( . 0530)

1 6 6(.0156) 6(.

4 1 1 ( . 0156) 1(.0997)

3 3 3(.0178) 3 ( .1127)

F ig . 5 . 29 . SBLATIOHSHIP OF îIEAtl PROFILE î/iaâStffiES 
ASB CLINICAL EXPJÏRMCE.
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In any r e a l i s t i c  a ttem pt to  a sse ss  d ia g n o s tic  p e r fo r 

mance some account must be talcen of the le v e l  o f c l in ic a l  

experience o f  the c l in ic ia n s .  In  th i s  s tudy  c l in i c a l  

experience (d efined  as the number o f y ea rs  o f  d a i ly  co n tac t 

w ith  p r a c t ic a l  c l in ic a l  m edicine) was estim a ted  independently  

by a  co lleague fa m il ia r  w ith  a l l  the c l in ic ia n s *  The 

c l in ic ia n s  were ranlœd f o r  both  genera l c l in i c a l  experience 

and s p e c ia l i s t  th y ro id  experience . B iis  assessm ent d id  

no t correspond to  age o r to  years  since g rad u a tio n , since 

in d iv id u a l c l in ic ia n s  had spent vary ing  le n g th s  of time in  

re se a rch  and o th e r n o n -c lin ic a l  a c t i v i t i e s .

The ranlcing fo r  genera l and tliyz'oid experience i s  shomi 

in  Fig* 5*29, w ith  the  ranlcing fo r  average t e s t  s e le c tio n  

measure per* t e s t  and fo r  ’average u n c e r ta in ty  p e r t e s t ’ 

(5 *8 . 3 ) .  The ranlcing fo r  the l a t t e r  two measures i s  id e n t ic a l  

to  th a t  fo r  genera l c l in ic a l  experience . Ho obvious 

r e la t io n s h ip  w ith  tliy ro id  experience was found.

These r e s u l t s  may suggest th a t  t e s t  s e le c t io n  i s  a  

b a s ic  d ia g n o s tic  s k i l l  which improves w ith  g en e ra l r a th e r  

thtm  s p e c ia l i s t  experience . The l a t t e r  a s s o c ia tio n  between 

average u n c e r ta in ty  p e r t e s t  and genera l experience suggests 

th a t  more mature c l in ic ia n s  move more d e l ib e r a te ly  towards 

a d ia g n o s is , spending le s s  tim e in  the  ce n tre  o f  the  t r ia n g le .



Case 17 Case 17 one Week Later

U

M P

T
•5n

i J - =

ivy

U

•5-^

•2n

“ 23«ie«26
•5 -I

% r - u i  r

Consultant 3
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5*8*8 *Charmel cem aclty ’ fo r  in fo rm ation

Daring the  an a ly s is  o f the  c l in io ia n s ’ performance 

the  o b se rv a tio n  was made th a t  many oases wex’e diagnosed 

a f t e r  ahout 7 t e s t s  (even in  cases where the  computer used 

more thim ?)#

'Ihe number o f  t e s t s  talcen by each c l in ic ia n  in  each 

o f the 20 cases i s  shown in  M g. $ .14; th ese  r e s u l t s  a re  

summarised in  M g, 5 •15* The in d iv id u a l peedcs shovm in  

th i s  f ig u re  may be r e la te d  to  the ca p ac ity  o f  in d iv id u a l 

c l in ic ia n s  fo r  accum ulating in fo rm ation  befo re  malcing a. 

f in a l  d ia g n o s tic  d ec is io n .

Hae g a th e rin g  o f c l in ic a l  d a ta  from a  p a t ie n t  by a  

o lird .o ian  can be viewed as  an exchange o f  in fo rm atio n  

ac ro ss  a  communication * channel *, I t  may w ell be th a t  the 

pealcs shovm in  M g, 5*15 re p re se n t the  * channel capacity*  

o f in d iv id u a l c l in ic ia n s  fo r  in fo rm ation  h an d lin g .

I t  i s  th e re fo re  o f in t e r e s t  to  note th a t  M ille r  (19!5<̂ ) 

pub lished  a  famous paper e n t i t l e d  "The m agical number 

seven, p lu s  o r minus twos some l im i ts  on our c a p a c ity  fo r  

p ro cess in g  in fo rm atio n " , he showed, as  an expeaûmental 

p sy c h o lo g is t, from a  survey o f h is  ovm and o th e r  re sea rch  

in  th i s  a re a  th a t  the  span o f  abso lu te  judgement i s  

l im i te d /
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l im ite d  to  a channel cap ac ity  o f  about seven p lu s  o r minus 

two whether the  problem i s  to  id e n t i f y  a u d ito ry  to n es, 

le v e ls  o f  loudness o r  t a s te  i n t e n s i t i e s .  S im ila r ly , he 

noted  th a t  the span o f immediate memory fo r  many d if f e r e n t  

k inds o f  t e s t  p a t te rn s  was about seven item s in  le n g th .

I t  may w ell be th a t  the  mmber o f d is c re te  item s o f c l in ic a l  

in fo rm ation  ( t e s t  outcomes) th a t  a  c l in ic ia n  can jjrocess 

i s  lim ite d  in  a s im ila r  way.

5 .8 .9  'P a t te rn  rec o g n itio n  *

,/m im portan t elem ent o f  the  d ia g n o stic  p rocess i s  the 

phenomenon o f  p a t te rn  re c o g n itio n . Tliis i s  u s u a lly  thought 

o f as a  predom inantly  v isu a l p ro cess . The same term i s ,  

hox^ever, o f ten  ap p lied  to  the ra p id  re c o g n itio n  o f a 

d iag n o sis  u s in g  r e la t iv e ly  l i t t l e  in fo rm atio n . Tîiis l a t t e r  

type may depend on th e  in tu i t iv e  re co g n itio n  o f  some 

complex in terdependence between t e s t  outcomes a llow ing  the  

c lin j,c ia n  to  malce very  ra p id  and e f f i c ie n t  use o f c l in ic a l  

in fo rm atio n .

This phenomenon may have occurred du rin g  a  t e s t  case 

in  th i s  study  and one p o ss ib le  method o f d e te c t in g  i t  

would be to  use the  'lib e ra lism *  me assure. I f  th e  value fo r  

t h i s  measure i s  h igh  i t  means tlm t the c l in ic ia n  i s  over

estim ating ' the  value o f a t e s t  outcome. In  some in s ta n c e s  

t h i s /
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th i s  may he due to  e r ro r  o r  to  guessing , but in  o th e rs  i t  

may re p re se n t to  the  type o f p a t te rn  re c o g n itio n  ju s t  

d esc rib ed . !Hie computer model o p era tes on an. assum ption 

o f independence between t e s t s  and may miss the  p a .tte rn  o f 

in terdependence which the c l in ic ia n  uses i n tu i t i v e ly .

By combining the  l ib e ra lis m  measure w ith  the  hea.dway 

measure i t  may be p o ss ib le  to  sep ara te  guessing  from 

p a t te rn  re c o g n itio n . Chius, i f  the liigh l ib e ra l is m  value 

i s  always in  the  d ire c t io n  o f th e  c o rre c t d iag n o sis  

( i . e .  w ith  a h igh  'd iagnosis*  va lu e) then  p a t te rn  recog

n i t io n  may be o ccu rrin g . I f  the  'd iag n o s is  * value i s  

nega tive  then  the  in form ation  from the t e s t  outcome has 

been m isestim ated  in  the  d ir e c t io n  o f a  wrong- d ia ,gnosis.

In an attem pt to  sepourate these  two types o f  h igh  

l ib e ra lis m  v a lu e s , th e  20 cases were analysed  fo r  

in s ta n c e s  of h igh  l ib e ra lis m  (>*10). Hie se were d iv ided  

in to  those -vvith a  h igh  d iag n o sis  value (I 'ig . 5*30) (> .15) 

and those w ith  a n ega tive  diaiguosis value ('C.O). Ihe 

r e s u l t s  shown in  M g. 5*31 sho'w th a t  only c l in ic ia n  3 

c o n s is te n tly  showed the  p a t te rn  rec o g n itio n  type o f 

l ib e ra l is m  value ; c l in ic ia n s  1 and 5 were as o.ften wrong 

as r ig h t .
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5 .8 .1 0  K .3 îancial c o s t s  o f  t e s t s

In  th e  d e s ig n  o f  th e  s tu d y , a tte m p ts  were made to  

m in im ise  th e  e f f e c t s  o f  f i n a n c i a l  and o th e r  c o s t s .  

C l in ic ia n s  were c o n s ta n t ly  rem inded  t h a t  a l l  t e s t s  were 

e q u a l ly  a v a i la b le  and w ith o u t f i n a n c ia l  c o s t .

îlov/evèr, a s  an  a d ju n c t  to  th e  m ain s tu d y , th e  

c l i n i c i a n s  w ere a sk ed  to  e s t im a te  th e  .f in a n c ia l  c o s t  

( to  th e  n e a r e s t  s h i l l i n g )  o f  th e  l a b o r a to r y  t e s t s  u se d  

i n  th e  s tu d y . The r e s u l t s  o f  th e s e  e s t im a te s  a r e  sh o rn  

i n  F ig , 5*32. A c a l c u l a t i o n  o f  th e  a c tu a l  f i n a n c i a l  

c o s t s  i s  in c lu d e d ,  based  on a  d e ta i l e d  su rv e y  (by th e  

D epartm ent o f  O p e ra tio n a l l e s e a rc h  a t  S tr a th c ly d e  

U n iv e r s i ty ,  Glasgow) o f  th e  in d iv id u a l  l a b o r a t o r i e s  

in v o lv e d .

Ihe  wide d is c r e p a n c ie s  i n  c l in i c i a n s *  e s t im a te s  o f  

c o s t s  c o n firm  how l i t t l e  i n s i g h t  th e  c l i n i c i a n s  have 

in to  th e  f i n a n c i a l  c o s ts  o f  th e  i n v e s t i g a t io n s  w hich th e y  

a re  u s in g  e v e ry  v/eek i n  t h e i r  r o u t in e  p r a c t i c e .

5.9 D isc u ss io n  

5 , 9,1 I n t r o d u c t io n

The aim  o f  t l i i s  s tu d y  i s  to  dev e lo p  t e  clin ique a f o r  

th e  m easurem ent o f  in d iv id u a l  d i f f e r e n c e s  i n  th e  di& ignostic 

s t r a t e g i e s /
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s t r a te g ie s  o f  c l in ic ia n s .  Hie study a lso  rep3?esents a 

c o n tr ib u tio n  to  the  long-term  process o f 'mapping'-out * the  

in te r fa c e  in  c l in ic a l  decision-malcing- between c l in ic ia n  and 

computer.

C lin ic ia n s  tire s tu d ied  in  d e ta i l  wMle tackling- ra.ther 

fo rm alised  d ec is io n  problems in  o rder to  id e n t i f y ,  ( i )  

those d ec is io n s  which are  most e f f e c t iv e ly  made by 

com puters, ( i i )  those in  which c l in ic ia n s  excel and, 

f in a l ly ,  ( i i i )  those d ec is io n s  where the com bination of 

c l in ic ia n  and computer o f fe r  the  b es t approach to  a  

so lu tio n .

Before th e  w idespread a v a i la b i l i ty  o f  com puters, the 

o b je c tiv e  assessm ent o f  p e rso n a lity  by c l in ic a l  p syoho log ists  

was an im portant focus fo r  the  debate about the r e la t iv e  

m erits  o f c l in ic a l  and s t a t i s t i c a l  p e rs o n a lity  assessm ent.

Hie most im portan t e a r ly  statem ent o f the problem was in  

the  book 'C l in ic a l  versus S ta t i s t i c a l  P red ic tion*  pub lished  

in  1954 by Erofe s so r  Paul E. Meehl. In th i s  book, which 

v/as concerned p r im a rily  w ith  p re d ic tio n  te  cliniques in  

c l in ic a l  psychology, the  problem was posed as a  choice 

between methods o f decision-m aking which a re  based on the 

c lin io ia n * s  r a t io n a l  and informed r e f le c t io n  on the 

a v a i la b le /
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a v a ila b le  in fo rm atio n , and those  methods which a re  dependent 

on a  s t a t i s t i c i a n  o r a  computer pa?ogram.

ife e h l 's  book bron^^it to g e th e r  and p rese n ted  o b je c t

iv e ly  ajournents which Imd been developed in te rm i t te n t ly  in  

p sycho log ica l c i r c le s  fo r  some y e a rs , ho was, i f  any th ing , 

in c lin e d  to  fa.vour the  c lin ic ia n *  Many s tu d ie s  in  c l in ic a l  

psychology have follow ed th i s  theme in  re c e n t y ea rs  w ithout 

a  c le a r  re s o lu t io n  of the  problem. Hie advent o f  computers 

has tended to  focus more a t te n t io n  on the  problem . Mich 

o f th i s  re c e n t a?esearch has been c r i t i c a l l y  reviewed by 

Sines ( l9 7 0 ).

Many o f the  o r ig in a l  s tu d ie s  by Meehl (194^5} IpGo) 

were based on comparisons between s t a t i s t i c a l  methods and 

the  c l  i n i  08,1 judgement o f  c l in ic a l  p sy c h o lo g is ts  in  sco rin g  

a  w ell e s ta b lish e d  o b je c tiv e  p e rs o n a lity  t e s t  -  the 

M innesota m u lti-p h as ic  p e rso n a lity  in v en to ry  (M .M .P .I.), 

Kleinmunts (1963) has continued such com parative 

s tu d ie s  on the  1\MPI bu t has more re c e n tly  (KleinmuntîSj 

1968) s tu d ied  th e  d ia g n o stic  behaviour o f a group o f 

c l in i c a l  n e u ro lo g is ts .  In  these  l a t t e r  s tu d ie s  he decided 

to  co n cen tra te  on neurology because of the  iiig h ly  

s tru c tu re d  n a tu re  o f  the  c l in i c a l  d a ta  a v a ila b le .  The 

experim ental/



107

expérimenta], design  ?/as based on the well-laiovm p a r lo u r  

game "IV/enty Q uestions". Tîie examiner chooses a  d isease  

which the  c l in ic ia n  has to  id e n t i f y  by ask ing  questio n s 

to  which th e re  are  Yes/No type answers.

h i essence , the  c lin i-c isn  chooses a ro u te  to  a 

d iag n o sis  along’ a lo g ic a l  d ec is io n  t r e e  (2 .2 ) . These 

d ec is io n  t r e e s  are  then  analysed in  d e t a i l .  ICLeinmuntg 

(1968) found th a t  d iag n o stic  accuracy was g r e a te r  and 

questions were fewer among the more experienced c l in ic ia n s .  

Such c l in ic ia n s  a re  le s s  d i s t r a o t ib le  (by anomalous 

r e s u l t s )  and more c o n s is te n t than  th e i r  com paratively  

inexperienced  co lleag u es . A very  s im ila r  s*budy was 

conducted by Wortman (1965 ) on a sm all group o f th re e  

experienced n e u ro lo g is ts . This study a lso  produced 

lo g ic a l  d e c is io n  t r e e s  and the  conclusions wore alm ost 

id e n t ic a l  to  those o f kleinm untz ( I 968) . Both o f these  

au tho rs foiuid th a t  the  more experienced c l in ic ia n s  se lec ted  

the  more in fo rm ative  t e s t s ,  th is  f in d in g  corresponds to  

the a s so c ia tio n  between t e s t  s e le c tio n  and g en era l 

c l in ic a l  experience described  above (5 , 8 . 7 ) . however, in  

these  s tu d ie s  the  in fo rm ativeness of t e s t s  was not 

c a lc u la te d  fo rm ally  (as in  the  p resen t study) bu t was 

re^xched em p iric a lly  by agreement w ith  o th e r  en-cperienced 

n e u ro lo g is ts .
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A s im ila r  approach, to  the a n a ly s is  o f d ia g n o s tic  

performance i s  th a t  o f ïÜLmoldi and h is  co-w orkers in  the 

Psychom etric Laboratory o f Loyola U n iv ersity  (P im oldi, I 96I ) .  

This group developed a, ' t e s t  o f d ia g n o stic  s k i l l s '  w ith  the 

aim o f s tudy ing  how a m edical studen t proceeds to  a 

d ia ,gnosis.

The t e s t  u ses  a  s e t  o f c a rd s , each w ith  an item  of 

in fo rination  p r in te d  on one s id e , which were grouped under 

such headings as 'in te rv iew  and h is  to ry  j 'p h y s ic a l exam

in a tio n  ' and 'la b o ra to ry  p ro ced u res '* The s tu d en t asks 

fo r  an in d iv id u a l ca rd , reads the d a ta  on the  back o f each, 

then  asks fo r  ©nother card  and proceeds in  th i s  se q u e n tia l 

fa sh io n  u n t i l  he i s  s a t i s f i e d  w ith  the  d ia g n o s is .

Hie a n a iy s is  o f  t e s t  perfornance i s  based on such 

f e a tu re s  as accux’acy o f d ia g n o s is , number o f  ca rd s req u es ted , 

sequence of oard.s and the 'va lue  ' o f caaxls chosen. H iis 

l a s t  score i s  based on a  comparison w ith  experienced  

c l in i c i a n s .

TLie most im portan t f in d in g  w ith  t l i is  te  clinique (which 

i s  mainly used fo r  teach in g  purposes) i s  th a t  the  ove:call 

le v e l  o f performance r i s e s  w ith  c l in ic a l  e^cperience.

.âpart/
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Apajet from th ese  two groups o f s tu d ie s  th e re  has been 

no system atic  a ttem pt to  study th e  d ia g n o s tic  behaviour o f 

c l in ic ia n s  in  any d e t a i l .

in  the  study described  in  th i s  ch ap te r the  techniques 

used iiave much more in  common w ith  the work o f P h i l l ip s  

and Edwards ( i 960) on s t a t i s t i c a l  s tu d ie s  o f  human 

decision-m aking* These au th o rs compared human d e c is io n -  

malcing behaviour w ith  a  s t a t i s t i c a l  model (u sin g  Bayes' 

theorem ). They have concen tra ted  on te s t in g  in d iv id u a ls  

as p ro b a b il i ty  e s tim a to rs  in  experim ental game p lay in g  

s i tu a t io n s  where sm all monetary revÆirds a re  p a id  fo r  

c o r re c t d e c is io n s . In  a l l  o f  t h e i r  s tu d ie s  they  have 

shown th a t  human beings are  conservative  p ro b a b il i ty  

estim ators(E dw ards, I 968) .

Hie p re se n t study  u s in g  only tiiree  d ise a se s  has the 

advantage o f r e ta in in g  the  s im p lic ity  o f  th e se  a r t i f i c i a l  

experim ents w hile being accepted  as reasonab ly  r e a l i s t i c  

by th e  c l in ic ia n s  tak in g  p a r t .

This study  d i f f e r s  from the above s tu d ie s  in  sev era l

ways :

1 . I t  i s  btxsed on a s e q u en tia l p r o b a b i l i s t ic  model.

2#/
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2« I t  co n cen tra te s  on the in fo rm ation  p ro cess in g  aspect 

o f the d ia g n o s tic  p rocess

3 . I t  u ses form al measurements o f the in fo rm ativeness o f 

t e s t s  and o f t e s t  s e le c tio n .

4* I t  measures lib e ra lis m  a,s vfell as conservativ ism  in  

p ro b a b il i ty  e s tim a tio n s .

5# I t  a ttem pts to  c h a ra c te r is e  d iag n o stic  s t r a te g ie s  in  

a  form al way by such measures as 'average u n c e r ta in ty  

p e r t e s t  ' and 'average u n c e r ta in ty  before dicagnosis * •

6. I t  in c lu d es some attem pt to  dem onstrate the  in flu en ce  

o f p e rs o n a li ty  f a c to rs  on d ia g n o stic  perform ance.

7. I t  a ttem pts to  d e te c t and measure one tyfie o f p a t te rn  

recogniltion  in  in d iv id u a l c l in ic ia n s  by means o f the 

lib e lla i  ism and headway m easures.

Hio r e s u l t s  o f the study  w il l  be d iscu ssed  under the 

ap p ro p ria te  head ings. An im portant geneizal re se rv a tio n  

about the in te rp r e ta t io n  o f the  r e s u l t s  in  the  d iscu ss io n  

wMch fo llow s i s  th a t  the sample o f s ix  c l in ic ia n s  i s  sm all 

and so no firm  conclusions can be dravm. The s'trudy i t s e l f  

i s  seen as an ex p lo ra to ry  o n e c o n c e rn e d  w ith  the develop

ment o f techniques and concepts which Y/ill be used in  

la rg e r  s tu d ie s  in  the  near fu tu re .

5 .9 .2 /
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5•9•2 * D iagnostic  accuracy *

Hie exact s ig n if ic a n c e  o f the range o f d ia g n o s tic  

accuracy shown in  F ig . 5#12 i s  d i f f i c u l t  to  assess#  Hie 

range i s  narrow hu t seems to  h ear soiae r e la t io n s h ip  to  

o v e ra ll  o h sessio n a lism . However, when vievmd in  r e la t io n  

to  the number o f t e s t s  u sed , i t  seems l ik e ly  th a t  

clinzLcian 1 and 6 in  p a r t ic u la r  p e r s i s t  in  c o l le c t in g ’ 

d a ta  u n t i l  they  a re  a b so lu te ly  c e r ta in  o f a  d ia g n o s is .

By c o n tra s t ,  c l in ic ia n  2 i s  perhaps more im pulsive in  

hazard ing  a  d iag n o sis  w ith  many fewer t e s t s .  C lin ic ia n  3 

who had most m isdiagnoses v/as the le a s t  experienced . 

C lea rly , a  compromise must be reached between o ver- 

in v e s t ig a t io n  and inaccuracy . This w il l  bo e s p e c ia l ly  

im portan t i f  e i th e r  the  t e s t s  a re  expensive o r  unpleGisant 

o r  i f  the  p a t i e n t 's  co n d itio n  i s  s e r io u s .

5*9*3 Number o f t e s t s  used

Hie in flu en ce  o f obsessionalism  on the  number o f 

t e s t s  used has a lre ad y  been n o ted , w hile c l in i c a l  

experience seems to  have no obvious in f lu e n c e . The 

im portance o f balancing' the  number o f t e s t s  used  a g a in s t 

d ia g n o s tic  accuracy has a lso  been em phasised, bu t i f  

penzsonality f a c to rs  are  more im portant than  experience 

then  the  p o s s ib i l i t y  o f reducing  the  number o f t e s t s  used 

■fey/
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by c l in ic ia n s  i s  no t strong* For example, c l in ic ia n  1 talces 

alm ost double (213) the  number o f  t e s t s  as c l in ic ia n  2 (120). 

I t  may w ell be th a t  a  com puter-based s e le c t io n  o f t e s t s  i s  

the  only  way o f ciorcumventing the in flu en ce  o f o b se ss io n a l-  

ism and z’educing the  mmber o f t e s t s  needed to  malm an 

accu ra te  d iagnosis*

In  the a n a ly s is  o f 'r e p ro d u c ib i l i ty ' o r 'c o n s is te n c y ' 

the  in flu en ce  o f c l in ic a l  experience i s  no t c le a r  (F ig . 5* 16 ). 

C lin ic ia n  5 i s  much th e  most c o n s is te n t as w ell as  being 

th e  most experienced , but he i s  probably i n  aoy case the 

most e f f e c t iv e  c l in ic ia n  in  the  group when a l l  measures o f  

performance a re  talceii in to  account.

5*9*4* In d iv id u a l ro u te s  to  a  d iagnosis

The main d i f f i c u l t y  about th i s  asp ec t o f  th e  study l i e s  

in  comparing such complex measures o f d ia g n o s tic  beliaviour 

w ith  one an o th e r. However, some comparisons a re  e a s ie r  

than  o th e rs  and th e re  can be l i t t l e  doubt th a t  c l in ic ia n  5 

d i f f e r s  markedly from c l in ic ia n  2 in  cases llA  and 1131. 

C lin ic ia n  5 i s  c le a r ly  much more c e r ta in  o f  the  d ia g n o s is , 

y e t both  a re  very  experienced c l in ic a l ly  and do no t d i f f e r  

g re a t ly  in  t h e i r  obsessionalism .

Hie measure o f 'average u n c e r ta in ty  p e r te s t*  sho?/s
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th a t  c l in ic ia n  2 c o n s is te n tly  spends more tim e in  the 

ce n tre  o f the  t r ia n g le  than  c l in ic ia n  5* l i i i s  iaea,siire 

has been shown to  b ear some re la t io n s h ip  to  g en era l 

c l in i c a l  experience (P ig . 5*29) and i t  may be th a t  the  

* d e lib e ra te n e ss ' w ith  which a  c l in ic ia n  moves to  a 

d iag n o sis  (wMch i s  r e f le c te d  in  t l i i s  m easure) i s  governed 

by some u n d erly in g  s t r a te g ic  d iag n o stic  s k i l l  which 

improves v â th  experience .

ïüie * average u n c e r ta in ty  before d iag n o sis  * i s  a 

measure o f  how n ea r a  c l in ic ia n  moves to  a  d iag n o sis  

befo re a c tu a l ly  choosing i t .  I t  i s  n e g a tiv e ly  c o r re la te d  

Y/ith fg  -  indee isiveness»  and suggests th a t  th e  more 

obsG Ssionally in d e c is iv e  c l in ic ia n s  move v ery  c lo se  to  a 

d iag n o sis  befo re  fe e l in g  c e r ta in  enough to  choose i t .

Ihese form al em p irica l measures can only  go a l i t t l e  

way to  c h a ra c te r is in g  the  in d iv id u a li ty  o f ro u te s  taken  by 

c l in ic ia n s .  A g re a t deal o f in fo rm ation  about in d iv id u a l 

s tra ,te g ie s  rem ains unmeasured. I t  i s  p o s s ib le , however, 

by in sp e c tio n  to  no te  in d iv id u a l d ia g n o s tic  s ty le s .  Thus, 

c l in ic ia n  6 tends to  a,ccumula,to in fo rm ation  a t  c e r ta in  

s tag es  in  h is  ro u te  before moving o f f  towards a  co rner 

(P ig . 5•9)* C lin ic ia n  2 appears in  case 13 (? ig . 5*19) to  

be very  in d e c is iv e  but th i s  i s  in  la rg o  p a r t  due to  th e  

a ty p ic a l /
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a ty p ic a l  fe a tu re s  o f  th i s  ca se . Yet c l in ic ia n  6, norm ally 

in d e c is iv e , d ea ls  w ith  th i s  same case very  much more 

e f f e c t iv e ly  than  c liix lc ian  2.

In  fu tu re  s tu d ie s  such ca ses , where d a ta  i s  a ty p ic a l 

o r  incom plete, w il l  be used to  's t r e s s *  the d ia g n o s tic  

a b i l i t i e s  o f c l in ic ia n s  and to  h ig h lig h t in d iv id u a l 

d if fe re n c e s  in  d ia g n o stic  s ty le s .

5.9.5 '^qfa§_0as^£4a'

By c o n tra s t  w ith the  d a ta  on in d iv id u a l ro u te s , the 

'p ro f i le *  d a ta  i s  much e a s ie r  to  an a ly se . An im portan t 

use o f  th i s  type o f d a ta  i s  the o v e ra ll view i t  g ives of 

the  use o f  h is to ry ,  p h y sica l exam ination and o th e r  d a ta .

I t  h e lp s  to  i iig h lig h t p a r t ic u la r  t e s t s  which in d iv id u a ls  

o r  gr'oups undervalue o r s e le c t  in e f f e c t iv e ly  and th i s  

fe a tu re  i s  used ex ten s iv e ly  in  the teach in g  system described  

in  the  nex t ch a p te r .

Test s e le c t io n  sliov/s an a s so c ia tio n  w ith  g en era l 

c l in ic a l  experience but no t s p e c ia l i s t  thyi?oid experience 

(? ig . 5*29). This suggests th a t  the a b i l i t y  to  s e le c t  

in v e s tig a tio n s  e f f e c t iv e ly  i s  a  s k i l l  b as ic  to  y ears  o f 

c l in i c a l  ex p erien ce . Tlie la c k  of a s so c ia tio n  w ith  tloyroid 

experience may mean th a t  t h i s  s k i l l  can be t r a n s fe r re d  to  

o th e r  groups o f d ise ase s  more e a s i ly  in  experienced c l in ic ia n s ,
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I f  t h i s  s lc i l l  can he le a r n t  (as the a s s o c ia t io n  w ith  

c l in ic a l  experience su g g ests) then  i t  may he p o ss ib le  to  

teach  undergraduates o r p o stg rad u a tes  to  s e le c t  t e s t s  more 

e f f e c t iv e ly  ( fo r  example, by the  computer system  d escribed  

in  the  nex t chapter)*

%  c o n tra s t ,  i t  m y  not be so easy to  teach  c l in ic ia n s  

to  be le s s  co n serv a tiv e  since  th i s  i s  not r e la te d  to  

c l in ic a l  experience but to  f^  in d e c is iv e n e ss , which may 

be d i f f i c u l t  to  modify* In  support o f the  argument th a t  

th ese  s k i l l s  may not be amenable to  teach in g  i s  the  f a c t  

th a t  c l in ic ia n  3> who i s  by f a r  the  most c o n s is te n t ly  

l i b e r a l  (F ig . 5*30, F ig . 5*31), i s  the l e a s t  experienced 

o f the  group.

The use o f  the  l ib e ra lis m  measure in  d e te c t in g  

p a t te rn  re c o g n itio n  i s  d iscussed  l a t e r .

5*9»& P e rso n a lity  facto3zs

The in flu en ce  o f the p e rs o n a iity  fa c to rs  examined in  

t h i s  study  has a lre ad y  been d iscussed  in  r e l a t io n  to  

d ia g n o stic  accuracy , number o f t e s t s ,  in d iv id u a l ro u te s  

and th e  d ia g n o s tic  p r o f i l e .  Since these  f a c to rs  seem to  

in flu en ce  th e  i n t e l l e c tu a l ,  inforw ieiion p ro cess in g  asp ec ts  

o f  the  d ia g n o s tic  p rocess i t  seems l ik e ly  th a t  s p e c if ic  

p e r s o n a l i ty /
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p e rs o n a li ty  c h a r a c te r i s t ic s  may b rin g  w ith  them s p e c if ic  

co g n itiv e  s ty le s  wîiich come in to  p lay  in  any fona o f 

decision-m aking in c lu d in g  d iag n o sis . For example, 

ohsessiona lism  may in flu en ce  in d iv id u a ls  to le ra n c e  fo r  

the u n c e r ta in ty  involved in  d ia g n o sis . The more obsessional 

c lin ic ia n , can be seen to  talœ  many more t e s t s ,  to  a sse ss  

them more co n se rv a tiv e ly  bu t be more p e r s is te n t  in  

being  a b s o lu te ly  c e r ta in  about a d iag n o sis . Some 

c l in ic ia j is  may a c t  im pu lsive ly  to  reduce th e  le v e l  o f 

u n c e r ta in ty , w hile o th e rs  c le a r ly  r e a c t  to  u n c e r ta in ty  by 

c o l le c t in g  more in fo rm ation  but end up being  more 

u n c e r ta in  a t  the end than  th ey  were a t  the beg inn ing .

I t  i s  s u rp r is in g  th a t  'o rd e r l in e s s  ' i s  no t shomi 

to  have an in flu en ce  bu t t h i s  may be due to  th e  s ia e  o f  the  

sample and the f a c t  th a t  most cases in  th e  study  were 

uncom plicated. I t  i s  l ik e ly  th a t  th i s  f a c to r  would be 

o f g re a te r  im portance in  complex cases where th e  o rd e rly  

assessm ent o f a la rg e  o f complex s e t  o f  t e s t s  would be an 

advajutage •

Hov/ever, the  major problem a sso c ia ted  vd th  the  

in flu en ce  o f p e rs o n a li ty  fa c to rs  i s  th a t  th ey  a re  u n lik e ly  

to  be amenable to  change even in  the m edical s tu d e n t.

Ydiile th i s  o b serv a tio n  v/ould have to  be v e r i f ie d  in  l a t e r  

experim en ts/
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experim ents i t  seems l ik e ly  th a t  the main value o f  

dem onstrating  any a s s o c ia tio n  between p e rs o n a li ty  and 

d ia g n o stic  s ty le s  would be in  s e l f - s e le c t io n  o f  m edical 

s p e c i a l i t i e s .  Thus, ohsessionalism  i f  marked may be a 

considerab le  advantage (e sp e c ia lly  i f  th e re  i s  a  prepond

erance o f f^  'o r d e r l in e s s ')  in  re se a rch , bu t a  p o s it iv e  

d isadvantage in  some a rea s  o f c l in ic a l  medicine where 

ra p id  f le x ib le  decision-malcing i s  in  g re a t demand.

I t  i s  p o ss ib le  th a t  by p rov id ing  in s ig h t  in to  th e  

in flu en ce  o f such fa c to rs  th a t  in d iv id u ad s , e a r ly  in  t h e i r  

c a re e rs , may s e le c t  a reas  o f  medicine ap p ro p ria te  to  

t h e i r  s ty le s  o f  decision-m aking* Jih iling  t h i s ,  they  may 

g a in  enough in s ig li t  in to  the  e f f e c t  o f t h e i r  type o f 

p e rs o n a li ty  to  avoid c e r ta in  u n d es irab le  t r a i t s ,  e .g .  

im pulsive d iag n o sis  to  which they  are  p a i ; t ic u la r ly  prone. 

5 . 9*7 C lin ic a l experience

Hie p o ss ib le  in flu en ce  o f genera l c l i n i c a l  experience 

o f t e s t  s e le c tio n  and on the  'd e l ib e ra te n e s s ' o f an 

in d iv id u a l ro u te  to  a  d iag n o sis  (as measured by the 

average u n c e r ta in ty  p e r t e s t )  have a lread y  been d iscu ssed .

One o f  th e  most im portant asp ec ts  o f  fd tu re  s tu d ie s  

w il l  be to  pursue in  more d e ta i l  the  in flu en c e  o f experience 

an d /
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and to  dev ise methods, such as com pu ter-assis ted  in s t ru c t io n ,  

fo r  promoting the  more ra p id  a c q u is it io n  o f d ia g n o s tic  

s k i l l s .  C learly  i f  the exact re la tio n sM p  o f p a r t ic u la r  

types o f c l in ic a l  experience to  d iag n o stic  s k i l l s  casi be 

s tu d ie d , the  in flu en ce  on undergraduate and postg raduate  

teach in g  w ill  be co n s id e rab le .

I t  i s  hoped th a t  s p e c if ic  s k i l l s ,  such as t e s t  

s e le c t io n , can be I s o la te d  and s tu d ied . I t  seems l ik e ly  

th a t  what i s  Imomi as 'd ia g n o s tic  acumen* in  f a c t  c o n s is ts  

o f  a  group o f  s k i l l s ,  d i f f e r in g  from c l in ic ia n  to  c l in ic ia n  

i n  t h e i r  s ta te  o f development. Much o f what i s  norm ally 

r e f e r re d  to  as 'o b serv er e r r o r '  must in  fa,ct be due to  

such in d iv id u a l d if fe re n c e s  in  c l in ic a l  s k i l l s .

I t  i s  l ik e ly  th a t  i t  w ill  be in  the more complex 

cases w ith  a ty p ic a l fe a tu re s  th a t  the experienced 

c l in ic ia n  w il l  e x c e l. I t  w il l  be im portant in  fu tu re  

s tu d ie s  to  t r y  to  confirm  the fin d in g s  o f kleinm im ts (1968) 

th a t  experienced c l in ic ia n s  are  le s s  l ik e ly  to  be le s s  

e a s i ly  d is t r a c te d  from a d iag n o sis  by anomalous in form ation  

appearin^X during  the  assessm ent of a case .

5 . 9*8 'Channel capacity*

The f in d in g  o f pealcs in  the  number of t e s t s  used by 

c l in ic ia n s /
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c l in ic ia n s  and th e  p o ss ib le  r e la t io n s h ip  to  * chaimel 

capacity*  1ms been suggested e a r l i e r  (5 . 8 . 8 . ) .

I f  th e se  peaks do rep re se n t the  ca p ac ity  o f  c l in ic ia n s  

fo r  optim al p ro cess in g  of d a ta  th en  c lea ,rly  th i s  i s  

im portan t in  day to  day de c i  s i  on-malcing. I t  would 

th e re fo re  be counter-pozoductive i f  th ese  f in d in g s  a re  

confirm ed to  p re se n t a  c l in ic ia n  w ith  12 to  20 b io^  

chem istry  f in d in g s  from an au to -a n a ly se r  a t  one tim e.

The o r ig in a l  id e a  o f  th e  'm agical number 7 * and o f 

channel c a p a c ity  ( lU lle r ,  1956) has been c r i t i c i s e d  as 

being’ too p assiv e  an id e a  o f in fo rm ation  hand ling  by the 

b ra in . I t  i s  now thought t l ia t  the  p rocess o f d e te c tin g  

and p rocessing ’ in fo rm ation  i s  a  much more dynamic and 

a c tiv e  one. H iis does n o t, however, in v a lid a te  the  

suggestion  th a t  in d iv id u a ls  have a cap ac ity  fo3: optim al 

p ro cessin g  o f in fo rm ation  and th a t  th i s  i s  f re q u e n tly  

exceeded.

I t  i)iay w ell be th a t  the  number o f t e a t s  used in  a  

case i s  in flu en ced  by the  sh o rt-te rm  memory c a p a c ity  o f  

the  c l in ic ia n  who must r e t a in  a l l  the d a ta  f o r  th e  f in a l  

d ia g n o s is . I t  would be in te r e s t in g  in  fu tu re  s tu d ie s  to  

compare th e  sh o rt-te rm  memory cap ac ity  o f ,  f o r  example, 

c l in i c i a n s /
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c l in ic ia n s  1 and 6 w ith  the  o th e rs  in  th e  group to  see i f  

t h e i r  la rg e r  t o t a l  number o f t e s t s  i s  r e la te d  to  a  b e t te r  

ca p ac ity  to  r e t a in  in fo rm atio n ,

5 «9*9 'P a t te rn  recogn ition*

Hie a ,sso e la tio n  between 'lib e ra lism *  and 'd ia g n o s is ' 

d escrib ed  in  5•8,9* and i t s  p o ss ib le  r e la t io n s h ip  to  

'p a t te r n  re c o g n it io n ' and 'g u e ss in g ' i s ,  o f  c o u rse , p u re ly  

sp e c u la tiv e , Eo%vever, the  f a c t  th a t  su c cessfu l l ib e ra lis m  

i s  so predominant in  one c l in ic ia n  (ho. 3) who i s  a lso  

the  l e a s t  experienced , suggests th a t  i t  may bo worth 

pursu ing  in  l a t e r  s tud ies*  I f  i t  does re p re se n t a  more 

e f f f i c i e n t  method o f in fo rm ation  hand ling , i t  may w ell 

be in a te  r a th e r  than  acqu ired  by experience .

Hie p a r t ic u la r  p a t te rn  o f t e s t s  which precede th ese  

' l i b e r a l  su rg e s ' appears to  be common to  a l l  such 

in s ta n c e s  but in  f a c t  i s  ty p ic a l  o f alm ost a l l  th e  20 

cases completed by c l in ic ia n  3 . Hbv^ever, fu tu re  s tu d ie s  

would invo lve the  'sp o ttin g *  o f p o ss ib le  'p a t te r n  

re c o g n it io n ' among c l in ic ia n s .  %  t i i is  type o f  a n a ly s is  

they  could then  be s tu d ied  in  much more d e t a i l .

5•9•10 F in an c ia l co s ts

Hie wide d isc re p an c ie s  between c l in ic ia n s  e s tim a te s

o f /
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o f  c o s ts  and the  a c tu a l va lues has been shovm in  Fig* 5*32. 

I t  i s  c le a r  th a t  they  have l i t t l e  id ea  o f c o s ts  and hence 

i t  i s  l ik e ly  th a t  they  p lay  r e la t iv e ly  l i t t l e  p a r t  a t  

p re se n t in  the  s e le c tio n  o f t e s t s  by the  c l in ic ia n s  in  

t i l ls  study ,

5*9*11* * 8 n -M n e jjro f i le  analy s i s  *

During the  a n a ly s is  o f the study i t  was decided to  

develop a  s e r ie s  o f programmes to  provide the  p r o f i le  

a n a ly s is  alm ost in s tan tan eo u sly  a t  a  computer te rm in a l.

Hie teolinigues and examples o f the  output a re  describ ed  in  

d e ta i l  in  the  nex t ch ap te r.

I t  i s  in tended  th a t  these  teolinigues w il l  be used no t 

only fo r  teach in g  bu t a lso  to  provide a  'te s t-b e d *  fo r  the 

d e ta i le d , f le x ib le ,  a n a ly s is  o f  decision-malciiig by 

in d iv id u a l c l in ic ia n s  (such as those suspected  o f u s in g  

p a t te rn  re c o g n itio n ) . I t  w il l  a lso  be used to  in v e s tig a te  

s i tu a t io n s  where only the combination o f th e  p a r t ic u la r  

s k i l l s  o f the  c l in ic ia n  and the power o f th e  computer can 

provide so lu tio n s  to  d iag n o stic  problems.
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6 .0  ^ s issac .

The technique o f  'p r o f i le  a n a ly s is  * which was developed 

to  analyse th e  d ia g n o stic  perfoDzmance o f the  s ix  c l in ic ia n s  

in  the study o f d ec is io n  malcers has been adapted to  analyse 

and teach  some o f the  s k i l l s  involved in  th e  d ia g n o s tic  

p ro cess ,

'Ihe computer program used in  th is  te  clinique has an 

accuracy comparable to  an experienced c l in ic ia n ,  %  

p rov id in g  the  %)rofile a n a ly s is  a t  a  computer te rm in a l 

a f t e r  each d e c is io n  i s  made i t  i s  hoped th a t  the  stu d en t 

can be taugh t to  perform as w ell as the  computer.

A s tandard  te le ty p e  was found to  be too  cumbersome, 

too slow and too no isy  as a  te rm inal fo r  u s in g  the  technique- 

An in te ra c t iv e  v is u a l d isp lay  w ith  a l ig h t  pen was found 

to  s im p lify  communication between studen t and computer.

I t  allow ed ra p id  en try  and d isp lay  o f data* Complex 

re la t io n s h ip s  between the elem ents o f the p r o f i l e  were 

d isp lay ed  w ithout any numbers by means o f  h istog ram s,

A system v/ith fo u r re c u rre n t 'fram es ' o f  d a ta  d isp la y  

w ith  t h e i r  a s so c ia te d  responses from the s tu d en t has been 

developed and i s  now a v a ila b le  fo r  t r i a l  w ith  s tu d e n ts .

The p lace  o f such a system in  conventional m edical 

ed u c a tio n /
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ed u ca tio n , in  ed u ca tio n a l teclm ology and ainong th e  a v a ila b le  

systems o f  com p u ter-assis ted  d iag n o sis  i s  b r ie f ly  

discussed#

6.1  H itroducti on

In  the  l a s t  c liap ter a  teclm iqae fo r  the  a n a ly s is  o f 

the  d ia g n o s tic  performonoe o f c l in ic ia n s  was p resen ted .

The main component o f th i s  a n a ly s is  was th e  d ia g n o s tic  

p r o f i l e  whose th e o re t ic a l  b a s is  has a lre ad y  been d escribed  

in  d e ta i l  (5 .6 ) .

Ihe p r o f i le  i s  based on d isc rep an c ie s  between the  

c l i n i c i a n 's  perfo:rmanoe and th a t  o f the  computer program.

I f  the  s tu d en t (undergraduate o r  postg raduate  ) could be 

tau g h t to  reduce th ese  d isc re p an c ies  to  n i l ,  th en  the  

s tu d e n t 's  accuracy  o f d iag n o sis  would be the  same as th a t  

o f  the  com puter. Since the  accuracy o f the  computer program 

i s  93 p e r cen t (4*4) wîiioh i s  comparable ( in  tM s  s e t  o f 

d ise a se s )  to  an experienced e n d o c rin o lo g is t, then  th e re  

e x is ts  a  b a s is  f o r  a  teach in g  system .

The teach in g  system can fu n c tio n  a t  a  computer te rm inal 

by p rov id ing  the  p r o f i le  a n a ly s is  as  soon as the  studen t 

has chosen h is  t e s t  and has a l te r e d  M s es tim a te  o f the 

p r o b a b i l i t i e s .  I f  he i s  then  allowed to  re c o n s id e r  both 

h i s /
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h is  t e s t  s e le c t io n  and h is  p ro b a b il i ty  es tim a te  in  the l ig h t  

o f  t h i s  a n a ly s is  he i s  then  in  a p o s it io n  to  le a rn .

6 .2  The study

Ihe d a ta  ( lik e lih o o d s , p r io r  p r o b a b i l i t ie s  and t e s t  

cases) used in  th i s  study were id e n t ic a l  to  th o se  described  

in  Cliapter 5 • Hie 'p ro f i le  a n a ly s is  ' progrm i was the 

b a s is  f o r  the programs developed in  th i s  stu d y .

Hie study  co n s is te d  o f two p a r ts .  In  the f i r s t , the 

'p r o f i le  a n a ly s is  ' program y/as m odified to  allow  the p r io r  

p r o b a b i l i t ie s ,  choice o f t e s t  and p ro b a b il i ty  e s tim a te s  

to  be en tered  a t  a  te le ty p e  by the  studen t w hile the t e s t  

outcome and p r o f i le  a n a ly s is  r e s u l t s  wore p r in te d  out a t  

the same te le ty p e  by the  comjxitej?. In  the second study , 

the  sajne 'o n - l in e ' v e rs io n  o f the p ro f i le  a n a ly s is  prograju 

was used bu t an in te ra c t iv e  v isu a l d isp lay  was used  in  

p lace  o f the  te le ty p e  (F ig . 6 .1 ) ,

Both a p p lic a tio n s  used the  'o n - l in e ' time sh a rin g  

system (CotfUi 3) run  on the  I.C .L , KDF9 computer in  the 

Computing' Service Department o f Glasgow U n iv e rs ity . The 

c a lc u la tio n s  involved in  producing the d ia g n o s tic  p ro f i le  

are  la rg e  and were performed on the  main IOOF9 computer.

The te le ty p e  i s  used as the  in p u t/o u tp u t device in  the  

f i r s t /



Date? ___.________

Clinician Number?,

Prior Probabilities ?

The initial uncertainty is  0. 0047

which test would you select f ir s t ? ___________________(30; age) . '

The outcome of this test is  '__________  ( > 60 years of age)

Wliat are the new probabilities now ?_________________________________  .■

Your diagnostic profile is  now .

* Test rU T I L D -
30.(age) .2072 .1056 .0222 .1165 .0752

Do you wish to continue ( i.e . instead of trying another test in place of age) ? (Yes)

Next Test? ____________________ (23, duration of goitre)

The test outcome is   ( <] 1 year)
' .

What are the new probabilities now ? ___________________________;_______

* Test U T I , L . D •
30 (age) .2072 ' .1056 .0222 .1165 -.0752 .
23 (duration .1713 .0570 .0006 .0040 -.0027

of '
goitre) • . .

Continue ?

* These figures would be displayed visually as Histograms 
when an interactive visual display terminal is used.

FIG. 6 .2 . TFLFTYPE PRINT OUT.
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f i r s t  a p p l ic a tio n , ‘being rep laced  in  the  second a p p lic a tio n  

hy a  PDP8/338 d isp la y  system (F ig . 6 .1 ) .

In  both  s tu d ie s  the  same t e s t  cases used  in  the  s tu d ie s  

d escrib ed  in  Chapter 4 e re  s to re d  on the  m agnetic d isc  f i l e  

o f th e  FDI'9 computer system . They a re  graded in to  degrees 

o f  d i f f i c u l t y  by the o b je c tiv e  technique used  in  Chapter 

5 (5 .2 ) .

6 .3  Teclmiques

6 .3 .1  Hie te le ty p e  system

Hie s tu d en t s i t s  a t  the  te le ty p e  and id e n t i f i e s  

h im se lf by ty p in g  in  h is  name and the  date  o f  th e  teach in g  

s e ss io n , lie i s  asked to  es tim a te  the  p r io r  p r o b a b i l i t i e s .

Hie computer r e p l ie s  ( f ig .  6 .2 )  by typ ing  out the  value 

fo r  the  i n i t i a l  u n ce rts iin ty  and asks which t e s t  he would 

s e l e c t . *

Hie stu d en t types in  the  t e s t  number and the  computer 

'lo o k s up ' the  ap p ro p ria te  t e s t  outcome on the  case being- 

assessed  (on i t s  d isc  f i l e )  and types out t h i s  in fo m m tio n . 

Hi.e s tu d en t i s  then  asked to  e n te r  the new p r o b a b i l i t ie s  

in  the  l ig h t  o f  the in fo rm ation  provided by the  t e s t  outcome.

Mien the  stu d en t e n te rs  th e  p r o b a b i l i t ie s  the  computer 

u ses the p r o f i le  an a ly s is  program to  c a lc u la te  the  

d ia g n o s tic  p r o f i le  which i s  then  p r in te d  out a t  the te rm inal 

w ith in  a few seconds.
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Hie s tu d en t reviews the  p r o f i le  and i s  asked i f  he 

wants to  continue fo r  ano ther cy c le ; to  re c o n s id e r  h is  

choice o f t e s t  o r p r o b a b i l i t ie s ,  o r to  stop  and meilce a 

d iag n o sis .

The teachirq^’ se ss io n  can continue in  th i s  manner t i l l  

a l l  a v a ila b le  t e s t s  are  used , o r can stop  a t  the  end o f 

any in te rm ed ia te  cy c le . A fte r a d iag n o sis  i s  made the 

studen t i s  asked i f  he v/ants to  t r y  ano ther case o r to  

end the  teach in g  se ss io n .

Vheii th i s  system v/as assessed  expexûm entally i t  was 

found th a t  the  in terchange o f in form ation  by te le ty p e  

between the  s tu d en t and computer was slow and r a th e r  n o isy . 

The u se r  has to  f a m il ia r is e  h im self w ith the  te le ty p e  

keyboard and the  codes needed to  operate i t .  The a c q u is i t 

io n  o f th ese  te  cliniques tended to  obscure the  main purpose 

of the system, namely to  teach  c e r ta in  a sp ec ts  o f the 

d ia g n o stic  p ro cess .

Hie main problem fhom the  p o in t o f view o f teach in g  

i s  th a t  the p r o f i le  a n a ly s is  i s  p resen ted  as a s e r ie s  o f 

4 - d ig i t  numbers. H iis makes the scanning and a s s im ila tio n  

o f  the p r o f i le  in fo rm ation  by the studen t r a th e r  d i f f i c u l t ,

]3ecause of these  drawbacks i t  was decided th a t  the 

in te r fa c e  between the studen t and the computer was much 

too cumbersome, n o isy  and slow.
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In  an a ttem pt to  px*ovlde an a l te r n a t iv e  in te r f a c e  

which \ms u n o b tru s iv e , simple to  operate  and f a s t ,  the 

te le ty p e  was rep laced  by an in te ra c t iv e  v is u a l d isp la y .

6.3*2 The PDP8/33B in te ra c t iv e  v isu a l d isp la y  w ith  a

l ig h t  pen

Hie PDP8/338 d isp la y  i s  a ttach ed  to  th e  KDF9 computer 

(F ig . 5 # l)  and in fo rm ation  i s  en tered  in to  th e  computer by 

p o in tin g  to  one o f a number o f p re -se le c te d  a re a s  on the 

face of the  d is jila y  tube . H iis i s  done y/ith an e le c tro n ic  

' l i g h t  pen* which i s  connected to  the  d isp la y  by s. c a b le . 

(F ig . 6 .3 ) .

Hie d isp la y  tube has embedded beneath i t s  su rface  a 

g r id  o f  w ires end w ith  them i t  can lo c a te  the  a re a  on the  

face of the  tube a t  which the  l ig h t  pen i s  p o in te d . H iis 

i s  p o ss ib le  because the  l ig h t  pen ' f i r e s ' a  stream  o f 

e le c tro n s  to  complete a c i r c u i t  a t  the  p o in t on the  g r id  

a t  which i t  i s  p o in ted . Hie computer program in c lu d es  a  

reco rd  o f the  in fo rm ation  d isp lay ed  over each a re a  o f the 

tube a t  any g iven  moment (such as a l i s t  o f  t e s t s ,  F ig .6. 5 ) .  

Hi th i s  viay, in fo rm ation  can be en tered  in to  th e  computer 

by p o in tin g  a t  i t  w ith  the  l ig h t  pen.

The l ig h t  pen allow s the  PDP8/338 d isp la y  to  be used 

as an in p u t te rm in a l, w hile outpu t in fo rm ation  i s  d isp layed  

o n /
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on th e  face  o f  the  tube , e i th e r  as l in e s  (o r shapes) o r 

as alphanum eric d a ta . JP ro h ab ilitie s  oaii be en te red  by 

d iv id ing ' a  l in e  (drawn on the  face of the  tu b e) in to  

p ro p o rtio n s  w ith  the  l ig h t  pen (F ig . 6 . 4 ) vdiile the  

p r o f i le  a n a ly s is  can be d isp layed  as a s e t  o f h istogram s

(F ig . 6 . 7 ) .

In  th i s  way the in te ra c t iv e  v isu a l d isp la y  can 

provide ra p id , s i l e n t  in te r a c t io n  between s tu d en t and. 

computer. The s tu d en t i s  then  ab le to  co n cen tra te  on the 

le a rn in g  p rocess w ithout being  d is t r a c te d  by complex numbers 

or by the technology involved in  th i s  type o f  teaching*

6 .3 .3  The teach in g  sequence

Vhen u sin g  the  in te ra c t iv e  v isu a l d isp la y  the  studen t 

goes through a  teach in g  cycle which c o n s is ts  o f fo u r 

'fram es* o f in fo rm ation  d isp layed  on the face  o f the  tube .

A. A l in e  divided, in to  tw enty u t i t s  i s  d isp lay ed . The 

stud.ent in d ic a te s  h is  es tim a te  o f the p r io r  p r o b a b i l i t ie s  

by d iv id in g  th i s  l in e  in to  th re e  p o rtio n s  w ith  the 

l ig h t  pen (F ig . 6*4 ).

B. Hie second frame g ives the l i s t  o f a v a ila b le  t e s t s  

(F ig . 6 . 5 ) , Hie studen t cliooses h is  t e s t  by p o in tin g  

a t  the  t e s t  number w ith  th e  l ig h t  pen. In  la ,te r  . 

cy c les  th e  l i s t  displayed, has removed from i t  those 

t e s t s  a lre ad y  s e le c te d .
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c. In  the  th i r d  frame the  t e s t  outcome i s  p r in te d  out 

along w ith  a  graph to  remind the c l in ic ia n  o f h is  

choice of jp ro b a h ilitie s  up to  the p rev ious cycle*

A fte r n o tin g  the  t e s t  outcome and review ing the  

graph ( f ig .  6 .6 ) he d iv id e s  up^the c a l ib ra te d  s t r i p  

in  th i s  frame to  in d ic a te  h is  rev ise d  p r o b a b i l i t ie s .  

W ithin a few seconds the  'p r o f i le  a n a ly s is  ' i s  

d isp lay ed  in  the  fo u rth  frame as a s e t  o f  histogram s 

( f ig .  6 . 7 ) .  he i s  then  asked i f  he v/ishes to  Ë:op, 

to  continue to  the nex t choice o f t e s t  o r to  

rec o n s id e r  h is  move. I f  he chooses to  co n tin u e , he 

then  moves in to  the next cycle  and th e  l i s t  o f 

avai].able t e s t s  (minus the  one ju s t  chosen) i s  shown.

I f  he w ishes to  'backtrack* then  the l i s t  appears 

again  w ith  h is  l a s t  t e s t  r e in s ta te d .  He can then  

choose i f  he w ishes a new t e s t ,  o r he may confine 

h im se lf to  reco n s id e rin g  h is  es tim ate  o f th e  p ro b ab il

i t i e s  in  h is  o r ig in a l  choice o f te s t#

He con tinues in  th i s  c y c lic  fash ion  t i l l  he i s  

s a t i s f i e d  th a t  he has reached a d iag n o sis . When he does 

so , he in d ic a te s  th a t  he w ishes to  stop  a f t e r  th e  'p ro f ile *  

frame i s  shown. He w ill  then  be asked to  choose a new case 

number o r  to  s to p . I f  he chooses a nei? case the  p r io r  

p r o b a b i l i t ie s  a.re assumed to  be as b e fo re , and he s t a r t s  

SLgaiii/



D X O X T A . X ^  E W U  1

FIG. 6.6. GRAPH OF PROBABILITIES WITH TEST OUTCCME,
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again  by choosing h is  'b e s t '  'te s t .

I f  he w ishes to  stop? the  oompnter as w ell as reco rd ing  

h is  performsjice on the  disc? p r in ts  out on an ad jo in in g  

te le ty p e  a  l i s t  o f h is  choice o f t e s t s  follow ed by the 

a c tu a l measurement o f ixis d isc rep an c ies  to  fo u r p laces  o f 

decim als (? ig . 6 .2 ) .  I t  a lso  in d ic a te s  h is  ^backtracking*. 

Ih is  num erical reco rd  can be used fo r  sco rin g  a s  w ell as 

more d e ta ile d  s tu d ie s  o f d ia g n o stic  behaviour? in c lu d in g  

the  d ia g n o s tic  s t r a te g ie s  o f d if f e re n t  c l in ic ia n s .

6 .4  D iscussion

fhe two s tu d ie s  p resen ted  in  th i s  ch ap te r  dea l w ith 

systems which have not been assessed  by s tu d e n ts . D iscussion 

must th e re fo re  be confined to  the p lace which such techniques 

might p lay  in  com pu ter-assis ted  in s t ru c t io n  and in  medical 

education  in  g en e ra l.

Idle f i e ld  o f com puter-assis ted  d iag n o sis  has been under 

development s in ce  195^* In I 96I  about f iv e  m ajor systems 

e x is te d  in  the  U nited S tates? r i s in g  to  about 100 a t  p resen t 

(üessm an? 19?0).

Most o f  the p resen t day p ro je c ts  involve such su b je c ts  

as engineering? mathematics and personnel t r a in in g  o f  msmy 

ty%)es. In  medicine only a  few systems e x is t?  end' none are 

in  ro u tin e  u se . One o f  the b e s t laiown examples i s  th a t  o f 

Swets/
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SvfstB and Deurzeig (1965 ) which usgfj an IBM 15 00 computex* 

and an alphanum eric te rm in al end ]*ight pen; the  system a t  

the  U n iv e rs ity  o f I l l i n o i s  i s  based on a  GDC I 604 computer 

(liressman? 1970)* In  the  U nited Kingdom th e  only  e s ta b lish e d  

system i s  th a t  in  the  '^Computer-based Learning P ro je c t"  a t  

th e  U n iv e rs ity  o f Leeds (de Dombal e t  al? I 969, 1971)# 

l ï i is  l a t t e r  system co n cen tra tes  h eav ily  on s u rg ic a l g a s tro 

en tero lo g y  and used a  'Modular One * computer.

In  a l l  o f  th ese  systems th e  b as ic  ph ilosophy i s  th a t  

o f  a  *G o o ra tic ' le a rn in g  system based on q u es tio n s and 

answ ers. ®ie s tu d en t i s  asked questions? g ives h is  answer 

and, i f  wrong, i s  provided w ith  vary ing  amounts o f in fo rm ation  

to  remedy M s d e f ic ie n c ie s  in  knowledge. Such systems ao?e 

the  lo g ic a l  developments from programmed le a rn in g  systems 

such as the  ta p e /s l id e  methods o f teach in g  (harden e t  a l ,

1969) .

Ihe system describ ed  in  th i s  study i s  based on 

in fo rm ation  th eo ry , d ec is io n  th eo ry  and c o n d itio n a l p ro

b a b i l i ty  th eo ry . I t  co n cen tra tes  on the in fo rm atio n  

p ro cess in g  asp ec ts  o f  the  d ia g n o s tic  p rocess and seems to  

be unique in  both  these  r e s p e c ts .

I t  i s  l i k e ly  tlm t the  'p r o f i le  a n a ly s is  ' system would 

be seen as a  th i r d  component in  an experim ental automated 

approach/
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approach to  m edical teach in g . The f i r s t  s tag e  would use 

the w e ll-e s ta b lish e d  technique o f te ip e-slid e  p re se n ta tio n s  

(Harden e t  a l ,  I 969) to  p re sen t factual, and conceptual 

in fo rm ation  to  the  student* The second stage  might use a 

'S o cra tic*  type o f system to  t e s t  out the  s tu d e n t 's  grasp 

o f the  in fo rm ation  provided by the ta p e /s l id e  system . I t  

would allow  some lim ite d  a n a ly s is  o f the responses o f 

in d iv id u a l s tu d en ts  and provide fa c tu a l and o th e r  a s s i s t 

ance to  the  s tu d en t in  d i f f i c u l t i e s .  This type o f  f le x ib 

i l i t y  i s  im possib le w ith the  ta p e /s l id e  approach.

!Ehe l a s t  stage  i s  provided by the p r o f i le  a n a ly s is  

technique developed in  th i s  olmpter* © lis approach i s  

even more f le x ib le  than  the  'S o cra tic*  systems* I t  t e s t s  

the  s tu d e n t 's  a b i l i t y  to  a ssess  c l in ic a l  in fo rm atio n  w ith 

cases o f vary ing  degrees o f d if f ic u lty *  I t  em phasises the 

im portance of selecting* the b e s t in v e s tig a tio n  and o f 

p la c in g  the  r ig h t  emphasis on the value o f th e  t e s t  

outcomes. I t  can be a lso  used to  i l l u s t r a t e  the  r e la t iv e  

m e rits  o f the h is to ry ,  p h y sica l exam ination and o f la b o ra to ry  

t e s t s .

Tiie 'p r o f i l e '  an a ly s is  te  clinique could , o f course? be 

used alone to  complement conventional teach in g  methods.

Indeed i t  i s  l ik e ly  to  f in d  a  p lace in  complementing r a th e r  

th a n /
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than  re p la c in g  t r a d i t i o m l  approaches such as the le c tu re  

o r  c l i i i i c a l  dem onstration . I t  may w ell be o f most value 

in  teach in g  groups of s tu d en ts  o r in  i l l u s t r a t i n g  a 

le c tu r e .

The system described  here i s  an experim ental one.

I t  i s  p o ss ib le  th a t  only p a r t  o f the p r o f i le  ( e ,g .  t e s t  

s e le c tio n  and co n se rv a tiv ism /lib e ra lism  index) may be 

necessary  fo r  undergraduate teaching’ and th a t  much chep^per 

d isp lay s  can be used even 'tually  once to  cliniques and 

concepts are  s im p lif ie d .

In the e a u l ie s t  v e rs io n  o f th i s  system the  te le ty p e  

wa,s found to  be slow and cumbersome and the  delay  made the 

p r in t in g  o f the  histogram s q u ite  im p ra c tic a l. The i n t e r 

a c tiv e  d isp la y  s im p lif ie s  both  the in p u t and out%mt modes, 

She l ig h t  pen allow s the s tu d en t to  in d ic a te  cho ices simply 

by pointin^^ and invo lves no a c t iv i ty  a t  the te le ty p e ,  He 

can s i t  in  f ro n t o f the screen  throughout the teach in g  

session* The use o f the 'c a l ib ra te d  s tr ip *  fo r  es tim a tio n  

o f p r o b a b i l i t ie s  i s  very sim ple,

The output? in  the form o f graphs and h istog ram s, 

allow s the ra p id  v isu a l a s s im ila tio n  of liigh ly  complex 

in fo rm atio n . Above a l l?  com plicated in te r - r e la t io n s h ip s  

between the measure o f performance ( i . e .  M stogram s) can 

Ibe/
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be dem onstrated , which would be very  d i f f i c u l t  i f  they  

were d isp lay ed  num erica lly .

The speed o f in te r a c t io n  allow s fo r  a smooth 

in te g ra t io n  o f the  s tu d e n t 's  response to  in fo rm atio n  

and the  com puter's a n a ly s is  o f h is  response , Tlie 'back

track ing*  f a c i l i t y  prov ides grea.t f l e x i b i l i t y  i n  the  

le a rn in g  p o te n t ia l  o f any one t e s t  case . To provide such 

f l e x i b i l i t y  in  a  stage I  ( ta p e /s l id e )  o r I I  ( 'S o c r a t i c ')  

system would be very  complex, indeed .

The 'p r o f i l e '  system lias? o f course? many ' game -p lay in g  ' 

f e a tu re s  and should provide a  challeng ing  s i tu a t io n  fo r  the 

s tu d e n t. The development of a  sco rin g  system which w ill 

encourage the  s tu d en t i s  being  considered . Tlie te  clinique 

a lread y  allow s fo r  nmuriy d i f f e r e n t  'ro u te s  ' to  a, f in a l  

d iagnosis? which would s t i l l  give accep tab le  t o t a l  sco res 

on a l l  the  d iscrepancy  measures which are  reco rded .

The co n cen tra tio n  oh the  in form âtin g  p ro cess in g  

a sp ec ts  o f the  d ia g n o s tic  p rocess i s  d e lib e ra te ?  since 

o th e r  a sp ec ts  o f the  d ia g n o s tic  process? such as the 

c r i t i c a l  im portance o f the  d o c to r-p a tie n t r e la t io n s h ip  of 

observer e r ro r  and o f formal h i  s to ry -ta ilin g ?  a.re b e s t taugh t 

in  th e  wards o r o u tp a tie n t c l in i c s .
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7.0  Smnmary

A n o n - lin e a r  d isc rim in an t fu n c tio n  teclm ique which, 

in  c o n tra s t  to  th e  Bayesian model o f  the  i^rovious chapter? 

u ses ab so lu te  numbers and talces some account o f  i n t e r 

dependence between t e s t s  i s  used to  attem pt to  p re d ic t  

w ith in  tliree  months the  th ree  y ear outcome o f  trea tm en t 

v/ith a n t i - th y ro id  drugs.

The g en era l problem o f trea tm en t o f  th y ro to x ic o s is  i s  

b r i e f ly  reviewed before the  data? experim ental design  and 

computing technique are  d e a lt  w ith  in  some d e t a i l .

Two s tu d ie s  o f  the  behaviour o f p a t ie n ts  t r e a te d  w ith 

a n t i - th y ro id  drugs are  d esc rib ed . Tiie f i r s t  d e ta i le d  study 

o f f i f t y  p a t ie n ts  y ie ld ed  d a ta  about the tim e-dependent 

behaviour o f both  cured and re lap sed  p a t ie n ts .  Tiiis 

in fo rm ation  was used to  design  a  second study  o f  e ig h ty  

p a tie n ts ?  which showed th a t  w hile the n o n - lin e a r  technique 

d id  n o t sep a ra te  the two groups a t  co n tro l o r th re e  months 

se p a ra tio n , the  combined v alues allowed 98 p03: cen t 

se p a ra tio n  w ith  a l l  the  cure oases being id e n t i f ie d .

The p o s s ib i l i t y  o f se v e ra l sub-groups w ith in  th e  

d isease  e n t i ty  o f tliy ro to x io o s is  was a lso  d iscu ssed  in  

some d e t a i l t

7 .1  In troduc t io n

In/



138

la  th e  p rev ious tîiree  s tu d ie s  (Cîiapters 4*6) a 

se q u en tia l co n d itio n a l p ro b a b il i ty  model has been used 

where an assum ption o f independence between t e s t s  i s  made 

and t e s t  outcomes are  d iv ided  in to  2 o r  3 c la s s e s  (F ig . 4*1)• 

The problems a s so c ia te d  w ith  the  independence assum ption 

have a lre ad y  been d iscussed  (2 .1 .6 ) .  Tlie d iv is io n  o f  t e s t  

outcomes, e .g .  age? in to  c la s se s  c le a r ly  does n o t make f u l l  

use o f  th e  in fo rm ation  provided by a  t e s t .

The model used in  th i s  ch ap te r u ses  continuous d a ta  

and tak es  some account o f  interdependence between t e s t s .

7 .2  'Bie trea tm en t o f  th y ro to x ic o s is

/i l though th y ro id  fu n c tio n  t e s t s  have been o f g rea t 

value in  the  d iag n o sis  o f  th y ro id  d ise a se , t h e i r  use in  

management i s  very  l im ite d . Tiiey are  u se fu l in  confirm ing 

the  c l in ic a l  d iagnosis  bu t when i t  comes to  d ec id in g  which 

o f  the  a v a ila b le  trea tm en ts  ( i . e .  a n t i - th y ro id  d rugs, 

su rgery  o r ra d io - io d in e  therapy ) i s  b e s t they  a re  o f  alm ost 

no value (Alexander e t  a l ,  1978)*

Each trea tm en t has a m ajor disadvantage ; thus ra d io 

iod ine  has a  h igh  inc idence o f l a t e  iiypotliyroidisni? w hile 

w ith  su rgery  re la p se  and liypotliyroidism are  a  co n sid erab le  

problem, 

h o /
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ho a ttem pt w il l  be made to  review  o i p re se n t the 

r e la t iv e  m erits  o f these  th ree  tre a tm e n ts . The d ec is io n  

problem i s  here  narrowed down to  th a t  o f  p re d ic tin g  those 

p a t ie n ts  who are  most l ik e ly  to  have a rem ission  w ith  a n t i -  

tljy ro id  drugs.

In the  trea tm en t o f th y ro to x ic o s is  w ith  a n t i- t l iy ro id  

drugs the  main d i f f i c u l t y  i s  th a t  about 58 p e r cen t o f 

the  p a t ie n ts  re la p se  a f t e r  com pleting a  normal course o f 

treatmentQ Since both  ra d io - io d in e  therapy  and su rgery  

are  d e s tru c tiv e  in  type , i t  would be very  v a lu ab le  c l in i c a l ly  

to  be ab le  to  p re d ic t  during  th e  e a r ly  months o f  trea tm en t 

w ith drugs which p a t ie n ts  would re la p se  and which would 

remain eu th y ro id . I f  th i s  were p ossib le?  su rg ery  o r ra d io -  

io d in e  could then  be rese rv ed  fo r  those who were 

u n su ita b le  f o r  drug therapy .

7 .3  Hie s tu d ie s

Hie p a t ie n ts  in  th i s  study  were p a r t  o f  a  la rg e  group 

o f th jrro tox ic  p a t ie n ts  t r e a te d  w ith  a n t i - th y ro id  drugs fo r  

an average o f one y ea r and follow ed up fo r  a t  l e a s t  two 

more more y ea rs  by Doctors W.D. Alexander and D.G. McLarty 

in  the  G ardiner I n s t i t u t e ,  'U niversity  o f Glasgow.

The p a t ie n ts  were diagnosed as tîiy ro to x ic  on the  b a s is

o f /
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o f  a tbyrotoxiooBlB Index score o f  J^+lg (Groolts e t  a l ,

1959) and a serum o f  > 7 .5  /.iG/lGCtol.

The p a t ie n ts  were c la s s i f ie d  in to  two groups according  

to  t h e i r  response to  a  regime o f neomercazole (30-48 mg 

d a i ly ,  reduced to  maintenance doses o f 15-20 mg when 

eiitliy ro id ) and tr iio d o th y ro n in e  (80 /iG d a i ly ) .  A 'cured* 

group was defin ed  as those p a t ie n ts  who remained eu tliy ro id  

(on the c l in i c a l  and biochem ical c r i t e r i a  used above) fo r  

two years  a f t e r  c e s sa tio n  o f an ti-* thyro id  tre a tm e n t. A 

're lapse^d ' group co n s is ted  o f those who re la p se d  and 

became th y ro to x ic  (by the  same c r i t e r i a )  a t  any tim e w ith in  

two y ea rs  a f t e r  c e s sa tio n  o f drug th e rap y .

Tie s tu d ie s  were d iv ided  in to  two p a r ts s

1 . F i r s t  stu d y . A group o f  cases was chosen on which

complete d a ta  were a v a ila b le  a t  c o n tro l (b efo re  trea tm en t) 

and a t  one, th ree?  s ix  and twelve months a f t e r  the 

beginning o f trea tm en t (F ig . 7*1)•

Tii.s group co n s is te d  o f 58 ca ses , 21 c l a s s i f i e d  as 'cured* 

and 29 as 're lap sed * .

Tie aims o f t h i s  study were to  observe th e  r e la t io n s h ip  

o f the  two c lu s te r s  over time and to  a ttem p t to  use 

measiirements o f th i s  r e la t io n s h ip  to  d isc r im in a tin g  

between the  two groups, i . e .  in  p re d ic tin g  outcome of 

trea tm en t w ith  a n t i- t l iy ro id  d rugs.
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2# Second study . A second la rg e r  group wa,s s tu d ied  a f t e r  

the  f i r s t  study  was com pleted. I t  ap^jeared l ik e ly  from 

the  r e s u l t s  o f  the  f i r s t  study  th a t  b e s t d isc rim in a tio n  

would be p o ss ib le  by combining the  d a ta  from co n tro l 

and th re e  months*

This group co n s is ted  o f 80 ca ses , 40 'cured* and 40

're lap sed * . These cases were s tu d ied  se p a ra te ly  a t

c o n tro l and a t  th ree  months. This was then  follow ed by

combining co n tro l and th ree  month d a ta .

7*4 Data used in  the  s'fcudies

A fte r  much experim entation  w ith sm alle r groups o f t e s t s ,

a  t o t a l  o f e leven  t e s t s  was used a t  co n tro l tim e and twelve

t e s t s  used fo r  a l l  o th e r  in te r v a ls .

The l i s t  o f  t e s t s  used i s  shorn in  F ig . 7*2. The age

was recorded in  years? d u ra tio n  o f symptoms in  months and

g o itr e  s iz e  was estim ated  by p a lp a tio n s  o th e r  t e s t s  include
1322 and 20 minute th y ro id  uptalce o f rad io io d in e  I  and FBI,

3
plasma in o rg an ic  io d id e  and abso lu te  iod ine uptalce, T r e s in  

uptake and f re e  thyroxine index (Alexander e t  a l?  1967? 1968) 

7*5 îfethod o f analy s i s

'The a n a ly s is  used in  th i s  study i s  based on the  

technique o f n o n -lin e a r  d isc rim in an t fu n c tio n , f i r s t  used 

b y /
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FREE T* INDEX

®^l SUPPRESSION 
(except at control )

FIG . 7 . 2 ,  TE3TS  USED IB STUDY.
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by I te rr is  e t  a l  (1978) and described  in  d e ta i l  by 

O 'k itirch earta ig h  (1978) i^  ̂ h is  Ph.D. th e s is  in  Glasgow 

U n iv e rs ity . Hie programs used in  th e "a n a ly s is  a re  those 

contained  in  the above th e s is  and m odified by the v jr i te r .

The teoliniqne i s  described  in  d e ta i l  in  Chapter 2.3 

and c o n s is ts ,  in  essence, o f  rep re se n tin g  the  two groups 

o f cases as.tw o c lu s te r s  in  m ulti-d im ensional space.

E llip so id s  are  f i t t e d  to  each o f these  c lu s te r s  and are  

then  examined fo r  t h e i r  degree o f se p a ra tio n . The degree 

o f se p a ra tio n  in  th i s  study i s  c a lc u la te d  by th e  lik e lih o o d  

r a t i o  (2 . 3 ) .

A t e s t  program i s  co n s tru c ted  from the  means o f the 

d a ta  from each group, the in v e rse s  o f the co -variance  

m a tric e s , the  maximum values o f the  q u ad ra tic  forms, the  

determ inants o f  the two c lu s te r s  and the p r io r  p ro b a b i l i t ie s  

f o r  each o f  the  two groups. A ll o f th i s  d a ta  i s  a v a ila b le  

from the a n a ly s is  program except the  p r io r  p r o b a b i l i t ie s ,  

which a re  assumed to  be equal, i . e .  0 .5 , 0 .5 .

H'io t e s t  program prepared by the v /r ite r  w il l  be a v a ila h le  

a t  a  te le ty p e  in  both  Royal and %'estern In firm a rie s  u sin g  

the  KD19 Cotan 3 o n -lin e  system. This w il l  allow  the t e s t  

program to  be used , i f  necessary , on p a t ie n ts  a tte n d in g  

e i th e r  Thyroid C lin ic .
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7.6 Besults of first study
The 50 cases in  t l i ie  p a r t  o f the  study  were analysed 

u s in g  th e  n o n -lin e a r  d isc rim in an t fu n c tio n  program a lread y  

described* The d a ta  used in  th i s  a n a ly s is  were the  outcomes 

o f the  t e s t s  shown in  F ig , 7®2, This a n a ly s is  produced the 

f iv e  s e ts  o f l ik e lih o o d  r a t io s  shown in  Fig* 7#3.

'#ien these  values wea?e p lo t te d  as s c a t t e r  diagrams 

a t  each o f th e  f iv e  in te rv a ls  chosen fo r  the  study  (F ig , 7*4) 

a  v a r ia b le  degree o f overlap  between the  two c lu s te r s  was 

shown a t  every  in te r v a l .  H iis  in d ic a te s  th a t  complete 

se p a ra tio n  o f the  two c lu s te r s  i s  no t possib le*

Jja a s se ss in g  th e  in fo rm ation  provided by th e  s c a t te r  

diagrams? the  r e la t iv e  s t a b i l i t y  o f  the  c lu s te r s  i s  worth 

n o tin g , Hius? th e  'cu re  ' group remains r e l a t iv e l y  s ta b le  

except a t  one month, when the cases a re  much more s c a tte re d , 

twelve months the cure group i s  q u ite  d i s t i n c t .  This 

may w ell correspond to  the  f a c t  th a t  by t h i s  tim e i t  i s  

u s u a lly  f a i r l y  obvious which cases respond w ell to  drugs 

and which w il l  not*

fty c o n tra s t  the  're la p s e  * group are  very  much more 

w idely s c a tte re d  a t  a l l  in te r v a ls .

More d e ta i le d  in fo rm ation  can be gained by focussing  

a t t e n t io n /



"CURE'

Contro l One Th re e S ix One
month months months y e a r

1 1. 173 + 4 1 . 9 5 6  + 7 7 . 3 8 2  + 5 2 . 2 9 4  + 8 6 . 0 4 2  + 29
2 2 . 8 9 7  + 2 1 .4 6 1  + 21 2 . 3 6 7  + 1 1 . 4 5 8 3 . 3 7 5  + 3
3 7 . 9 7 8 6 . 3 4 2  + 4 2 . 1 9 7  + 1 2 . 5 7 0  + 1 4 . 5 8 1  + 5
4 6 . 3 4 7  + 1 1 . 1 3 7  + 1 7 . 3 2 9  + 1 1 . 0 7 7  + 2 4 . 3 8 4  + 7

5 8 . 8 1 3  + 3 1 . 5 5 8  + 2 1. 741 + 2 1 . 0 2 7 1 . 7 8 4  + 2

6 3.  125 3 . 4 4 1  - 1 4 . 3 7 1  + 2 1 . 2 8 2 + 2 5 . 6 6 7  + 5

7 2 . 9 0 1  + 2 9 . 5 8 5 1. 114 + 1 1 . 8 4 5  -  1 8 . 6 2 9  + 3

8 Infinity 8.  710 + 11 8 . 5 4 4  + 6 3 . 6 4 2 4 . 3 5 8  + 5

9 2 . 6 0 8  + 1 1 . 7 9 8  + I 5 . 1 4 8  -  1 2 . 6 7  - 1 8 . 7 7 3  + 3

10 7 . 2 0 5  -  1 9 . 3 8 3 1 .0 53  + 5 1 . 33  + 1 1 .1 50  + 5

11 3 . 7 8 7  + 1 2 . 0 8 4  + 10 1 .83 1  + 1 1 . 4 0 6  + 9 6 . 5 9 8  + 7

12 6 . 7 8 3 2 . 6 3 6  + 3 4 . 7 1 3  + 4 2 . 5 4 2 1 . 9 5 6  + 9

13 8 . 4 1 1 1 . 3 3 8  + 1 4 . 6 2 2  + 1 3 . 1 3 1 + 3 Infinity

14 7 . 2 9 8  + 1 1 . 0 3 5  + 1 1 . 3 6 4  + 3 2 . 9 0 6  + 1 1 . 4 5 6  + 6

15 2 . 1 2 2  + 1 1 . 1 1 0  + 13 6 , 6 7 6  + 1 1. 506 1 .441  + 5

16 1 . 5 4 6  + 4 8 . 4 4 8  + 6 2 . 5 4 9 2 . 9 9 9  + 2 4 . 2 1 1  + 5

17 7 . 0 1 8 9 . 5 4 3 2 . 0 6 4  + 1 1 . 6 3 0  + 4 2 . 0 2 9  + 5

18 1 . 1 7 5  + 4 2 , 0 0 9  + 17 2 . 3 7 2  + 1 6 . 4 0 9  + 5 9.474 + 4

10 6 . 0 2 9  + 1 1 .511  + 2 1. 606 + 3 3 . 3 1 1  - 1 6.977 + 4

20 2 . 4 0 9  + 5 2 . 1 7 0  + 8 Infinity Infinity 2 . 2 4 1  + 6

21 1. 702 7 . 2 3 7  + 10 6 . 9 1 1  + 1 1 . 994 - 1 4 . 2 1 1  + 4

FIG. 7 . 3 .  ( a )  LIST OF VAIUUES FOR MïüiLIHOOI) M SIOS
IN F iR si’ s 'iw f  -  'ctaaii' group.



C o n tro l One
m onth

"R ELA PSED "

T h re e
m onths

Six
m onths

One
y e s r

1 6 .3 5 0 3 .800 1 .196  - 4 1 .556  - 7 5 .8 0 4  - 24
2 1 .542  - 2 1 .508 1 .024  - 5 8 .641  - 3 6 .7 8 6  - 1
3 1 .6 5 5  - 2 9 .7 3 9 1 .029  - 4 2 .2 2 9  - 3 1 .7 9 1 + 5
4 2 .8 2 0  - 5 2 .0 6 7  + 1 9 .171  - 1 1 .375  - 5 1 .7 4 1 + 1
5 4 .0 6 4  - 6 4 .1 8 1  - 5 Z e ro 9 .4 8 0  - 9 1 .571 - 2
6 3 .1 9 5  - 15 4 .3 4 1 2 .4 9 7  - 3 4 .1 8 1  - 2 1 .115  + 4
7 8 .8 5 8  - 22 3 .3 2 8  - 13 3 .2 0 8  - 9 6 .3 7 3  - 14 1 .967  - 9
8 4 .6 8 3  - 6 7 .1 3 4  - 5 2 .2 2 4 4 ,8 4 6  - 4 s e ro
9 9 ,6 5 9  - 20 2 .1 7 7 8 .4 2 8  - 22 Z e ro 5 .8 9 4  - 15

10 6 .6 6 9  - 1 9 .450 3 .1 6 9  - 22 Z e ro 3 .4 8 6  - 6
11 5 .9 9 1  - 2 4 .4 7 7  - 1 1 .107  - 10 1 .1 7 5  - 6 3 .8 3 0  - 5
12 1 .850  - 1 1 .273  - 5 1 .8 3 9  - 24 1.160  - 12 3 .3 7 8  - 11
13 2 .4 3 6  - 7 9 .8 0 2  - 6 3 .4 9 7  - 29 6 .681  - 11 2 .5 9 7  - 7
14 1 .0 0 6  - 18 Z e ro 9 .6 0 5  - 1 6 .7 0 4  - 3 Z ero
15 5 .3 6 8  - 9 Z e ro Z ero 4 .1 1 5  - 12 5 .8 7 7  - 2
16 1 ,287  - 5 Z e ro 4 .3 5 3  - 4 1 .330  - 6 1.577  + 1
17 4 .6 0 3  - 6 1 .792  - 8 6 .3 4 2  - 6 4 .1 6 2  - 23 Z e ro
18 Z e ro 4 .2 9 7  - 4 2 .8 1 8  - 4 1 .059  - 23 Z ero

19 1 .918  - 6 1 .237  - 1 3 .2 4 4  - 17 Z ero 9 .4 5 7  - 4
20 3 .8 0 5  - 3 1 .082  - 12 3 ,913  - 22 Z ero Z ero

21 1 .965 5 .430  - 1 1.803 - 1 6 .153  - 1 3 .010  + 2
22 4 .9 8 8  - 4 Z ero 1 .429  + 1 4 .4 2 8  - 1 7 .343  - 23

23 8 .795  - 11 7 .210  - 4 4 ,9 0 5  - 11 5 .5 2 8  - 2 1 .563 + 2

24 3 .0 6 6  - 2 1 .321 2 .330  + 1 2 .161  - 3 2 .3 5  - 17

25 3 .8 7 8  - 12 9 .603  - 6 5 .046  - 19 7 .482  - 17 5 .6 6 4  - 5

26 6 .3 2 2  - 14 2 .9 7 8  - 13 1.445  - 21 3 .7 2 6  - 27 Z ero

27 1. 125 - 4 2 .191  - 8 Z ero Z ero Z ero

28 2.611  - 20 2 .733  - 2 1.046 - 9 Z ero 4 .0 5 5  - 3

29 4 .4 3 1  - 23 2 .8 6 0  - 20 1.114  - 2 2 .141  - 9 5 .2 2 8  - 22

KG. 7 . 3 ,  (b) Lis'f OF YALUES FOR 1IKELIII00.B HAÏIOS
ni FIHSÏ SWJDY -  'RELAPSE* GROUP.
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a t te n t io n  on the  degree o f  overlajp between the  two c lu s te r s ,  

ühe percentage o f caoes in  each overlap  zone and th e  number 

o f  actuial ffliB c lass ifica tio n s  are  ohom in  f ig .  7*5» The 

e x ten t o f  the  overlap  i s  g re a te s t  a t  125 1 and 3 months 

re s p e c tiv e ly , w hile the  t o t a l  m is c la s s if ic a t io n s  a3?e h ig h es t 

a t  1 and 12 months. îbwevex*, i f  major im portance i s  

a tta c h ed  to  id e n tify in g  a l l  the cures then  t h i s  i s  b e s t a t  

12 months, even though 5 oases o f * re la p  s e ’ would be 

m isdiagnosed as cu res .

C lin ic a lly  i t  i s  c le a r ly  much more im portan t to  id e n t i f y  

p o ss ib le  cures than  p o ss ib le  re la p se s  I t  i s  obviously  

d e s ira b le  th a t  as many fu tu re  cu res be allow ed to  continue 

w ith  a  trea tm en t which w ill  ’cure * them even a t  th e  ex%)ense 

o f  some ’re la p se  ’ p a ,tien ts  being  tr e a te d  u n n e c e s s a r ily .

Thus, the  ’c o s t ’ to  the re la p se s  i s  outv/eighed by the  

’b en e fit*  to  the  cu res . In  s itu a ,tio n s  where th e  trea tm en t 

i s  no t as sa fe  as w ith  a n t i- th y ro id  dm gs the  problem o f 

ba lancing  such c o s ts  in  trea tm en t decision-rnalcing i s  much 

more complex.

An im portan t fundamental fe a tu re  o f the  a n a ly s is  was 

whether th e  degree of sej^aration  o f the  two groups was 

s ta b le  over tim e. I f  in d iv id u a l cases w ith in  a  c lu s te r  

rem ain s ta b le  in  t h e i r  degree o f se p a ra tio n  over tim e, th i s  

m igh t/
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FIRST STUDY s 21 Care s ̂  2U R e lap ses

COHTIiOL 1 3 6 12 MOMITHS

io i n  o v e r la p  18'^ 32^ 30^ 1 2 ^

MISCLISBIPICATIOIS

Cures 1 1 3 0 0

I te lap sed  2 8 1 4  6

TOTAL 3 9 4 4 6

(>io 18  ̂ 8!̂  12^

SJiCOHI) STUDY! 40  C ures, 40  R elap ses

GOMTROL 3 CONTROL 4- THU3C MONTHS

io in  Overlap GG% 62 „5^ 22o 5/^

MISCLASSIFICATICMS

C ares 8 28 8

R e la p se s  12 3 1

TOTAL 20 31 9

25  ̂ 38.7:̂ 11.25%

FICt. 7 . 5 .  MISCLASSIFICATIONS AND OTHRLAP IN FIRST 
STUDY.
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might suggest th a t  the se p a ra tio n  ( i . e .  the c lu s te r s  them

se lv e s )  corresponded to  u n d erly in g  c h a r a c te r i s t ic s  which 

the  cases liad in  common, r a th e r  than  being' simi^ly a  

m athem atical a r t e f a c t .  In  o th e r  words, i t  would suggest 

th a t  fo r  e^tmiple the  re la p se  group rep rese n ted  a s in g le  

b io lo g ic a l e n t i ty  r a th e r  than  a  c o l le c t io n  o f d i f f e r e n t  

groups whose main c h a ra c te r i s t ic  in  coîmïion was t h e i r  

f a i lu r e  to  respond to  the trea tm en t. For t h i s  reason  the 

time dimension was added to  the  c lu s te r s  by p lo t t in g  the 

change in  in d iv id u a l lik e lih o o d  r a t io s  over tim e .

The same s c a t te r  diagram as in  F ig . 7 «4 i s  now shown 

in  F ig s . 7*6 and 7 «7 w ith  the  a d d itio n  o f the  tim e v ec to r 

which p rovides us w ith  a dynamic p ic tu re  o f  tlie  r e la t io n s h ip  

o f  the two c lu s te r s  over tim e.

In the  case of the  'cu re  * c lu s te r ,  the  c lu s te r  remains 

r e la t iv e ly  s ta b le  in  i t s  re la t io n s iû p  to  the  re la p se  

c lu s te r  over tim e. 'Die excep tion  i s  a t  one month, where 

an alm ost s^m ietrical change in  lik e lih o o d  r a t i o s  i s  ap p aren t, 

compared w ith  th e  co n tro l and th ree  month v a lu e s . D iis may 

w ell re p re se n t th e  'p e r tu rb a tio n ' in  the  p a t i e n t 's  tliiyroid 

system , brought about bÿ' the  an ti-th ;y ro id  d rugs. The 

e f f e c t  i s  not su s ta in e d  a t  3 months, perhaps because the 

p a t ie n ts  are  'a c c lim a tis e d ' to  the drug reg im e.

M a e /
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%ie r e l a t iv e  s t a b i l i t y  o f  the  cure c lu s te r  i s  even more 

s t r ik in g  when i t  i s  compared to  the  g re a t v a r i a b i l i t y  shorn 

in  X'ig. 7#7 fo r  the re la p sed  c lu s te r .  The ex ac t e x te n t o f 

th i s  v a r i a b i l i t y  can be seen by s c ru t in is in g  th e  a c tu a l  

v a lues o f  the l ik e lih o o d  r a t i o  fo r  any in d iv id u a l case , 

wliich Eire shomi in  I ’ig .  7*3*

Yihen th e  two dynamic ana lyses a re  compared i t  can be 

seen th a t  alm ost a l l  ( l^ /Z l)  the  cure cases rem ain w ith in  

the  0- -10 l ik e lih o o d  r a t i o  range over th e  5 in te r v a ls ,  

w hile in  th e  re la p se  c lu s te r  the  corresponding range o f 0 -  

-10 co n ta in s  only  4 out o f  29 ca se s . In a d d i t io n , only 

5/29 o f th e  re la p se  groiip had a  l ik e lih o o d  r a t i o  wMch 

changed > 10  over the  9 in te rv a ls  compared w ith  16/21 in  the 

cured group. These em pirical, measures of c lu s te r  s t a b i l i t y  

conform w ith  the  v isu a l im pression .

Ml in te r e s t in g  fe a tu re  o f the re la p se  c lu s te r  i s  

rev ea led  when th e  9 cases (2 , 3 , 49 21, 23) whose l i k e l i 

hood r a t io s  are  in  the  0 to  -10  range, a re  revievm d. Pour 

o f  th e se  9 cases (2 , 3 , 49 21) were those whose lik e lih o o d  

r a t i o  remained in  the  0 to  -10 range throughout the  y ea r, 

w hile fo u r (3 , 4» 21, 23) were m is c la s s if ie d  a s  cu res  a,t 

12 months.

I f /
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I f  Vie fo llow  th i s  group even more c lo s e ly  and p lo t  out 

th e i r  djaiamxc graph se p a ra te ly  (P ig . 7*#) i t  con be seen 

th a t  these  f iv e  cases resem ble the cure group much more 

c lo se ly  than  the  re la p se  group. I t  may w ell be th a t  these  

oases re p re se n t a  group o f th y ro to x ic s  whose response to  

a n t i- th y ro id  drugs was d o se -re la te d  and th a t  w ith  a h igher 

in d iv id u a l dosage regime of neom ercasole, th ey  may have 

been cured . In  o th e r  words, they  might have been inc luded  

in  the  cure c lu s te r  in s te a d  o f 'h o v erin g ' around i t  before 

ev e n tu a lly  relapsing*. ïhe im p lica tio n s  o f t h i s  i n t e r 

p re ta t io n  o f th ese  5 cases w il l  be d iscussed  l a t e r .

During the c a lc u la tio n s  o f the  l ik e lih o o d  r a t io s  the 

n o n -lin e a r  d isc rim in an t fu n c tio n  program a lso  computes the  

determ inant o f each c lu s te r .  This measure can be described  

as the  e q u iv a le n t, in  a  m ulti-d im ensional model, o f the 

variance  in  a two dim ensional model. Like the  v a rian ce , 

i t  0811 be used as one measure o f  the "spread* o f a  c lu s te r*

Ihe determ inan ts o f  each c lu s te r  were p lo t te d  fo r  the 

5 in te rv a ls  (k ig . 7 .9 )•  Since the  number o f  cases in  a  

c lu s te r  could a f f e c t  i t s  com parative "spread*, only  21 oases 

from each c lu s te r  were used . This a n a ly s is  shows th a t  even 

w ith  the few o v erly in g  cases shorn in  the  cure c lu s te r  

( F ig .7 .7 ) /
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(7*7)# th i s  c lu s te r  i s  always more oompaot than  the  re la p s e , 

e s p e c ia l ly  a t  one y ea r, 'Ihis corresponds to  the  spread o f 

the  l ik e lih o o d  r a t io s  shown in  I ’ig .  7*3 and may have some 

p a r a l le l  c l in i c a l ly ,

îKms, i f  a  c lu s te r  i s  c o n s is te n tly  more compact, i t  

must suggest th a t  th e  cases resem ble one an o th e r more 

c lo s e ly  than, in  a  "looser* c lu s te r  and so a re  e a s ie r  to  

id e n t i f y  as belonging to  the  group. I f  the  t e s t s  used in  

m athem atically  id e n tify in g  the  c lu s te r  a re  c lo s e ly  enough 

r e la te d  to  th e  more c l in ic a l  d a ta  then  cases belonging  to  

a  *tig h t*  c lu s te r  should be e a s ie r  to  id e n t i f y  w ith  th a t  

c lu s te r  than  those in  a  "looser* c lu s te r .  C l in ic a l ly  in  

th i s  in s tan ce  a t  one y ear (when tM s  cure c lu s te r  i s  

deneenst and most d i s t in c t )  i t  i s  u su a lly  easy  to  id e n t i fy  

those who w il l  re la p se  and those who w ill  be cu red ,

7*7 R esu lts  o f  second study 

7*7*1 In tro d u c tio n

In  t h i s  study  i t  was decided to  co n cen tra te  on the 

co n tro l and th ree  month values in  an attem pt to  achieve 

b e t t e r  se p a ra tio n  and to  p re d ic t  outcome w ith  new cases ,

Hie d ec is io n  to  use d a ta  from two in te rv a ls  and to  choose 

the  c o n tro l and th re e  month values was based on the  

following* co n s id e ra tio n s  :

1./
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1 . H'lree months was considered  to  he the  optim al tim e to  

take a  d ec is io n  about con tinu ing  w ith  tre a tm e n t. ïh is  i s  

m ainly because a  choice between drugs and su rg ery  i s  no t 

a f fe c te d  by a  th re e  months course of drugs s in ce  t h i s  i s  

commonly used befo re  su rgery  to  b rin g  the th y ro to x ic  

m a n ife s ta tio n s  under c o n tro l .

2 . I t  would no t be too d i f f i c u l t  to  persuade c l in ic ia n s  

and p a t ie n ts  to  regard  a th re e  months t r i a l  o f drugs as a  

th e ra p e u tic  t r i a l  p r io r  to  a  f in a l  d ec is io n  being  made 

about tre a tm en t.

3 . Ihe most s t r ik in g  d if fe re n c e  between th e  two groups i s  

t h e i r  ’s t a b i l i t y "  over tim e. Since a,t one month both  are  

in s ta b le ,  th e  combined co n tro l and th ree  months v a lu es o f fe r  

the  p o s s ib i l i t y  0.f em phasising the  s t a b i l i t y  o f  the  cures 

and the  r e la t iv e  i n s t a b i l i t y  o f  the re la p s e s .

4 . The wide v a r ia t io n  in  in d iv id u a l value o f t e s t s  even 

w ith in  groups suggested th a t  a  la rg e r  sample o f  each group 

would be d e s ira b le . This was aimed a t  ta k in g  as  much account 

o f th i s  b io lo g ic a l  v a r i a b i l i t y  as  p o s s ib le .

7 .7 .2  R esu lts

In  th e  study 80 cases were used , i . e .  40 cu res and 4 0  

r e la p s e s .  The a n a ly s is  was confined  to  c o n tro l and tliree  

months v a lu es  s e p a ra te ly  and in  com bination.

H ie /
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The s c a t t e r  diagrams o f  the r e s u l t s  a re  shovm in  M .g.7.10 

and show co n sid erab le  overlap  (F ig . 7 .1 0 a ,b ) a t  th e  f i r s t  

two in te rv a ls  but much b e t te r  se p a ra tio n  when th ey  are  

combined (F ig . 7 .1 0 c ) . I t  must be noted th a t  th e  degree 

o f overlap  i s  much g re a te r  w ith  th i s  la rg e r  sam ple.

7 .8  D iscussion
 ̂ fcMtma OMWWtl K.-L.A UiTIW* WJ CXH

7.8*1 In tro d u c tio n

Ihe d i f f i c u l t i e s  a s so c ia te d  w ith  the  choice o f trea tm en t 

in  th y ro to x ic o s is  have been b r ie f ly  d e ta ile d  e a r l i e r  (7 *2 ) 

and were reviewed in  d e ta i l  by Hershnian e t  a l  (1966). The 

p a r t ic u la r  problem o f p re d ic tin g  the long-term  outcome of 

th y ro to x ic o s is  when tr e a te d  w ith  a n t i- th y ro id  drugs has been 

d iscussed  by many au tho rs (Solomon e t  al# 1953# hershman 

e t  al.# 19665 Cassidy# 1970# Alexander e t  al# 1970)*

The approach adopted in  design ing  th i s  study  has been 

to  use th e  problem o f p re d ic tio n  o f outcome w ith  trea tm en t 

by a n t i - th y ro id  drugs as a  f i r s t  approach to  th e  la rg e r  

d e c is io n  problem o f a l lo c a t in g  each o f th e  th re e  p o ss ib le  

trea tm en ts  as  a c c u ra te ly  as p o s s ib le .

Hie d a ta  on which the  study  i s  based i s  derived  from

a n /
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an -onselected group o f tliyxotoxio p a t ie n ts  (w ith  the  ra re  

excep tion  o f p a t ie n ts  whose p h y sica l h e a lth  made trea tm ent 

a  m a tte r o f  urgency)# a l l  o f whom were t r e a te d  w ith  the 

a n t i- th y ro id  drug regime a lread y  d e ta ile d  (7 .3 ) ,

Tills approach to  s e le c t io n  would no t he shared by a l l  

e n d o c rin o lo g is ts , flany might rese rv e  drug therai)y fo r ,  

fo r  exaraple # p a t ie n ts  who were le s s  than  45 y ea rs  o f age 

and w ith a g o itr e  o f 5^60 G.

The main advantage o f n o n -se le c tio n  i s  th a t  i t  makes 

the  study  o f the  n a tu ra l h is to ry  of the  d isease  much e a s ie r  

i f  s e le c t io n  b ia s  o f  t l i i s  type i s  e lim in a ted  from the 

sample.

7 .8 .2  Choice o f  d ec is io n  system

Tn a l l  s tu d ie s  o f com puter-assis ted  d iag n o sis  the 

choice o f a s u ita b le  d ec is io n  system i s  o f v i t a l  importance 

to  i t s  success and i t s  acceptance by p r a c t is in g  c l in ic ia n s .  

Most s tu d ie s  o f  com puter-assis ted  d iagnosis  have had l i t t l e  

impact on ro u tin e  p ra c t ic e ,  An im portant reaso n  fo r  th i s  

i s  th a t  the d ec is io n  system stu d ied  i s  chosen because d a ta  

i s  a v a ila b le . Other im portant fa c to rs  a re  the  f a i lu r e  to  

take adequate a,ccount o f  psychological f a c to rs  o r  o f dual 

patho logy , w hile many o f the  problems a.re o f l i t t l e  p r a c t ic a l  

v a lu e , Hius# many s tu d ie s  in  the a rea  o f th y ro id  d isease  

have /
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liave ignored  dual pathology and psycho log ica l i l l n e s s  and 

have concen tra ted  on the c a lc u la tio n  o f the  c l in i c a l ly  

t r i v i a l  d ec is io n  as to  whether the  p a t ie n t  i s  eu th y ro id , 

hyperthy ro id  o r hypothyroid . 'Hiis i s  a  d ec is io n  which can 

he made w ith  a  h igh  degree o f  accuracy on in sp e c tio n  alone 

o r , a t  the m ost, a f t e r  a  ro u tin e  c l in ic a l  assessm ent of the 

p a t ie n t .  Hence, to  provide a novel and in te l l e c tu a l ly  

complex method of making such a  simple c l in ic a l  d ec is io n  

has been viewed by many c l in ic ia n s  as an in te r e s t in g  but 

i r r e le v a n t  a r ith m e tic  e x e rc ise .

In the choice o f d ec is io n  problem i t  i s  th e re fo re  

im portant to  a/fctempt to  provide answers where t r a d i t io n a l  

forms o f decision-m aking a re  acknowledged as u n s a tis fa c to ry . 

In o th e r  words, the  aim should be to  f u l f i l  a. c l in ic a l  

need. In  doing so , i t  should be p o ss ib le  to  use the same 

techniques to  look a t  more fundamental problems about the 

n a tu re  o f the  d isease s  invo lved . The two approaches are  

indeed complementary.

Hie aim o f  tM s  study i s  to  provide the  c l in ic ia n  w ith 

a method o f s e le c t in g  cases fo r  a n t i- th y ro id  trea tm en t as 

e a r ly  as p o ss ib le  in  the trea tm en t of the d is e a s e . The 

trea tm en t o f a l l  p a t ie n ts  w ith th y ro to x ic o s is  fo r  a minimum 

o f /
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o f th re e  months w ith  on ti - th y ro id  drugs can th en  he regarded  

as a  '’th e ra p e u tic  t r i a l ” p r io r  to  a  f in a l  d e c is io n  about 

th e rap y .

The d a ta  used in  the  study c o n s is ts  o f  a  d e ta i le d  

b a t te ry  o f  c l in i c a l  end la b o ra to ry  in v e s t ig a t io n s  o f 

th y ro id  fu n c tio n  which could be c a rr ie d  out a t  a  ce n tre  

s p e c ia l is in g  in  th y ro id  d ise a se s . I t  would be an im portant 

s te p  in  the  assessm ent o f th i s  model to  c a lc u la te  th e  

f in a n c ia l  c o s t o f th is  b a t te ry  o f  t e s t s  i f  used ro u tin e ly .  

This f ig u re  could then  be balanced a g a in s t the  expense o f 

t r e a t in g  those cases  who would ev e n tu a lly  r e la p s e .  The 

c r u c ia l ly  Im portant problem o f a sse ss in g  and b a lanc ing  

f in a n c ia l  and n o n -fin a n c ia l co s ts  and b e n e f i ts  has a lread y  

been d iscu ssed  in  d e ta i l  e a r l i e r  (4*6).

Ihe use o f  an o n -lin e  computer teriJiinal nxedces the  

c a lc u la t io n  o f th e  d ec is io n  by the t e s t  program in  any 

in d iv id u a l case q u ite  sim ple. A s e c re ta ry  can be tra in e d  

in  an a fte rn o o n  to  operate  such a  te rm in a l. This would 

allow  many c l in ic s  to  use the  d ec is io n  model m erely by 

te lephon ing  d a ta  to  such a s e c re ta ry  and being  g iven  the  

r e s u l t s  w ith in  a  minute over the  'phone.

7*8.3 D e fin itio n s

The l a s t  im portan t co n s id e ra tio n  in  the  design  o f any 

d e c is io n /
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d e c is io n  model i s  the  p re c ise  d e f in i t io n  o f the  outcome 

c a te g o r ie s  in to  which th e  p a t ie n ts  are  to  he a l lo c a te d .

In  th i s  study  two c a teg o rie s  were se lec ted#  i . e .  'cured* 

and re la p se d . Hie exact d e f in i t io n  o f both term s has 

a lre ad y  been given (7 .3 ) .

In  th e  choice o f such ca te g o rie s  the needs o f the 

p r a c t is in g  c l in ic ia n  must be borne in  mind. Complex over

exact d e f in i t io n s  should be avoided. f ix in g  the 

p e rio d  o f fo llow -up to  tliree  years  in  th i s  study , vfo have 

ensured th a t  the  v as t m a jo rity  (>80 p e r c e n t)  o f  re la p se s  

w i l l  have a lread y  occurred . The p red ic tio n #  i f  su c ce ss fu l, 

would give a u se fu l guide to  the id e n t i f ic a t io n  o f most 

re la p s e s .

The t e s t s  had been performed a t  re g u la r  in te rv a ls  

over the tliree  y ear follow -up p e rio d . The f iv e  in te rv a ls  

chosen were d ic ta te d  in  x>art by the  need to  have complete 

d a ta  and in  p a r t  to  y ie ld  enough in fo rm ation  to  study  the 

b io lo g ic a l behaviour o f the  two groups o f  oases a t  re g u la r  

in te r v a ls .

Thus, by choosing* a d e c is io n  problem where conventional 

techn iques o f  decision-m aking are  u n s a tis f a c to ry , by 

d e fin in g  the  outcome c la s se s  in  a p re c ise  y e t c l in i c a l ly  

m eaningfu l/
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m eaningful way and by p rov id ing  a  sim ple method o f u sin g  

the technique (such as by u s in g  a  tra in e d  s e c re ta ry ) ,  we 

can g r e a t ly  in c re a se  th e  chances o f th i s  co m p u ter-assis ted  

d ec is io n  system being  w idely used .

7 *8 .4  A nalysis o f r e s u l t s

In  the  a n a ly s is  o f  r e s u l t s  a  number o f im portan t 

f e a tu re s  emerge. There i s  a  considerab le  overlap  o f vary

in g  degree a t  a l l  in te r v a ls ,  bu t e s p e c ia lly  a t  one, tliree  

and twelve months (F ig . 7*5)* This overlap  i s  even more 

pronounced in  th e  co n tro l and th ree  month a n a ly s is  o f the 

second study , where numbers a re  la rg e r .  Ho?/ever, the  

overlap  i s  g r e a t ly  reduced by combining the  c o n tro l and 

th re e  months d a ta  (F ig . 7*18)* Hie acbual percen tage o f 

m is c la s s if ic a t io n  i s  much sm alle r than  th a t  in  the  overlap  

and th i s  fe a tu re  a lso  holds tru e  in  the second study .

Hie ex p lan a tio n  o f the  much improved se p a ra tio n  

achieved by combining the c o n tro l and tliree  months d a ta  may 

l i e ,  as has been suggested e a r l i e r ,  in  the  f a c t  th ac  the 

values o f  the  lik e lih o o d  r a t io s  o f  the cure group reiiiain 

r e l a t iv e ly  s ta b le  between th ese  two in te rv a ls  compared w ith  

the  re la p sed  (F ig . 7*3)* Another p o ss ib le  expleination i s  

th a t  the improvement i s  due to  the in c reased  eimount o f d a ta  

being  used in  th e  combined a n a ly s is .  F ir th e r  experim ents 
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w ill  be neeessBxy to  decide which ex p lan a tio n  i s  th e  most 

p la u s ib le •

C lea rly , in  se le c tin g ’ an optim al in te rv a l  fo r  

d isc r im in a tin g  between the  two groups, bo th  the degree of 

overlap  and th e  number o f m is o la s s if ic a tio n s  must be talten 

in to  account. I f  the overlap  i s  no t too  g re a t (as w ith 

the  combined d a ta )  then  i t  i s  p o ss ib le  to  r a i s e  o r lower 

(F ig . 7#10) the  d iv id in g  l in e  between the  groups by a 

minor program m o d ific a tio n . H iis would p rev en t any cures 

being  m issed, w hile allow ing  some re la p se s  to  be m istaken 

fo r  cu re s .

Ihe most s trik ing - fe a tu re  o f the  s c a t t e r  diagram (F ig .? .4 )  

i s  th a t  th e  "cure* group (w ith one o r two excep tions) 

rem ains s ta b le  over the f iv e  in te r v a ls .  c o n tra s t ,  the

're lapsed*  group i s  much more s c a t te re d . This v isu a l 

im pression  i s  confirmed by the dete rm in an ts , a  formal 

measure o f th e  "spread* o f th e  c lu s te r s  (F ig . 7*9)#

however, t h i s  c o n tra s t  between th e  groups becomes very 

much more pronounced when in d iv id u a l cases a re  follow ed from 

in te rv a l  to  in te r v a l .  Again the cured group s ta y  very  

c lo se  to g e th e r , bu t the  "relapse* group behave in  a mu.oh 

le s s  coheren t fa sh io n . There i s  no s in g le  c le a r  p a t te rn  

in  the re la p se  group. Ihe immediate im pression  i s  th a t  

t h i s /
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th i s  group i s  n o t homogeneous and th a t  perhaps two o r more 

p a t te rn s  o f tim e dependent behaviour a re  invo lved . I t  

may w ell be th a t  th ese  p a .ttem s re p re se n t sub-popu lations 

o r syndromes xvithin the re lap sed  group.

For example, th e  oases which appear a t  th e  extreme o f 

the  d is t r ib u t io n  (lo g  lik e lih o o d  r a t io  o f ^ -20  in  F ig . ? .6  

and F ig . 7*7) o,t one in te rv a l  are  o f ten  much n e a re r  the  

overlap  a t  a n o th e r. A few cases (17, 18, 20, 26, 2?) move 

to  the  extreme a t  s ix  months and s ta y  th e re . These may 

re p re se n t a  sep a ra te  subgroup. Ih tu re  s tu d ie s  w il l  a ttem pt 

to  r e la te  th i s  group to  a  more severe form o f  the  d ise a se .

Another p o ss ib le  pubgroup w ith in  th e  re la p se  group has 

a lre ad y  been suggested e a r l i e r  (7*6.1 s F ig . 7*8) which 

might be exp lained  by a  d o se -re la te d  response to  a n t i- th y ro id  

d rugs. Hius, i f  f a i lu r e  to  respond to  drugs was due in  some 

cases to  the  f a c t  th a t  the  normal dosage (7*3) was no t h igh 

enough, then  the percentage of cures could be in c reased  i f  

th ese  Ca.ses could be id e n t i f ie d  and a more ap p ro p ria te  

dosage regime i s  g iven . Since the  d is t in g u is h in g  c h a ra c te r 

i s t i c  o f  th e  cure group was the  r e la t iv e  constancy o f the 

lik e lih o o d  r a t i o  over tim e, i t  might be p o ss ib le  to  id e n t i f y  

the  "p o te n tia l c u r e s " witM.n the  re lap sed  group by th i s  

f e a tu r e /



158

fe a tu re .  E a r l ie r  we have id e n t i f ie d  f iv e  cases whose l i k e 

lih o o d  r a t i o  p a t te rn  resem bled th a t  o f  the cured group 

much more c lo s e ly  than  th a t  o f  the  re lap sed  group. I t  i s  

th e re fo re  o f some in te r e s t  th a t  4 out o f 5 o f  th e se  cases 

were m isdiagnosed as cures a t  12 months.

I t  must be made c le a r  th a t  such o b se rv a tio n s  can# a t  

th i s  s ta g e , be on ly  sp e c u la tiv e . But they  dem onstrate the  

value o f th i s  type o f a n a ly s is  o f  c lu s te r  behaviour in  

sug g estin g  p o ss ib le  ex p lan a tio n s o f  e r r a i i c  and poorly  

understood responses to  drug th e rap y .

I t  may w ell be th a t  a  nimber o f syndromes e x is t  w ith in

th e  d ise ase  known as th y ro to x ic o s is . The d i f f i c u l t y  in

p re d ic tin g  the  behaviour o f the d isease  and in  understand ing  

the v a r i a b i l i t y  in  th e  measures o f th y ro id  fu n c tio n  may be 

because successive  samples o f  p a t ie n ts  may vary  in  th e i r  

r e la t iv e  percentage o f such syndromes.

Among the p o ss ib le  syndromes a re :

(a )  D rug-responsive cases w ith  conventional drug regime

(b) D rug-responsive cases w ith o th e r dosage regim es who Eire

a t  p re se n t among the re la p se s

(c) Relapse p a t ie n ts  w ith  severe d isease

(d) Other re la p se  p a t ie n ts .

The f a c t  th a t  the "spread" o f the  re la p se  group, as 

m easured/
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measured by the determ inants# i s  g re a te r  than  the  cure group 

may suggest th a t  th e  l a t t e r  co n ta in s one subgroup w hile the  

form er co n ta in s  more than one.

An, im portan t guestiCn in  a l l  these  s tu d ie s  i s  whether 

the  r e s u l t s  o f th e  a n a ly s is ,  and in  p a r t ic u la r  th e  tim e- 

dependent behaviour, i s  a  m athem atical a r t e f a c t  o r  does in  

f a c t  re p re se n t some fe a tu re s  o f the underly ing  b io lo g ic a l 

behaviour o f the  d ise a se . Once ag a in , the evidence which 

we can use to  support the l a t t e r  hypo thesis  can only  be 

c irc u m sta n tia l a t  th i s  s ta g e .

I t  would seem u n lik e ly  th a t  the s t a b i l i t y  seen in  the 

"cure* c lu s te r  could be accounted fo r  e n t i r e ly  by chance.

In  p a r t ic u la r  the alm ost symm etrical change in  th e  l i k e l i 

hood r a t io s  o f  the  cure group a t  c o n tro l, one and th re e  

months (F ig . 7 .6 )  would be d i f f i c u l t  to  a t t r i b u t e  to  cIiEince. 

I t  may w ell be due to  the 'p e rtu rb a tio n *  in tro d u ced  in to  

the  b io lo g ic a l system by the  m etabolic ' i n s u l t  * o f  the  

a n t i - th y ro id  drugs and the  subsequent "accomodation* of 

the  system to  th e  drugs.

At 12 months the  "cure * group i s  c le a r ly  sep ara ted  and 

compact. Presumably, i f  a c lu s te r  i s  very  compact t i i is  

im p lies  th a t  cases in  i t  resemble one ano ther very  c lo s e ly . 
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The c lo s e r  the  resem blance, the e a s ie r  i t  iimst be to

recogn ise  th a t  any one case belongs to  the  group. At 12

months i t  i s  u su a lly  p o ss ib le  to  id e n tify  those cases who 

v /ill do w ell and those who w il l  re la p s e .

7*8.5 Second study

Ihe d if fe re n c e  in  tim e-dependent behaviour o f  the two 

c lu s te r s  has been d iscussed  in  d e t a i l .  The reasons fo r  

s e le c tin g  co n tro l and th ree  months as the b e s t com bination 

to  use were given e a r l i e r  (7*3)*

The r e s u l t s  shown in  F ig . 7*10 bear out t h i s  p re d ic tio n .

Hie se p a ra tio n  i s  much improved, as i s  the degree o f overlap .

I t  i s  a  sim ple m a tte r to  low er the d iv id in g - l in e  to  ensure 

th a t  a l l  cu res a re  c le a r ly  d is tin g u ish e d  a t  the exiiense o f 

8 m is o la s s if ic a tio n s  Einiong the  re la p s e s . This g ives a to t a l  

m is c la s s if ic a t io n  o f  8 out o f 80 (90 p er cen t su c ce ss ).
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EPILOGD.BMnteirmtrMCMom

The v a r ie ty  o f  c l in ic a l  a p p lic a tio n s  o f  th e  teelm ique 

o f  co m p u ter-assis ted  d ec is io n  rnalcing used in  t h i s  study i s  

s tr ik in g #  D hile the problem a re a  chosen i s  th a t  o f th y ro id  

d ise a se , the  techn iques a re  o f wide re levance  in  o th e r 

d ise ase  system s.

Anong the  m ajor f a c to rs  which have p revented  th e i r  

w idespread use a res

1 . The la c k  o f knowledge on the  p a r t  o f  c l in ic ia n s ,  

combined w ith  understandab le  su sp ic io n  o f the  over

s im p lif ie d  claim s o f e n th u s ia s ts  o f  computer m edicine.

2# The choice o f d ec is io n  problems in  the p a s t which a re  

o f  l i t t l e  p r a c t ic a l  i n t e r e s t  to  the  c l in ic ia n .

S im ila rly , to  choose as a  d ec is io n  problem ( fo r  

c a lc u la tio n  by computer) whether a p a t ie n t  i s  eu th y ro id , 

hypotliyroid o r hy%ierthyroid, i s  to  employ complex 

techn iques to  so lve a problem which an experienced 

c l in ic ia n  can achieve by in sp e c tio n  o r by ro u tin e  

exam ination.

3 . Computing f a c i l i t i e s ,  such as o n -lin e  te rm in a ls , a re  

no t w idely a v a ila b le  and seldom in  a rea s  in  h o s p ita l  

where the  d ec is io n s  ere  being  made.

As f a r  as fu tu re  s tu d ie s  are  concerned, the  main emphasis 

should be on problems such as th a t  o f th y ro to x ic o s is  

tre a tm e n t/



1 6 2

trea tm en t s tu d ied  h e re , where conventional decision-m alcing 

i s  inadequate .

Using the  o n -lin e  se q u en tia l p ro b a b i l i s t ic  model, the  

w r i te r  p lan s to  in v e s tig a te  the  p lace o f a  com puter-based 

screen ing  c l in ic  fo r  th y ro id  d isease  in  a h o s p ita l  Out

p a t ie n t  Department. The p a t ie n t  would have a  h is to ry  

taken  a t  computer te rm in a l, follow ed by a  l im ite d  p h y sica l 

exam ination by c a re fu l ly  tra in e d  para-m edical personne l.

Both these  item s could be augmented i f  the  computer 

c a lc u la te s  th a t  more in fo rm ait on from h is to ry  and p h y sica l 

exaBiination i s  needed. Several la b o ra to ry  in v e s tig a tio n s  

a re  then  chosen by the computer on the r e s u l t s  o f  the  

h is to ry  and exam ination. "When these  in v e s tig a tio n s  are  

complete th e  p a t ie n t  re tu rn s  to  a  second le v e l  c l i n i c .

By th is  time the d iagnosis  w ill  be c le a r - c u t  f o r  ro u tin e  

cases* The d i f f i c u l t  cases can be reviewed in  d e ta i l  by 

the  c l in ic ia n  w ith  much more time to  sp a re . P a tie n ts  w ith 

psycho log ica l problems (over 48 p er cen t o f  cases seen in  

the Thyroid C lin ic  a t  the Royal In firm ary , Glasgow) would 

be d e a lt  w ith by a p s y c h ia tr is t  and a  so c ia l worker ‘who 

may be in  attendance a t  th i s  second le v e l c l i n i c .

The study  o f  decision-raalcers w ill  be continued  w ith 

la rg e r  samples to  confirm  o r re fu te  the te n ta t iv e  conclusions 

o f /
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o f the  s tu d ie s  in  th is  th e s i s .  The in flu en ce  o f p e rso n a lity  

f a c to r s ,  c l in ic a l  experience , "p a tte rn  reco g n itio n "  and 

"channel cap ac ity "  would have to  be s tu d ied  in  d e t a i l .

The o n -lin e  an a ly s is  and teaching’ system developed in  

Clmpter 6 would have to  be te s te d  on s tu d e n ts . I t  i s  

planned to  apply  the same techniques to  the teach in g  by 

com puter• o f the  d i f f e r e n t ia l  d iagnosis between C ashing 's 

syndrome and o b e s ity .

F in a lly , the  an a ly s is  o f oases o f  th y ro to x ic o s is  would 

be con tinued . Hie two prim ary l in e s  o f  development would 

be s

(a) To develop a model which took account o f  the  tim e- 

dependent changes in  the t e s t s  used in  the  two s tu d ie s . 

This might malce use o f  the  d i f f e r e n t i a l  equation  

approach to  problems o f r a te  changes in  b io lo g ic a l 

system s.

(b) To analyse fu r th e r  the  re la p se  cases by th e  technique 

o f num erical taxonomy to  see i f  any c lu s te r s  emerge 

w ith in  t i l l s  group.

heed less to  say (as w ith  a l l  in v e s tig a tio n s  o f  c lln ilo a l 

decision-m aking) teclin iques, models and concepts developed 

to  solve problems in  one d isease  system a re  o f wide a p p lic 

a t io n  to  the  whole of c l in ic a l  and th e o re t ic a l  m edicine.



A P P E E D I X  A s  C O IffU m  PHOGEAMS AKD FLOW DIAGHAJ®

A,1 O ff- lin e  v e rs io n  o f the se q u e n tia l p r o b a b i l i s t ic  

program w ritte n  by the au th o r in  .Algol 60.

A* 2 Typical output from o f f - l in e  program.

A, 3 Id e n tic a l  o f f - l in e  program w r i t te n  in  F o rtran  IV,

A*4 O n-line v e rs io n  o f seq u en tia l p r o b a b i l i s t ic

program w rit te n  by the  au th o r in  Algol 60*
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c,r, t e s t •f 0 , 1 2 9 6 0 , 8 4  79

P R E C I P I T I N  TEST «VE 0 , 0 3 9 4 0 , 9 3 8 3

BE 131 I NO d a t a 0 , 0 3 9 4 0 , 9 3 8 3

THYMOL TURBI DI TY 0 , 0 ^ 2 . 0 0 , 0 0 8 8 0 , 9 6 6 0

CONSI STENCY HARD 0 , 0 0  94 0 , 7  2 94

r e c e n t  i n c r e a s e  IN S I Z E NO 0,0102 0 , 9 7 0 1

E f S ® R ® 2 1 ffi 4 0 0 , 1 2 4 3 0 , 6 8 5 3

P"B. 127 I 3 9 1 ® G « 0 0 , 0 8 3 3 0 , 6 2 8 4

t r a c h e a l  DEVI ATI ON YES 0 , 0 5 5 7 0 , 2 8 3 2

CERVICAL LYMPH NODES p a l p a b l e 0 , 0 0 3 4 0 , 0 3 6 6

AGE 6 0 + 0 , 0 0  16 0 , 0 0 5 6

C L I NI CAL  STATUS EUTH* 0 , 0 0 1 0 0 , 0 0  5 7

f i x a t i o n  TO T I S S U E S YES 0 , 0 0 0 0 0 , 0 0 1 0
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SERUM g l o b u l i n s 0 9 0 w 2 1 2 0 , 0 0 0 0 0 , 0 0 0 0

DYSPHAGIA YES 0,0000 0 , 0 0 0 0

P,B* 131 I AT 46 HOURS 0 « 2 1 w 1 i 0 0 , 0 0 0 0 0 , 0 0 0 0

GAMMAGLOBUL I N NO d a t a 0 , 0 0 0 0 0 , 0 0 0 0

p y r a m i d a l  l o b e ABSENT 0 , 0 0 0 0 0 , 0 0 0 0

ZINC SULPHATE t u r b i d i t y 5 * 1 2 0 , 0 0 0 0 0 , 0 0 0 0

DI SCOMFOrt YES 0 , 0 0 0 0 0 , 0 0 0 0

k c l o / 4  D i s c h a r g e NO d a t a 0 , 0 0 0 0 0 , 0 0 0 0
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..r i t e : 10, g , k ) ;
' F O R ' W  = 1 ' ST E P '  1 ' U N T I L ' 3 0 ' D O "  B E G I N ' T E S T (K )= R E A D ; 20 >: 
p r i o r ; 1 , K ) = . 566. P P I 0 R ; 2 , K ) = , 3 1 6 :  p r i o r ; 3 , k ) = « 116:
; ' E.ND' :
co w I r . c o w N T  — 1:
jR I T e t ; 10,' ' 15C' ) ' p e ;.e t
'■ R 0 ;■ A Ü I L I T I E 5 ' * ' A T ' # * "  ) ;

s

62 ' . M  T E ( 1 0 , r , r : I 0. : 1 , 1 ) ) I ;
'6 3 ;■ I TFH: ] n, ' ( "  ( , 5C' > ' T T.S'• ' I S'
6 4 » ' R u N ' * ' N U N 3 E R ' * * * ' ' ) ' ) :
65 IF I TE; 1 0 . G , 6 7 - C O U N T ) i
o6 'G O T O '  Li:
6 7 L 2 : ' F O P  ' X z l ' S T E P ' l ' u . T l L ' Z ' F ' O '
6 3 ' ' L E Q l l '  ^
6 9 IijfJ k ; f ) = o :
70 P P I iR ; 1'K)=P. S T ; i , R E . < ; P , - ) ; P R i O f t ( 2 , K ) = P O S T ; 2 , R E S P , C ) :
71 PR I r ; 3 , k > = p .s t ; 3 , r e <;p , c i ;
72 ' EN&' :
73 .vP / T C t ; 10, ' ; "  ; 'C.34S' I ' ; ' 6S' f' S I M P L E '  (

' oS' : ' C A N C E R '  ; ' c' )" .) ') :
75 u R t T E T ; 10, ' ; ' ' ; ' 2c' ) ' T H E ' « ' N E | k ' « ' P R I O R
76 « ' A R E ' » ' '  )' ):
77 ' F O R  ' 1 = 1 ,2 ,3 ' DO,
7 8 ' -r ' B E G I N  'V/RITE( ) 0 , F / P O S T (  I,RESf ' C ) ) J
79 ' E N D ' ;
8 0 L 1 : F r; E D = 9 9 : B = B - l : ' F 0 R ' < : l ' S T F P ' l ' U N i I L ' Z ' D O '
3 1 ' I F ' TE ■ST ( K ) ' ME' 0' AN D'  T E s T  ; ) ' N E ' 9 ' T F EN'
82 ' EEGl l '
63 ' BE G I"'" FO R'  I = 1, 2, 3 ,00'
84 ' F O R ' j = I , 2 , 3 'DO'
65 X ; I , j , K ) = P R I O r ; I , K ) * L I K {  I, J ' K ) ;
86 ' F O R ' J : 1 ' 2 , 3  'DO'
6 7 Rowsuf' ; J ' K )= x ; l ' J , K ) + X ( 2 , J ' K ) * x ; 3'
6 8 'FOR ' 1 = 1' 2 , 3 ' 0 0 '
69 ' F 0 P ' v J = 1 ^ 2 , 3 ' D O '
9 0 P O S T  ( I , ..J , K ) = x ; I , J , K ) / Ro ws u m ;j' K ) :
9 1 ' F O P ' J  = 1 ' 2 , 3 '00'
9 2 ' B E G I N '
93 Y ; J, ^ )= P n S T ; 1,J ' K )*LA ; po st ; i , j
9 4 P 0 SI ; 2 ' J ' K ) « L f<; p o s t  12 ' J
95 f'0ST;3,J'K)«Lf. ; p o s t ; 3,0
96 IMF; J, s ) = y f J ,  K ) * R 0 V/ S U M ;J' K)
97 , ' E N D ' :
9 8 I N F J K  ; K ) = - : tnf; 1,K) + INF( 2 ' K ) + I N F ;
99 L3 : ' I F ' F R E D ' G T '  IMrJ K ; K ) ' T H E I '@ r - CT r\ . T r \f f u

' « ' P R O B A B I L I T I E S '

J ,  K ) :

' K ) ) « , 4 3  4 3  + 
K)  ) * ,  4 3 4 3  + 
K ) ) + 0 . 4 3 4 3 :



c. M u W
END

d a t a

;
►

g

f
; 20
(21
( 2 2

P R E C I P I T I N  t e s t  
SERUM g l o b u l i n s
d i s c o m f o r t  

t r a c h e a l  d e v i a t i o n  
l a r y n g e a l  P a l s y
F I X A T I O N  TO T I S S U E S  
C E R V I C A L  l y m p h  NODES
p y r a m i d a l  l o b e  
P a i N in g o i t r e  
h o a r s e n e s s  
D y s p h a g i a
C h o k i n g  o r  t i g h t n e s s  
C O uGH o r  s t r i d o r  
KCLO/4 d i s c h a r g e  
r e c e n t  i n c r e a s e  i n slgE
n o d u l a r  o r  d i f f u s e  
BE 131 I 
G A M M A G L O B U L I N  
E * S * R •
2 4 -HQUR UPTAKE 
P,B, 127 I
P,B, 131 I A t 48 h O u R s 
D U R A T I O N  (YEARS)
e s t i m a t e d  SIZE OF g l a n d
CONS ISTENCY
c l i n i c a l  s t a t u s
CfF* TEST 
THYMOL turbidity 
ZINC s u l p h a t e  t u r b i d i t y  

—   -  ------

»

*VE -VE 0 ' 0 " 2 * Z 2.12* NO y e s
YES No YES No YES I M P a LR,

a b s e n t P R ESENT NO YES NO YES
NO YES NO YES NO y e s
*VE NO YES n o d u l a r d i f f u s e 0-79

0 . 0 * 0 . 9 0.9* • 0*20 2 1 * 4 0 4 0 * 0 . 3 0 31*60
0 • 0 «13 . 0 —3.» 1— 5.0 5.0 + 0- • 0 — 0 . 2 0.2 1*1 . 0 1 . 0 * 0 * 0 # 1 * 0 1*1^10 .010,0* _

1 01 - 2 0 0  200* FIRM HAr D SOFT HYPO, EUTH, HYPER* ++
0 * 0 - 2 * 0 2* 1-5*0 5*0+ 5-12 ' 1 3-25 25* 0-30 3 1'

, 7 2 5 5 , 3 4 0 4 , 9 4 3 4 , 7 5 0 0 , 9 9 0 0 . 9 6 0 0 , 9 8 1  I , 8491 ,981 1 . 8 6 5 4 . 8 2 6 9 . 7 5 0 0 , 9 6 0 e *  
^ , 5 5 7 7 . 6 9 2 3 , 3 5 J 4 . 4 5 8 3 , 0  90 9 . 6 3 1 6 . 2 3 0 0 , 3 4 7 8 . 6 2 2 6 , 9 0 5 7 , 3 2 0 0 . 8 3 7 2 , 2 5 5 3 .  
-.#2 7 4 5 , 6 5 9 6 , 0 5 6 6 . 2 5 0 0 , 0 1 0 0 , 0 2 0 0 , 0 1 8 9 , 1 5 0 9 . 0 1 8 9 , 1 3 4 6 , 1 7 3 1 , 2 5 0 0 , 0 3 9 2 ,  
■,4 4 2 3 ,3 0 7 7 . 6 4 8 6 . 3 7 5 0 , 7 2 7 3 , 3 4 2 1 . 3 7 3 1 , 5 8 7 0 , 3 0 1 9 . 0 5 6 6 , 6 2 2 6 , 0 6 9 8 , 2 7 6 6 . 
", 0001,0001 ,0001 .0001.0001 ,000 1 ,0001 .0001,000 1 .000 1 .000 I , 000i.oooi. 
, 0 0 0 1 , 0 0 0 1 . 0 0 0 1 , 1 6 6 7 , 1 8 1 6 * 0 2 6 3 . 0 9 6 1 . 0 6 5 2 , 0 7 5 5 .0 3 7 7 ,0 5 6 6 . 0 9 3 0 . 4 6 8  1. 
, 0 0 1 0 . 8 1 4 8 . 6 6 6 6 , 8 8 8 9 ,9 9 0 0 ,9 0 2 0 , 9 6 0 0 , 9 6 0 8 . 9 3 4 0 , 9 1 6 7 , 9 3 7 5 . 8 1 2 5 . 9 5 5 6 . 
, 4 7 0 6 . 2 0 0 0 , 9 4 7 4 . 9 9 9 8 , 0 8 3 3 , 0 2 7 0 . 8 0 9 5 . 1 6 6 7 . 8 8 2 4 . 5 8 0 0 , 0 1 0 0 , 0 1 0 0 , 8 0 0 0 .  
.9990, 1852.3334. 1 1 1 1 , 0 1 0 0 , 0 9 8 0 . 0 4 0 0 . 0 3 9 2 . 0 6 5 2 , 0 8 3 3 , 0 6 2 5 .  1 8 7 5 , 0 4 4 4 . 
,5 2 9 4 .8 0 0 0 ,0 5 2 6 .OOOl,7 500,4595, 1 8 9 5 .5 2 0 8 ,0 3 9 2 .0 4 0 0 ,0 2 5 0 ,0 5 1 3 , 1 1 8 9 , 
,000 1,0001.0001.000 1,000 1.0001.0001,0001.0001,0001,0001,0001,0001;
,0 0 0 1 .0 0 0 1 ,0 0 0 1 , 0 0 0  1, 1 6 6 7 *5 1 3 5 ,0 0 1 0 ,3 1 2 5 .0 7 8 4 ,3 8 0 0 , 1 6 5 0 .9 3 8 7 , 0 0 0  1 , 
,1053,6 2 9 6 ,4545,2 0 8 3 ,7 6 4 7 .3 9 5 8 ,5 5 1 0 .9 7 8 3 , 6 8 1  a,5 8 3 3 ,7 6 ^ 9 , 4 5 6 5 ,7 2 3 4 , 

-.,7 8 7 2 .9000,8 6 6 7 .5 6 2 5 ,3 1 25,0 7 6 9 ,6 0 0 0 .4 4 2 3 ,7 0 8 3 ,0 4 6 0 ,0223.0 2 0 0 ,9577, 
,8 9 4 7 ,3 7 0 4 ,5455.7 9 1 7 ,2 3 5 3 .6 0 4 2 ,4 4 9 0 ,0 2 1 7 , 3  1 8 2 , 4  1 6 7 ,2 3 9 1 ,5435.2 7 6 6 , 
, 2  1 2 0 , 10 0 0 , 1 3 3 3 , 1 5  6 3 , 6 2  5 0 , 6 9 2  3 , 3  5 0 0 , 4 2  3 1 ,2 5 0 0 ,5 3 0 0 ,967 7 , I 0 0 I ,0 323 , 
,0 0 0 1 . 0 0 0  I, 0 0 0 I,0 0 0 } , 0 0 0 1  , 0 0 0 1  , 0 0 0 1  , 0 0 0 1  , 0 0 0 1  , 0 0 0 1  . 0 0 0  1 , 0 0 0 1  , 0 0 0  1 , 
,0 0 0 1 ,0 0 0 1 ,0 0 0 1 ,2 8 1 2 , 0 6 2  5 , 2  3 0 8 ,0 5 0 0 , 1 3 4 6 . 0 4 17,0 1 0 0 , 0  1 0 0 ,8 ? 1 9 , 0  1 0 0 ,

" 6 0 I
6 6 6 7 , 3  
2 2 2 2 , 0  
3333,616296,-7, 
OOQ 1 ,0 l 
1 4 0 2 ,2 , 
9334,81
7 2 2 2 ,2 , 
0 6 6 6 , 21 
2 5 7 e,‘6 ,
0 0 0  1 . Oi 
0 2 0 0 , 0 ! 
9000,01 
7 0 5 9 ,0 ;
looo, 1| 
2 8 4 1 ,-3 i 
0.0,01 ,0( 
0 1 0 0 ,5 :

TIME l7,30*OO



PROGRAM ENTRY AT CHAIN 01 l 7 . 37.40 02/02/7j
*XEQ
•I0DUNIT20/READ 
♦lÔOuNiTrO/PRINT 
•STORAGE//14000 
•FORTRAN 
•CHAINI

DIMENSION NAM(4,30),IR(3«30),ICAS(30),P(30,3,3),Pl(3), 
C E N T ( 3 0 ) « P 2 ( 3 , 3 ) , P 3 ( 3 , 3 0 ) , S P 2 ( 3 f 3 ) , X ( 3 ) ^ N D ( 3 0 ) , N T ( 3 0 )

C TEST names
1 FORMAT(4A8.48X)
C TEST OUTCOMES
2 FORMAT( IOAS )c likelihoods
3 FORMAT( 15f5.4« 5x )
4 F°RNAT(2Xf 30 I 1.47x)
5 format( 1HI, 8X;9HCASE Nq. , I 3 . 8X.9HDEST TEST.I8X#

C51HPESULT HaShIMOTo S SiMPLE GOITRE CANCER)
6  F O R MA T !  1 H 0 . 2 5 X / 5 A 8 / 3 ( 5 X / F 9 . 4 >  )

C names of TESTS
READ(20'l)((NAM(IfJ),I = l'4)N=l*30)

C RESULTS
READ!20/2 )< ( I R( I / J)M* I * 3)#j s 1 » 30)

C PRIOR probabilities
READ!20/3)!!!P!I#d/K).I=l.30)»Jsi.3)#Ksl.3)
DO I 10 NC=1,67 

C CASE DATA
READ!20/4 ) ! ! cas! I ) . I 3 I.30 )
DO 25 1=1/16 
IF! I CAS ! I >-2315/20,2o 

15 ICAS! I > = ICAS! I) + l
GO tO 25 

20 ICAS!I)=9
25 CONTINUE

DO 40 I=19/30 
if!ICAS!I>-3>30/35;35 

30 ICAS!I)=ICaS!I)+l GO TO 40 
35 ICAS! I 1=9
40 continue

DO 45 1=1/30 
45 Nd! I > =0

PI ! 1) = 0 , 1pi!2):0.G9 
Pl!3)s0.0l  
DO 95 NQ=1/30 
SENT=99.0 •
DO 80 1=1/30 
if!ND! I > >50,50/80 

50 'ENT! I )=0
DO 65 Jsl ,3 
SUHsO

) " = °DO 55 K=l,3 
X!K)sPl!K>*p!l,J,R)

55 _SUM=SUM+X!K)
DO 60 K=l/3 
P2! K, J > 5>! ! K >/SUM 

60 Y = Y*P2!K/J>*AlOG10!P2!K/J) >
65 ENT! 1 )=ENT( I ),Y*SUM

Ip(SENT-ENT( I >)80,80,70 
70 SENT = ENT! I ) --- . . -

DO 75 K=l/3 
DO 75 J= 1,3 

75 SP2!J/K)=P2!J/K) '
N= I

80 continue
ND!N) = )
NT!NO)=N
IF!ICAS!N)-9)65,92,92 

85 J=I CAS!N)
00901=1,3  

90 p1 ! I )=SP2! I ,J)
92 DO 94 1=1/3
94 P3! I,N0>=PI! I )
95 CONTINUE 

PR I NT 5/NC
do 110 N=1,30 
J = N T ! N 5 
K=I CAS!J)
If!ICAS!J>-9)lOO,105,105 

100 IRE=IR!K/U)
GO TO I 1 O 

105 IRE=8HN0 DATA
110 print 6 / !NaM( I,J),  l3i ,4) ,  IRE,(P3( I,N),IbI,3)

CALL EXIT
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r.Cf.r’ jvvro

.Cz.t    STEP f.r.rf
K  t C '16^ ' ' y

___ S T t P  L'.vJ T/

V
5tN’T-.- 9'i

i'
STfcf’ t - ' ^ T / L  No- o r  T c S T S

IS PIĴ (T) 4 O 7 ---------------
+  YLS 

£  N 7 ( i )  = C

- -  S T E P  (.'N'T, L f-kl. f iF O i 'T c o M c j  

y= Sc'M = o 

5ffP N-VCr tuSÊSES
X(k) ^ P I ( K ) ^  p ( i , J / V

= SUM -(. >f(N)

5TfcP  i'rJTi|_ NO'.OF D lS f n S ô j

y iy , Fy(K,T)̂  ôGĵ  (P2.0<.̂ )}

fnt{i)= ewT(i)-y*r 5o/-i

IS S F N T -  £ ni T ( i )  4 o  ? -----------------
tj/ N e

S O N T -  £N r ( l )

 >J?! 5 T f P  I WTI C  N o .  OF o o T C O M f i

SPZ(J.K) z P2 (J.K)
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Î

 <-------------------------- Th * X

 <-------------------- r
N P ( N ) ~ X  

NT(N^) «. N

9s coo.n.eNx poicfc- oF P/̂ ta A " 7 ___
I N o

T  3-  =  r c x \ 5  ( N )
- > ---------------------------------   S T f P  V' ^ITIC.  N o  c P  P t S P f i k S f ^

p i ( r ) = ^ 5 P z ( i , J )

- > - ^ ----------------------------------^ T f p  I 'M TI L  No,  OF P l S f w S e S

P3 { l ) NCt ) ^  P l ( i )

P<KI n 7  N C

—  : ^ . . y    $ T f P  L'rJ Ti L N O .  C F  TtSTlS
J - NT(n)

K  -  I C 4 S  ( j )  

IS CuflqcNT PficFoF
KP= (RE=' Nc DfiTA

-«*f—

PaiNf I'̂ .fSOi.rS

3-------
L _  L



8a

I I '3 
1
1 3'1 
1 3 5  
1 3 5  
1
1 5D 
1 53 
1 61 
1 7-3 
1 71 
1 7 3  
I, 7 3

7 4
7 5  
7 6

I 7 7  
I 7 5  
I 7 9liRt( 93 
1 9 3  
I 9 4

3 35

|?ES3>L,.4J ^
,  P O S T ,  X, LI . <1 :  1 : 1 ,  1 : 3 ,  1 : 3 3  J , i ; 4 V l l ) l :  1 : 1 | ,  
R E AL  E k E J j O L O E i M  r ;  
l i ' Or Et i ER I jvl^iNl> h J / . j C j b j r Kj  RES,
I N T E G E R  91 
I N T E G E R  An .S:

R J O L E A N  F I N , D O N E ;
F I N : = F A l S E j

F O'  K: ==l  3 T E R  1 i l N I I L  3 3  ÜU 
f iEGI .N

R R I Ü R I  1 , K I  : = R . R I 0 R L 3 , K  J : = R , R i u R L 3 , i < ]  :
S T E . S r i K J  : = 6 J  ENÜ;
F OR / i :  = l . STEP 1 ' J N T I L  5 DO
F OR  L :  = 1 S I E P  1 UN I I L  1'1 DO
R E . A D A T A ( N E v ! , D A v I D [ L , M I  ) I  
DA l A  NEL : = 9 , 3 , 9 , 1 3 , 1 1 , 1 3 , 1 3
6 . 6 . 7 . 5 . 1 6 . 3 5 . 3 6 . 3 . 0 . 1 ,
4 . 4 . 3 4 . 5 . 1 9 . 0 . 3 . 0 . 0 . 4 ,
6 ,  1 , 3 ,  1, 3,  0  7 , 3  3 , 3 9 ,  0 , 0 ,  4 ,
5 , 3 1 ,  1 7 , 1 4 , 3 0 , 3 3 , 4 , 0 , 0 ,  11 
O L D E N T : = 1 0 0 0 0 0 0 . 0  ;
FOi  I :  = l S T E P  1 i J N T I u  3 uO
F OR J : = l  S T E P  1 J N T I L  3  DO
F O R  K : = l  S T E P  1 U N T I L  3 4  DO
R E A D A T A C L I i < E , L l t < [  I ,  J , K I  ) I  
DATA L I K E : =

1 : 51 J

3 3 ,

3  1 0 . 7 3 5 5 , . 3 4  3 4 , . 9 4 3 4 ,  .  7 5 ,  . 9 9 ,  .  9 8 ,  . 9 8  1 1 . 8 4 9 1 , . 9 8 1 1 , . 8 4 5 4 , . 8 3  6 1 ,  - 7 5 ,

. 9 6 0 % , . 6 6 6 7 , . 3 4 6 3 , . 5 5 7 7 , . 6 9 3 3 , . 3 5 1 4 , . 4 5 8 3 , . 19 .  1 6 , . 3 3 ,  , . 3 4  ,-

. 6 3 3 6 ,
3  3 0 . 9 3  5 7 , . 3 3 0 % , . 8 3 7 3 ,  . 3 5 5 3 , .  3 3 p 3 ,  . 0 3 7 .''.
9  4 0 . 3  7 4  5 , . 6 5 9 6 , . 1 5 6 6 , . 3 5 ,  . 0 1 , .  -13,  . 1 1 8 9 , . 1 5 1 9 , .  11- 09 , . 1 3  4 6 , • 1 / .3 1 ,  . D  ,
3  5 0 . 3 3 9 3 , . 3 3 3 3 , . 6 5 3 3 , . 4 4 3 3 , .  3 - '1 / / ,  .  6 4 8  6 . 3 7  5 0 , . 7 3 7 3 , . ,3 4 3  1 . 3 7 3 1 , .  V 7
3 5 1 . 3 0 1 9 ,
3  6 0 . 0 5 6 6 , . 6 3 9 6 , . 0  69% , . 3 7 6 6 , . 6 3 9 6 ,  .  / 3 6 0 J
3 7 0 . 0 0 0  1 , . 0 0 0 1 , . 0 0 0  1 ,  .  -0 0  0  1 , .  0 0 0  1 ,  . 0 0 . 0  1 . 1 .1.0 1 , . 10 01 . 10 ' 1 . '  ' -11 ,  . ■ 1 ,
3 7 1 . 0 0 3 1 ,
3 5 0 . 0 0 . 0  1 , . 0 0 0 1 , . 10  .0 1 , . 0 0 0 1 , . 0 0 0  1 ,  .  4 0  .4 1 . 1 6  6 7 , • 1 1 . . 0 3  4 3 , . 1 9 6  ! ,  .  ' .4 5 3 .
3  R 1 . 0 7 5 5 ,
3  9 0 . 3 3 7 7 , . 0  5 6 6 , . 0 9 3 0 , . 4 6 8 1 , . 1 4 8 3 ,  . 9 9 7  1,
3 0 0 % ! 4 8 ,  . 6 6 6 6 , . 8 8 8  9 ,  . 9 9 ,  . 9 1 3 ,  .  9 6 , . 9  6 0 8 , . 9 3 4 8 , . 9 1 6 7 , . 3 3 7 3 ,  . p. 1 3 1 ,
3  10 . 9 5 5 6 , . 9 3 3 4 , . 8 , . 4 7 0 6 , . 3 , . 9 4 7 4 , . 3 3 9 8 . 0 % 3 3 , . 0 3 7 m, . 8 - 0 9 5 , . 1 6 6 / ,  . 8  8 3 4 ,
3 3 0 • 5 % , . 0  1 , . 3 1 , . % % , . 7 3 3 3 , . 3 9 9 ,
3  3 0 . 9 9 9 , . 1 8 5 3 , . 3 3 3 4 , . 1 1 1 1 , . ) 1 ,  . 0 9 % ,  . 1 4 . 0 3 9 3 , . ■ 6 S 0  J . 3 3 3 . 1 6  P 0 ,  . 1 7 5 ,
3 4 0 . 3 4 4 4 , . 0  6 6  6 , . 3 , .  5 3 9 4 , . 8 , . 0  5 3 6 , . 0 0 0  1 . 7 5 , . 4 5 9  5 , . 8 9 5 ,  . 3 0 8 , .  : 3 -9 3 ,
3 5 0 . 0 4 , . 0 3 5 , . 0 5 1 3 , . 1 1 % 9 , . 3 5 7 % , . 6 3  7 ,

3 6 0 . 0 3 3 1 , . 0 0  0 1 , . 0 0 0  1 , . 0 0 0 1 , . 0 0 0 1 , - 0 0 0 1 . 0P 0 1 , . D I M , . :) 0 ) 1 , . 1 1 - 1 ,  . ■ ' I
3 6 1 , . 0 0 0 1 ,
3 7 0 . 0 0 0 1 , .  0  '0 0  1 , . 0 0 0  1 , . 0 0 0 1 , . 00. 0 1 ,  .  0 : 0 0  1 . 0 0  0 1 , . 1 6  6 7 , . 5 1 3  -,, . , . - 1 -3 5 ,
3 7 1 . 0 7 8 4 ,
3 5 0 . 3 % , . 1 6 5 , . 9 3 3 7 , . 0 0 0 1 , . 0 3 ,  . 0 5 9 ,
3 9-0 . 1 3 5 3 , . 6 3 9  6 , .  4 5 4 5 ,  . 3 .4 % 3 , . 7 6 4 7 , . 3 9  5 " . 5 5 1 , . 9 7 8 3 , 6 8 1 8 , . ■) 8 3 7 , .  / /, ' 9 ,

.3 9 1 . 4  5 6 5 , . 7 3 3 4 ,
4 0 0 . 9 , . 8 9 3 6 , . 7 8 7 3 , . 9 , . 8 6 6 7 , . 5 6 3 5 , . 3  1 3 5 . 0 7 6 9 , . 6 , . 4 4 3 3 , . / : 3 ,  . ' 4 .  ■ : 3 T ,

4 i 0 . 0 3 , . 9 5 7 7 , . 7 3 5 9 , . 1 . 8 5 0 ,
4  3 0 . 8 9 4 7 , . 3 7 0 4 , . 5 4 5 5 , . 7 9 1 7 , . 3 3 5 3 , . 6 0 4 3 . 4 4 9  0 , . - 0 3 1  7 , . 3 1 - 83, . .4 1 -6 7 ,  . -3 3, / 1 ,
4 3 1 . 5 4 3 5 ,
4  3 0 . 3 7 6 6 , . 1 , . 1 0  6 4 , . 3 1 3 8 , . 1 , . 1 3  3 3 , . 1 5  6 3 . 6 3  5 , . 6 9 3 . 3 , 3 5 ,  . 4 3 3 1  ,  • 3  J ,
4  4 3 . 5 3 , . 9 6 7 / , . l 0  8  1 , . ) 3 3  3 ,  .  3 %4 i  ,  , 3 8  3-0.
4  5 0 . 0 0 0 1 , . 0 3 0 1 , . 0  -0 .0 1 ,  . D 0  1 , . '.') ' 1 1 , .  0 0  01 . --.'I 1 1 , . 10 0 1 . I ' l l , . - 1 ,  . I ,
4 5 1 . 0 0 3 1 ,
4 6 0 . 0 0 0 1 , . 0100 1 , .  0 0 0  1 ,  . 0  - -) 11 , .  0I.10 1 ,  .  0 0 0  1 ,  .  3% 1 ? , . 0 6 3 5 , . 3  3 .» .< . ! >,  . 1 3 4 6 ,
4  61 . 0 4 1 7 ,
4 7 0 . 0 1 ,  . 0 1 ,  . 8 7 1 9 , . 0 1 ,  . 0 1 ,  . 5 3 3

.i: >

!! 3

•■jjr :>.
■

yii ■

3 7 1 P ;

34 3 DO.'
3 5  '

I ; : = 9  9 ; -119 L\i

I
I

F'D P

IF 
Ivl  I 
LL  :

S T E P  I U N T I L  5 DO
E u  I : D O N E :  = F A L E E  ; 9 : = DA V I D  L 1 , L I  + 15 
- EI F , ’ 1 - I M ' I L  V DO b e g i n  
I ) L I ,  u  J ;
TL:<I  = / 3  An d  T p . STl . , < I = / 9  Ti ' E n 
E Û 1 \i

F I  I : = l  S T E P  1 u n t i l  3  DO
,J:  = 1 ATF..P ! Un T I u 3  DO

. ; L 1 ,  . J ,  .4 J ; = r’ R I 0  L I ,  .-< J +L I :< I I ,  . 1 ,  r< J 5
FO. .  J :  = l S T E P  1 U N T I L  3  DO RO L.S-Ji4 L-J ,  K I ; =X I 1 ,  J  ,  R I

+ X I 3 , . J , X I  + , 4 I 3 , ' 1 , R ] I
p ,  t :  = l .S IE, :  , i n T I L  3 DO
r . J  J :  = l S 1 Er'  1 i J i ' i r i L  .3 DO PO S i L I ,  . J ,  K I : =/ .

L I ,  J  ,  X I /  RO SUPi I ,J ,  K j I 
FO -, J :  = l . STPP 1 U n t i l  3  0 0

P E G  I N IL J , U I  : = P O ? T t  1 , . l ,  < ] * L N ( P O S T C  1 ,  J , K I  1 * 0 .  4 3 4 3  + 
PO.S Tl 3 ,  U ,  A l  +Li ' K ; "0.STC 3 ,  J ,  < ] ) +-. 4 3  4 3  +

POl^'TC 3 ,  U ,  X J * L , . 9 ( P 0 .STl 3 ,  .J ,  K I ) ♦ 0  . 4  3 4 3  5
I N PC , J ,  K ] : = TC J ,  X I * J,..'  I C O ,  '< I ;

E ND;
I DFJ - I L ;< J : = -  C 1,\JFL 1 ,  X I + I N FC 3 ,  i< J + I N FC 3 ,  i< I ) ;

P: '  TiVTC I NF, . ) K[ ! <]  ) ;
L A F E L 3 :  I F  F F E i ) >  I N F O  <C,X I THEN

-  Sf . ' l  F R E D :  = I , v F J l < r , < i ;

E-.Mii; I F  NO T DON E THEN GOTO l L ;
I F  AHSCP- ' - iE O - O L D E n  D < ' 3 . O 0  IHEiM GO TO LL 
E L S E  OLDE.M T : - F . - i E D;  

d : -  1 9 .  ' :
1 I T< "  1 IF.i: r i " . s " ,  C ,  ;
P-A'IA r-I ( T E L E T Y P E ,  "E.SPI
P . - E S P = 9  THEN b e g i n  T E ST l  C J : = 9  ; C,0 TO L A P E L 1 ; E N D ;
■: STcr ; j

-1: = ] s  TFT) 1 l i VTI L 3 0  DO
■7 EG I N P . M O i - U  , , < ]  ; = P O S  T i l ,  P7 ES3 ,  CJ  ; P R I O +  [ 3 , . x  J : = P O S T  [ 3 ,  R E S P ,  C l  ; 

PT ' 1 0 fiL 3 ,  X I : = P O S T  [ .3,  „ : F S p ,  C l  ;
E ND:

I i \  I ( " T H E  NFi.,. P R I O R  p r O p A B I L I T I E S  A R E " ) ;
" Hi ' ,  i ( . ' O. STI  1 ,  E." + , C  J ,  . >0. <^rC3,  . E S P , C l ,  - ' OS T I  3 ,  R E S P ,  C D  ;
1A) ) (  TELPTY. - 7E,  A N S ) ;
‘\ 'J' .-=.A T' lEiv G U T )  L L  E L S E  
) L A ' - P L l  ;

I'i

. 1 1 '  :i



I  would l ik e  to  aol<niowledge the i n t e r e s t  and 

support o f ï^ofesB or Ü.M. MoG-irr throughout th i s  work. 

Ik‘ofe s so r  John A itch ison  has provided generously  o f  h is  

time and advice in  a l l  a sp ec ts  o f the s tu d ie s  in  th i s  

th e s is  mid I  am very  g ra te fu l  to  acknowledge t h i s .  

P ro fesso r W. I .  Card o f the Department o f Medicine in  

.Relation to  lÆathematicB and Computing provided f re e ly  

the  f a c i l i t i e s  o f h is  departm ent and helped  in  the 

c l a r i f i c a t io n  o f manÿ- o f the id eas  in  th e  e a r ly  s tu d ie s  

in  the  th e s i s ,  ÏÏW* Paul Kent prepared  most o f  the  

photographs and t e s .  L. L eg rir  p a t ie n t ly  typed the 

m anuscrip ts .



AITGHISOI, J (1970)
J • Boy• Coll • Phyons. Lond • 4.* 3.95 •

AITCHISOl, J .  (1970)
"d io ioe  a g a in s t ohmices an in tro d u c tio n  to  s t a t i s t i c a l  
d ec is io n  th eo ry ’*. Addison-Wesleys iVkasaohussots.

AITCmSOH, J .  (1970)
• J . E o y . S t a t i s t . S o c . ,  S e r i e s , A ,  2 0 6 .

ALEXAEDSR, W .D ., HâBBEH, E.MoG., SHUHIHS, J . ,  tloL/JlTT, B . ,  
aicGILL, P . (1967)
L a n c e t , i i ,  6 0 1 .

ALEXâUDER, W . D . ,  IÎAIÏDEH, H .ifcG .,  MoLARTX, B . ,  SH IM iitlIS , J .  
( 1968 )  M e t a b o l i s m ,  1 8 ,  5 8 .

ALEXAMBBH, W .B . , IfcLAETY, B . G . ,  HOM OISOH, J . ,  S H B H IH S , J . ,  
B R O m i E ,  B .E .W .,  BAEBEN, H.lVbG. ( 1 9 7 0 )
J .  C l i n . l i n d o c r .  5 4 0 *

A H B E aSO l, J . A .  a n d  BOYLE, J . A .  ( 1968 )
B r i t .r n e d .m i l .  24,s 2 3 0 - 3 5 .

BAHIEH, B . J . P . ,  BISH O P, J .M . ( 1969 )
L a n c e t ,  1 1 ,  8 3 5 *

BASOH, B . H . ,  P M S E R , P .M . ( I 968 )
B rit.m ed.m il. 2£, 236.

BILLEW ICZ, W . 2 . ,  GH&PMAB, E . S . ,  CROOKS, J . ,  DAY, M . E . ,  
GOSSAGK, J . ,  WAYNE, E . ,  YOUNG, J . A .  ( 1969 )
Q tx a r t .J .M e d . 2 5 5 *

BOYLE, J . A . ,  GREIG, W.E. , BITGIIAKM, W. W., HAEDBI, R.MoG., 
PRANKLm, D .A . ,  ItoGXBR, E.M. ( 1966 )
Q ix a r t .J .M e d . 5 % .

BOYLE, J .A .  a n d  AITOERBON, J .A .  ( I 968 )
Brit.rned.m il. 2±i 224-229



BH01)I,ÎAÎJ, K., EiîDIiMH, A.J., LORGli, I., WOLPI', H.G. (1949) 
J.A.M.A. 140: 530.

BRUCE, E.A. and COX, A.H, ( I 96I )  
North-W est Ifed, 6 0 îl0 7 5 .

BRUCE, H.A. (1963)
in  P ro c .S th .l.B .M , tfe d io a l Symp, 77.

BRUCE, R.A. and YABHALL, S.R, ( I 966 )
J . Chronic Bis, 3 ^ ; 473.

CARD, W.l, and GOOD, I.J. (1970 )
îfe tlaem atioal B iosciences. ^  45.

CASSIDÏ, C. (1970)
M etabolism . 12^ 745?

CATEL, R.B. and EBBR, H.W. (I963)
In s t itn te  fo r  P e rs o n a lity  and A b il i t y  T e s tin g , I l l in o is

CROOKS, J., MURRAY, I,.P.C., WAYSS, E.J. (1959)
Q nart.J.M ed, 45-28 : 211.

de DOMBAL, P,S., HARTLEY, J.E., S L E m M  (1969 )
Lancet, ^  145,

de DOIfflAL, P.T., HOHROCKS, J,C., STAHILAND, J.R., GILL,
P,W, (1971 ) B rit.m e d .J , 2 : 575.

EDWARDS, D.A.W. (I970)
Soot,mod.J . 3 ^ : 378?

ElîDï/l&HM, A.J. (1964)
in  Jacques, J.A . (m ) 'The D iagnostic  P ro ce ss ', 
U n iv e r's ity  o f M ichigan Press; 215?

EYSENCK, H.J. and EYSENCK, S.B.G. (I965)
iÿsenck P e rs o n a lity  In ve n to ry  (ptorm B) U n iv e rs ity  o f 
London P ress, London.

EEBISTEIN, A.E. (1953)
New E ng.J.îfed. 269: 929.

ESIHSmsiH, A .1Î .  (1966 )
N ature , 20^: 24I •



PEBTSTEM, A . E . ,  STEHH, E.K.  SPAGmOLO, M. ( I 964) 
Amer. H eart J . 68s 8I 7 .

EEKHIS, J . B . ,  B E m L , A.M.,  BROW, J . J . ,  O’MUIRCIRilAlITAIGH, I .G .  
PBASE}.l, E . , HOEHIHTSOH, KAY, A.W., SYÎIIHGTOM, T . ,

LEVER, A .P .  (1970)
L a n ce t, i i ,  9 9 5 .

FITZGERALD, L . T . ,  OVERALL, J . B . ,  WILLIAMS, C.M. ( I 966) 
Amer.J .R o en tg en . 2Z,” 901»

PHASER, P.M. and BAHOH, D.If, (1968)
Kroc.Hoy.Soc.Med. 6 1 , 10 4 3 .

PRIES, J . P .  ( 1970)
A rch .In t.M ed . 126s 64? .

GmSBERG, A .S .  and OM'ENDSEN, P .L .  ( I 968)
I .E . E . E  . T rans, on 8 y s t .S o i .  and C y b e r n e t ic s , SSC-4, 355*

GOOD, I . J .  (1968)
V ir g in ia  J . S c i ,  Ig., 1 0 1 .

COREY, G.A. and BARNETT, G.O. ( I 968)
J.A.M.A. 2 0 5 s 8 4 9 .

GRIBETZ, D .,  TALBOT, W.B.,  CBAWPOED, J . D .  (1 9 5 4 )
New E n g l.J .M sd . 25O; 555.

GROSS},IAN, J , ,  BARNETT, G.O.,  SWISDLOW, D. (1968)
E ro c .C o n f. on Eng, in  îfed . and B i o l .  10,; 4 7 1 .

GROVER, N.B.  and GORDON, A. ( 1970)
I s r a e l  J . t f e d . S c i .  6s  3 2 5 .

GURNEY, C .,  OWEN, S . G . , HALL, H ., ROTH, M ., HARPER, M .,
SMART, G.A. (1970)
L a n cet, i i ,  12 7 5 .

HAMILTON, M. (1966) 'C l in ic ia n s  and D e c i s io n s ' ,
Leeds U nxversity  P re ss .



M D B H , , LEVER, E . , OTW, W.E. ( I 969)
L a n cet, i , ,  9 3 3 .

HAYHOE, S . G . J . ,  QJJAGLH'O, D . , DOLL, W.R.S.  (1964)
Spec • Rep • Bex • Wied. He s » Couii. 304 s H#M. S. 0. Loud.

REDLEY, A . J . ,  SCOÏT, A.M.,  WEIR, H.D. (1970 ) 
B r it .m e d .J . I s  5 5 6 .

BEESmîâJf, J.M. (1966)
A nn .In t.M ed . 64s 1306.

ÎŒiRSHflAïl, J . M . , GIVERS, J . R . ,  CASSIDY, G .E . ,  ASTWOOD, B.B.  
( 3.966) J .c l in . I h d o c r .  26^. 80 3 .

HOLLINGSWORTH, T.H. ( l9 5 9 )
J l . H . S t a t . S o c . A .  122s  221 .

IRGlîAItf, M. (1970)
P erso n a l ooiimiimication»

KLEINtmNTZ, B. (1963)
Psychol.M bnogr. 72.

KLEBIMraTZ., B . ( I 965)
J a p .P sy o lio l .E e s . J j  1 8 9 ,

ICLEIM'MTOTZ, B . ( e d i t o r )  ( I 968) 
John V/13,ey, London. 149 •

EHOX, G. ( 1964)
Br. J .K r e v .S o c .îfe d . 1 8 , 1 7 .

lOJLLmCK, S . and LEIBLEH, R . A .  (1951) 
A am .Ivfa th .S tatist. 2 2 , 7 9 .

LEDLEY, S . S .  (1 9 5 6 )
J .  O p eration s R es. 800. im . 3 9 2 .

LEDLEY, E . S .  ( i9 6 0 )
IR..E. Med. E le c t r o n ic s ,  Î3E-7 s 2 7 4 .

LEDLEY, R .S .  (1966)
J.A.M.A. 1 9 6 , 9 3 3 .

LEDLEY, R .S .  ( I 969)
E to c . I .33 .B .E . 5 7 : I 9OO.



LEDLEY, H . S.  and LUSTED, L.13. (1959)
S o ie n c e . IgO: 9 .

LEDLEY, R .S .  and LUSTED, L .B.  ( I 960)
O perations Hes, 299*

LEDLEY, E . S .  and LUSTED, L .B.  ( I 962)
in  P ro ceed in g s  o f  Symposia in  A p p lied  I fa tliem a tics  3̂ 4.* 117 •

LIHDLEY, 33,?. ( I 956)
A nn.M athem aticai S t a t i s t .  2%_: 98 6 .

L ip iam , M. ( 1964)
i ’erB p ect.3 3 1 o l.Ifed . %; 485«

LIPKIIÏ, M. and IÎ&HDY, J .D .  (1958)
J.A.M.A.  I 66s 1 1 3 .

LODriCK, G.S .  ( 1965)
R a d io l, d i n .  H. inner. 2* 4 8 7 .

LUSTED, L .B .  (1968)
'An In tr o d u c t io n  to  î le d ic a l  D ec is io n -m a k in g  ' .  O ia r le s  
C, B iom as, S p r in g f ie ld ,  I l l i n o i s .

MAHHING, R . Ï .  and WATSON, L . (1966)
J.A.M.A. 128, 1180.

JttKTBL, H. ( 1967)
Cancer R esea rch , 27 , 209.

MAYKE, J .G .,  m tSEL, W., SHOLTZ, P.H. (1968) 
•Mayo 'i-in.JrToc. 4 3 : 1 .

MEEHL, P .E . (1946)
J . o f  A p p lied  P sy ch o lo g y . 5 1 7 .

Î« I1 L , PJ3.  (1954)
îâ in n ea p o liB , U n iv e r s ity  o f  M innesota  .'Press, 

MEEÎÎL, 3 \E . ( i 960)
Amer. P s y c h o lo g is t , 15 ,  1 9 .

MILIiER, G.A. (1956)
P sy c h o l.R e v . 8 1 .



HASH, F .A .  (1954) 
L ancet 9 874*

MSH, K.A, ( i 960)
LancetJ i l ,  1442.

HASH, F .A.  (1963)
E roc.H oy. Soc.M ed. 5 6  555»

HOTiATH, P.W .,  EHSLEIM, E . , MH'CIIELL, G.W. (1 9 6 9 )  
Hew E n gl.J .I ,fed . 2 8 0 , 7 4 5 .

H0REI3, R.M.,  BRAHDT, D .W .J . ,  LEE, A . J .  (1969) 
L a n cet, 2 7 8 .

HOIÎRIS, R .M ., CATJGIffilY, D . E . ,  D M IN G , L.W. (1 9 7 0 )  
L a n cet, 4^5*

TOGEIT, C .A . ,  WAMM, H .H . ,  33UHI, J . T . ,  TYLER, F.H. ( I 964) 
J .C U n .E a d o o . 24:.  6 2 1 .

O'miRGHEARTAIGH, I .G .  (1970)
l l i .L .  l l ie s is p  U n iv e r s ity  o f  G lasgow.

OVERALL, J . E .  and WILLIAiffi, C.M. ( I 96I )  
l e l i a v .S c i .  6,: 134»

OVERALL, J . E .  and WILLIAMS, C.M. (1963) 
J.A.M.A. 1 8 3 : 307.

OVERALL, J . E .  and GORMAH, D.H. ( I 963) 
B e h a v .S o i. 8 , 108 .

OJAMA, T. and MSÜOEA, M. (1956)
A%.Eev. TuLerc. Pulm.D is. 47 Ĉ.*
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Figure I*X Traditional or s ta tic  Btodol o f the 
dla^iaostio  process*

I f2 Boquontlal dcoision model o f tl
diagaontio process shov l̂ng a sim ilar 
récurrent cycle for hlotoa^/pliyGlcal 
o^amlnation/laboratory toots «

Fi§;uro 2*1

If

II

«

2*2

2*5

2 * #

2 * #

2 * 4 o

of likolihoodo lia îiom**tü îo 
goitre showing# for oxoiapXo# l i t t l e  
difference in  values for pyras:aidal 
lobe among the three disoases#

Bumnmy o f the sequential tocîmique#

Ftxample o f the calculation  o f an 
entropy  value#

Separation i s  not possible in  two 
dtonsiono but ie  possible iîj three*

Separation i s  not possible lin early  
but may be poaeible in  non^linesi^ 
model (lower

Shows the use o f the non^^llnear clu ster  
analysis technique* Hhoim groups X 
and Y are defined by the corrcnpondis\g 
oluDters* An imknoim group o f fiv e  
oaees are then located mathematically 
in  relation  to those two clu sters and 
the ra tio  o f th eir  dlstanoo fx'om each 
known clu ster is  used to calcu late the 
likelihood ratio# This likelihood  
ratio  ie  quoted on tlie sca le on the 
lower part o f the d:laî TO# The position  
on the scale represents the odds o f 
the iBiIcnown caocB fa llin g  in to eith er  
clu ster X or Y#
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F igure 4*1 

" 4*2

il

tt

H

4.3

4*4

4*5

4*6

4.7

4* B 

4*9

Tabla o f tea ts used la  study*

Teletype tem ilnal mod in  study#

BlagtiOBlo by the noquential probaballatic 
method g ty p ic a l  on*^lla0 p r in t - o u t  from 
tho teletype tomilnal#

The o ffeo t o f prior probabilities on 
tho diagnostic acmiraqy#

Number o f teeto  used in  toot oaaoe*

0-raphioal représentation o f tho diagnosis 
by a ooquontial probabalistia method j 
a graph for Qm& which took le s s  thmi 
seven tests#

Ibcample o f e ffec t o f oontradiotoiry 
inform ation#

Typical graph o f te s t oasa#

Example o f a case in  which no certain  
d lsf^ osis was reached#

5*0

5.1

A colour triangle whore the colour 
in ten sity  represents probabilityg a  
typ ical path of a olln loim i to  diagnosis#

The sin g le raourront cycle which tmder- 
l ie s  the whole o f the dit%noetio proccsa*
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Figure 5*2 - Bs^eriTniental. design o f tho O'toly#
Tho o m m  wore prosentôâ to the olin io ian  
at two eossione (hy maana o f s tra tified  
random eamples) so that tho degree o f 
d iffic u lty  o f the oases was simil*ur to  
that in  the te st series used in  the 
proviouo chapter# The dê r̂ee o f 
d iffic u lty  was mê nmred by the ntmber 
of te sts  that the model (deaorihod in  
the previous chapter) needed to roach a 
diagnosis* The Sequence o f the te sts  
in  each session  were randomised so as to  
give no obvious pattern o f d iffic u lty  or 
o f diagnonis#

" 5*3 Becor^ii):# sheet w ed by the clin icians#

5*4 Equilatorfil triangle showing conservative 
and libm m l m e o f infom iatim # l̂ rau 
tho c t0-rting point *a* the computer moved 
to Tho conservative c lin ic ia n
went to *0 * and the lib era l o lin ic im  
moved to  ■

5*5 Probability values for each dla^inosls 
ropresontc by colour in ten sity  in  tho 
tr la n g lo *

5*6 A triixvïgular bowl in  which the depth
below the apices represents the uncertainty 
value associated with any position  in  
the triangle*

5*7 Model o f trian|:|ular bowl with typ ical 
path of a clin ician#

5*8 Triai\gle with contours o f \maertainty*
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Figure 5*9 o f dieguo+stio i^athe o f throe
o lin ic iiu is. in  the same o-oeo (number 9)*
The Computer path Is hlackf o lin io iaa  
3 i0  re d ; e l l n l e i m  5 ie  b lu e ; 
oliu ioian  6 io

" 5*10 Deeieion aycla and points o f diecrepmu%r#

" 5*11 Ibmmple o f cyelo by oyolo p rofile  for
case oxa'ïiplo ohom in  figure 5*9; %*
ropreeemto degree of imeartointy before 
the bi3giiming o f oaoh oyole# ♦T* 
reproeonts the infoiiaatlon lo s t  ’by teat 
ooleotioa* *1* represents inference 
diooropm'ioy* *I$* repreaento the liberalism / 
ooneervatiem measure; tho B-dia^pioeia 
measure is  omitted in  th is flgpire*

5*12 B iagnostio  accuracy in  s tudy  showing 
i t s  relationohip to ohceccionallnm*

5*13 Biovgiiootio eoouraoy with wimng diagnoses 
in  boxes emd ooicreet diagnooee in  black 

■ oirolea; eocond oolumn gives (a) number 
o f toots i f  correct; (b; fin a l probability  
i f  le c 0 then #99 and (c ) 7wong cUagnooio 
of careinm a in  caeea 24 and 28 by computer*

" 5# 14 Number of te sts  A (a ll  caaeo) and B
(without those in  boxes)#

Total number of testa  as hlstograma 
ohowing a peaJt at 7 for a l l  oaeoe; thio  
may be related to the "channel capacity" 
of the individual olinicim%*e proceaoing 
of information*
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Figure 5*16 üomeimtemoy M  nimber o f teo ts
mmeê im those m m s  whloh were repeated 
in  the mtmêy* Q om iB tm ^^  is  mmmiroâ 
by the dieerepaaqy between the nmber 
o f teeto  used oa the erne oaea on the 
We eoeaeiom#

" 5*17# P a#  o f o lW ieim  I  (éhove) œ d 2
(helow) in  the eama oaoe m  figure 5*9

" 5*l?h Path o f o lin io ian  4 to the u m é  ome
m  -figure 5*9

" 5*1$ ?aliioe f o r  om oerta ln ty  measures*

" 5*19# Path o f e lla lo lm  1 (above) miâ 2
(below) In ow e of llwhimoto^s disease#

" 5#19o P a#  o f o lla lo lm  5 (above) w d 6
(b o lw ) in  oaee o f Bmhlmeto%. disease#

" 5*20a Average values for pai'oflle meaaureo
for ellt%lolm% 1*

" 5* 20b Average valw o for p rofile meoBuroG
for o lln le lm  B#

" 5*20o Averago mlmm f o r  p ro f i le  mewure#
for elW elem  3#

" 5*20d Average values for profllo  measiTOO
for ollm lolan 4*

" 5*'20o Avore# values for p rofile  mewurea
for olW lolaa 5*

" 5#20f Average values for p rofile  measures
for o lin io ito  6*



F igure

A ll v a lm a  w o  rW ced M  dooroimlng

B51D o:t vaiu

5ii The re lü tio n sM p  o f  m eaw m s o f  d loorepm oy
to # 0  frem en #  with which toots wore 
oolootod by the 
were those to o ts
hir the o lin io im  while the "Bottom 
Two" wore thow  #%iloh wore le a st

study#

n

5*25

§#25

rnxoavmRg m e  
tn  th e  s tu d y  due t o  in a p p r o p r ia te  e o le o t io n  
o f  t o s t  a t  m y  p o in t  in  th e  d ia g n o e ie *
The hW ^er # o  h ie to g r m  th e

a v o iv  wm

r e r  ooaaorvm;

w #  ranked tti éeo m m im g  
o rd e r  o f  o b o e o a lm a llm  end in w e a e in g

§#: E e la t io m h ip  hetwoen p ero o im llty  fa a to r o *  
a o w a o y  m #  n m h o r  o f  te s ta #  O lin io iw o  
m% mW md in ( 1 )  # o m m # g  o rd er  o f  
o h a e e o lm a lia m  and iiK oroaoli'ig o rd er  o f

aoeu raoy  end  d eo ro a o in g  o rd er  in  th e  
a m b e r  o f  te o te  mod#



vil

F igure  5 .27 

5.20t»

{|

»

it

II

5# 29

5.30

5*31

5#32

Second order faotora for obacoaionaliam#

Moan values for p ro file  E’oaouros and 
personality moaoureo#

Relationship of mean p rofile  meanurea 
and oXlnieal experience# Q ltn iù im m  
are ranked in  deoreaelng order o f 
oiinioaX and o f thyroid expexdenco#

Exemple o f ease p ro file  with Mgh 
diagnosis value (more thm% #15) Tilth 
high liharaliem  (more thmi .1 0 ).

% leoioa o f llhorallem#

Oliniolane* ootlmate of costs eompared 
to actual oosto from mmroys# ' Costa 
which o lto ician s were asked to eotlamte 
and those which wore maxle in  the eurvoy 
were marginal cootc excluding cap ital 
coat c f  eqaipmont and depreciation#

Fissure 6 .1  

" 6 .2

M

II

«

ft

6.3

6#4

6.5

6.6 

6.7

Interactive visual display (PDPB/ggS) 
with teletype*

Sequontic^l p rofile analysis |  teletype  
print-out#

hieplcy with light-pon#

Line for indicating prohabilitiea# .

L ist o f testa  with light-pen

Gmph of probabilities and te s t  outcomca#

P rofile mmlysie#
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Figure 7# I Study o i  prediction o f ow e o f
thyrotoxloooio -  time eoalo#

** 7» 2 T ests  used in  study#

" 7#)a Mot o f values for liltelihood ra tio s
for study in  "ome" group*

" 7# 3b M st o f value# o f likelihood ratios
on f ir s t  study in  **rel#ue" group*

Y || " 7*4 Soattor diagram of likelihood ratios
In f ir s t  study with ■oleatd o iro les  
iudioating cures and open triangles 
iadioatiug re lap ses*

■:S

n 7*5 fllESSifieatlouB and overlap in  hath 
stu iios#

7*6 "Dynamio" graph o f change in  likolihood  
ratios over time -  "oures"#

" 7*7 *%namio" graph o f change in  likelihood
ratios over time "relapse"*

" 7*8 fiv e  "stable" eases in  relapse group*
Btahle eases are superimposed i n  grey#

" 7*9 Petem lm m it# o f olusters # a  measure
of density o f olustoxa*

,’ **■ 7*10 *B* scatter diagram for second study
at control. *üt scatter diagram 
for second study at three months*
♦B* scatter diagrm - for aeeond study 
both in tervals cmhlned; with lin e  
lowered for better separation o f "auroB".

Cures are in  closed c irc les and relapses 
i l l  closed triangles*


