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AB S TRACT 

The purpose of t h i s  t h e s i s  was t o  des ign  a n  i n t e r a c t i v e  

micro computer based e r r o r  d e t e c t i o n  system t o  monitor 

anthGpometric d a t a  assembly. E r r o r s  which occur  i n  

anthropometr ic  d a t a  c o l l e c t i o n s  a r e  d iscussed  and a  system which 

provides f o r  comparison of ob ta ined  d a t a  w i t h  va lues  p red ic t ed  

from a  s e t  of p r e d i c t o r  equa t ions  i s  descr ibed .  I n  demonstrat ion 

of a p p l i c a b i l i t y ,  a sample of 29 female s u b j e c t s ,  who were 

measured t h r e e  t imes  on a  32 i t e m  an thropometr ic  p r o t o c o l ,  was 

used t o  develop m u l t i p l e  r e g r e s s i o n  equat ions  (wi th  f i v e  
I 

p r e d i c t o r  v a r i a b l e s )  and determine t o l e r a n c e  l e v e l s .  Various 

t e s t s  of t h e  system inc luded  randomly in t roduced  e r r o r s  and t h e  

use  of t h e  median va lues  as ' t r u e '  va lues  t o  i l l u s t r a t e  t he  

e f f e c t i v e n e s s  of t h e  system i n  d e t e c t i n g  g ros s  e r r o r s .  

V e r s a t i l i t y  x a s  b u i l t  i n t o  t h e  system t o  1) provide f o r  

acceptance of v i r t u a l l y  any p r e d i c t o r  equat ion  and t o l e r a n c e  

l e v e l  @e.f-erred t o  as a  MODEL), 2) t e s t  remeasured d a t a ,  3 )  

provide f o r  e d i t i n g ,  mod i f i ca t ion ,  s t o r i n g  and r e t r i e v a l  of both 

d a t a  and models and 4) provide  on- l ine  p r i n t i n g  of r e s u l t s  w i t h .  

var ious  format  opt ions .  

An t i c ipa t ed  u s e  of t h e  system i s  i n  anthropometr ic  

t r a i n i n g ,  i n t e r a c t i v e  q u a l i t y  c o n t r o l  i n  f i e l d  s t u d i e s ,  and a 

genera l  s c r u t i n y  of any assembly of d a t a  where known 

r e l a t i o n s h i p s  can  p r e d i c t  va lues  w i th in  u s e f u l  t o l e r a n c e  l e v e l s .  
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I. ERRORS AND THEIR SOURCES 

1.1. I n t r o d u c t i o n  

Many s c i e n t i f i c  endeavours a r e  completely dependent on t h e  

process  of g a t h e r i n g  and ana lyz ing  da ta .  Whether t h e  d a t a  i s  

used t o  suppor t  a hypothes is ,  t e s t  a model o r  q u a n t i f y  some 

phenomenon, t h e  v a l i d i t y  of t h e  conclus ions  a r e  dependent on t h e  
I 

accuracy of t h e  d a t a .  Data con ta in ing  e r r o r s  may l e a d  t o  f a l s e  

p r e d i c t i o n s  and conclus ions .  The problem may be exacerba ted  i n  

t h e  a p p l i c a t i o n  of f i n d i n g s  based on t h e  e r roneous  da t a .  The 

c o s t  of d e a l i n g  wi th  t h e  e f f e c t s  of d e c i s i o n s  which a r e  based on 

such d a t a  may f a r  outweigh t h e  c o s t  of s t r i v i n g  f o r  e r r o r  f r e e  

data .  

An example of a problem which r equ i r ed  cons ide rab le  expense 

t o  c o r r e c t  occurred  r e c e n t l y  dur ing  t h e  c o l l e c t i o n  of d a t a  f o r  

t h e  Canada F i t n e s s  Survey (Ross, 1982). The survey was designed ' 

t o  a s s e s s  t h e  g e n e r a l  f i t n e s s  l e v e l  of members of randomly 

s e l e c t e d  households a c r o s s  Canada and t o  a l l o w  acces s  t o  t h e  

d a t a  by r e s e a r c h e r s  making comparisons a c r o s s  geographica l  

reg ions  of Canada. A number of teams were formed and each team 

had r e s p o n s i b i l i t y  f o r  a geographica l  p o r t i o n  of Canada. This  

d i v i s i o n  of t h e  d a t a  c o l l e c t i o n  t a s k  presented  problems of 

s t a n d a r d i z a t i o n  and cons is tency .  Measurement techniques needed 



t o  be s t anda rd ized  i n  o r d e r  f o r  comparisons t o  be made between 

reg ions .  

Although e f f o r t s  were made t o  t r a i n  each of t h e  teams i n  

t h e  s e l e c t e d  measurement p ro toco l ,  one team measured t h e i r  

e n t i r e  r eg ion  w i t h  a  p r o t o c o l  which was d i f f e r e n t  from t h e  

s tandard.  F o r t u n a t e l y  t h i s  problem w a s  d i scovered  i n  s u f f i c i e n t  

time f o r  a number of people t o  be t r a n s p o r t e d  t o  Ottawa i n  o rde r  

t o  r e c o n c i l e  t h e  problem. The c o s t s  t h a t  t h i s  problem had caused 

were f a r  g r e a t e r  t han  those  of provid ing  s l i g h t l y  more t r a i n i n g  

f o r  t h e  measurers ,  and i t  would have been even h ighe r  if t h e  

problem had not  been de t ec t ed  be fo re  t hp  d a t a  were r e l ea sed  f o r  

gene ra l  use.  A method of on - s i t e  e r r o r  d e t e c t i o n  dur ing  d a t a  

c o l l e c t i o n  would have obvia ted  t h e  problem e a r l y  i n  t h e  

c o l l e c t i o n  process .  

Data c o l l e c t o r s  a r e  g e n e r a l l y  concerned wi th  minimizing 

e r r o r s  i n  t h e i r  d a t a  assemblies .  However, once t h e  d a t a  has  been 

assembled t h e r e  i s ,  on occas ion ,  l i t t l e  i n t e r e s t  i n  cons ider ing  

t h e  d a t a  q u a l i t y  any f u r t h e r .  S t e r l i n g  and Weinkam (1979) 

pointed o u t  t h a t  t h e r e  may even be a tendancy t o  r e s i s t  any 

sugges t ion  t h a t  e r r o r s  e x i s t  i n  t h e  d a t a ,  e s p e c i a l l y  if some 

r e sea rch  and recommendations have a l r e a d y  been based on t h i s  

da ta .  

S t e r l i n g  and Weinkam (1979) found t h a t  t h e i r  e f f o r t s  t o  

have c o r r e c t i o n s  made t o  a  l a r g e  n a t i o n a l  (American) d a t a  base 

. were r e j e c t e d .  It was d iscovered  t h a t  up t o  twenty-five percent  

of t h e  "former smoking ve t e rans"  i n  t h e  Dorn s tudy  (Kahn, 1966) 



were m i s c l a s s i f i e d .  The Dorn s tudy  of smoking and m o r t a l i t y  i s  

one of t h e  most important  c o l l e c t i o n s  of d a t a  con ta in ing  

informat ion  on tobacco smoking and m o r t a l i t y .  It has had 

cons ide rab le  i n f l u e n c e  on t h e  American government's Advisory 

Committee t o  t h e  Surgeon General and on r e s e a r c h  concerned wi th  

t h e  hazards  of smoking. The r e p o r t  of t h e s e  e r r o r s  w a s  not  

welcomed by t h e  a u t h o r  of t h e  major r e p o r t  (Kahn, 1966) o r  by 

t h e  E d i t o r  of t h e  Nat iona l  Cancer I n s t i t u t e  Monograph i n  which 

the  r e p o r t  was f i r s t  publ ished.  They seemed t o  "..opt f o r  an  

adversary  r a t h e r  t han  a coopera t ive  mode of responding t o  

d iscovery  of e r r o r s .  .I' ( S t e r l i n g  and We$nkam, 1979). 

It is  obvious then ,  t h a t  t h e  d iscovery  of e r r o r s  should 

come as e a r l y  a s  p o s s i b l e  i n  t h e  l i f e  of any a r c h i v e  of d a t a ,  

and c e r t a i n l y  be fo re  any conclus ions  a r e  drawn. I f  e r r o r s  a r e  

d iscovered  du r ing  c o l l e c t i o n  i t  w i l l  be more l i k e l y  t h a t  they 

can be co r r ec t ed .  l t  w i l l  a l s o  be more l i k e l y  t h a t  t h e  owners of 

t h e  d a t a  w i l l  r e a c t  t o  t h e  d iscovery  of e r r o r s  w i t h  a 

coope ra t ive  r a t h e r  t han  a n  a d v e r s a r i a l  a t t i t u d e .  It must be 

recognized t h a t  t h e  c o l l e c t i o n  of d a t a  w i l l  never  be completely 

f r e e  from e r r o r s  a s  long  a s  a human i s  a d i r e c t  l i n k  i n  t h e .  

cha in  from i n i t i a l  measurement t o  f i n a l  record ing  of t h e  

in•’ ormation. 

"Human Error"  i s  a w e l l  known phrase  which imp l i e s  not only 

how some e r r o r s  o r i g i n a t e  but  a l s o  t h a t  s u s c e p t i b i l i t y  t o  e r r o r  

, i s  an  undeniable  human t r a i t .  For t h i s  reason  e f f o r t s  t o  r ep l ace  

t h e  human p a r t  of t h e  d a t a  c o l l e c t i o n  cha in  w i t h  a much more 



r e l i a b l e  component, a machine, i s  an  a t t r a c t i v e  p o s s i b i l i t y .  

This machine, o r  computer, w i l l  i t s e l f  have t h e  p o t e n t i a l  of 

in t roducing e r r o r s  bu t ,  i n  c o n t r a s t  t o  human e r r o r ,  computer 

e r r o r  can be e l iminated  once i t  i s  detec ted .  A human may make a 

mistake and, al though he is aware of the  e r r o r ,  he may make t h e  

same mistake a t  a l a t e r  time. Humans a r e  suscep t ib le  t o  

d i s t r a c t i o n s  and f o r g e t t i n g .  I f  a computer program makes an 

e r r o r  then t h e  program can be f i x e d  s o  t h a t  the  e r r o r  w i l l  never 

occur again.  

It may not  always be p r a c t i c a l  t o  remove the  human from t h e  

chain s i n c e  t h e  number of important con t r ibu t ions  t h a t  man makes 

w i l l  a l s o  be removed. Trade-offs between t h e  cont r ibut ions  of 

the  human versus  t h e  con t r ibu t ions  of h i s  replacement (usual ly  a 

machine o r  program) need t o  be considered. I n  many cases ,  and 

perhaps most cases ,  i t  is  not p r a c t i c a l  t o  replace  a slow, 

error-prone, but b r i l l i a n t  component wi th  one t h a t  is  f a s t ,  

accura te  but s tupid .  

Three s ta tements  can be made concerning the  c o l l e c t i o n  of 

da ta :  1. Humans a r e  f a l l i b l e  and prone t o  making e r r o r s .  2.  It 

is  o f t e n  imprac t i ca l  and sometimes undes i rable  t o  c u r t a i l  .or 

e l imina te  t h e  human r o l e  i n  da ta  assembly and resolu t ion .  3 .  

Errors  a r e  the re fo re  i n e v i t a b l e .  

These po in t s  present  an obvious problem i n  t h a t  we may need 

the  human t o  lend some i n t e l l i g e n c e  t o  t h e  c o l l e c t i o n  af da ta  

. but t h a t  same human w i l l  very l i k e l y  in t roduce  e r r o r s  of a 

magnitude which cannot be t o l e r a t e d .  



There are two gene ra l  approaches t o  t h e  d e t e c t i o n  and 

handl ing of e r r o r s  i n  da t a .  One method i s  t o  f i r s t  assemble a l l  

of t h e  d a t a ,  c l e a n  i t  us ing  some sys t ema t i c  e r r o r  d e t e c t i o n  

technique (Duquet, Meulenaere and liorms, 1979; Freund and 

Har t ley  , 1967 ; Golds t e i n ,  1960; Leahy , Drinkwater,  Marshal l ,  

Ross and Vajda, 1980) and t h e n  d e a l  wi th  t h e  e r r o r s  which have 

been de t ec t ed .  Duquet e t . a l (1979)  r epo r t ed  a method i n  which 

o u t l i e r s  i n  human growth d a t a  may be i d e n t i f i e d  by s e l e c t i n g  a l l  

va lues  t h a t  are g r e a t e r  t han  2.575 s t anda rd  d e v i a t i o n s  from t h e  

mean. These o u t l i e r s  a r e  t hen  sub jec t ed  t o  t h r e e  subsequent 

s c reen ings ,  each of which i d e n t i f i e s  va lues  as "non-errors",  

"poss ib l e  e r r o r s " ,  o r  " c e r t a i n  e r r o r s "  accord ing  t o  a def ined  

c r i t e r i o n .  Go lds t e in  (1960) desc r ibed  a technique  f o r  c leaning  

l o n g i t u d i n a l  d a t a  which involved  s e l e c t i n g  va lues  which were 

more than  2.17 s t anda rd  d e v i a t i o n s  from t h e  mean and then  

providing s u b s t i t u t e  v a l u e s  f o r  e r r o r s  by f i t t i n g  curves  t o  t h e  

da t a .  Leahy e t . a l  (1980) d e t e c t e d  p o s s i b l e  e r r o r s  i n  

l o n g i t u d i n a l  d a t a  by d i sp l ay ing  a l l  d a t a  p o i n t s  on a computer 

generated t h r e e  dimensional  d i s p l a y  and v i s u a l l y  s e l e c t i n g  

extreme va lues .  Here t o o ,  t h e  e r r o r s  were r ep l aced  by va lues  

genera ted  by f i t t i n g  a curve t o  t h e  da ta .  Freund and Har t ley  

(1967) suggested d e t e c t i n g  o u t l i e r s  and t h e n  s e l e c t i n g  

replacements f o r  e r r o r s  by minimizing t h e  weighted sum of 

squared d i f f e r e n c e s  between o r i g i n a l  and c o r r e c t e d  da ta .  A l l  of 

t h e s e  techniques  would be enhanced i f  t h e  d e t e c t e d  e r r o r s  could 

be rep laced  by v a l i d  measured d a t a  r a t h e r  t h a n  s t a t i s t i c a l l y  



generated data .  This  i s  poss ib le  only i f  the  phenomenon being 

observed i s  not a f f e c t e d  by the  passage of time. It should be 

noted t h a t  u n l e s s  t h e  de tec t ion  system i s  on-line wi th  a 

computer a t  measurement time, confirmation by re-measurement i s  

usual ly  not  poss ib le  and adjustments have t o  be made by l o g i c a l  

determination of cause. 

An a l t e r n a t i v e  approach t o  t h e  post-hoc d e t e c t i o n  of 

e r r o r s ,  which would a l low immediate c o r r e c t i o n ,  is  one i n  which, 

during t h e  d a t a  c o l l e c t i o n  process ,  the  i n v e s t i g a t o r  is  n o t i f i e d  

of poss ib le  e r r o r s  by a computer based e r r o r  c o n t r o l  system. 

This approach would involve c a r e f u l  monitoring of the  c o l l e c t i o n  

process i n  an  a t tempt  t o  i d e n t i f y  e r r o r s  a s  they occur s,o t h a t  

they may be cor rec ted  while the  phenomenon i s  s t i l l  a v a i l a b l e  t o  

be measured. This is  an obvious advantage s i n c e  the  re levant  

da ta  can then be re-col lec ted  r a t h e r  than est imated by some 

s t a t i s t i c a l  method. S t a t i s t i c a l  e s t ima t ions  a r e  based on 

underlying assumptions concerning r e l a t i o n s h i p s  between values ,  

such a s  simple l i n e a r  r e l a t i o n s h i p s  o r  much more complex 

r e l a t i o n s h i p s  t h a t  a r e  represented  i n  some curve f i t t i n g  

techniques. Remeasuring avoids t h e  need t o  make such assumptions 

and al lows t h e  i n v e s t i g a t o r  t o  c o l l e c t  d a t a  t h a t  a r e  a s  c l o s e  a s  

poss ib le  t o  t h e  t r u e  values.  A f u r t h e r  advantage gained by the  

use of such a system i s  t h e  e l imina t ion  of one s t e p  i n  the  

transmission of information from measurement t o  recording. I f  

the  measured da ta  a r e  entered  i n t o  t h e  computer f o r  the  e r r o r  

scan then t h e  computer can be i n s t r u c t e d  t o  make a permanent 



machine readable  record of t h e  data.  Hand recording of da ta  on 

recording s h e e t s  would no longer b e  necessary. 

The disadvantages of t h i s  approach inc lude  problem of cos t  

and p o r t a b i l i t y .  Computer hardware and so•’ twar e, e spec ia l ly  in 

s t u d i e s  where da ta  i s  c o l l e c t e d  s iuu l t aneous ly  a t  d i f f e r e n t  

s i t e s ,  may no t  b e  a v i a b l e  o p t i o n  because of budget r e s t r a i n t s  

o r  p h y s i c a l  l i m i t a t i o n s  such a s  t h e  l ack  of e l e c t r i c a l  power. 

Extensive reviews of a v a i l a b l e  l i t e r a t u r e  ( i - e .  DIALOG 

on-line in•’ ormation r e t r i e v a l  s e r v i c e )  f a i l e d  t o  l o c a t e  any such 

system t h a t  would be app l i cab le  t o  the  c o l l e c t i o n  of 

anthropometric da ta .  Althou* a s imi la r  'approach h a s  been taken 

by the  des igners  of Data Base Management S y s t e m ,  where checks 

a r e  made t o  ensure t h a t  such things a s  da ta  formats (i.e. 

i n t ege r ,  r e a l  or c h a r a c t e r )  and c e r t a i n  l o g i c a l  c o n s t r a i n t s  a r e  

not v i o l a t e d  (Date, 1975), t h i s  i s  no t  app l i cab le  t o  the 

c o l l e c t i o n  of l a r g e  a m u n t s  of numerical da ta  f o r  d i s c i p l i n e s  

such a s  anthropometry. 

1.2. Purpose 

The purpose of t h i s  p ro jec t  was t o  cons t ruc t  a  computer 

based e r r o r  con t ro l  system which may be used t o  monitor the data 

c o l l e c t i o n  process  and repor t  t o  the experimenter any occurrence 

of a  va lue  which, because of i t s  d i f f e r e n c e  from some p red ic ted  

value ,  m y  be erroneous. T h i s  g ives  t h e  experimenter the 

opportunity t o  r e p l a c e  erroneous data  w i t h  measured v a l u e s  



r a t h e r  t han  w i t h  va lues  de r ived  from some s t a t i s t i c a l  t echnique  

a s  i n  t h e  post-hoc d a t a  c l ean ing  methods ( i .e .  Go lds t e in ,  1977).  

This system would a l l o w  a set of p r e d i c t o r  equat ions  and a set 

of t o l e r a n c e  l e v e l s  t o  be defined.  Any d a t a  t h a t  a r e  c o l l e c t e d  

a f t e r  t h i s  d e f i n i t i o n  s t a g e  may be compared t o  a  va lue  p red ic t ed  

by t h e  equat ions .  I f  t h e  c o l l e c t e d  d a t a  d i f f e r  from t h e  

predic ted  va lue  by more than  t h e  g iven  t o l e r a n c e  then  t h e  

program w i l l  in form t h e  experimenter  of t h e  discrepancy.  The set 

of equat ions  which a r e  used t o  p r e d i c t e d  t h e  incoming d a t a  w i l l ,  

i n  t h e  con tex t  of t h i s  t h e s i s ,  be r e f e r r e d  t o  as a "model". 

The system w a s  designed t o  run  on o very  small  s e l f  

contained computer. By p u t t i n g  t h i s  c o n s t r a i n t  on t h e  des ign ,  

t he  system w i l l  be u s e f u l  i n  s i t u a t i o n s  where acces s  t o  l a r g e  

computing f a c i l i t i e s  is  no t  poss ib l e .  An Apple I1 computer w i t h  

one 5 114 inch  f loppy  d i s k  d r i v e  and t h e  UCSD PASCAL ope ra t ing  

system w a s  t h e  development system. The UCSD ope ra t ing  system, 

because i t  i s  a v a i l a b l e  f o r  most micro computers, ensures  

reasonable p o r t a b i l i t y  between d i f f e r e n t  computers ( i . e .  

d i f f e r e n t  from APPLE). This  p o r t a b i l i t y  w i l l  a l l o w  u s e r s  of t h e  

monitor ing system t o  s e l e c t  computer hardware which w i l l  be b e s t  

s u i t e d  t o  t h e i r  c i rcumstances  and budget. 

I n  o r d e r  t o  des ign  such a system it i s  important t o  

understand t h e  sou rces  of e r r o r  and t h e  types  of e r r o r s  common 

t o  t h e  c o l l e c t i o n  of an thropometr ic  da t a .  



1.3.  The Nature of E r ro r  -- -- 

The concept  of "er ror"  i s  fundamental  t o  any d i s c i p l i n e  

t h a t  d e a l s  w i t h  t h e  q u a n t i f i c a t i o n  of phenomena s i n c e  i t  

r e p r e s e n t s  t h e  d i s t i n c t i o n  between " t rue"  v a l u e s  and "measured" 

o r  "observed" va lues .  It is rare t h a t  t h e s e  two va lues  a r e  

e x a c t l y  t h e  same because i t  i s  o f t e n  imposs ib le  t o  o b t a i n  t h e  

t r u e  va lue  d i r e c t l y .  Beers (1957) noted t h a t  "Except i n  a few 

t r i v i a l  ca ses  (such as t h e  exper imenta l  de t e rmina t ion  of t h e  

r a t i o  of t h e  circumference t o  t h e  d iameter  of a c i r c l e )  t h e  t r u e  

va lue  i s  unknown and t h e  magnitude of e r r o r  i s  hypothe t ica l . "  

When t h e  t r u e  va lue  is  not d i r e c t l y  a c c e s s i b l e  i t  must be 

i n f e r r e d  by some i n d i r e c t  technique  such a s  a measure of c e n t r a l  

tendency f o r  repea ted  measurement. The concept  of a t r u e  va lue  

is  important  s i n c e  it r e q u i r e s  some thought  concerning t h e  

magnitude of t h e  d i f f e r e n c e  between observed and t r u e .  This  

d i f f e r e n c e  i s  "error" .  I d e a l l y ,  t h e  c l o s e r  t h e  observed va lues  

a r e  t o  t r u e  va lues  t h e  b e t t e r ,  and i t  is  important  t o  a t tempt  t o  

minimize t h e  d i f f e r e n c e  between t h e s e  two va lues .  

The magnitude of d e v i a t i o n  i n  observed va lues  from t ~ e  

va lues  and t h e  source  of t h e  d e v i a t i o n  i s  a l s o  important  when 

ana lyz ing  d a t a .  Discrepancies  t h a t  a r e  repea ted  and cons t an t  a r e  

known a s  sys t ema t i c  e r r o r s  and e r r o r s  which, over a number of 

repea ted  measures,  cause t h e  observed va lues  t o  c l u s t e r  around 

some c e n t r a l  p o i n t  a r e  known as random e r r o r .  Both sys temat ic  

and random e r r o r  may in f luence  observed d a t a  and may be 



d i f f i c u l t  t o  recognize. They a f f  e c t  the  d a t a  i n  d i f f e r e n t  ways 

and i n  a d d i t i o n  r e q u i r e  d i f f e r e n t  approaces t o  i n t e r p r e t a t i o n .  

(See Ross, Hebbelinck, Van Gheluwe, and Lemmens, 1972). 

Random e r r o r  can have considerable in f luence  on the  da ta  i f  

the  sample s i z e  is small.  I f  the  sample s i z e  inc reases  then t h e  

e f f e c t s  of random e r r o r  w i l l  tend t o  decrease s ince  e r r o r s  i n  

one d i r e c t i o n  ( i .e .  l a r g e r  than the  t r u e  v a l u e )  w i l l  cancel  

those i n  t h e  o t h e r  d i r e c t i o n  (i.e. smaller  than  the  t r u e  value) .  

The in f luence  of sys temat ic  e r r o r  on t h e  o t h e r  hand i s  not 

a f f e c t e d  by sample s i z e .  It i s  always e i t h e r  l a r g e r  o r  smal ler  

than t h e  t r u e  value  and t h e r e f o r e  w i l l  not cancel  with increased 

sample s i z e .  I f  sys temat ic  e r r o r  i s  i d e n t i f i e d ,  i t  is poss ib le  

t o  o f f s e t  i t s  e f f e c t s  by an  appropr ia te  adjustment of the  da ta .  

This is  not t r u e  w i t h  random e r r o r .  Beers (1957) and Ross, 

Hebbelinck, Van Gheluwe and Lemmens (1972) provided exce l l en t  

d iscuss ions  of sys temat ic  and random e r r o r  and t h e i r  inf luences  

on data.  

The problem of i d e n t i f y i n g  e r r o r s  i s  somewhat r ecurs ive  

s ince  it is p o s s i b l e  t o  make an e r r o r  during t h e  a t tempt  t o  

i d e n t i f y  a n  e r r o r .  For example, an extreme bu t  v a l i d  da ta  point  

may be marked a s  a random e r r o r .  On the  o t h e r  hand, a random 

e r r o r  may produce a da ta  point  which i s  not extreme r e l a t i v e  t o  

the  rest of t h e  da ta  and may be d i f f i c u l t  t o  recognize a s  an 

e r r o r .  If i t  i s  mandatory t h a t  a l l  v a l i d  d a t a  po in t s  be recorded 

then probably some erroneous da ta  w i l l  be c l a s s i f i e d  a s  v a l i d  

and recorded a s  w e l l .  I f  t he  de tec t ion  technique is  designed t o  



ensure t h a t  a l l  i n v a l i d  po in t s  a r e  r e j e c t e d  then  i t  w i l l  

probably be a t  the  expense of al lowing some v a l i d  po in t s  t o  be 

r e j e c t e d  a l so .  

1.4. Sources of Error  -- 

I n  designing a computer based, i n t e r a c t i v e ,  e r r o r  

monitoring system of t h i s  type,  i t  is  necessary t o  apprec ia te  

the  n a t u r e  and sources of e r r o r  l i k e l y  t o  be present  i n  the  

p a r t i c u l a r  d a t a  assembly. I f  e r r o r s  a r e  t o  be el iminated o r  a t  

l e a s t  reduced during t h e  c o l l e c t i o n  of d a t a ,  then i t  i s  

important t o  know where they o r i g i n a t e ;  i.e. a t  what point  

during t h e  sequence of events ,  from observat ion  t o  the  

production of the  f i n a l  da ta  record ,  they a r e  introduced. 

There i s  g r e a t  d i v e r s i t y  i n  t h e  mechanics of da ta  

c o l l e c t i o n ,  from very simple t o  extremely complex, from 

predominantly sub jec t ive  t o  predominantly o b j e c t i v e ,  from manual 

t o  automatic,  a s  we l l  a s  combinations of a l l  of these. Dif ferent  

condi t ions  w i l l  no doubt l ead  t o  d i f f e r e n t  sources of e r r o r ,  but 

these  sources  can be c l a s s i f i e d  i n t o  a number of common 

ca tegor ies .  

A s  i l l u s t r a t e d  i n  f i g u r e  1-1, e r r o r s  i n  anthropometric da ta  

assembly may a r i s e  from many sources : 
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1.4.1. Inhe ren t  E r ro r  

E r ro r s  t h a t  can be i d e n t i f i e d  and q u a n t i f i e d  bu t  cannot be 

e l imina ted  are c l a s s i f i e d  as INHERENT e r r o r  and f a l l  under f o u r  

headings. 

B io log ica l  Var i a t ion  

The f i r s t  af t h e s e  subgroups is  concerned w i t h  t h e  f a c t  

t h a t  humans a r e  i n  dynamic e q u i l i b r i u m  w i t h  t h e i r  environment. 

For example, i t  i s  w e l l  known t h a t  s u b j e c t s  a r e  taller and 

l i g h t e r  i n  t h e  morning than  i n  t h e  a f t e rnoon .  I n  o rde r  t o  

c o n t r o l  f o r  d i u r n a l  v a r i a t i o n  i n  t h e s e  v a r i a b l e s  i t  is  necessary  

t o  s p e c i f y  t h a t  t h e  s u b j e c t s  be measured nude, i n  t h e  morning, 

e i g h t  hours  pos t  a b s o r p t i v e  a f t e r  vo id ing .  S t r e t c h  s t a t u r e  a s  

s p e c i f i e d  by Weiner and Lourie(1977) and Ross and Wilson (1974) 

i s  used t o  overcome o r  minimize d i u r n a l  v a r i a t i o n  i n  he igh t  

caused by compression of t i s s u e s  due t o  g r a v i t a t i o n a l  s t r e s s  

throughout t h e  day. S imi l a r  techniques  of s t a n d a r d i z a t i o n  of 

measurement ensure  minimum i n f l u e n c e  of such b i o l o g i c a l  

v a r i a t i o n .  

Measurement E f f e c t s  

Some e r r o r s  may be in t roduced  by t h e  measurement process  

. i t s e l f .  An example i n  t h e  an thropometr ic  p r o t o c o l  i s  i n  t h e  

measurement of s k i n f o l d s  where t h e  a p p l i c a t i o n  of t h e  c a l i p e r s  



may cause t i s s u e  compression which a f f e c t  subsequent measures. 

These e r r o r s  can be q u a n t i f i e d  ( t o  some e x t e n t )  and con t ro l l ed  

but not  e l iminated  (Ward, 1980). 

Sensory Limi ta t ions  

The n a t u r e  of t h e  instruments and t h e  phys ica l  

c h a r a c t e r s i t i c s  of t h e  i n v e s t i g a t o r  a r e  two f a c t o r s  which may 

produce e r r o r s  i n  c o l l e c t e d  data .  For example, wi th  the  bes t  

mechanical s c a l i n g  and v e r n i e r  c a l i p e r s ,  t h e  c l o s e s t  demarcation 

l i n e s  t h a t  t h e  human eye can d i sc r imina te  a t  25 cm d i s t a n c e ,  

under i d e a l  l i g h t i n g  condi t ions ,  i s  about 0.022 mm (Padgham, 

1965). The na tu re  of the  instrument and v i s u a l  a c u i t y  and 

manipulative s k i l l  of the  i n v e ~ t i g a t o r  a r e  sources of inherent  

e r r o r  which may be con t ro l l ed  by providing s u i t a b l e  working 

condi t ions  wi th  r e spec t  t o  l i g h t i n g ,  noise  l e v e l s ,  temperature 

and o t h e r  f a c t o r s  t h a t  inf luence  sensory input .  

Other Random Error  

There a r e  o the r  sources of random e r r o r  which cannot be 

c l a s s i f i e d  under the  previous t h r e e  ca tegor ies .  Judgement . 

e r r o r s ,  f o r  example, occur when t h e  observer  i s  requi red  t o  

es t imate  some q u a n t i t y  such a s  time or  d is tance .  These es t imates  

may vary from time t o  time. Er ro r s  a r i s i n g  from f l u c t u a t i o n  i n  

the  environmental cond i t ions ,  such a s  temperature and humidity, 

. and small d i s t u r b i n g  e f f e c t s ,  such as v ib ra t ions  o r  

electro-magnetic a c t i v i t y  a r e  a l s o  poss ib le .  Beers (1957) a l s o  

14 



included d e f i n i t i o n  e r r o r s  i n  t h i s  l i s t .  E r r o r s  from t h i s  source 

may a r i s e  i f  t h e  q u a n t i t y  being measured i s  not  p r e c i s e l y  

defined. These a r e  sources of random e r r o r  t h a t  can be minimized 

but not el iminated.  Beers (1957) gave an example of minimizing 

random e r r o r  while us ing a steel measuring tape ,  "Some of the  

random e r r o r  of t h i s  tape  may be due t o  expansion and 

con t rac t ion  of t h e  tape  wi th  f l u c t u a t i o n s  of temperature. By 

noting t h e  temperature a t  the  time of each measurement and 

asce r t a in ing  t h e  c o e f f i c i e n t  of l i n e a r  expansion of t h e  tape ,  

the  ind iv idua l  values may be compensated f o r  t h i s  e f fec t" .  

Although t h e s e  sources of random e r r o r  cannot be el iminated 

t h e i r  e f f e c t  on subsequent a n a l y s i s  w i l l  decrease  a s  the, sample 

s i z e  increases .  

1.4.2. Systematic Error  

S t a t i s t i c a l  manipulation such a s  inc reas ing  sample s i z e  

cannot reduce the  e f f e c t s  of sys temat ic  e r r o r .  Hence i t  i s  

important t o  ensure t h a t  measurements a r e  performed us ing well  

maintained instruments which have been r e c e n t l y  ca l ib ra ted .  It 

i s  a l s o  important t h a t  t h e s e  instruments are manipulated exac t ly  

a s  spec i f i ed  i n  the  p ro toco l  wi th ,  i n  t h e  case  of anthropometry, 

app l i ca t ion  t o  designated landmarks. 

When a number of t h e  same obtained v a r i a b l e s  a r e  outs ide  

to lerance  l e v e l s ,  sys temat ic  e r r o r  may be suspected,  Common 

systematic e r r o r s  i n  anthropometry inc lude  t h e  fol lowing:  



Landmark Errors .  

Landmark e r r o r s  a r e  e r r o r s  which r e s u l t  from taking a 

measurement from a n  inappropr ia t e  l o c a t i o n  o r  a t  an 

inappropr ia t e  t i m e .  The phenomenon which is intended t o  be 

measured i s  missed and da ta  from some o the r  source i s  co l l ec ted .  

Errors  t h a t  can be termed 'landmark e r r o r s '  may occur when the  

phenomenon being measured i s  not d i r e c t l y  access ib le .  For 

example, some anthropometry requ i res  t h e  measurement of bone 

lengths ,  but t h e  bones of l i v i n g  animals a r e  covered i n  f l e s h  

and a r e  not d i r e c t l y  access ib le .  A landmark e r r o r  can occur i f  

the  f l e s h  covering t h e  a r e a  t o  be measured causes e r r o r s  i n  

l o c a t i n g  t h e  ends of the  bone. 

I f  an e r r o r  of t h i s  c l a s s , i s  committed then t h e  da ta  

c o l l e c t e d  a r e  r e l a t e d  t o  a phenomenon which i s  d i f f e r e n t  from 

t h a t  which i t  was intended t o  observe. The e f f e c t  of landmark 

e r r o r s  can range from extremely small and r e l a t i v e l y  

i n s i g n i f i c a n t ,  such a s  a s l i g h t  e r r o r  i n  l o c a t i n g  t h e  end of a 

long bone, t o  completely erroneous measures such as measuring 

the wrong bone. Many of these  e r r o r s  can be avoided by p rec i se  

techniques and thoughtf u l  a n a l y s i s  of t h e  under ly ing t h e o r i e s  

and assumptions. 

Errors  Ar is ing  From Instrumentat ion 

A second source  of sys temat ic  e r r o r  o r i g i n a t e s  wi th  the  use 

of measuring devices such as s c a l e s ,  c a l i p e r s ,  and meters. 

Although t h e s e  devices a r e  u s u a l l y  very p r e c i s e  and r e l i a b l e ,  



t h e i r  co r rec tness  may be taken f o r  granted.  Some instruments 

requi re  pe r iod ic  c a l i b r a t i o n  t o  v e r i f y  accuracy and t o  a d j u s t  

f o r  varying environmental condi t ions .  An instrument i s  

c a l i b r a t e d  by using i t  t o  measure a known quan t i ty  and i f  t h i s  

measurement and t h e  known va lue  a r e  d i f f e r e n t  then an adjustment 

must be made. Instruments which a r e  a f f e c t e d  by such th ings  a s  

temperature changes and movement may r e q u i r e  f requent  

c a l i b r a t i o n .  

It may seem extreme t o  sugges t  t h a t  even simple devices 

such a s  measuring t apes  need c a l i b r a t i o n  checks, but a recent  

inc ident  i n  t h e  anthropometry l abora to ry  a t  SFU i l l u s t r a t e s  the  

value of such checks. A measuring t a p e  had been fas t ened  t o  a 

wall t o  a l low a sub jec t ' s  s tanding he igh t  t o  be measured. One of 

the  r e sea rchers ,  during a d i scuss ion  of technique,  placed a hand 

held measuring t ape  next  t o  t h e  wa l l  mounted one, and not iced  a 

d i f fe rence .  A number of o t h e r  t apes  and measuring devices were 

then used t o  check the  wall  mounted t a p e ,  and a l l  of them showed 

the  same discrepancy. The wa l l  t a p e  was out  of c a l i b r a t i o n  by 

about 1 cm every 100 cm, which was probably a manufacturing 

e r r o r ,  and t h e  tape  had t o  be discarded.  The c a l i b r a t i o n  of t h i s  

simple device  was taken f o r  granted.  

Once an instrument i s  proper ly  c a l i b r a t e d ,  e r r o r s  may s t i l l  

be introduced i n  a number of ways. F i r s t  t h e  d i a l ,  meter o r  

whatever output  t h e  device provides may be misread. Some common 

' e r r o r s  inc lude  reading t h e  wrong s c a l e  when mul t ip le  s c a l e s  a r e  

provided, ( i .e .  inches and cen t ime te r s ) ,  misreading a v e r n i e r  



s c a l e  and misjudging t h e  reading i n  s i t u a t i o n s  where the re  i s  

always some f l u c t u a t i o n  such a s  t h e  o s c i l l a t i o n s  of a balance 

beam sca le .  

Another source of e r r o r  r e l a t e d  t o  ins t rumenta t ion involves 

technique. How t h e  instrument i s  used i s  extremely important.  

Location, o r i e n t a t i o n  and timing may be important 

considerat ions.  A skinfold  c a l i p e r  t h a t  is not re leased 

completely when on t h e  s i te ,  a weight s c a l e  which i s  not l e v e l  

o r  a thermometer which i s  not l e f t  long enough i n  t h e  

environment t o  be measured, a r e  a l l  examples of poor technique. 

Training and thorough understanding of t h e  underlying p r i n c i p l e s  

of t h e  instrument genera l ly  ensures t h a t  technique e r r o r s  a r e  

minimized. 

1 .4 .3 .  Blunders 

Blunders "... a r e  e r r o r s  caused by o u t r i g h t  mistakes i n  

reading instruments,  ad jus t ing  condi t ions  of the  experiment, or  

performing ca lcu la t ions"  (Beers, 1957) .  They may a l s o  be 

introduced during t h e  process of recording t h e  data .  Personal 

communication wi th  a number of expert  anthropometr is ts  

(Drinkwater, 1982; Ross, 1982; Ward, 1982b) revealed t h a t  

blunders occur during t h e  da ta  c o l l e c t i o n  process,  but the  

frequency of occurrence i s  not known. These anthropometrists  

agree,  however, t h a t  the  blunders occur too  f r e q u e n t l y  and s t e p s  

should be taken t o  minimize t h e i r  e f f e c t  on data  assembly. A 

l i t e r a t u r e  search ( i .e .  DIALOG on-line information r e t r i e v a l  



s e r v i c e )  f a i l e d  t o  l o c a t e  any r e p o r t s  of research  i n  t h i s  a rea .  

Some sources of blunders a r e  discussed below. 

Transmission Errors  

The s t e p  between measurement and recording i s  very 

dependent on human procedures and t h e r e f o r e  has the  p o t e n t i a l  t o  

introduce blunders. Typica l ly ,  at  t h i s  s t e p ,  t h e  instrument is  

read and t h e  reading i s  then recorded by the  opera tor .  It i s  

t h i s  reading - recording process which may be marred by human 

e r r o r .  Although, i n  some cases ,  recent  technologies have been 

ab le  t o  provide a d i r e c t  e l e c t r o n i c  i n t e r f a c e  between 

measurement instrument and recording medium (Jones and Marshall,  

1979), i t  i s  s t i l l  more commonly a human i n t e r f a c e .  

The s t e p s  involved i n  the  measurement and transmission of 

anthropometric da ta  a r e  a s  fol lows.  

1. Measurer reads instrument.  

2. Measurer voca l i zes  reading f o r  recorder .  

3. Recorder l i s t e n s  t o  measurer. 

4. Recorder w r i t e s  in•’ ormation. 

In  s i t u a t i o n s  where t h e  measurer i s  a l s o  t h e  r ecorde r . then  

only s t e p s  one and f o u r  a r e  c a r r i e d  out .  Each of these  s t e p s  

w i l l  be discussed i n  terms of p o s s i b i l i t i e s  f o r  e r r o r .  

Measurer Reads Instrument 

The problems of reading ins t ruments  was b r i e f l y  mentioned 

e a r l i e r  a s  a source of random e r r o r  bu t ,  i t  may a l s o  be the  case 



t h a t  an e r r o r  i s  introduced a f t e r  a c o r r e c t  reading.  One such 

e r r o r  is  t o  misplace a decimal p o i n t ,  a s  i n  reading t h e  value 

15.9 from a s c a l e  and assuming i t  i s  1.59. A second common e r r o r  

i s  ' d i g i t  r e v e r s a l '  which seems t o  occur s u p r i s i n g l y  of ten .  An 

example of d i g i t  r e v e r s a l  i s  reading 15.9 and recording 19.5. 

Measurer Vocalizes Reading f o r  Recorder. 

It is  poss ib le  t h a t  misplaced decimal p o i n t s  and d i g i t  

r e v e r s a l s  w i l l  happen during t h i s  s t ep .  Any u n f a m i l i a r i t y  with 

language can a l s o  l ead  t o  e r r o r s  by using wrong words o r  bad 

pronunciat ion.  

Recorder L i s t ens  t o  Measurer , 

Language may a l s o  introduce e r r o r s  a t  t h i s  s tep .  The 

recorder must c o r r e c t l y  t r a n s l a t e  the  vocal ized  information i n t o  

w r i t t e n  information.  Fami l i a r i ty  with language and pronunciat ion 

w i l l  a f f e c t  t h i s  t r a n s l a t i o n .  A good example of confusion 

a r i s i n g  from pronunciat ion i s  i n  the  t ransmiss ion of numbers 

such a s  t h i r t e e n  and t h i r t y .  Each of these  could e a s i l y  be 

confused f o r  t h e  o the r .  Another f a c t o r  which in•’ luences the  

p r e c i s i o n  of t h i s  s t e p  is  t h e  ambient no i se  l e v e l .  Any attempt 

t o  pass  information by voice i s  obviously a f f e c t e d  by 

i n t e r f  erence from noisy surroundings. 



Recorder Writes Information 

A t  t h i s  s t e p  the  d i g i t  r e v e r s a l  may be a problem. Writing 

data i n  t h e  wrong l o c a t i o n  on a form, (or  i n  the  co r rec t  

loca t ion  but on the  wrong form) and bad c h a r a c t e r  formation 

( i .  e. 'ones ' t h a t  look l i k e  'sevens ') a r e  o t h e r  examples of 

e r r o r  a t  t h i s  s t ep .  

1.5. Errors  Detectable by t h e  Data Monitoring System --- 

The Data Monitoring System has been designed t o  de tec t  

e r r o r s  which a r e  ca tegor ized  a s  ILLEGITIMATE e r r o r s .  These 

e r r o r s  can be of any s i z e  a s  t h e  broken cy l inders  i n  Figure 1-1 

suggest.  They should never be recorded i n  t h e  f i n a l  da ta  

assembly. I l l e g i t i m a t e  e r r o r s  inc lude  most sys temat ic  e r r o r s  

such a s  c a l i b r a t i o n  e r r o r s ,  and a l l  blunders. 

Some INHERENT e r r o r s  may a l s o  be d e t e c t a b l e  by the  

monitoring system, i f  they a r e  l a r g e  enough i n  r e l a t i o n  t o  the  

data. For example, d i u r n a l  v a r i a t i o n  i n  he igh t  may be de tec tab le  

if t h e  v a r i a t i o n  i s  l a r g e  and t h e  p r e d i c t i o n s  a r e  based on a 

sample t h a t  has been c a r e f u l l y  c o n t r o l l e d  f o r  e f f e c t s  of d a i l y  

height  v a r i a t i o n .  The a b i l i t y  of t h e  monitoring system t o  

i d e n t i f y  e i t h e r  INHERENT or  ILLEGITIMATE e r r o r s  w i l l  depend on 

the  model which is  used t o  p r e d i c t  t h e  measured values. 



11. PREDICTION MODELS AND TOLERANCES 

2.1. P red ic t ion  

I n  o rde r  t o  make a p red ic t ion  of any phenomenon, i t  i s  

necessary t h a t  some f a c t s ,  information o r  even assumptions be 

known about  t h i s  phenomenon. Humans a r e  a b l e  t o  make accura te  

p red ic t ions  based on procedures which a r e  not  e n t i r e l y  c l e a r .  

I n t u i t i o n ,  "gut f ee l ing"  and o the r  explanat ions  a r e  o f t e n  used 

t o  desc r ibe  the  bas i s  f o r  these  p red ic t ions .  Since t h i s  system's 

sof tware is  not  a b l e  t o  opera te  i n  t h i s  mode, it requ i res  t h a t  

information and r e l a t i o n s h i p s  be descr ibed i n  a c l e a r ,  . 

unambiguous, h ighly  s t ruc tu red \ fo rm t h a t  has a c o n s i s t e n t  s e t  of 

ru les .  The language of mathematics f i t s  t h i s  d e s c r i p t i o n  and i s  

used by t h i s  system t o  desc r ibe  the  d a t a  which is  t o  be 

co l l ec ted .  

The model d e f i n i t i o n  phase of t h e  Data Monitoring System i s  

based on t h e  assumption t h a t  a mathematical model which is  

highly r e l a t e d  t o  the  phenomenon being measured, can be 

constructed.  I f  t h i s  is  t r u e ,  t h e  p r e d i c t i v e  value of th is 'model  

w i l l  be h igh,  and i t  w i l l  probably be a b l e  t o  d i s t i n g u i s h  

between "good" and "bad" da ta  wi th  an  acceptable  degree of 

r e l i a b i l i t y .  (See Goldstein,  1977 f o r  a d e f i n i t i o n  of 'good' and 

'bad' da ta . )  The r e a l  power of the  Data Monitoring System i s  

then dependent on t h e  development of t h i s  model. 



Before developing a model something must be known about the  

population which t h e  model i s  intended t o  descr ibe .  I n  most 

cases t h i s  informat ion  can be gained by c o l l e c t i n g  a n  i n i t i a t o r  

sample which may a c t  as a r e p r e s e n t a t i v e  subset  of the  e n t i r e  

population t o  be modelled. Through regress ion  a n a l y s i s  of the  

da ta  from t h e  i n i t i a t o r  sample, a number of p red ic to r  equations 

can be developed t o  form the  model. This model can then be 

expressed i n  t e r m s  of ordinary  mathematical expression 

( including mul t i -charac ter  v a r i a b l e  names ) . Figure  2-1 shows the  

syntax r u l e s  f o r  expressions.  

To read t h e  syntax  diagram s t a r t  on t h e  l e f t  s i d e  of t h e  

page and f o l l o w  one of t h e  h o r i z o n t a l  l i n e s  from l e f t  t o  r igh t .  

When rec tangu la r  shapes (non terminal  symbolsj a r e  encountered 

they may be replaced with t h e i r  d e f i n i t i o n s  which appear 

elsewhere i n  t h e  f i g u r e .  A c i r c u l a r  o r  round edged shape 

( terminal  symbols) con ta ins  symbols which must appear i n  the  

expression e x a c t l y  as they appear i n  t h e  f i g u r e .  By fol lowing 

the l i n e s  and arrows and s u b s t i t u t i n g  t h e  d e f i n i t i o n s  f o r  the  

non terminal  symbols, a l l  p o s s i b l e  l e g a l  s y n t a c t i c  combinations 

can be cons t ructed .  Any express ion which cannot be constructed 

by using t h e s e  r u l e s  i s  i l l e g a l .  

The fo l lowing example i l l u s t r a t e s  the  d e f i n i t i o n  of the  

p red ic t ive  model : 

If  i t  is  known t h a t  t h e  he igh t  ( i n  cent imeters)  of a 

c e r t a i n  popula t ion  of people is  always twice t h e i r  weight ( i n  

kilograms) then the  fo l lowing  expressions can be w r i t t e n  t o  
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represent  t h i s  known re la t ionsh ip :  

WT = HT12.0 (equation 1 )  

HT = WT*2.0 (equation 2) 

where : 

WT is a v a r i a b l e  which represen t s  WEIGHT. 

HT i s  a va r iab le  which represen t s  HEIGHT. 

* i s  a d i a d i c  opera tor  f o r  mul t ip l i ca t ion .  

/ is  a d i a d i c  opera tor  f o r  d iv i s ion .  

These r e l a t i o n s h i p s  c o n s t i t u t e  a model of the  populat ion 

( a t  l e a s t  wi th  respect  t o  these  two v a r i a b l e s )  and such a model 

can be used t o  p r e d i c t  the  measurement of any individual  member 

of t h i s  populat ion.  I f  subject  A i s  measured as 150 cm t a l l  and 

75 kg i n  weight then by s u b s t i t u t i n g  150 f o r  HT i n  equation 1 

and 75 f o r  WT i n  equation 2 and evaluat ing t h e  expressions,  the  

r e s u l t i n g  predic ted  values a r e  75 and 150 f o r  WT and HT 

respect ively .  Now, comparing t h e  predic ted  values f o r  BT (150) 

and WT (75) with a c t u a l  values f o r  HT (150) and WT (75) we f i n d  

no d i f fe rence .  Had t h e  c o l l e c t e d  da ta  values  indeed been 75 and 

150 f o r  WT and HT respec t ive ly ,  but an  erroneous values of 57 

( d i g i t  r e v e r s a l )  recorded f o r  WT then the  predic ted  value would 

be 75 (15012.0) f o r  WT and 114 (57*2.0) f o r  HT. The predic ted  

values f o r  WT d i f f e r s  from the  a c t u a l  value which shows t h a t  the  

new data  i s  not  conforming t o  t h e  r e l a t i o n s h i p  described i n  t h e  

model. This is  an i n d i c a t i o n  t o  t h e  i n v e s t i g a t o r  t h a t  something 

. is wrong and s t e p s  may be taken t o  cor rec t  o r  a t  l e a s t  

r a t i o n a l i z e  t h e  discrepancy. 



There is  a p o s s i b i l i t y  of recording a second erroneous 

value which w i l l  compensate f o r  the  f i r s t ,  and cause what w i l l  

appear t o  be conformity wi th  t h e  model. For example, if t he  t r u e  

values were 75 f o r  WT and 150 f o r  HT but a s  a r e s u l t  of e r r o r s  

WT was recorded a s  57 and HT a s  114 then no e r r o r  would be 

detected.  This  is  an  un l ike ly  coincidence and p r o b a b i l i t y  

decreases a s  the  model becomes more complex. 

It is  unl ikey t h a t  any model desc r ib ing  human da ta  w i l l  

ever behave as p r e c i s e l y  as t h e  example g iven above. If  a model 

is  not p e r f e c t  then p r e d i c t i o n s  der ived from i t  w i l l  not be 

prec ise .  Therefore s l i g h t  dev ia t ions  of t h e s e  p red ic t ions  from 

the  recorded values should not  be considered a s  e r r o r .  The s i z e  

of t h e  acceptable  dev ia t ion  i s c a l l e d  t h e  to le rance .  A high 

to lerance  means t h a t  the  model i s  very t o l e r a n t  of dev ia t ions  

from i t s  predic ted  values  and t h e r e f o r e  desc r ibes  a l a r g e  range 

over which the  recorded values may d i f f e r  from the  predic ted  

value without  being c l a s s i f i e d  a s  an e r r o r .  A s  confidence i n  the  

p red ic t ive  power of t h e  model i n c r e a s e s  t h e  to le rance  may be 

decreased. A s  the  to le rance  approaches zero  t h e  model becomes 

more and more s e n s i t i v e  t o  e r r o r .  I n  our example above, the  

to lerance  was (assumed t o  be)  zero  which means the  model was 

very s e n s i t i v e  t o  e r r o r  i n  t h a t  any dev ia t ion  from t h e  predic ted  - - 
value would be c l a s s i f i e d  a s  an e r r o r .  

A more r e a l i s t i c  example then would be t o  add a to lerance  

t o  t h e  p r e d i c t i o n  s i n c e  i t  i s  u n l i k e l y  t h a t  t h e  HT and WT r a t i o  

i n  every sub jec t  is e x a c t l y  2 : l .  For example, by s e t t i n g  the  



to lerance  f o r  HT pred ic t ion  a t  2.0, a recorded value f o r  HT t h a t  

i s  w i t h i n  2cm on e i t h e r  s i d e  of the  predic ted  value  f o r  HT w i l l  

not be i d e n t i f i e d  a s  a  poss ib le  e r r o r .  A l l  l a r g e r  d iscrepancies  

w i l l  be s o  i d e n t i f i e d .  

The t o l e r a n c e ,  then,  can be s e t  extremely high which w i l l  

increase  t h e  p o s s i b i l i t y  of al lowing e r r o r s  ( l a rge  

d i sc repanc ies )  t o  go undetected o r  very low which means t h a t  a  

l a r g e r  percentage of accura te  da ta  may be i d e n t i f i e d  a s  an 

e r ro r .  Below are some gu ide l ines  f o r  determining t h e  l e v e l  of 

to lerance  f o r  anthropometric  va r i ab les .  When a recorded value i s  

equal t o  t h e  p red ic ted  value  t h e  to le rance  then t h e  recorded 

value i s  c l a s s i f i e d  a s  c o r r e c t .  

2.2. Measurement Tolerance 

Measurement to le rance  i s  t h e  range which one e s t a b l i s h e s  

f o r  accept ing  measures without  f u r t h e r  sc ru t iny .  The l i m i t s  a r e  

a r b i t r a r i l y  determined u s u a l l y  with some j u s t i f i c a t i o n  based on 

an understanding of t h e  v a r i a t i o n  i n  t h e  da ta .  For example, the  

to lerance  must exceed t h e  l i m i t s  imposed by b i o l o g i c a l  

v a r i a t i o n ,  measurement e f f e c t s ,  sensory l i m i t a t i o n s ,  and o the r  

random even t s  encountered by i n v e s t i g a t o r s  under i d e a l  

condit ions.  The magnitude of these  inherent  e r r o r s  f o r  

anthropometric  i tems i n  t h i s  t h e s i s  have been derived by Borms, 

Hebbelinck, C a r t e r ,  Ross, and Lar iv iz re  1979 a s  t r a i n i n g  

standards used i n  t h e  Montreal Olympic Games Anthropological 



Projec t  (MOGAP) a s  summarized i n  t a b l e  2-1. 

I n  add i t ion  t o  inherent  e r r o r  which is present  i n  

r e p l i c a t e d  measures under i d e a l  cond i t ions ,  random e r r o r  may 

a l s o  be introduced by i m p e d e c t  regress ions .  Unless the  sample 

used t o  de r ive  the  r eg ress ion  equat ions  shows pe r fec t  

r e l a t i o n s h i p s ,  t h e r e  w i l l  be some v a r i a t i o n  i n  t h e  p red ic t ions  

from these  equations. This v a r i a t i o n  i s  q u a n t i f i e d  by the  

Standard Error  of Estimate which i s  c a l c u l a t e d  by the  regress ion  

a n a l y s i s  procedure. I f  the  p red ic t ions  from t h e  regress ion  

equations a r e  not pe r fec t  then some cons ide ra t ion  of t h i s  must 

be included i n  the  s e t t i n g  of t h e  to le rances .  A s  a  r u l e  of 

thumb, values ou t s ide  t h e  inherent  e r r o r  l i m i t  p ius  two standard 

e r r o r s  of e s t ima te  (from t h e  regress ion  equa t ion)  may be used a s  

a  screening l e v e l  f o r  monitoring e r r o r s  during d a t a  co l l ec t ion .  

F igure  2-2 shows a l l  of t h e  previous ly  discussed sources of 

e r r o r  wi th  PREDICTION ERROR added a s  t h e  new category of random 

e r r o r .  

I l l e g i t i m a t e  e r r o r s ,  e i t h e r  sys temat ic  o r  blunders,  can be 

of any magnitude. Only when they exceed to le rance  w i l l  they be 

f lagged f o r  subsequent re-measurement . 



TABLE 2-1 

ANTHROPOMEIRIC MEASJSUREMENT TOLERANCES 

Body Weight 
Heigh t 
Acromial Height  
R a d i a l  Height  
S t y l i o n  Height  
D a c t y l i o n  Height  
~ r o & a n  ter Heigh t 
S p i n a l  Height  
Ma l l eo l a r  Height  
S i t t i n g  Height  
T i b i a 1  Height  
B icondy l a r  Humrus 'Width 
Bicondylar  Femur Width 
B i ac romia l  Diameter 
Thorax Diameter Transv. 
Thorax D i a m  t e r  S a g i t .  
B i - i l i o c r i s t a l  D iarne ter 
Wrist Width 
Neck G i r t h  
Upper A r m  Extended 
Upper A r m  F lexed  , 
Chest G i r t h  I n s p i r a t i o n  

+ Chest G i r t h  E x p i r a t i o n  
Waist G ir th  
Abdomen G i r t h  
Thigh G i r t h  
Calf G i r t h  

+ Skinf o lds  

* For  arm Gir th  
* Wrist G i r t h  
* Ankle G i r t h  
* Foot G i r t h  
* Head G i r t h  

Adapted f rom Borms e  t. a l ,  (1977). 

-F Percentage of t h e  sanp le  mean was  used. 
* Included by au thor .  (not publ i shed  by Borms e t . a l )  
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111. THE ERROR CONTROL SYSTEM: A System overview 

The Data Monitoring System i s  an  at tempt t o  provide a 

so lu t ion  t o  t h e  problem of encountering e r r o r s  when i t  is  too 

l a t e  t o  c o r r e c t  them by re-measurement. This  problem is 

p a r t i c u l a r l y  evident  wi th  t h e  c o l l e c t i o n  of human da ta  s ince  the  

passage of only a few hours may r e s u l t  i n  changes which would 

i n v a l i d a t e  any re-collected data .  If t he  need f o r  relneasurement 

is  known w i t h i n  minutes r a t h e r  than hours o r  days then da ta  may 

be re-col lec ted  without the  r i s k  of the  phenomenon being 

s e r i o u s l y  changed during t h e  time between measurements. The Data 

Monitoring System scans da ta  a s  it is c o l l e c t e d  ( o r  very soon 

a f t e r )  and p r e d i c t s  each d a t a  va lue  according t o  some previous ly  

defined p r e d i c t i o n  scheme o r  model. If t h e  c o l l e c t e d  da ta  do not 

agree wi th  the  predic ted  da ta  then t h e  experimenter may be 

n o t i f i e d  by the  system. Having been informed of t h e  discrepancy 

he may e i t h e r  re-enter  the  r e l evan t  va lue  o r  va lues  fol lowing 

re-measurement o r  f o r c e  t h e  sys ten  t o  accept  the  o r i g i n a l  value. 

Since only ou t  of range values ,  which a r e  not n e c e s s a r i l y  

e r r o r s ,  a r e  not iced  by t h i s  da ta  monitor ,  i t  is  up t o  t h e  

i n v e s t i g a t o r  t o  decide i f  t h e  ind ica ted  values  a r e  erroneous o r  

a r e  l e g i t i m a t e  extreme values.  The system a c t s  a s  a very 

d i l i g e n t  and c r i t i c a l  observer .  

The Data Monitoring System has been designed t o  provide 

th ree  bas ic  phases of opera t ion:  The DmINITION phase where each 

of t h e  v a r i a b l e s  t o  be measured and t h e i r  to l e rances  a r e  



described t o  t h e  system; the COLLECTION phase where da ta  a r e  

co l l ec ted  and en te red  i n t o  t h e  system; and, the  VERIFICATION 

phase where c o l l e c t e d  da ta  from each of t h e  v a r i a b l e s  a r e  

compared t o  the  va lues  predic ted  by the  r u l e s  e s t ab l i shed  i n  the  

d e f i n i t i o n  p a r t .  The i n v e s t i g a t o r  i s  n o t i f i e d  of d iscrepancies  

which a r e  o u t s i d e  t h e  previous ly  e s t a b l i s h e d  to le rance  ranges, 

g iv ing a n  opportunity t o  c o r r e c t  e r r o r s  immediately. 

The d e f i n i t i o n  process begins by c o l l e c t i n g  t h e  i n i t i a t o r  

sample. To reduce t h e  random e r r o r ,  repeated measures ( t h r e e  o r  

more) of each v a r i a b l e  should be taken and then the  s e t  of 

median values  used t o  develop t h e  model of t h e  populat ion us ing 

mul t ip le  r eg ress ion  ana lys i s .  The model c o n s i s t s  of a  number of 

regress ion  formulae,  one f o r  each v a r i a b l e ,  which show how any 

given i tem v a r i e s  i n  r e l a t i o n  t o  one o r  more of t h e  o thers .  

These reg ress ion  l i n e s  make up t h e  p r e d i c t i o n  formulae. F igure  

3-1 i l l u s t r a t e s  the  conceptual  o rgan iza t ion  of t h e  system. 

The Data Monitoring System i s  i n t e r a c t i v e  and command 

dr iven from a hierarchy of command l e v e l s .  This  means t h a t  the  

experimenter i s  a b l e  t o  maintain an  i n t e r a c t i v e  dialogue wi th  

the  system during t h e  data  monitoring process. This  dialogue 

permits changing t h e  model o r  any of i t s  parameters,  loading 

d i f f e r e n t  models i n t o  t h e  system, us ing t h e  b u i l t - i n  c a l c u l a t o r ,  

modifying t h e  set of c o l l e c t e d  d a t a  va lues ,  and a number of 

o the r  opera t ions  provided by t h e  system ( s e e  appendix C f o r  a  

complete l i s t  of t h e  a v a i l a b l e  commands). Having c o n t r o l  of the  

system a t  any time al lows the  experimenter t o  r e a c t  t o  
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s i t u a t i o n s  a s  they a r i s e  i n  t h e  da ta  c o l l e c t i o n  process. 

3.1 .  Physical  Const ra in ts  on t h e  System -- 

It i s  not  unusual t h a t  d a t a  a r e  c o l l e c t e d  i n  l o c a t i o n s  

s p e c i f i c a l l y  and temporar i ly  s e t  up f o r  t h e  c o l l e c t i o n  process. 

These l o c a t i o n s  r a r e l y  o f f e r  t h e  f a c i l i t i e s  of a  we l l  equipped 

laboratory.  I f  a  computer based e r r o r  c o n t r o l  system i s  t o  be 

u s e f u l  i n  t h e  f i e l d ,  i t  is  necessary t h a t  i t  be s e l f  contained 

and not  r equ i re  t h e  computer f a c i l i t i e s  of a  l abora to ry  o r  

research i n s t i t u t i o n .  Both t h e  hardware and t h e  software must be 

reasonably por table .  The hardware o f t e n  may be c a r r i e d  from 

place t o  p lace  and t h e  sof tware  may be requi red  t o  opera te  on a 

number of d i f f e r e n t  processors.  

I n  l i g h t  of t h e s e  c o n s t r a i n t s ,  a  small widely a v a i l a b l e  

micro-computer was chosen a s  t h e  development processor and one 

of the  two most common micro-computer opera t ing  systems was 

chosen a s  t h e  development system. 

3.2. Hardware and sof tware  requirements 

1. The minimum requirements of the  Data Monitoring System: 

a. UCSD pascal  - t h e  opera t ing  system. 

b. A computer wi th  s u f f i c i e n t  memory t o  run UCSD pascal  

(eg. APPLE I1 with  64k bytes memory). 

c. External  s t o r a g e  device (eg . 5 114" f loppy d i sk  dr ive) .  



d. Keyboard. 

e. CRT d i sp lay  with a  minimum of 80 charac te r s  per  l i n e .  

2. Optional devices:  

a. P r i n t e r  

b. Second e x t e r n a l  s to rage  device (d isk  d r ive ) .  

3.3. Screen Format 

The d i sp lay  screen i s  divided i n t o  t h r e e  f i e l d s ;  the  

MESSAGE FIELD, the  PROMPT FIELD and t h e  DATA DISPLAY FIELD. (see  

f i g u r e  3-2) The message f i e l d  i s  t h e  top  l i n e  of t h e  screen.  The 

PROMPT FIELD is  the  second a n d  t h i r d  l i n e s  of the  screen and the  

DATA,DISPLAY FIELD makes up t h e  remainder of the  screen.  

The sc reen  i s  div ided i n  t h i s  way t o  provide some 

consis tency between l e v e l s  of the  system. Whenever a  choice of 

commands i s  a v a i l a b l e  t h e  u s e r  i s  a b l e  t o  s e e  the  p o s s i b i l i t i e s  

i n  t h e  Prompt f i e l d  which i s  always a t  the  same l o c a t i o n  on the  

screen.  Since t h i s  i s  t r u e  f o r  any l e v e l  of t h e  system, t h e  u s e r  

may quickly  become accustomed t o  looking a t  s p e c i f i c  p a r t s ' o f  

the  screen f o r  needed information.  

1 .  The Message f  i e l d  . 
When i t  i s  necessary t o  provide t h e  u s e r  wi th  

information concerning t h e  cu r ren t  s t a t e  of the  system, a  

message i s  w r i t t e n  on t h e  top  l i n e  of the  screen.  A l l  e r r o r  
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messages from t h e  system a r e  w r i t t e n  i n  t h i s  message f i e l d .  

2. The Prompt f i e l d .  

A t  any given time t h e  system i s  ready t o  respond t o  one 

of a l i m i t e d  set of commands. Only those  commands which a r e  

l i s t e d  on t h e  prompt f i e l d  (with a few except ions)  a r e  

recognized. The contents  of t h e  prompt f i e l d ,  and the re fo re  

the  commands t h a t  a r e  a v a i l a b l e ,  depend on which por t ion  of 

the  system i s  c u r r e n t l y  i n  c o n t r o l  ( see  f i g u r e  3-3). 

The a v a i l a b l e  commands a r e  l i s t e d  i n  t h e  Prompt f i e l d  

and separa ted  by commas. Figure  3-2 shows an example of a 

command prompt l i n e  i n  the  Prompt f i e l d .  The l e t t e r s  of the  

command t o  t h e  l e f t  of the  pa ren thes i s  appear on one of the  

keyboard keys and i t  i s  t h a t  key which must be s t r u c k  i n  

order  t o  s e l e c t  t h e  command. S t r i k i n g  keys which do not 

correspond t o  commands has no e f f e c t .  
, 

3.  Data d i sp lay  f i e l d .  

This f i e l d  c o n s t i t u t e s  t h e  e n t i r e  sc reen  except f o r  the  

Message l i n e  ( l i n e  1 )  and t h e  Prompt l i n e  ( l i n e  2).  A l l  da ta  

which t h e  system i s  asked t o  w r i t e  on t h e  screen i s  

displayed here.  A s  the  da ta  d i s p l a y  f i e l d  f i l l s  the  screen 

is  s c r o l l e d .  When t h e  d i sp lay  i s  f i n i s h e d  t h e  message f i e l d  

and t h e  prompt l i n e  a r e  re-wri t ten  ( t h e  message f i e l d  i s  

c lea red  i f  t h e r e  i s  no message and t h e  l i s t  of a v a i l a b l e  

commands i s  w r i t t e n  on the  prompt l i n e ) .  

The da ta  d i s p l a y  f i e l d  i s  a l s o  used t o  c o l l e c t  

information from t h e  use r .  The model and c o l l e c t e d  da ta  a r e  
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entered  i n  t h i s  a rea  and t h e  e d i t o r  uses  i t  t o  a l low v i s u a l  

e d i t i n g  of the  model. 

3.3. System Functions 

Figure  3-3 i l l u s t r a t e s  t h e  system h ie ra rchy  and 

organiza t ion .  Appendix C l ists  a l l  of t h e  p o s s i b l e  commands, the  

l e v e l  a t  which they a r e  recognized and what f u n c t i o n  they 

perform. This  s e c t i o n  g ives  a  genera l  d e s c r i p t i o n  of t h e  

func t ions  of each command a t  t h e  top l e v e l  of t h e  system. 

3.3.1. Commands a v a i l a b l e  from the  top l e v e l  prompt l i n e .  

DEF INE . 
By s t r i k i n g  t h e  "D" key t h e  system becomes ready t o  perform 

func t ions  r e l a t e d  t o  t h e  d e f i n i t i o n  of t h e  p r e d i c t i v e  model used 

f o r  e r r o r  de tec t ion .  The system responds wi th  a  prompt which 

gives t h e  choice  of en te r ing  express ions ,  to l e rances  o r  formats. 

The express ions  a r e  the  p red ic to r  equat ions  f o r  each v a r i a b l e ;  

the  to le rances  i n d i c a t e  how s e n s i t i v e  each p r e d i c t i o n  is  t o  

e r r o r ;  and t h e  formats i n d i c a t e  where each v a r i a b l e  can be.found 

on a  d a t a  record  when t h i s  record i s  s t o r e d  on d isk .  

COLLECT. 

The c o l l e c t  command causes t h e  system t o  s t e p  through each 

of t h e  v a r i a b l e s  defined i n  the  model and prompts (by d isplaying 

.. the v a r i a b l e  name followed by a  '? ' )  f o r  an  observed value  t o  be 

entered.  I n  t h i s  way, a  s e t  of d a t a  va lues  f o r  an ind iv idua l  i s  



gathered and s t o r e d  i n  the  system. When each of the  v a r i a b l e s  

has received a va lue  t h e  top l e v e l  prompt i s  displayed.  

The COLLECT rou t ine  prompts f o r  da ta  i n  t h e  same order a s  

the v a r i a b l e s  a r e  c u r r e n t l y  defined i n  t h e  model ( t h e  order  may 

be changed by t h e  DEFINE process) .  Af ter  each prompt, the  

measured value  f o r  t h a t  v a r i a b l e  i s  entered  by typing t h e  number 

and then t h e  r e t u r n  key. I f  the  r e t u r n  key i s  h i t  without  f i r s t  

typing t h e  number then no value f o r  t h a t  v a r i a b l e  is  entered .  

The o ld  va lue ,  i f  t h e r e  is  one, i s  r e t a i n e d ,  and the  next prompt 

i s  displayed. 

VERIFY. 

By typing "V", f o r  Verify, the  system begins t o  s c r u t i n i z e  
I 

t he  da ta  and look f o r  poss ib le  e r r o r s .  The value  of each 

va r i ab le  is p red ic ted  by eva lua t ing  i t s  p r e d i c t o r  expression. 

This expression was previously given t o  t h e  system during t h e  

DEFINE process and i s  p a r t  of t h e  model. The p red ic ted  value  is  

then compared t o  t h e  a c t u a l  value g iven during t h e  COLLECT 

process, and t h e  a c t u a l  va lue ,  p red ic ted  value  and to le rance  a r e  

pr in ted .  I f  t he  a c t u a l  value d i f f e r s  from t h e  p red ic ted  value  by . 

more than t h e  to le rance  then t h e  va lue  of 

(Predic ted  - a c t u a l ) /  t o l e rance  

i s  p r in ted  a t  the  end of the  l i n e .  This  value shows not only 

t h a t  t h e r e  i s  a discrepancy but a l s o  t h e  s i z e  of the  discrepancy 

and i t s  d i r e c t i o n .  

When each of the  v a r i a b l e s  has been scanned f o r  e r r o r s ,  

con t ro l  i s  re turned t o  t h e  top l e v e l  s o  t h a t  any of the  top 



l e v e l  commands a r e  again  access ib le .  

EDIT. 

The EDIT command al lows e d i t i n g  of t h e  symbolic expressions 

i n  t h e  model. Immediately a f t e r  EDIT has been s e l e c t e d  the  

system prompts f o r  t h e  number of t h e  i t e m  t o  be edi ted .  When a 

number i s  given ( if  t h e r e  is  an express ion i n  t h e  model 

d e f i n i t i o n  which corresponds t o  t h a t  number) then t h a t  

expression i s  shown i n  t h e  d a t a  d i s p l a y  a r e a  and i s  ready f o r  

e d i t i n g  . 
The e d i t o r  i s  a s i n g l e  l i n e  v i s u a l  e d i t o r .  The cursor  can 

be pos i t ioned and any charac te r  can be replaced,  i n s e r t e d  o r  

de le ted .  When t h e  r e t u r n  key is  s t r u c k  t h e  con ten t s  of the  

screen a r e  saved a s  p a r t  of the model. I f  t h e  v a r i a b l e  name on 

the  l e f t  s i d e  of the  equal  s i g n  i s  changed then the  o ld  va r i ab le  

and i t s  p r e d i c t o r  expression a r e  d e l e t e d  and t h e  new one i s  

i n s e r t e d  a s  t h e  l a s t  equation i n  t h e  model. 

WRITE. 

Once the  da ta  f o r  a sub jec t  have been c o l l e c t e d  and 

v e r i f i e d  and a r e  deemed by the  i n v e s t i g a t o r  t o  be e r ro r - f ree  

then they can be saved on d i sk  us ing t h e  WRITE command . The 

cur ren t  va lue  of a l l  va r i ab les  is  saved according t o  t h e  format 

given i n  t h e  DEFINE process. For each v a r i a b l e  t h a t  is "out of 

range" a counter  is  incremented and t h a t  v a r i a b l e  i s  considered 

a "Force in"  value. 

SAVE. 



The c u r r e n t  s t a t e  of t h e  system may be saved on disk.  This  

means t h a t  a l l  model in format ion  a s  w e l l  a s  t h e  c u r r e n t  v a l u e s  

f o r  t h e  v a r i a b l e s  can  be s t o r e d  f o r  u s e  a t  a l a t e r  t ime. The 

SAVE command i s  u s e f u l  f o r  s t o r i n g  models which have been " f i n e  

tuned" f o r  t h e  c o l l e c t i o n  of d a t a  from d i f f e r e n t  samples. These 

models do not  have t o  be re-defined. They can be read d i r e c t l y  

from d i s k  us ing  t h e  READ command. 

READ. 

The READ command permi ts  a f i l e  con ta in ing  a complete model 

d e f i n i t i o n  and va lues  f o r  v a r i a b l e s  t o  be read from t h e  disk.  

Once a f i l e  name has been g iven  t o  t h e  system, t h e  model i s  read 

from d i s k  and t h e  top  l e v e l  command prompt i s  displayed..  Only 

f i l e s  which have been w r i t t e n u s i n g  t h e  SAVE command can be read 

wi th  t h e  READ command. 

QUIT. 

This command causes  t h e  Data Monitoring System t o  be 

unloaded and c o n t r o l  i s  r e tu rned  t o  t h e  UCSD ope ra t ing  system. 

3 .3 .2 .  Hidden Commands a t  t h e  Top Level 

There a r e  a number of commands a v a i l a b l e  a t  t h e  top  l e v e l  

which a r e  not  shown on t h e  prompt l i n e .  These commands a r e  not  

o f t e n  used bu t  a r e  made a v a i l a b l e  t o  i n c r e a s e  t h e  v e r s a t i l i t y  of 

t h e  system. 

BATCH. 

This command provides  a f a c i l i t y  f o r  e n t e r i n g  d a t a  from a 

d i s k  f i l e  r a t h e r  t han  from t h e  keyboard. The system prompts f o r  



t he  name of a d i s k  f i l e  which con ta ins  t h e  d a t a  and then  t h i s  

f i l e  is  read accord ing  t o  t h e  format  s p e c i f i c a t i o n s  from t h e  

DEFINE procedure. A f t e r  a complete s e t  of d a t a  has  been read 

( i e .  one va lue  f o r  each of t h e  de f ined  v a r i a b l e s  ) t h e  VERIFY 

command i s  au toma t i ca l ly  i n i t i a t e d .  The output  from t h i s  VERIFY 

can be d i r e c t e d  t o  t h e  p r i n t e r  o r  t h e  v ideo  d i s p l a y  and can be 

s e t  t o  FULL o r  TERSE format .  I n  TERSE format only  t h e  "out of 

range" v a r i a b l e s  and t h e i r  a s s o c i a t e d  va lues  i s  p r in t ed .  

The BATCH process  con t inues  t o  run  u n t i l  END-OF-FILE on t h e  

d a t a  f i l e  o r  u n t i l  i t  is  i n t e r r u p t e d  by s t r i k i n g  t h e  escape key. 

EXECUTE 

This command i s  invoked by s t r i k i n g  t h e  'X' key. With the  

EXECUTE command a n  expres s ion  con ta in ing  v a r i a b l e s ,  cons t an t s  

and o p e r a t o r s  can be en tered .  A s  soon as t h e  express ion  i s  

en te red  i t  is  eva lua ted  and t h e  r e s u l t  i s  p r i n t e d  on t h e  screen .  

The EXECUTE command can be used as a c a l c u l a t o r  which accepts  

not only numbers but  v a r i a b l e  names i n  a complex expression.  

Each v a r i a b l e  used i n  t h e  exp res s ion  must be def ined  i n  t h e  

cu r r en t  model and must have a c u r r e n t  value.  

GET. 

S t r i k i n g  'G' permits  reading  a s e t  of equat ions  and 

to l e rances  from disk.  Each inpu t  l i n e  con ta ins  a complete 

equat ion  ( see  F igu re  2-1 f o r  Syntax Rules)  fol lowed by a 

semicolon, fol lowed by t h e  t o l e r a n c e  va lue  and f i n a l l y  another  

semicolon. The GET command i s  u s e f u l  f o r  i n t roduc ing  a s e t  of 

equat ions  and t o l e r a n c e s  t h a t  have been genera ted  by a computer 



a s  a r e s u l t  of some s t a t i s t i c a l  a n a l y s i s  ( i e .  equat ion  generated 

from a r e g r e s s i o n  a n a l y s i s ) .  

TYPE 

It is  o f t e n  d e s i r a b l e  t o  examine t h e  c u r r e n t  conten t  of t h e  

d a t a  o r  model s t o r e d  i n  t h e  system. By typing  'T' t h e  

i n v e s t i g a t o r  i s  g iven  t h e  oppor tuni ty  t o  l i s t  t h e  DATA or  MODEL 

on t h e  p r i n t e r  o r  sc reen .  

3.4. Typica l  Examples 

The fo l lowing  s e c t i o n  b r i e f l y  o u t l i n e s  t h e  s t e p s  necessary 

t o  u s e  t h e  system. The f i r s t  example shows t h e  hand e n t r y  

f a c i l i t i e s  whi le  t h e  second example shows au tomat ic  e n t r i e s .  The 

t h i r d  i s  a n  example of how t h e  d a t a  and model can  be changed. 

3.4.i. Ente r ing  model and d a t a  by hand. 

Once t h e  r e g r e s s i o n  equat ions  a r e  cons t ruc t ed  they a r e  

en t e red  i n t o  t h e  Data Monitoring System. The fo l lowing  i s  a s t e p  

by s t e p  example of monitoring t h e  d a t a  c o l l e c t i o n .  F i r s t  t he  

model i s  def inded ,  then  t h e  d a t a  f o r  one s u b j e c t  i s  monitored. 

When t h e  top l e v e l  prompt i s  d i sp l ayed ,  "D" f o r  DEFINE is  

typed. The system responds wi th  t h e  Def iner  prompt 

"E)expression,  F)ormat,  T )o l e rance ,  Q)ui t ."  

Since t h e  express ions  a r e  t o  be e n t e r e d ,  "E" i s  typed and 

"Enter expression" 

is  d isp layed .  



A complete equat-ion i s  en te red  and t h e  r e t u r n  key i s  h i t .  

A t  t h i s  p o i n t ,  t h e  system processes  t h e  equat ion  and t h e  

v a r i a b l e  name on t h e  l e f t  s i d e  of t h e  equal  s i g n  i s  e n t e r e d  i n t o  

t h e  system symbol t a b l e .  The independent v a r i a b l e s ,  which a r e  

mentioned on t h e  r i g h t  s i d e  of t h e  equa t ions ,  a r e  assumed t o  be 

a l r e a d y  de f ined  o r  about  t o  be defined.  S tep  2 i s  repea ted  once 

f o r  each p r e d i c t i o n  equat ion  up t o  t h e  l i m i t  of t h e  system. A 

c a r r i a g e  r e t u r n  immediately a f t e r  t h e  ENTER EXPRESSION prompt 

causes t h e  system t o  r e t u r n  t o  t h e  Definer  Prompt. 

The t o l e r a n c e  f o r  each v a r i a b l e  is  entered  i n  s t e p  3.  Af te r  

typ ing  'T' t h e  system d i s p l a y s  t h e  f i r s t  v a r i a b l e  name def ined  

i n  t h e  previous  s t e p  and wa i t s  f o r  t h e  t o l e r a n c e  f o r  t h a t  
\ 

v a r i a b l e  t o  be en t e red ,  When t h e  to l e rance  va lue  and a  "RETURN" 

a r e  typed,  t h e  name of t h e  next  v a r i a b l e  i s  d isp layed .  This  

process  con t inues  u n t i l  t h e  l a s t  v a r i a b l e  r ece ives  a  va lue  f o r  

t he  t o l e r a n c e .  The Definer  Prompt i s  then d isp layed .  

The l a s t  s t e p  f o r  d e f i n i n g  a  model i s  t o  s p e c i f y  t h e  format  

f o r  w r i t i n g  d a t a  on d isk .  A f t e r  typ ing  'F' f o r  Format i n  

response t o  t h e  Definer  Prompt t he  system behaves i n  a  way which 

i s  similar t o  Tolerance i n  s t e p  3. Af te r  each v a r i a b l e  i s  . 

disp layed  t h e  system wa i t s  f o r  i npu t .  I n  t h i s  ca se  t h e  system 

expec ts  3 numbers, 

h i t .  The 3 numbers 

meaning : 

1. The column 

sepa ra t ed  by b lanks ,  before t h e  r e t u r n  key i s  

r ep resen t  t h e  format  and have t h e  fo l lowing  

on t h e  record  which is  t h e  
beginning of t h e  f i e l d  
f o r  t h i s  v a r i a b l e  



2. The l e n g t h  of t h e  f i e l d  

3. The number of columns f o r  t h e  f r a c t i o n a l  
p a r t  of t h e  number. 

Fo r  example, t h e  format  "12 5 3" i n d i c a t e s  t h a t  t h e  f i e l d  

f o r  t h i s  d a t a  begins on column 12,  has  a l e n g t h  of 5 columns and 

t h r e e  p l a c e s  a r e  used f o r  t h e  f r a c t i o n s  p a r t .  The l a r g e s t  number 

t h a t  can  be w r i t t e n  accord ing  t o  such  a format  i s  99999 and t h e  

s m a l l e s t  i s  -9999 ( n o t i c e  t h a t  t h e  minus s i g n  t akes  one column). 

When t h e  l a s t  v a r i a b l e  has  r ece ived  a format  s p e c i f i c a t i o n  

t h e  Define Prompt is  d i sp l ayed  aga in .  

Once t h e  equa t ions ,  t o l e r a n c e s  and fo rma t s  have been 

en te red  t h e  Define process  i s  complete.  By s t r i k i n g  t h e  'Q' key 

t h e  top  l e v e l  prompt r e t u r n s .  It i s  a good i d e a  a t  t h i s  time t o  

SAVE t h e  model. To do t h i s ,  an  'S' i s  typed a t  t h e  top  l e v e l  and 

t h e  system prompts f o r  a f i l e  name. A f t e r  t h e  name i s  typed,  t h e  

model is  saved and t h e  top l e v e l  prompt i s  d isp layed  aga in .  

The next  s t e p  i s  t o  c o l l e c t  d a t a  from a s u b j e c t  who i s  p a r t  

of t h e  popu la t ion  which t h e  model w a s  designed t o  p r e d i c t .  

Typing 'C' p repares  t h e  system t o  a c c e p t  observed d a t a  by 

p r i n t i n g  t h e  name of t h e  f i r s t  v a r i a b l e  i d e n t i f i e d  i n  t h e  DEFINE 

process .  A s  each i tem i s  measured and t h e  observed va lue  

e n t e r e d ,  t h e  system prompts f o r  t h e  next .  When a l l  i tems  have 

been en te red  t h e  c o n t r o l  i s  passed back t o  t h e  top l e v e l .  

The system now con ta ins  a complete d e f i n i t i o n  of t h e  model 

and a complete s e t  of d a t a  f o r  a newly measured s u b j e c t .  The 

next  s t e p  i s  t o  t ype  'V' and begin t h e  VERIFICATION process 

which p r e d i c t s  each of t h e  v a r i a b l e s  by e v a l u a t i n g  t h e  



express ions  a s s o c i a t e d  wi th  t h a t  v a r i a b l e .  A s  each p r e d i c t i o n  i s  

made t h e  observed,  p red ic t ed  and t o l e r a n c e  v a l u e s  are d isp layed  

and t h e n  a n  a n a l y s i s  is  made of t h e  agreement between p red ic t ed  

and observed. I f  t h e  disagreement is  g r e a t e r  than  t h e  t o l e r a n c e  

t h e  f i n a l  v a l u e  p r i n t e d  on t h e  l i n e  i s  t h e  d i f f e r e n c e  d iv ided  by 

t h e  t o l e r a n c e ;  t h a t  i s  t h e  number of t o l e r a n c e s  by which they 

d i s a g r e e  ( s e e  VERIFY). 

3.4.2. En te r ing  Model and Data Automatical ly  

This  example shows how some of t h e  au tomat ic  f e a t u r e s  may 

be used. The set of equa t ions  and t h e  d a t a  from measured 

i n d i v i d u a l s  can both  be en te red  a u t o m a t i c a l l y  r a t h e r  than  by 

hand. The s t e p s ,  which,are  similar t o  t h e  s t e p s  i n  t h e  previous  

example, a r e  as fo l lows :  

Develop t h e  r e g r e s s i o n  equat ion  f o r  t h e  model and s t o r e  

on some machine r eadab le  medium ( i .e .  d i s k ) .  To make t h e  

next  s t e p  u s e f u l  t h e  equat ion  should be genera ted  

a u t o m a t i c a l l y  by a  computer program which has a s  i t s  

i n p u t  t h e  raw d a t a  from which t h e  r e g r e s s i o n  equat ions  

a r e  t o  be der ived .  

Type 'G' f o r  'GET EQUATIONS' when t h e  top l e v e l  prompt 

is  on t h e  sc reen .  The system then a s k s  f o r  t h e  name of 

t h e  f i l e  con ta in ing  t h e  equat ions.  These equat ions  a r e  

read and s t o r e d  a s  t h e  c u r r e n t  model. The top l e v e l  

prompt appears  again,when t h i s  process  has f i n i s h e d .  

I f  Formats a r e  s t o r e d  i n  t h e  system be fo re  t h e  'G' 



command they  remain unchanged a f t e r  t h e  equat ions  have 

been read. I f  they a r e  s t i l l  a p p r o p r i a t e  f o r  t h e  new s e t  

of equat ions  then  no f u r t h e r  i n fo rma t ion  i s  needed f o r  

t h e  next s t e p .  I f  Formats are not  a p p r o p r i a t e  o r  i f  they  

have not been def ined  then  they  must be en t e red  be fo re  

proceeding. Type 'D' f o r  DEFINE and then  'F' f o r  FORMATS 

and then  e n t e r  t h e  format .  Type 'Q' f o r  'QUIT' a f t e r  t h e  

l a s t  format  has  been en te red .  

d. I n  response t o  t h e  top  l e v e l  prompt, typ ing  a 'B' 

i n i t i a t e s  t h e  BATCH process .  Data t h a t  is  t o  be v e r i f i e d  

must be on d i s k  and i n  t h e  format  a s  s p e c i f i e d  i n  t h e  

Define phase. The ~ a t i h  procedure a s k s  f o r  a f iLe  name 

and f o r  t h e  d e s t i n a t i o n  and t y p e  of ou tput .  

3.4.3, Changing t h e  Model 

This example shows how t h e  model can be manipulated by 

t h e  f u n c t i o n s  provided by t h e  Define process .  The model can 

be re-ordered,  a s p e c i f i c  p r e d i c t i o n  equa t ion  can be changed 

o r  t h e  t o l e r a n c e s  can be manipulated. 

a, Reordering t h e  Equation 

The model can be re-ordered by typ ing  'D' t o  g e t  i n t o  

t h e  d e f i n i n g  procedure and 'E' t o  begin  d e f i n i t i o n  of 

t h e  express ions .  When t h e  

I I e n t e r  express ions"  

prompt appears  a "CTRL R" (which i s  typed by holding 



down t h e  CTRL key and then  typ ing  'R') enables  t h e  

experimenter  t o  move one of t h e  equat ions  t o  another  

l o c a t i o n  i n  t h e  model. Af t e r  typ ing  CTRL R t h e  system 

prompts wi th :  

"Enter sou rce  <SPACE> d e s t i n a t i o n , "  

By typ ing  '8 2'  and then  h i t t i n g  t h e  r e t u r n  key,  

equa t ion  number 8 i s  moved t o  l o c a t i o n  2. Equation 2 

through 7 a r e  moved t o  3 through 8 r e spec t ive ly .  The 

model i s  then  reordered.  Any subsequent command t h a t  

r e q u i r e s  s t epp ing  through t h e  v a r i a b l e s ,  such as 

COLLECT, uses  t h i s  new order .  

b. Sca l ing  t h e  Tolerances,  

I f  a "CTRL S" is typed a s  a response t o  t h e  prompt f o r  

e n t e r i n g  a TOLERANCE, t h e  system a l lows  g l o b a l  SCALING 

of t h e  to l e rances .  Af t e r  CTRL S the  prompt 

11 En ter  ope ra to r  (+,-,*,I)  fol lowed by cons tan t"  

i s  d i sp l ayed .  

I f  '*2.0f i s  en te red  a l l  t o l e r a n c e s  a r e  m u l t i p l i e d  

by 2.0, '-5.0' s u b t r a c t s  5.0 from each and 13.0 d i v i d e s  

each one by 3.0. 

c .  Ed i t i ng  a n  Ind iv idua l  Equation 

The t h i r d  method of changing t h e  model i s  t h e  e d i t i n g  of 

a p r e d i c t o r  equat ion.  This  example shows how t h e  e d i t o r  

which w a s  descr ibed  e a r l i e r ,  can be used t o  change a n  

equa t ion ,  



'E', f o r  EDIT, i.s typed a s  a t o p  l e v e l  command, t h e  

system responds w i t h  

"Enter i tem number ?" 

"8" i s  en te red  and t h e  system then  d i s p l a y s  t h e  

model 's e i g h t h  equat ion  : 

DAHT=STHT*1.009-FOOT*0.856+IIUM*1.666-TRCH*0.244+3.220 

and t h e  cu r so r  i s  pos i t i oned  a t  t h e  f i r s t  c h a r a c t e r  

a f t e r  t h e  equal  s i g n .  

The equat ion  can  now be changed by typ ing  over  what 

appears  on t h e  s c r e e n ,  d e l e t i n g  t h e  c h a r a c t e r  under t h e  

cu r so r  by typ ing  CNTR D (hold t h e  CTKL key down and then  

s t r i k e  D) o r  i n s e r t i n g  a c h a r a c t e r  by typing CTR& I. 

Moving t h e  c u r s o r  by s t r i k i n g  t h e  r i g h t  o r  l e f t  arrows 

has no e f f e c t  on t h e  equat ions .  A CTRL E d e l e t e s  a l l  

c h a r a c t e r s  t o  t h e  r i g h t  of t h e  cu r so r .  

The r e t u r n  key causes t h e  system t o  process  t h e  

changed equa t ion ,  s t o r e  i t  as p a r t  of t h e  model and 

r e t u r n  t o  t h e  Definer  prompt. 

IV.  SYSTEM PERFORMANCE AND EVALUATION 

This  s e c t i o n  is  a demonstrat ion of t h e  Data Monitoring 

System's performance when i t  was app l i ed  i n  t h e  c o l l e c t i o n  of 

anthropometr ic  da t a .  The demonstrat ion c o n s i s t e d  of assembling 

d a t a ,  bu i ld ing  a model and us ing  t h e  Data Monitoring System, 

wi th  t h i s  p r e d i c t i o n  model, t o  v e r i f y  d a t a  f o r  i n d i v i d u a l  



s u b j e c t s .  

The d a t a  used i n  t h i s  demonstrat ion were c o l l e c t e d  dur ing  

two s e s s i o n s  of a n  anthropometry course  a t  Simon F r a s e r  

Univers i ty .  The s u b j e c t s  ( s tuden t s  i n  t h e  c o u r s e )  were each 

measured t h r e e  t imes by a n  expe r t  an thropometr i s t .  

4.1. Bui ld ing  t h e  Model and Defining i t  i n  t h e  Monitoring System - --- --- 

A s e t  of r e g r e s s i o n  equat ions  and t h e i r  r e s p e c t i v e  

t o l e r a n c e s  were assembled and used as a p r e d i c t i o n  model. The 

r e g r e s s i o n  equa t ion  parameters  were computed by t h e  m u l t i p l e  

r e g r e s s i o n  a n a l y s i s  computer program provided by t h e  S t a t i s t i c a l  

Package f o r  t h e  Socia-1 Sciences (SPSS). A l l  of t h e  median va lues  

of t h e  female  d a t a  except  t hose  f o r  f o u r  randomly s e l e c t e d  

s u b j e c t s  were used as raw da ta  f o r  t h e  r e g r e s s i o n  a n a l y s i s .  

These d a t a  c o n s t i t u t e  t h e  da t a  f o r  t h e  ' i n i t i a t o r  sample'  a s  

mentioned du r ing  t h e  d i scuss ion  of ' p r ed ic t ion '  i n  chap te r  2. 

The f o u r  randomly chosen s u b j e c t s  were used t o  s i m u l a t e  t h e  

measurement-recording process .  

The r e g r e s s i o n  a n a l y s i s  program was i n s t r u c t e d  t o  f i n d  t h e  

f i v e  b e s t  independent (or  p r e d i c t o r )  v a r i a b l e s  f o r  each of t h e  

i tems i n  t h e  d a t a .  ( I n  t h i s  contex t  "best"  means t h a t  t h e  f i r s t  

independent v a r i a b l e  i s  t h e  b e s t  s i n g l e  p r e d i c t o r ,  t h e  second i s  

t h e  b e s t  of t h e  remaining v a r i a b l e s ,  e t c .  Appendix C l i s t s  a l l  

, of t h e  i t ems  and t h e i r  corresponding v a r i a b l e  names.) The output  

from t h i s  program l ists  each of t h e  f i v e  v a r i a b l e s  a long  wi th  



t h e i r  uns tandard ized  r e g r e s s i o n  c o e f f i c i e n t ,  a cons t an t  va lue  

( the  Y i n t e r c e p t  of t h e  r e g r e s s i o n  l i n e )  and t h e  s tandard  e r r o r  

of e s t i m a t e  f o r  t he  p r e d i c t i o n  equat ion .  The equat ions  shown i n  

Table 4- 1 were c o n s t r u c t e d  from t h i s  in format ion  and have  the  

fo l lowing  gene ra l  format:  

DV = Nl*Bl + N2*B2 + IV3*B3 ... IVn%n + CONSTANT. 

where 

DV is the  dependent v a r i a b l e  

IVn is  the  n t h  independent  v a r i a b l e  

Bn i s  the  B va lue  f o r  t h e  n t h  independent v a r i a b l e .  

These equat ions  were  then  e n t e r e d  i n t o  t h e  Data Monitor ing 

System by us ing  t h e  DEFINE command. Next,  the  t o l e rances  were 

e s t a b l i s h e d  and en te red .  The t o l e r a n c e  f o r  each v a r i a b l e  was the  

v a l u e  from Bornrs e t  a l .  (1977) as  shown in Table 2-1 p lus  tw ice  

t h e  s tandard  e r r o r  of e s t i m a t e  f o r  t he  r e g r e s s i o n  equat ions  f o r  

t h a t  v a r i a b l e .  The next  p a r t  of t h e  DEFINE process  would 

normally b e  the e n t r y  of FORMAT s p e c i f i c a t i o n s ,  but s i n c e  the 

c o l l e c t i o n  p roces s  was be ing  s i m u l a t e d  and t h e r e  was no need t o  

s t o r e  the d a t a ,  t he  fo rma t s  a r e  i r r e l e v a n t  and a r e  no t  given. 

4.2. 5 Measurement S e s s i o n  

For t he  purposes of t h i s  d e m n s t r a t i o n  the median va lues  

were assumed t o  b e  the b e s t  r e p r e s e n t a t i v e s  of t h e  t r u e  values.  

I t  was a l s o  assumed t h a t  i f  t h e  measurer was n o t i f i e d  o•’ a 



p o s s i b l e  e r r o r  and a re-measurement made, t h e  e x t r a  c a r e  and 

a t t e n t i o n  would r e s u l t  in a v a l u e  t h a t  was  c l o s e  t o  the  t r u e  

value.  With t h e s e  a s suup t ions  t h e  re-measurement process  was 

s i m l a t e d  by u s i n g  t h e  median va lue  f o r  the re-measured value.  

The medians f o r  the  f o u r  s u b j e c t s  are  l i s t e d  i n  Appendix D . 
Data f o r  t h e  s u b j e c t s  t h a t  were  randomly s e l e c t e d  out of 

t he  sample w e r e  e n t e r e d  a s  i f  they  were a c t u a l l y  be ing  measured. 

A s  a r e s u l t  of t h e  r e p e a t e d  measures p ro toco l ,  informa t i o n  on 

each of t h e s e  f o u r  s u b j e c t s  c o n s i s t e d  of t h r e e  complete s e t s  of 

measures. Each s e t  was e n t e r e d  as  i f  i t  were  j u s t  being 

c o l l e c t e d ,  g i v i n g  twelve s e t s  of data .  The d a t a  were  then 

scanned f o r  d i s c r e p a n c i e s  by u s i n g  t h e  V I B I F Y  command. Once this 

process  i d e n t i f i e d  var- iables  that may have con ta ined  e r r o r s ,  the 

median v a l u e s  f o r  t h e s e  v a r i a b l e s  were  e n t e r e d  and t h e  VERIFY 

command g i v e n  again.  

To b e  c o n s i s t e n t  during t h i s  demonst ra t ion  the VERIFY 

process  was i n i t i a t e d  only twice, a t  most, f o r  each s e t  of data. 

Between these  scans  t h e  v a l u e  f o r  each d e v i a n t  v a r i a b l e  was 

r ep l aced  by t h e  median. I n  o t h e r  s i t u a t i o n s  i t  may b e  d e s i r a b l e  

t o  VERIFY more o f t e n  o r  t o  en t e r  the median v a l u e s  of s o ~ , . b u t  

no t  a l l ,  the  d e v i a n t  v a r i a b l e s .  Some of t h e s e  s i t u a t i o n s  w i l l  b e  

noted i n  the d e s c r i p t i o n  of t h e  measurement s i rmla t ion .  

The VERIFY command g i v e s  an  o p t i o n  of FULL o r  TERSE output 

l i s t i n g .  A l l  output  shown in t h i s  chapter  is i n  the TERSE 

. format;  which means t h a t  only the  sub jec t  number and any "out of 

range" v a r i a b l e s  a r e  l i s t e d .  



4.3. D e t e c t i o n  of Sys t ema t i c  E r r o r s  

Data f o r  the  f i r s t  measurement occas ion  f o r  the  f i r s t  

sub jec t  i s  shown in Table 4-2 and t h e  r e s u l t s  of a series of 

VERIFY commands are shown in TABLE 4-3. 

Table 4-3(a) l i s t s  t h e  r e s u l t s  of t h e  VERIFY process  f o r  

the f i r s t  measurement occas ion  of t h e  f i r s t  randomly s e l e c t e d  

s u b j e c t  (117). The v s r i a b l e s  CHG, WAG and HUM were found t o  

d e v i a t e  from t h e  p r e d i c t e d  v a l u e  by mre than the to le rance .  WAG 

and HUM both d e v i a t e d  by only .0 1 3  of a t o l e r a n c e  w h i l e  CHG 

showed l a r g e r  discrepancy.  Thus t h e  COLLECT command was given 

pe rmi t t i ng  new v a l u e s  t o  b e  e n t e r e d  f o r  some o r  a l l  UE t h e  

v a r i a b l e s .  The median v a l u e s  of 82.2, 68.3 and 5.93 f o r  CHG, WAG 

and HJN r e s p e c t i v e l y  were  e n t e r e d  and t h e  VERIFY re-done. I n  

t h i s  case  s i n c e  WAG and HUM were j u s t  s l i g h t l y  out  of range it 

was s u f f i c i e n t  t o  re -measure  only  CHG. T h i s  occurs i f  WAG and 

HUM have CHG a s  a n  independent  v a r i a b l e  in t h e i r  p r e d i c t o r  

equat ion.  

The r e s u l t s  of t h e  second VJ3RIFY a r e  shown in Table 4-3(b ). 

Only CHG remained a s  a n  "out of range" value. S i n c e  i t s  va lue  

was the  median and assurred t o  b e  the  " t rue" va lue  it was 

accepted.  The WRITE command was g iven  al lowing t h e  c u r r e n t  

va lues  t o  b e  s t o r e d  on d isk .  CHG was considered t o  b e  a 

. '!FORCE-IN" value. 



TABLE 4-1 

TOLERANCE 
1 0.000 
2 0.000 
3 3.582 

EQUATION 
SUBT =SUBJ 
SEX =SEX 
WT =CHG*O. 604+THGk0. 738+HT*O .488+CAGk0. 612-STHT* 

0.346-109.479 
=ACHT*O.388+SPHT*O.775+SITHT*O.567-HUM*O.805 
+CAG*0.358+9.573 

TPSF =THSF*0.330+ILSF*0.433+FEM*1.593-SPHTA0.l88 
+MCSF*O.160+2.822 

SSSF =WAG*0.716-STHT*O.450+MCSF*O.517-TRCH** 
0.402+28.397 

ILSF =ABSF*0.404+TPSF*0.340-BIIL*O.783+FAG*l.O78- 
WRG*1.664+18.942 

ABSF =1LSF*1.415+B11L*1.983-HUM*9.341-T1HT*1.847+ 
ACHT*0.631+0.162 

THSF =TPSF*1.376+DAHT*O.690-FAG*O.449-ILSF"0.273- 
SITHT*0.414+11.496 

MCSF =BIIL*0.681+SSSF*0.210+TIHT*O.910+TPSF*O.331- 
HDG*O.543-22.056 

ACHT =RAHT*O.842+SPHT*0.272+HUM*2.153-APCH*O.254+ 
TRCH*0.134+10.039 

FWlT =ACklT*O.311+STHT*0.585-THG*O.149+WRG*O.276+TIHT* 
"0.269-0.085 

STHT =DAHT*O.965+FOOT*0.887+TRCH*0.251-HUM*1.653+ 
HDG*O.106-3.182 

TIHT =SP~*0.418-APCH*0.121+BIIL*O.409-CHG*O.O59- 
F00T*0.288+7.289 

D M  =STHT*O.928-FOOT*1.015=HUM*1.814-TRCH*O.215+HT* 
0.064-4.220 

SPHT =HT*0.786-SITJdT*O.380+APCH*O.354-ANG 
*O. 613-4.303 

AGR =AGF*O.986+WAG*0.035-BIAC*O.153-ANG*0.205+WT* 
0.043+4.242 

AGF =AGR*O.881+ANG*O.161+BIAC*O.167-BIIL*0.186+HDG* 
0.143-7.928 

FAG =AGF*O.332+HUM*2.496+FOOT*0.269+ANG*O.253-FEM* 
0.725-5.717 

IVRG =W*O. 010+ANG*O. 251+FOOTk0. 096+APCH*O. 185+RAHT 
*0.031+1.215 

CHG =WAG*O.292+W*O.293+TRCH*O.846+AGP*O.466-CAG* 
0.493+30.971 

WAG =CHG*1.330-STHT*O.272+CAG*O.464-AGF*O.683-BIAC* 
0.506-2.532 

THG =WT*O.718-SPHT*O.268-WAG*O.239+HDG*0.490-SITHT* 
O.249+50. 722 

CAG =WT*O.284+ANG*O.696+FEM*O8861-SITHT*0.194-CHG* 
0.175+28.233 



[TABLE 4-1 CONT. ) 

2 5 1.414 ANG 

2 6 2.489 BIAC 

2 7 2.020 BIIL 

2 8 1.806 TRCH 

2 9 1.156 FOOT 

3 0 0.428 HUM 

31 0.679 FEM 

32 2.430 SITHT=STHT*0.239+ANG*O.384+HT*O.493-TIHTG* 
0.287+5.133 

3 3 2.631 APCM =AGF*0.208+WRG*1.093-S~*0.296+SPHT*O.344-TIHT* 
O.349+2.237 

34 2.434 HDG =BIIL*O.5O5-CHG*O.15O+THG*O.276-FAG*O.462+SITHT* 
0.130+37.698 



TABLE 4-2 

VARIABLE 
1 SUBJ 
2 SEX 
3 WT 
4 HT 
5 TP S F  
6 S S S F  
7 I L S F  
8 ABSF 
9 THSF 

10 MCSF 
11 ACHT 
12 RAHT 
13 STIIT 
14 DAHT 
15 TIHT 
16 SPHT 
17 AGR 

VALUE 
7 000 
2.000 

56.300 
167,100 
19.400 
lO.900 
14.400 
30.000 
35.200 
19.200 

137.400 
105.600 
81e900 
63.400 
45.200 
93.100 
26.100 

DATA FOR SUBJECT 87 ,  

VARf ABLE 
18 AGF 
19 FAG 
2 0 WRG 
21 CHG 
22 WAG 
23 THG 
2 4 CAG 
2 5 AN G 
26 BIAC 
27 BIIL 
28 TRCH 
29 FOOT 
30 HUM 
31 FEM 
32 SITHT 
33 APCH 
34 HDG 

VALUE 
27.400 
23.900 
14.400 
82.100 
68.800 
56.400 
32.400 
18.600 
36.500 
28. SO0 
26,300 
23.300 
5.890 
8,950 

87.400 
16.600 
55.200 

MEASUREMENT OCCASION #1. 



TABLE 4-3 -- 
Sub jec t  # 7 ,  Measurement occasion i l l  

v a r i a b l e  a c t u a l  p red ic t ed  t o l e r a n c e  d i f f / t o l  
CHG 82.100 86.074 2.814 -1.412 
WAG 68.800 63.605 5.12F 1.013 
HUN 5.890 6.323 0.42€ -1.012 

v a r i a b l e  ac  t ua l  pred ic ted  to l e rance  d i f f  / t o 1  
CHG 82.200 85.926 2.814 -1.325 

TABLE 4-4 -- 
S u b j e c t  # 7 ,  Measurement occasion 4'2 

v a r i a b l e  a c t u a l  p red ic t ed  to l e rance  d i f f / t o l  
S  PHT 93.000 95.778 2.125 -1.305 

FAG 24.100- 22.725 1.344 1.023 
CHG 82.200 85.222 2.814 -1.074 

TABLE 4-5 -- 
Sub jec t  # 7 ,  Pieasurement occasion #? 

v a r i a b l e  a c t u a l  pred ic ted  to l e rance  d i f f  / to1 
IIS F 11.200 16.763 4.818 -1.155 
S PHT 32.200 S5.264 2.129 -1.439 

FAG 24.100 22.495 1.344 1.134 
CHG 82.200 85.921 2.814 -1.325 
ANG 18.200 15.985 1.414 -1.263 
HUN 5.930 6.374 0.428 -1.038 

v a r i a b l e  a c t u a l ,  p red ic ted  to l e rance  d i f f l t o l  
FAG 24.100 22.546 1.344 1.157 
CHG 82.200 85.928 2.814 -1.325 
ANG 18.400 19.857 1.414 -1.031 
RUM 5.930 6.300 0.428 -1.005 



TABLE 4-6 -- 
Sub jec t  #8, Pleasurement occas ion  # l  

v a r i a b l e  a c t u a l  p r ed i c t ed  t o l e r a n c e  d i f f  / t o1  
MCSF 23 , 800 15.401 5.518 1.521 

S  ITHT 90.400 87.564 2.430 1.167 

v a r i a b l e  a c t u a l  p r ed i c t ed  t o l e r a n c e  d i f f l t o l  
MCSF 25.600 15.408 5.518 1.847 

S  ITHT 90.200 87.564 2.430 1.085 

TABLE 4-7 -- 
Sub jec t  #8, Fleasurement occas ion  #2 

v a r i a b l e  a c t u a l  p r ed i c t ed  t o l e r a n c e  d j  f f  / to1  
SSSF 11.000 17.404 6.235 -1.027 
ILSF 13.000 18.389 4.818 -1.119 
ABSF 31.100 2 1.696 7.838 1.200 
PlCS F 26.400 , 14.078 5.511 2.233 

CHG 85.800 81.688 2,814 1.461 
KAG 66.300 71.755 5.128 -1.065 

v a r i a b l e  a c t u a l  p r ed i c t ed  t o l e r a n c e  d i f f / t o l  
MCSF 25.600 14.078 5.518 2.088 

CHG 84.700 81.513 2.814 1.133 

TABLE 4-8 -- 
Sub jec t  b8, Pleasurement occas ion  #3 

v a r i a b l e  a c t u a l  p r e d i c t e d  t o l e r a n c e  d i f f / t o l  
THSF 37.600 25.438 9.458 I .  281 
MCSF 25.600 13.986 5.51 8 2.105 

CHG 84.700 81.766 2.814 1.043 

v a r i a b l e  a c t u a l  p r ed i c t ed  t o l e r a n c e  d i f f  / t o1  
THS F 36. OGO 25.43& 9.498 1.112 
$1 CS F  25.600 13.986 5.518 2.105 

CHG 84.700 81.766 2.814 1.043 



TABLE 4-9 -- 
Sub jec t  $13, Pleasurement occas ion  # I  

v a r i a b l e  a c t u a l  p red ic t ed  t o l e r a n c e  d i f f  / t o1  
S  PHT 92.400 94.685 2.129 -1.074 
FCOT 23.900 25.071 1.156 -1.012 

v e r i a b l e  a c t u a l  pred ic ted  t o l e r a n c e  d i f f  / to1  
S  PHT 91.700 94.685 2.129 -1.402 

TABLE 4-10 -- 
Sub jec t  U13, Measurement occas ion  #2  

v a r i a b l e  a c t u a l  p red ic t ed  t o l e r a n c e  d i f f  / t o 1  
DAHT 64.100 65.799 1.631 -1.042 
S PHT 91.700 94.854 2.125 -1.482 

CAG 38.800 36.038 2.674 1.033 
FOOT 24.000 25.193 1.156 -1.031 

TABLE 4-11 -- 
Sub jec t  812, kleasurement occasion #3  

v a r i a b l e  a c t u a l  pred ic ted  t o l e r a n c e  d i f  f  / t o 1  
S PHT 91.600 34.591 2.129 -1.405 

CEG 86.100 E3.183 2.814 1.037 
CA G 38.800 35.857 2.674 1.101 

var  i a b l  e  a c t u a l  p red ic t ed  to l e rance  d i f f l t o l  
S  PHT 91 700 94.591 2.129 -1.358 

CAG 38.800 35.997 2.674 1.048 



v a r i a b l e  
S  THT 
DAHT 
T3HT 
B I A C  
FOOT 

S  ITHT 

v a r i a b l e  
MCS F 
FOOT 

BL'M 

TABLE 4-12 -- 
Sub jec t  #57, Measurement occas ion  # 1  

a c t u a l  
84.600 
66.600 
43.000 
38.000 
23.300 
91.000 

a c t u a l  
6.700 

23.600 
60 700 

pred ic t ed  
82.909 
68.415 
45.260 
35.429 
25,198 
93.827 

pred ic t ed  
12.492 
25.357 

6.272 

t o l e r a n c e  d i f f  / t o 1  
1.609 1.051 
1,631 -1,112 
1.814 -1.246 
2.489 1,033 
1.156 -1.641 
2.430 -1.163 

t o l e r a n c e  d i f f l t o l  
5.511 -1.050 
1.156 -1.519 
0.428 1.001 

TABLE 4-13 -- 
Sub jec t  #57, Measurement occas ion  #2 

v a r i a b l e  a c t u a l  , pred ic t ed  t o l e r z n c e  d i f  f i t 0 1  
MCS F 6.700 12.860 5.518 -1.116 
FOOT 23.600 25.141 1.156 -1.333 

HLM 6.700 6.263 0.42e 1.023 

TABLE 4-14 -- 
Sub jec t  #57, Flcasurement occas ion  #3 

v a r i a b l e  a c t u a l  p red ic t ed  t o l e r a n c e  d i f f / t o l  
MCS F 6.3CO 12.704 5.512 -1.162 
FCOT 23.600 25.095 1.156 -1.293 

HUM 6.700 6.268 0.428 1.011 ' 

FEN 8.870 9.578 0.679 -1.043 

v a r i a b l e  a c t u a l  p red ic t ed  t o l e r a n c e  d i f  f / t o l  
MCSF 6.700 12.709 5.518 -1.089 
FOOT 23.600 25.055 1.156 -1.293 



Table 4-4 shows t h e  r e s u l t s  us ing  t h e  data from t h e  second 

measurement occas ion  of s u b j e c t  87. After  t h e  f i r s t  VERIFY t h r e e  

measures were  i d e n t i f i e d  a s  deviant .  S i n c e  the  v a l u e s  f o r  a l l  

t h r e e  were  in f a c t  t h e  median va lues  ( ie .  re-measurement of 

t hese  v a r i a b l e s  produced e x a c t l y  t he  same v a l u e s )  t h e  WRITE 

command w a s  g iven  and a l l  t h r e e  were  "forced" i n .  Some of t h e  

p r e d i c t o r  v a r i a b l e s  f o r  each of t h e s e  "forced" va lues  might have 

been cons ide rab ly  d i f f e r e n t  from t h e  median b u t  j u s t  w i t h i n  

to l e rance .  The in•’ luenc e of t h e s e  independent  v a r i a b l e s  on the 

p r e d i c t e d  v a l u e s  may have been  the c a u s e  of t h e  d i sc repanc ie s .  

But t o  b e  c o n s i s t e n t  f o r  t h i s  demonst ra t ion  these  v a l u e s  were  

t r e a t e d  as "Force-ins". 

The t h i r d  measurement occas ion  f o r  s u b j e c t  #7 (Table 4-5) 

showed s i x  d e v i a n t  v a l u e s  reduced t o  f o u r  after e n t e r i n g  median 

va lues  (Three of t h e  s i x  v a l u e s  were  a l r eady  m e d i a ) .  The f o u r  

remaining d e v i a n t  va lues  w e r e  YForced-in". 

For s u b j e c t  #8, t h e  f i r s t  measurement occas ion  produces two 

out  of range v a l u e s  (Table 4-6). Af te r  e n t e r i n g  t h e  median 

va lues  they  were found t o  be s t i l l  out of range,  (by an even 

l a r g e r  d i screpancy  f o r  MCSF) and were  thus "forced" i n .  o c c a s i o n  

two (Table 4-7) showed t h a t  s i x  out  of range v a l u e s  were reduced 

t o  two when the  s i r m l a t e d  re-measurement changed f i v e  of t h e  s i x  

o r i g i n a l  v a l u e s .  Only S SSF was o r i g i n a l l y  t he  median 0 ccas ion  

t h r e e  (Table 4-8) r e q u i r e d  only 1 change which d i d  not  r educe  

the  nunher of ou t  of range va lues .  



Simi lar  r e s u l t s  f o r  s u b j e c t s  1/13 and #57 a r e  shown in 

Tables  4-9 through 4-14. 

Of t h e  twelve s e t s  of d a t a  m n i t o r e d  i n  t h i s  demonstrat ion 

MCSF w a s  f o r c e d  i n  s i x  t imes ,  CHG f i v e  t imes and FOOT four  

tims. T h i s  i n d i c a t e s  t h a t  one o r  more of t h e  fo l lcwing  

in•’ luences  was p re sen t :  

1. Systematic  e r r o r  in measuring t h e s e  
s u b j e c t s  ( ie .  ins t rument  c a l i b r a t i o n  
o r  technique) .  

2.  Systematic  e r r o r  w h i l e  c o l l e c t i n g  t h e  
sample used t o  genera te  the r e g r e s s i o n s -  

3 = Bio log ica l  v a r i a t i o n  between s u b j e c t s .  

It is appa ren t  t h a t  t h e  measurement and p r e d i c t i o n  of t h e s e  

var i a b l e s  r e q u i t e d  a  t i e n t i o n .  

4.4. The D e t e c t i o n  of Blunders -- - 

To eva lua te  the system's performance w i t h  r e spec t  t o  the  

d e t e c t i o n  of blunders ,  t h e  same twelve s e t s  of va lues  t h a t  were  

used i n  the previous demonstrat ion were  seeded wi th  a  nu&& of 

blunders .  The seeded blunders  a r e  a l l  f a m i l i a r  t o  

an th ropomet r i s t s  and probably t o  mst  da t a  c o l l e c t o r s .  They a r e  

t h e r e f o r e  assumed t o  be  r e p r e s e n t a t i v e  of t h e  b lunders  t h a t  

might be  encountered du r ing  a real measurement s i t u a t i o n .  

Five c a t e g o r i e s  were s e l e c t e d  and f o r  each of t h e s e  

c a t e g o r i e s ,  1 0  blunders  were randomly in t roduced  i n t o  the data .  



The system's performance in d e t e c t i n g  t h e s e  b lunde r s  i s  shown in 

Table 4-15. 

The c a t e g o r i e s  of b lunders  t h a t  were  s e l e c t e d  a r e :  

1. D i g i t  r e v e r s a l s  between the LO'S p o s i t i o n  
and 1's p o s i t  ion;  o r  be txeen  the 1's and 
ten th ' s  p o s i t i o n s .  

2. D e c i m l  e r r o r :  s h i f t  decimal  r i g h t .  

3 .  Decimal e r r o r :  S h i f t  decimal  l e f t .  

4 .  L e g i b i l i t y  e r r o r s  a s  f o l l m s :  

zero  rep laced  w i t h  s i x  
one r e p l a c e d w i t h  seven 
two r ep laced  w i t h  t h r e e  
th ree  r ep l aced  w i t h  two 
f o u r  r ep l aced  w i t h  n i n e  
f i v e  rep laced  w i t h  two 
s i x  replaced w i t h  z e r o  
seven rep laced  w i t h  one 
e i g h t  r e p l a c e d  w i t h  n i n e  
nine r ep l aced  w i t h  seven  

5. Wrong p o s i t  i o n  on  form. 

A computer program which genera ted  pseudo random numbers 

(Appendix F) was w r i t t e n  t o  s e l e c t  each s u b j e c t ,  masurement  

occas ion  and v a r i a b l e  which was t o  r e c e i v e  the introd-uced e r r o r .  

Overa l l ,  the  system was a b l e  t o  d e t e c t  94% of t h e  in t roduced  

b lunders .  



TABLE 4-15 

BLUNDER DETECTION 

TYPE OF BLUNDER 

Digit  Reversal 8/10 

Decimal Error (Right) 10/10 

Decimab Error (Lef t )  10/10 

Leg ib i l i t y  Error 101 10 

Form Location Error 9/10 

Total Errors Detected 47/50 



5 01. E v a l u a t i o n  of t h e  D e t e c t i o n  of Sys temat ic  E r r o r s  

The preceding  chapter  is  a demonst ra t ion  of how the Data 

Monitoring System can p rov ide  the i n v e s t i g a t o r  w i t h  inf  orma t i o n  

concerning t h e  p o s s i b i l i t y  of e r r o r s .  Hmever ,  the  demonstrat ion 

was l i m i t e d  s i n c e  the p roces s  f o r  r e c o n c i l i n g  t h e  dev ia t ions  was 

s i m l a t e d  r a t h e r  than a r e a l  re jneasurement  s i t u a t i o n .  ( i .  e. The 

median v a l u e s  r a t h e r  than re-measured v a l u e s  were  used) .  Some of 

t h e  median v a l u e s  which were e n t e r e d  a s  re-measured v a l u e s  may 

have a l s o  been erroneous but ,  even when they too  were  r e j e c t e d  

by t h e  e r r o r  scan, w e  accepted  them a s  c o r r e c t  and they were 

" forced  in". 

These median va lues  rllay have been e r r o r s  because the  t r i p l e  

measurement pro tocol  used  dur ing  t h e  o r i g i n a l  c o l l e c t i o n  of t h e  

da t a  provided  t h e  measurer w i t h  no feedback concerning 

d i s c r e p a n c i e s  from previous  measures. He was hcwever informed of 

b lunders  whenever they were no t i ced  by t h e  recorder .  Without 

i n fo rma t ion  from previous  measurements t h e  measurer w a s  no t  

aware of d i s c r e p a n c i e s  and d i d  not  t reat  any of t h e  measures 

with s p e c i a l  care.  Had t h i s  in• ’  orma t i o n  been  a v a i l a b l e ,  the  

median v a l u e s  might have been d i f f e r e n t .  I n  o the r  words, i f  t h e  

d a t a  c o l l e c t  i o n  p roces s  was a r e a l  even t  r a t h e r  than a s i m l a t e d  

. one, some of t h e  "forced i n "  da t a  might n o t  have been  out  of 

range a f t e r  re-measurement. I t  i s  expec ted  t h a t  t h e  D a t a  



Monitoring System would pe r f  arm s l i g h t l y  b e t t e r  under r e a l  

measurement cond i t i ons  than  under s i n u l a t e d  ones. 

The performance, even under simla ted  cond i t i ons ,  w a s  

excep t iona l ly  good. The v a r i a b l e s  which were  mst of t e n  

i d e n t i f i e d  a s  p o s s i b l e  e r r o r s  a r e ,  i n  f a c t ,  i tems which a r e  

d i f f i c u l t  t o  measure r epea t ed ly  and obta in  c o n s i s t e n t  r e s u l t s .  

The medial  ca l f  s k i n f o l d  measure, which was the  most o f t e n  

fo rced  i n  va lue ,  is, l i k e  a l l  o ther  s k i n f o l d  measures,  extremely 

v a r i a b l e  between s u b j e c t s  a s  w e l l  a s  between repea ted  measures 

on the same s u b j e c t .  The r epea t ed  measures a r e  a f f e c t e d  by the  

p r e s s u r e  of t h e  c a l i p e r  as w e l l  a s  o the r  random and s y s t e m a t i c  

sou rces  of e r r o r .  Chest g i r t h  i s  a l s o  d i f f i c u l t  t o  measure 

accu ra t e ly  s i n c e  p o s t u r e  and b rea th ing  can have a cons ide rab le  

in•’ luence. Both of t h e s e  measures a r e  a l ~ o  more v a r i a b l e  f o r  

female s u b j e c t s  than  male. 

The Data Monitor ing System t h e r e f o r e  h a s  c o n s i s t e n t l y  

i d e n t i f i e d  two v a r i a b l e  which a r e  known t o  an throp ome tr ist  s a s  

p a r t i c u l a r l y  troublesome. 

5.2. E v a l u a t i o n  -- of t h e  d e t e c t i o n  - of b lunders  

S i n c e  the d a t a  t h a t  t h e  Data Monitor ing System s c a n s  h a s  

a l ready  been checked ( t o  some degree)  by the  r eco rde r ,  the  

b lunders  t h a t  it d e t e c t s  are only  those  which have been missed 

by the  i n v e s t i g a t o r  and recorder .  Presulnably any no t i ced  



blunders  w i l l  b e  c o r r e c t e d  b e f o r e  e n t e r i n g  t h e  data .  Without t h e  

Data Monitoring* System t h e  unnot iced  blunders  would be recorded 

in  the da t a  a s s e h l y .  T h e r e f o r e  t he  d e t e c t i o n  of a very smal l  

percentage of unnoticed blunders  w m l d  j u s t i f y  t he  u s e  of t h e  

Data Monitor ing System. I f  t h e  system p e r f o r m  a s  w e l l  under 

r e a l  measurement condi t ions  a s  i t  d i d  i n  the  d e t e c t i o n  of 

randomly in t roduced  b lunders ,  t hen  it w i l l  be  extremely use•’  u l  

i n  p reven t ing  a l a r g e  percentage of b lunders  from reach ing  t h e  

f i n a l  da t a  record .  



VZ DISCUSSION 

It is e s s e n t i a l  w i t h  any da t a  assenibly t h a t  t h e  information 

conta ined  t h e r e i n  is  co r rec t .  E f f o r t s  t o  d e a l  w i th  t h i s  problem 

have been  e x t e n s i v e  as  evidenced by t h e  work done in areas such 

a s  t h e  d e t e c t i o n  of ' o u t l i e r s '  and d a t a  c leaning .  These e f f o r t s  

a r e  aimed a t  d e t e c t i n g  and d e a l i n g  w i t h  i n c o r r e c t  in•’ ormation 

a f t e r  it h a s  been assembled. 

The approach t aken  h e r e  i s  t o  attempt t o  i d e n t i f y  i n c o r r e c t  

in•’  orma t i o n  BEDRE it is recorded  i n  the data assembly. T h i s  i s  

achieved by p rov id ing  a n  i n t e r f a c e  between the  da t a  c o l l e c t o r  

and t h e  d a t a  assembly; an i n t e r f a c e  which 'knows ' something 
I 

about  t h e  d a t a  and can inform t h e  d a t a  c o l l e c t o r  i f  a n  

unexpected v a l u e  i s  encountered.  

The Data  Monitor ing System p resen ted  i n  t h i s  t h e s i s  a l l ows  

the  d e s c r i p t i o n  of incoming da t a  i n  terms of complex 

mathema t i c a l  r e l a t i o n s h i p s .  The r e l a t i o n s h i p s  may inc lude  

v a r i a b l e s  which are g iven  v a l u e s  dur ing  t h e  m n i t o r i n g  p roces s  

s o  t h a t  any one p r e d i c t i o n  may b e  inf luenced  by the  incoming 

da t a  i t s e l f .  The system h a s  been designed s p e c i f i c a l l y  f o r  u s e  

dur ing  t h e  c o l l e c t i o n  of an thropometr ic  d a t a ,  bu t  it may a l s o  b e  

used i n  o t h e r  a r eas .  Whenever the  c o l l e c t e d  d a t a  can b e  

p r e d i c t e d  f rom some mathematical exp res s ion  the Data Monitor ing 

System cou ld  be used. Biomechanics and Physiology are two a r e a s  

where the  phenomena b e i n g  s t u d i e d  (i. e. ueasured)  behave 



according t o  b a s i c  p h y s i c a l  l a w s .  I f  p r e d i c t i o n  techniques can 

be  inf luenced  by some unders tanding  of t h e s e  laws  then  a model 

can b e  de f ined  and t h e  subsequent  d a t a  c o l l e c t i o n  p roces s  can b e  

m n i t o r e d .  

Ques t ionnai re  d a t a  may a l s o  b e  c o l l e c t e d  and monitored wi th  

the  D a t a  Monitor ing System i f  some of t h e  var  i a b l e s  a r e  

p r e d i c t a b l e  from o t h e r s .  For example: 

i f  SEX i s  e n t e r e d  a s  '1' f o r  female  and '0' f o r  male, then 

the n u d e r  of pregnancies  could  be  p r e d i c t e d  by m l t i p l y i n g  

t h e  response f o r  p regnanc ie s  by s e x  and s e t t i n g  a t o l e r a n c e  

of zero. 

P REG- PREI;*_SEX 

Th i s  e q u a t i o n  w i l l  alwzys p r e d i c t  z e r o  pregnancies  f o r  a 

male. A non-zero response  f o r  t he  number of pregnancies  

(PRB;) by a male respondent  w i l l  b e  recognized by the  Data 

Monitoring System a s  a p o s s i b l e  e r r o r .  

I n  t h i s  way a q u e s t i o n n a i r e  cou ld  be  designed i n  which the da ta  

could  be c o l l e c t e d  and checked by the  Data Monitor ing System. 

It is i q o r t a n t  t o  note  a t  t h i s  p o i n t  t h a t  a sys t emsuch  a s  

t h i s  can b e  misused. The o l d  adage of "garbage in, garbage ou t "  

holds t r u e  f o r  t h i s  system j u s t  a s  i t  does f o r  a l l  o ther  d a t a  

process ing  systems. Before the  u s e r  can r e l y  on the system t o  



produce v a l i d  output in the form of d e t e c t e d  e r r o r s ,  he must be 

conf iden t  t h a t  t he  inpu t ,  t he  model, i s  v a l i d .  But, t oo  much 

confidence may r e s u l t  in g iv ing  t h e  model more c r e d i t  than  it 

deserves.  Af t e r  it h a s  been developed and de f ined  i n  the system, 

i t  might b e  easy t o  f o r g e t  a l l  of t h e  a s sunp t ions  on which the  

p r e d i c t i o n s  a re  based  and how "good" t h e  model i s  a t  p red ic t ing .  

The tendancy then  may be  t o  accept  t h e  p r e d i c t e d  v a l u e  as t h e  

11 true1'  v a l u e  and b i a s  subsequent  r e lneasu remen t s  s o  t h a t  they 

conform t o  t h e  p r e d i c t e d  v a l u e s .  Extreme v a l u e s  i n  the 

popu la t ion  must b e  measured o b j e c t i v e l y  and i f  r epea t ed  measures 

c o n s i s t e n t l y  show d e v i a t i o n s  from t h e  p r e d i c t e d  v a l u e  then the 

p r e d i c t i o n  model may b e  a t  f a u l t  and shou ld  be  reviewed. 

The Data Moni tor ing  System a c t s  a s  an  in•’ ormed observer of 

the  c o l l e c t i o n  p roces s  i f  t h e  model i s  w e l l  def ined.  I t  may a l s o  

s e r v e  t o  enhance t r a i n i n g  by making a  new measurer aware of 

e r r o r s  t h a t  r e s u l t  from bad technique.  I n  f a c t ,  it may be  used 

s p e c i f i c a l l y  a s  a  t r a i n i n g  dev ice  by d e f i n i n g  t h e  model a s  

simply t h e  s e t  of v a l u e s  obta ined  by an e x p e r t  measurer. The 

t r a i n e e  would t h e n  b e  r e q u i r e d  t o  make the same measurements and 

the  o b t a i n e d  v a l u e s  would be compared t o  the  p r e d i c t e d  v a l u e s  

( t he  e x p e r t  measurer's v a l u e s ) .  The o u t  of range v a l u e s  would 

i n d i c a t e  t o  t h e  t r a i n e e  where  e x t r a  a t t e n t i o n  is  needed. 

The system, a s  i t  now s t ands ,  performs q u i t e  w e l l  and 

should p rove  u s e f u l  t o  d a t a  c o l l e c t o r s .  The re  are however some 

- f e a t u r e s  t h a t  could be  inc luded  i n  the system t o  make it more 

v e r s a t i l e .  



An obvious enhancement would be  the i n c l u s i o n  of l o g i c a l  

ope ra to r s  and c o n d i t i o n a l  express ions  i n  the  model. Expressions 

such  as 

IF (SEX = I)  AND (AGE > 22) THEN HT=WT/2.0 

would p rov ide  o p p o r t u n i t i e s  f o r  deve loping  a much more 

d i s c r i m i n a t i n g  model. 

Automatic a d j u s t m n t s  t o  t he  model as new da ta  a r e  

c o l l e c t e d ,  would a l s o  b e  u s e f u l .  I f  t h e  model h a s  been developed 

from a sample drawn from a  d i f f e r e n t  (al though s i m i l a r )  

popula t ion ,  t hen  the system shou ld  a d j u s t  i ts  p r e d i c t i o n s  t o  

conform more c l o s e l y  t o  t h e  new sample. T h i s  could  be  done by 

apply ing  t o  t h e  p r e d i c t e d  v a l u e s ,  some t r ans fo rma t ion  which i s  

dependent o n  the  new da ta  and haw rmch i t  d e v i a t e s  from t h e  

p red ic t ed .  The m r e  d a t a  t h a t  is  c o l l e c t e d  t h e  b e t t e r  the 

p r e d i c t i o n s  would be.  

A m r e  " i n t e l l i g e n t "  a l g o r i t h m  f o r  d e t e c t i n g  t h e  most 

l i k e l y  cause of t h e  o u t  of range v a l u e s  would a l s o  b e  use•’  ul .  

Cur ren t ly ,  because of t h e  p o s s i b l e  in te rdep  endancies  of t h e  

r e g r e s s i o n  equa t ions  and t h e  v a r i a b l e s ,  it i s  d i f f i c u l t  t o  

determine which i s  t h e  cause  of a  d i screpancy  and which i s  an  

e f f e c t .  An a lgo r i thm which could t a k e  t h e s e  r e l a t i o n s h i p s  i n t o  

account  could  p rov ide  m r  e  mean ingf u l  informa t i o n  t o  t h e  da t a  

c o l l e c t o r .  

The Data  Monitor ing System i s  n o t  a s u b s t i t u t e  f o r  a  

thoraugbly t r a i n e d  measurement and r eco rd ing  team b u t  it is  a  

complementary and v e r s a t i l e  too l .  A t o o l  which w i l l  not  only 
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provide f o r  machine r eco rd ing  of da t a  b u t  w i l l  be  capable  of 

provid ing  t h e  da t a  c o l l e c t o r s  w i t h  a  t i r e l e s s  performance of t h e  

ted ious  t a s k  of reviewing every p i e c e  of d a t a  t h a t  i s  recorded;  

a review which w i l l  b e  done accord ing  t o  c r i t e r i a  e s t a b l i s h e d  by 

the  da t a  c o l l e c t o r s .  The speed, accuracy and d i l i g e n c e  of t h e  

computer w i l l ,  t o  some e x t e n t ,  compensate f o r  the  slow and e r r o r  

prone a t t r i b u t e s  of t h e  human d a t a  c o l l e c t o r .  



APPENDIX A 

The f o l l m i n g  i s  the  compiler  l i s t i n g  of t h e  
DATAMONITOR program. The l i n e  number and t h e  
l i b r a r y  segment numbers from t h e  l e f t  s i d e  of t h e  
l i s t i n g  have  been  removed. 

1 {$L DATA:MAIN.LST) 
1 PROGRAM D ATAMO NIT OR; 
3 { $  > 
3 
3 FUNCTION SIN(X:REAL) :REAL; 
3 FUNCTION COS(X:REAL) :RE&; 
3 FUNCTION EXP(X:REAL) :REAL; 
3 FUNCT I O N  ATAN ( X: REAL ) : REAL ; 
3 FUNCTION TA(X:REAL) :RE&; 
3 FUNCTION IDG(X:REAL):RF?AL; 
3 FUNCTION SQRT(X:RUL) :REAL; 
5 
5 IMPLEMENTATION 
1 (* 6502 compatible  *) 
1 
1 
3 USES 1RAN SCEND; 
1 procedure  poke (addr, data:  i n t e g e r )  ; 
3 functionpeek(addr:integer):integer; 
3 f u n c t i o n k e y b u f f : c h a r ;  
3 f u n c t i o n  p r i o r i t y  (1TEM:string;TYP:inwger) : i n t ege r ;  
1 procedure g e t a l i n e  (var l i n e :  s t r i n g  ;echo: boolean)  ; 
3 f u n c t i o n  pwr(x, y: r e a l )  :real; 
3 f u n c t i o n  c tb(STR:s t r ing) : rea l ;  
1 procedure get-item(EXPR: s t r i n g ; v a r  I N I M :  i n t e g e r ;  
3 DLMTR : s t r i n g  ; 
4 ITEMLEN: i n t e g e r ;  va r  ITEM: s t r i n g )  ; 
1 procedure message (MSG : s t r i n g )  ; 
1 procedure pause;  
1 
3 USES WSCEND ,UTILS; 
1 c o n s t  
1 s t r i n g s i z e = 8 0 ;  
1 table-s ize =50; 
1 type  
1 sy&-rec = r e c o r d  
1 symb: s t r i n g ;  
1 p red ic to r :  s t r i n g ;  
1 expr : s t r i n g ;  
1 ac tua l :  r e a l  ; 
1 to1  :real;  
1 fmt :ARRAY[1..3] of i n t e g e r ;  

1 f l a g  :ARRAY [1..2] of boolean; 
1 end ; 
1 symb - t a b l e = a r r a y  [l . .  table-s ize]  of syub-rec ; 



l:D 1 var 
l:D 1 TABLE: synib-table ; 
l:D 601 T E M P S ' I R , d e l i m :  s t r ing ;  
l : D 6 8 3  n a m e 1 e n : i n t e g e r ;  
2:D 1 procedure i n i t ;  
3 :D 1 procedure tablein  ( T A Z  ,EXPR,POLEXPR: s t r i n g )  ; 
4:D 3 func t ion  valof (ITEM: s t r i n g  ;var E R R : b o o l e a n )  :real; 
5:D 1 procedure in topos t  ( M P R : s t r i n g ; v a r  1 N I l X : i n t e g e r ;  
5:D 3 DLMT : s t r i n g  ;VNAMLEN: integer ; 
5:D 5 var I T E M 1 : s t r i n g ; v a r  P 0 L S ' i R : s t r i n g ) ;  
6 :D 1 procedure evaluate (POLSIR:  s t r i a g ; D L M T :  s t r i n g ;  
6:D 3 VNAMLEN: integer ; VAR VAL :real ; 
6:D 5 VAR ERR: integer ) ; 
6:D 88 
7 :D 1 procedure parse (EXPR: str ing)  ; 
8:D 1 procedure e d i t o r ;  
9:D 1 proceduredef iner ;  

10:D 1 procedureco l lec tor ;  
1 :D 1 uses t r an scend ,u t i l s ,  po l i sh ;  
l:D 3 c o n s t  
1 :D 3 l ines izez80 ;  
1 :D 3 m i n f  orp red-40; 
1 :D 3 ESC=27;  
l:D 3 type 
1 :D 3 l i n e t y p e a r r a y  I l . . l inesize]  o f  char; 
l:D 3 f m t = a r r a y  [l..31 of integer;  
l:D 3 var 
1:D 3 device : s t r ing ;  
l:D 44 EXPR,SIR,SaR2,infname:string; 
1:D 208 keyboard,listfile:interactive; 
1 :D 8 10 DATAFI LE: text ; 
l:D 111 E R R C O D E , L , K : i n t e g e r ;  
l:D 114  X , Y : r e a l ;  
l:D 118 firstout,OPEN,DO1\TE,QUIT,v•’mt,batchflag:boolean; 
1 :D 1 2  4 1 N F T L E : F I  L E  OF CHAR; 
l:D 4 2 5  NLEA : f i l e  of symb-rec; 
l:D 8 5 7  L I N E l , L I N E 2 : 1 i n e t y p e ;  
l:D 0 1 7  F : f m t ;  
l :D 0 2 0  GUESS:array[l..table-size] of real; 
l : D  1 2 0  
2  :D 1 procedure  scanner (terse: boolean) ; 
2:D 2 v a r  
2:D 2  I , J , K , c o u n t ,  indx,err  : in t ege r ;  
2  :D 8 value,  t e m p ,  n e w v a l  : real ; 
2:D 14 m s g  : str ing ; 
2:D 55 



3:O 0 begin  
3:l 0 count:=O;INlYX:=O; 
3:l 8 w r i t e l n (  
3:1 8 'Now l o o k i n g f o r m s t  l i k e l y  c a u s e o f  e r rors . . . . ' ) ;  
3:l 75 f o r  I:= 1 t o  table-size do begin 
3:3 89 i f  (TABLE[I] .sy& <> ") and (TABLE[I] . • ’ l a g [ l ] )  
3 :3  133 t h e n  beg in  
3:5 137 temp:=TABLE[ I ]  . ac tua l ;  
3:5 160 TABLE[I] . ac tua l :  =GUESS [ I ]  ; 
3:5 193 k: =0; 
3:5 197 f o r  j:= 1 t o  table-size do begin 
3:7 211 i f  TABLE[Jl . f l a g [ l l  t h e n  
3:8 239 i f  pos (TABLE[I] .symb,TABLE[Jl .expr)<>O 
3:8 274 then  beg in  
3:O 278 w r i t e  ('. ') ; 
3:O 288 e v a l u a t e  (TABLE[ J ]  .predictor,DELIM,NAMELEN, 
3:O 312 va lue ,  e r r )  ; 
3:O 321 i f  (TABLE[J] . ac tua l  >= value-TABLE[Jl . t o l )  
3:O 365 and 
3:O 365 (TABLE[ J] . ac tua l  <= value+TABLE[ 4 . t o l )  
3:O 409 then  K:=K+l; 
3:9 420 end;  {end i f )  
3:7 420 i f  ord(keybuff)=ESC 
3:7 425 then J :=table-size;  { l eave  loop ) 
3:6 433 end;  {end f o r )  
3:5 443 i f  k > count  then  begin ,indx:=I; count:=K; end; 
3:5 464 TABLEI11 . ac tua l  := temp; 
3:4 487 end ; {end i f )  
3:3 487 i f  ord(keybuff )=ESC 
3:3 492 then  I:=table-size; { l eave  loop ) 
3 :2 500 end;  {end f o r )  
3:l 51 0 c u l p r i t : = i n d x ;  
3 : 1 51 5 wr i t e  l n ;  
3:O 523 end; { c u l p r i t )  
3:O 550 
2:O O b e g i n  
2:l 0 count:=O; 
2:l 3 w r i t e l n ( l i s t f i l e ,  
2 : l  3 'variable':14,'actual':11,'predicted':14, 
2:l  62 ' t o l e rance '  : l2 , 'd i f f  / t o l '  :9) ; 
2 :1 111 f o r  I := 1 t o  table-size do begin 
2:3 123 i f  TABLE111 .sy& <> " t h e n  begin 
2:5 142 err:=O; TABLE[I] . f l a g  [ I ]  :=fa lse ;  
2:5 170 evalua te  (TABLE[ I] .predictor,DELIM,NAMELEN, 
2:5 192 va h e ,  e r r )  ; 
2:5 199 GUESS [ I ]  :=value; 
2 :5  216 i f  err=O 

' 2:5 217 then i f  (TABLE[I] . ac tua l  < GUESS [ I ]  -TABLE[ I ]  .to1 ) 



2:6 317 t h e n  e r r : = 5 ;  
2:5 323 c a s e  err of 
2:5 326 0 :mg:=' ' 
2:5 333 1 :msg:=' Stack underf l w '  ; 
2:5 357 2 :ns g: =' Stack overf  lm '  ; 
2:5 380 3:msg:='Undefined v a r i a b l e '  ; 
2:5 407 4:mg:='Divide by z e r o  '; 
2:5 431 end  ; 
2:5 448 i f  ( I =  1) o r  ( e r r  <>O) o r  (no t  t e r s e )  t h e n  b e g i n  
2:7 460 w r i t e  ( l i s t  f i l e ,  
2:7 460 TABLE[I] .syrnb:lO,' ',TABLE[I] . a c t u a l :  10:3 ,  
2:7 522 ' ' , va lue :  lO:3 ,' ',TABLE[I] . t o l :  1 0 3  ; 
2:7 593 i f  e r r = 5  
2:7 594 t h e n  b e g i n  
2:9 5 9 8  w r i t e  l n  ( l i s t  f i l e ,  
2:9 598  (TABLE[ I ]  . a c t u a l -  
2:9 617 GUESS[I] )/TABLE[I] .t01:9 :3) ; 
2:9 663 count :=count+l ;  
2:9 6 6 8  TABLE[ I ]  . f l a g  [ l ]  : = t r u e ;  
2:8 693 end 
2:7 693 else w r i t e l n ( l i s t f i l e ,  ' ' , m g )  ; 
2:6 728 end ; 
2:4 728 e n d  ; 
2:3 728 i f  o r d  (keybuff  )=ESC 
2:3 733 t h e n  I :=table-s ize;  { l e a v e  loop  1 
2:2 740 e n d ;  { f o r )  
2:l 747 i f  ( coun t  > 1) a n d  ( o r d ( k e y b u f f )  <> ESC) 
2 : 1 75 7 t h e n  b e g i n  { look f o r  most l i k e l y  bad v a r i a b l e )  
2:3 760 i n d x : = c u l p r i t ;  
2:3 766 i f  i n d x  > 0 t h e n  
2:4 771 w r i t e l n ( 1 i s t  f i l e ,  
2:4 771 concat( 'More  than  o n e  e r r o r  may b e  c a u s e d  by ', 
2:4 825 TABLE[ INCM] .syrnb )) ; 
2:2 857 e n d ;  
2:l  85 7 i f  (no t  b a t c h f 1 a g ) a n d  ( o r d  (keybuf f ) O E S C )  t h e n  pause ;  
2:l  874 i f  o r d ( k e y b u f f )  = ESC t h e n  g e t ( k e y b o a r d ) ;  
2 : l  891 message( '  ') ; 
2:O 895 e n d ;  (* e n d  s c a n n e r  *) 
2:O 916 
4:D 1 p r o c e d u r e d a t a o u t ;  
4:O 0 b e g i n  
4:l 0 K:=O; 
4:l 4 i f  ( n o t  f i r s t o u t )  t h e n  b e g i n  
4:3 10 r write (da t a f  i l e ,  'DATA:DATAL)UT' ) ; K : = i o r e s u l t  ; 
4:3 38 i f  K <> 0 t h e n  reset ( d a t a f i l e ,  'DATAOUT') ; 
4:2 6 5  e n d ;  
4:l 6 5  f o r  I := 1 t o  t a b l e - s i z e  d o  



4:2 79 i f  TABLE[I] .symb o " then 
w r i t e  (datafile,TABLE[ I ]  .actual:  

4:3 146 TABLE[ I1 -fmt 131 ) ; 
4:l 186 w r i t e l n ( d a t a f i 1 e )  ; 

4:l 194 f i r s t o u t : = t r u e ;  
4:O 198 end; 
4:O 212 
4:O 212 
5:D 1 procedure iosub(INPUT:boolean); 
5:D 2 var 
5:D 2 nalne: s t r i n g ;  
5 :D 43 I ,IOR: in teger ;  
5 :D 45 t ry ing:  boolean; 
5:D 46 
5:O 0 begin 
5:l 0 t ry ing:=true;  
5:l  3 wr i t e ln ;  
5:l 11 i f  INPUT 
5: l  11 t h e n w r i t e ( ' R e a d w h a t  f i l e ?  ') 
5:l 43 e l s e w r i t e ( '  Savewhat f i l e ?  '); 
5:l 74 geta l ine(name, t rue) ;  
5: l  80 i f  ( l e n g t h ( n a ~ ) = O )  o r  (ord(name[ll)=ESC) 
5: l  93 t h e n e x i t ( i o s u b ) ;  
5:l  100 (*$I-*) reset(FYLEA,name); (*$I+*) 
5:l 110 IOR:=ioresult;  
5:l  114 while t ry ing  d o b e g i n  
5:3 118 case I O R  of 
5:3 122 0: begin 
5:5 122 seek (FYLEA, 0) ; 
5:5 131 f o r  I:=1 t o  table-size do begin 
5:7 144 i f  INPUT then begin 
5:9 147 (*$I-*) ge t(FYLEA) ;IOR:=ioresult ; (*$I+*) 
5:9 157 i f  not EOF(FYLEA) then  begin 
5: l  168 TABLE[I] :=FYLEAA; 
5:O 187 end 
5:9 187 e l s e  TABLE[Il .sy&:="; 
5:8 207 end 
5:7 207 e 1s e b egin 
5:9 209 i f  TA3LE[I] .symb <> " then  begin . 
5: l  229 FYL EA-: = TABL E [ I ]  ; 
5:l  248 (*$I-*)put (FYLEA) ;IOR:=ioresult ; 
5:l  258 (*$I+*) 
5:O 258 end ; 
5:8 258 end; 
5:6 258 end; { f o r  s ta tement)  
5:5 266 i f  IOR=O then t ry ing:=fa lse ;  
5:5 275 . close(FYLEA,crunch); 
5:4 284 end ; 
5:3 286 7 : begin 
5:5 286 w r i t e l n  (' i l l e g a l  filename r e e n t e r ' )  ; 
5:5 333 iosub ( inpu t )  ; e x i t  ( iosub) ; 
5:4 340 end ; 

7 8 



5:3 342 8: begin 
5:5 342 wr i t e  l n  (' no room on d i  sk. ') ; 

5:5 379 trying:=•’  a l s e ;  
5:4 382 end ; 
5:3 384 9 : begin 
5:5 384 write In;  
5:5 392 wr i te ln( 'Put  proper d i  ske t t e  in dr ive .  . ') ; 
5:5 443 pause; 
5:5 446 i f ord (key buf f ) =ESC then ex l  t ( ios  ub ) ; 
5:5 459 (*$I-*) reset(FYLEA,name); (*$I+*) 
5:5 469 IOR:=ioresult ; 
5:4 473 end ; 
5:3 475 10: begin 
5:5 475 i f  i n p u t  then  begin  
5:7 478 t ry ing :  = f a l s e ;  
5:7 481 w r i t e l n ( '  no such f i l e ! ' ) ;  
5:7 515 PAUSE; 
5:7 518 i f  ord (keybuf f )=ESC then e x i t  ( iosub) ; 
5:6 531 end 
5:5 531 else b egin 
5:7 533 c l o s e  (NLEA) ; 
5:7 542 (*$I-*) r e a r i t e  (FYLEA,name) ; (*$I+*) 
5:7 552 IOR:=ioresult ; 
5:6 556 end ; 
5:4 556 end ; 
5:3 558 1,2,3,4,5,6,11,12,13,14,15,16: 
5:4 558 begin (*otherwise statement*) 
5:5 558 w r i t e l n ( '  I/ 0 ERROR 8' ,IOR) ;PAUSE; 
5:5 604 t ry ing :=fa l se ;  
5:4 a 7  end ; 
5:3 609 end ; (*  end case *) 
5:2 650 end; (*end while*) 
5 :1 652 wri te  (chr (12) ) ; { c l e a r  sc reen)  
5:O 662 end; (* end of i o sub  *) 
5:O 684 
6:D 1 procedure readar  ec (recno: in teger;var  bu f fe r :  l ine type;  
6:D 3 1en: in teger ;var  err :boolean);  
6:D 5 v a r  
6:D 5 I,J,K,IOR:integer; 
6:O 0 BEGIN 
6:l  0 e r r := fa l se ;  
6:l 3 f o r  1:=1 t o  l i n e s i z e  do buf fe r  [ I ]  :=' ' ; 
6:l 32 i f  recno < 1 t h e n K : = l  e lseK:=recno;  
6: l  45 IOR:=O; 
6:l 48 f o r J : = l  t o K d o  
6:2 59 f o r  I:=l t o  l e n  do  begin 
6:4 70 buf fe r  [ I ]  := INFILE-; 



6:4 85 (*$I-*) get(1NmLE) ; (*$I+*) 
6:4 91 IOR:=ioresult ; 
6:4 95 i f  IOR<>O 
6:4 96 then  begin e r r := t rue ;  e x i t  ( readarec)  ; end; 
6:3 107 end ; 

6:O 121 end; 
6:O 140 
7:D 1 procedure e x t r a c t  (F : fmt; l ine:  1inetype;var  va l :  r e a l )  ; 
7:D 87 var 
7:D 87  I , J ,K : in t ege r ;  
7:D 90 TXT : s t r i n g ;  
7:D 131 err :boolean; 
7:O O b e g i n  
7:l 0 TXT:="; 
7 :1 17 J:=F[2] +F[ 11 -1; 
7:l 44 f o r I : = F [ l ]  t o  J d o b e g i n  
7:3 70 TXT:=concat(TXTY8 '); 
7:3 101 i f  l i n e  [I]='  ' 
7:3 113 then l i n e  [I]  :=chr (ord (' 0') ) ; 
7:3 130 TXT[length (TXT) 1 :=l ine [ I ]  ; 
7:2 150 end; 
7:l 158 i f  POS('. ',TXT)=O 
7:l 169 t h e n  i n s e r t  ('. ',TXT,length (TXT) -f 131 +1) ; 
7:l 201 VAL:=valof(TXT,err); 
7:O 214 end;  
7 :O 228 
8 :D 1 procedure ge tequat ions ; 
8:D 1 v a r  
8:D 1 1 , J : in t ege r ;  
8:D 3 buff :  s t r i n g ;  
8:0 0 begin  
8:l 0 w r i t e  ( 
8:l 0 'Equations a r e  in what f i l e ? ' ) ;  
8:l  39 ge t a l i n e  (infname, t r u e )  ; 
8:L 45 i f or d (in•’ name [ 11 ) =ESC 
8:l  50 then exit (ge tequat ions  ) ; 
8:l 5 8  wr i t e ln ;  
8: l  66 r e s e t  ( in•’  i l e ,  in•’ name) ; 
8:l 78 f o r  I:=l t o  table-size do TABLE[ I ]  .sy&:="; . 
8:l 114 I:= 1; 
8:l  117 whi le  not eof (in•’ i l e )  d o  begin 
8:3 128 buff  :=" ; 
8:3 135 J:=l; 
8:3 138 r e p e a t  
8:4 138 buff :=concat(buf•’ ,  ' ') ; 
8:4 165 buff [J1 :=in•’ i l e A ;  
8:4 175 J:=3t1; 
8:4 180 g e t  ( i n f i l e  ) ; 
8:3 188 u n t i l  INFILEn=' ;' ; 



8:3 197 TEMPSIR:="; 
8:3 206 J:= 1; 
8:3 209 g e t ( i n f  i l e )  ; 
8:3 217 r e p e a t  
8:4 217 T E M P S ~ : = C O ~ C ~ ~ ( T E M E ' S ? R ,  ' ') ; 
8:4 248 TEMP S1R [ J ]  : = i n f i l e n ;  

8:4 260 J:=J+l; 
8:4 265 g e t ( i n f i 1 e )  ; 
8:3 273 u n t i l  INFILEn=' ;' ; 
8:3 282 TABL E [ I] . t o1  : =c t b (TEMP S'IR) ; 
8:3 307 r e p e a t  
8:4 307 g e t ( i n f i 1 e ) ;  
8:3 315 u n t i l  ( i n f i l e n  o ' ') o r  eof ( i n f i l e )  ; 
8:3 333 w r i t e l n  (buff ) ; 
8:3 352 parseCbuff ) ; 
8:3 357 I:=I+l; 
8:2 362 end ; 
8:O 364 end; 
8:O 388 
9:D 1 procedure ba tch;  
9:D l v a r  
9:D 1 coun t , I :  i n t e g e r ;  
9:D 3 F:fmt; 
9:D 6 te rse :boolean;  
9:O O b e g i n  
9:l 0 t e r s e : = f a l s e ;  
9:l 3 ba tch f l ag := t rue ;  
9:l 7 w r i t e  ('Data i s  i n  what f i l e ? ' )  ; 
9:l 40 g e t a l i n e  (infname, t r u e )  ; 
9:l 46 i f  (length(infname)=O) o r  (ord(infname[ll)=ESC) 
9:l 59  t h e n  e x i t ( b a t c h ) ;  
9:l 66 c l o s e ( i n f i 1 e ) ;  
9:l 75 {$i-)reset(infile,infnarne);{$i+} 
9 : l  87 i f  i o r e s u l t  <> 0 
9:l 89 t h e n  beg in  
9:3 93 message (' I/ 0 ERR ' ) ; 
9:3 107 pause ; 
9:3 110 e x i t  (batch ) ; 
9:2 114 end;  
9 :1 114 r eada rec  ( l , l ine1 ,78 ,done)  ; 
9:l 124 r eada rec  ( l , l i ne2 ,78 ,done ) ;  
9 :1 134 i f  done then begin  
9:3 139 c l o s e  ( i n f i l e )  ; 
9:3 148 message (' I/ 0 ERR ' ) ; 
9:3 162 pause; 
9:3 165 exit (batch ) ; 
9:2 169 end ;  
9 : l  169 count:=O; 
9: l  172 w r i t e l n ( c h r ( l 2 ) ) ;  



r e p e a t  
gotoxy ( l , 2 )  ; 
w r i t e  ( 
' P ) r i n t e r ,  C)onsole,  F ) u l l ,  T ) e r s e ,  G)o, Q ) u i t 8 ) ;  
gotoxy ( l , 3 )  ; 
i f  t e r s e  
t h e n  w r i t e  ('"TERSE"') e l s e  w r i t e  ('"FULL"') ; 

wr i t e ( '  l ist  o n  '); 
w r i t e  (device,  ' ' ) ; 
gotoxy (4792) ; 
g e t  (keyboard) ; 
c a s e  keybuff of 

'p ', 'P' :devi.ce:='~RIIlT~R:' ; 
'q', 'Q' : ex i t  (ba t ch ) ;  
'c', 'C' :device:='00NSOLE: ' ; 
'r ', 'R' : dev ice := 'WUT:  ' ; 
'f ','F': t e r s e : = f a l s e ;  
't ', 'T' : t e r se := t rue  ; 

end ; 
c l o s e  ( l i s t  f i l e )  ; 
r w r i t e  ( l i s t  f i l e ,  device) ; 

u n t i l  (keybuff = 'g') o r  (keybuff = 'G'); 
w r i t e l n ( c h r  (12) ) ; 
r e p e a t  

f o r  I := 1 t o  table-s ize do 
{ge t  an a r r ay  f u l l  af d a t a  1 
i f  TABLE[I] .sy& <> " then begin  

count:=count+l;  
F:=TABLE[ I] . f a ;  
i f  P[1]  <= 78 
t h e n  e x t r a c t  (F , l i n e 1  ,TABLEI11 . a c t u a l )  
e l s e  begin  

F[ l]  :=F[ 11 -78; 
e x t r a c t  (F , l i n e 2  ,TABLE[ I1 . a c t u a l )  ; 

end ; 
i f  ord(keybuff )=ESC 
then I :=table-size; {leave loop > 

end ; 
{ now scan f o r  e r r o r s  } 
i f  count=O then  begin  

message ('No p r e d i c t o r  equat ions and formats!  ') ; 
c l o s e  (in•’ i l e  ) ; 
e x i t  (batch ) ; 

end ; 
SCANNER(terse) ; 
WRITETA ( LISTFILE) ; 
r eada rec  ( - l , l i ne l , 78 ,done ) ;  
readarec  (-1 , l ine2 ,78  ,done) ; 

u n t i l  done o r  (ord(keybuff)=ESC) o r  EOF(INJ?lLE); 
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i f  odd(K) then  K:=K+l; 
f o r  I:=l t o  (K d i v  2) d o  begin 

i f  TABLE111 .symb <> " 
then  w r i t e  ( l i s t f i l e , I : 9 ,  

' ',TABLE[I] .symb:namelen+3, 
TABLEE I ]  . ac tua l :  l6:3 ,' ' :8) 

else w r i t e  (' ' :namelen+38) ; 
i f  TABLE[I+(K d i v  2) l  .sy& <> " 
then w r i t e l n ( 1 i s t  f i l e ,  I+( K d i v  2) :3, 

' ',TP;BLE[I+(K d i v  2)].sy&:namelen+3, 
TABLE[I+(K div 2) ] .actual :  16:3) 

e l s e  w r i t e l n ;  
i f  o rd  (keybuff )=ESC then  e x i t  ( d a t a l i s t )  ; 
i f  ( ( I  mod 5)=0) and (device='REMOUT: ') 
then  pause;  

end ; 
pause ; 
gotoxy (0,O) ; w r i t e  (chr  (11) ) ; 

1 l : O  474 end;  
1l:O 492 
12:D 1 procedure execute ;  
12:O 0 beg in  
12:l 0 wr i t e1n ;wr i t e ln ;  
12 :1 16 w r i t e  (' ENTER EXPRESSION=>') ; 
12:l 47 g e t a l i n e  (expr, t r u e )  ; 
12:l 54 s t r := ' ( '  ;str2:=" ; 
12:l 66 K : = l ;  
12:l 70 in topos t  (expr,K,'! ',5 ,str, s t r 2 )  ; 
12:l 85 evaluate(str2,'!',5,X,K); 
12:l 98 I F  Kc70 THEN hRITELN(' =OR8) ELSE 
12:2 133 ~VRITELN('RESULT=',X); 
12:l 175 PAUSE; 
12:O 178  end;  
12:O 190 
13:D 1 proceduredunp;  
13:D l v a r p r i n t , m d l : b o o l e a n ;  
13:O 0 begin  
13:l  0 p r i n t : = f a l s e ;  {de fau l t  t o  console)  
13:L 3 device:='O[)NSOLE:' ; 
13:l 18 mdl : = t r u e  ; { d e f a u l t  t o  m d e l  ) 
13:l 21 r e p e a t  
13:2 21 gotoxy (0,1) ; 
13:2 26 w r i t e  l n  ( 
13:2 26 'M(ode1, D(ata ,  P ( r i n t e r ,  C(onsole,  G)o, Q ) u i t 8 ) ;  
13:2 91 i f  mdl t hen  w r i t e  ('Model') e l s e  w r i t e  (' Data') ; 
13:2 130 w r i t e  (' output  w i l l  be  s e n t  t o  ' ,device) ;  
13:2 177 gotoxy (4791) ; 
13:2 182 g e t  (keyboard) ; 
13:2 190 c a s e  keybuff of 



'q ', 'Q' : e x i t  ( d u q  ) ; 
8 0 m , 'M' :mdl: =t m e ;  
'd ', 'D' :mdl:=•’aLse; 
'r ' , 'R' :begin 

p r i n t :  = t rue ;  
device:='REMOUT: '; 

end ; 
'p ', 'P' :begin 

p r i n t :  = t r u e ;  
device:='PRINTER:' ; 

13:3 251 end ; 
13:2 253 'c', 'C' :begin 
13:4 253 print :=•’  a l s e ;  
13:4 256 device:= '  CDNSOLE: ' ; 
13:3 271 end ; 
13:2 273 end ; 
13:2 376 c l o s e  ( l i s t  f i l e )  ; 
13:2 385 r write ( l i s t  f i l e ,  device)  ; 
13:l 397 u n t i l  (keybuff='g') o r    key buff='^'); 
13:l 41 4 i f  mdl t h e n  mode l l i s t  e l s e  d a t a l i s t ;  
13:O 423 end; {duxrp} 
13:O 440 
1 :0 0 begin  {main program} 

in it; 
device:='  ONSOLE: ' ; 
r e s e t  (keyboard, '03NSOLE: ' )  ; 
f i r s tou t := fa l s e ;QUIT:=fa l se ;CPEN:=fa l se ;v fmt := fa~~e ;  
r e p e a t  

c l o s e ( l i s t f i 1 e ) ;  
r e s e t  ( l i s t f i l e ,  device)  ; 
batchf lag :=•’  a l s e ;  
gotoxy ( 0 , l )  ; 
w r i t e l n  ( 
' D(ef ine ,  C ( o l l e c t ,  V ( e r i f y ,  E ( d i t ,  W(r i te ,  ', 
'R(ead, S(ave,  Q(ui t .  ', ' ' :15) ; 

w r i t e  (' Output device  = " ', device, '" ', 
'Output format = ' :30) ; 

i f  v f m t  
t h e n  w r i t e l n  ('"TERSE1'. ') 
e l s e  w r i t e l n  ('"FULL". ' ) ; 
gotoxy ( 64 , 1) ; 
MPR:=' '; 
g e t  (keyboard); MPR[ 11 :=keyboardA; 
w r i t e  (chr  (12) ) ; 
c a s e  EXPR[ 11 of 

'b ', 'B' : batch;  {da ta  from a f i l e  ? 
'c', 'C' : COLLECTOR; {data from kbrd?  
'd ', 'D' : DEFINER; {inp u t  equat ions  ) 
'e', 'E' : EDITOR; {ed i t  equa t ion?  



'g','G': GETEQUATIONS;{get eq's from d i s k )  
'q ', 'Q' : QUIT:=true; {back t o  system) 

' 'r ', 'R' : i o s u b ( t r u e  ) ;{read model f rom f i l e )  
's ', 'S' : iosub  ( f a l s e )  ;{save w d e l  i n  a f i l e )  
't ', 'T' : dump; {wr i te  data and equat ions)  
'v', ' V' : SCANNER(v•’ mt) ;{evaluate  express ions)  
'w', 'W': DATAOUT; { w r i t e  d a t a  t o  d i s k )  
'x', 'X' : execute ;  {execute exp res s ion )  

end ; 
case  o rd  (keybuf f ) of 

3: device:='(X)NSOLE: ' ; 

640 4: device:='DATA:OUTPUT' ; 
660 6: vEmt:=false; 
66 6 16: device:='PRINTER:' ; 
6 83 18 : device:='RFMOUT: ' ; 
70 0 20: vEmt:=true; 
70 6 end ; 
75 0 i f  EXPR=" t h e n  QUIT: = t r u e ;  
764 u n t i l  QUIT; 
769 c l o s e  ( d a t a f i l e ,  l o c k )  ; 
778 end. 



1 {$L DATA:UTILS.LST) 
1 (*$=*I 
1 UNIT UTILS; INTRINSIC CODE 2 5  DATA 26; 
1 INTERFACE 
1 { $  
1 
3 WNCTION SIN(X:REAL):REAL; 
3 FUNCTION COS(X:REAL):REAL; 
3 FUNCTION EXP( X:REAL) :REAT, ; 
3 FUNCTION ATAN(X:REAL) :REAL; 
3 FUNCTION W(X:REAL):REAL; 
3 FUNCTION IDG(X:REAL) :REAL,; 
3 EUNCTION SQRT(X:REIIL) :REAL; 
5 
5 IME'LEMENrATION 
1 (* 6502 compatible  *) 
1 
1 USES 'RAN SCEND; 
1 procedure  poke (addr ,  da ta :  i n t e g e r  ) ; 
3 f u n c t i o n  peek (addr: i n t e g e r )  : i n t ege r ;  
3 f u n c t i o n  keybuff :char ;  
3 f u n c t i o n  p r i o r i t y  (1TEM:string;TYP:integer):integer; 
1 procedure ge t a l i n e  (var l i n e :  s t r i n g  ;echo: boolean)  ; 
3 f u n c t i o n  pwr (x ,y : r ea l ) : r ea l ;  
3 f u n c t i o n  c tb(STR:s t r ing) : rea l ;  
1 procedure get-item(MPR:string;var 1NlX:integer; 
3 DLMTR:string; 
4 ITEMLEN: i n t e g e r ;  v a r  ITEM: s t r i n g )  ; 
1 procedure message (MSG : s t r i n g )  ; 
1 procedure pause;  
1 IIPLEMENTATION 
1 
1 type  
1 b y t e  = packed a r r a y  [O..lI of 0..256; 
1 d i r t y =  r eco rd  
1 c a s e  boolean of 
1 t rue :  ( i n t :  i n t e g e r )  ; 
1 f a l s e :  ( p t r : % y t e ) ;  
1 end ; 
1 v a r  

t r i c k  : d i r t y ;  
procedure check (var d a t a :  i n t e g e r  ) ; 
forward ; 

procedure  poke{(addr,data: i n t e g e r  ) I  ; 
beg in  

check (da t a  ) ; 
t r i c k .  int :=addr;  
t r i ck .p t rn [O]  :=data; 

end ; 



f u n c t i o n  ~eek{(addr:integer):integer); 
begin  

t r i c k .  in t :=addr ;  
peek:=t r ick-p t rn[Ol  ; 

end;  

procedure  check{(var d a t a : i n t e g e r ) ) ;  
begin  

d a t a  :=abs (da t a  mod 256) ; 
end ; 

f u n c t i o n  keybuff  {:char 1; 
v a r  I : i n t e g e r  ; 
begin  

I := t runc  (peek (-16384) / 256) ; 
i f  I < 0 then  1:=127+1; 
keybuff :=chr ( I )  ; 

end ; 

f u n c t i o n  p r i o r i t y  (*(ITEM; s t r i n g ; n P : i n t e g e r )  : integer*)  ; 
begin 

i f  TYP=l then  beg in  
i f  l eng th  (ITEM)=O 
t h e n  begin  p r i o r i t y : = - 1 ; e x i t  ( p r i o r i t y ) ;  end; 
i f  (ITEM='+')or(ITEM='-') t h e n  p r i o r i t y : = l  
e l s e  i f  (ITEM='*')o~ (l?EM='/ ' ) t hen  p r i o r i t y : = 3  
e l s e  i f  (ITEM='@') then p r i o r i t y : = 6  
e l s e  i f  (ITEM='(') then  p r i o r i t y : = 9  
e l s e  i f  (ITEM=')' ) then  p r io r i t y :=O 
e l s e  p r i o r i t y : = 7 ;  

end ; 
i f  TYP=2 then  beg in  

i f  l e n g t h  ( ITEM) =O 
then  beg in  p r i o r i t y  : =-1 ; e x i t  ( p r i o r i t y  ) ; end; 
i f  (ITEM='+' ) o r  (1TEf.f~'-' ) t h e n  p r i o r i t y : = 2  
e l s e  i f  (ITEM='*')o~ (ITEM='/') t hen  p r i o r i t y : = 4  
e l s e  i f  (ITEM='@') then  p r i o r i t y : = 5  
e l s e  i f  (ITEM=' (') then  p r i o r i t y  : = 0 
e l s  e p r i o r i t y  :=8; 

end;  
end ; 



6:D 1 procedure ge t a l ine{ (va r  1ine:string;echo:boolean);var 
6:D 3 c h : s t r i n g ;  
6:O O b e g i n  
6:l  0 ch:=' ' ;line:="; 
6 : l  11 r e p e a t  
6:2 11 get(keyboard)  ;ch [ l ]  :=keyboardA; 
6:2 30 i f  echo t h e n  w r i t e  (ch 111 ) ; 
6:2 47 i f  ord(ch [ l ]  )=27 
6:2 52 then  b e g i n  l ine:=ch ; e x i t  (ge t a l i n e )  ; end; 
6:2 65 i f  ord(ch [1])<>32 then  beg in  
6:4 74 i f  o rd  (ch [ l ]  ) = 8 t h e n  
6:5 83 i f  l e n g t h  ( l i n e )  > 0 then  beg in  
6:7 90 i f  not echo 
6:7 90 then  w r i t e ( c h [ l l ) ; w r i t e ( '  ' ,ch [ I ] ) ;  
6:7 132 d e l e t e  ( l i n e ,  l eng th  ( l i n e  ), 1) 
6:6 140 end e l s e  
6:4 142 e l s e  i f  ch [I]='? ' 
6:5 149 t h e n  beg in  l ine:= '?  ' ;ch [11 :=chr (32) ;end 
6:5 163 else i f  l eng th  ( l ine)=O then  l ine :=ch  
6:6 173 e l s e  i n s e r t  (ch, l i n e ,  l eng th  ( l i n e  )+l)  ; 
6:3 191 end ; 
6 : 1 19 1 u n t i l  ord (ch [ 11 ) =32; 
6:O 200 end;  
6:O 214 
7:D 3 functionpwr(*(x,y:real):real*); 
7:D 7 ( * r a i s e  x t o  the  power of y *) 
7:O 0 beg in  
7:l 0 pwr:=exp(ln(x)*y); 
7:O 23 end; 
7:O 36 
8:D 3 functionctb(*(S'IR:string):real*); 
8 :D 45 v a r  
8:D 45 E,I ,J,K,SIGN: i n t e g e r ;  
8:D 50  SUM : r e a l ;  
8:O 0 begin  
8:l 0 SUM:=(); I : = O ;  J : = O ;  E:=O;K:= l;SIGN:=l; 
8 : l  26 i f  S'IR[l]='-' t h e n  begin  SIGN:=-1; K:=2; end; 
8: l  42 i f  STR[l ]= '+ ' thenK:=2;  
8 : l  54 f o r  I := l eng th  (S'IR) d m n t o  K do beg in  
8:3 71 i f  STR[I]='. ' t h e n  E:=length(STR) -I 
8:3  85 e l s e  begin 
8:5 92 SiJM:=SIJMi-(ord (STR [ I ]  ) -48) 3pwrof t e n ( J )  ; 
8:5 115 J:=J+l; 
8:4 121 end ; 
8:2 121 end ; 
8 :1 129 ctb:=~~G~*SJ~/pwroften(E) ; 
8:O 146 end;  
8:O 160 



procedure ge t-i tem(*(MPR: s t r i n g  ;var I N I M  : in teger ;  
BLMTR:string;1TEMLEN:ineger; 
var I T m :  str k g )  *) ; 

v a r  
TEMP1 : s t r i n g ;  
c n s t  : boolean; 

b eg in  
ITEM:='' ;TEMPI :=" 

i f  EXPR[ I N E ]  =DLMTR [ 11 
then  beg in  I N D X  := INDX+ 1 ; exit (ge t-i tem) ; end ; 
i f  INLX <= l ength(MPR)  t h e n  begin  

TEMP1 :=copy(EKPR,INDX ,1) ; 
INDX := INDX+ 1 ; 
ITEM:=concat (ITEM,TEMPl) ; 
cns t  : = t r u e ;  
whi le  (p r io r i t y (TE4P1 , l )  = 7) and 

(INDX <= length(MPR) ) do begin 
TEMP1 :=copy(MPR,INDX,l) ; 
i f  ( p r i o r i t y  (TEEIP 1 , l )  1.7) t h e n  begin 

i f  (TEMP1 <> DLIEP.) t h e n  begin  
i f  not(TEMPLC11 i n  

t hen  c n s t : = f a l s e ;  
ITEM:=concat (ITEII,TI3MP1) 

end 
else TEMP1 :=' ' ; 
INDX := INDX+ 1 ; 

end ; 
end ; 
i f  no t  c n s t  t hen  
i f  length(ITEM) > ITEMLEN 
then  ITEN: =copy (ITEN, 1 ,ITEMLEN) ; 

end ; 
end;  

procedure message (*(MSG:string)*) ; 
beg in  

gotoxy (0,O) ; w r i t e  ( c h r ( l 1 )  , S G )  ; 
end ; 

procedure pause;  
b eg in  

w r i t e  (CHR(25), ' H i t  any key t o  continue. ') ; 
g e t  (keyboard) ; 
keyboard^:=chr (0) ; 
w r i t e  (chr  (12) ) ; 

end ;  

' 1:O 0 BEGIN end. 



1 {$L DATA:POLISH.LST) 
1 (*$st*) 
1 UNIT POLISH; INTRINSIC CODE 2 3  DATA 24; 
1 INTERFACE 
1 { $  > 
1 
3 WNCTIONSIN(X:REAL):REAL; 
3  FUNCTION COS(X:REAL) :REAL; 
3 FUNCTIONEXP(X:REAL):REAL; 
3 FUNCTION ATAN(X:REP;L) :REAL; 
3  FUNCTION LN(X:REAL) :REAL; 
3 FUNCTION II)G(X:REAL) :REAL; 
3 FUNCTION SQRT(X:REAL) :REAL; 
5 
5 IMPLEMENTATION 
1 (* 6502 compatible  *) 
1 
1 
1 USES TRANSCEND; 
1 procedure poke(addr,  data:  i n t e g e r )  ; 
3 f u n c t i o n  peek (addr: i n t e g e r  ) : i n t ege r ;  
3 f u n c t i o n  keybuff :char ;  
3 f u n c t i o n  p r i o r i t y  (I"i'EM:string;TYF:integer) : i n t ege r ;  
1 procedure g e t a l i n e  (var l i n e :  s t r i ng ;echo :  boolean) ; 
3 f u n c t i o n  pwr(x,y: r e a l )  : r e a l ;  
3 f u n c t i o n  c t b  (S'IR: s t r i n g )  : r e a l ;  
1 procedure  ge t-item(MPR: s t r i n g  ;var INIX : in teger  ; DLMI'R: 
4 ITEMLEN: i n t e g e r ;  v a r  ITEN: s t r i n g )  ; 
1 procedure  message(MSG:string); 
1 procedure pause; 
1 USES 'IRANSCENDJTILS; 
1 cons t  
1 s t r i n g s i z e  =80; 
1 table-siz e 250 ; 
1 type 
1 symb-rec = r e c o r d  
1 symb: s t r i n g ;  
1 p red ic to r :  s t r i n g ;  
1 expr : s t r i n g ;  
1 a c t u a l :  r e a l  ; 
1 to1  : r e a l ;  
1 fmt :ARRAY[1..3] of i n t e g e r ;  
1 f l a g  :ARRAY [ 1..2] of boolean; 
1 end ; 
1 syrb  - t ab l e=a r ray  [ 1.. table-s ize]  of sy&-rec ; 
1 v a r  
1 TABLE: symb-table ; 

6601 TEMPSTR,delim:string; 
6683 namelen: i n t e g e r ;  

1 procedure i n i t ;  
1 procedure t a b l e i n  (TARG ,EXPR,POLMPR: str ing )  ; 



func t ion  valof (1TEM:string;var ERR:boolean) : r e a l ;  
procedure in topos t  (MPR: str ing  ;var INIX: in  teger  ; 

DLMT: s t r i n g  ;VNAMLEN: in teger ; 
var ITEM1:string;var P0LS'IR:string); 

procedure eva lua te  (P0LSTR:string;DLMI:: s t r i n g ;  
VNAML EN: i n t ege r  ; VAR VAL : r e a l  ; 
VAR ERR: i n t e g e r )  ; 

procedure pa r se  (MPR: s t r i n g )  ; 
procedure e d i t o r ;  
procedure d e f i n e r ;  
procedure c o l l e c t o r ;  
IMP LEME N A T I O N  

func t ion  valof  (*(ITEM: s t r i n g  ;var ERR:boolean) :real*) ; 
var  

OKNUMCHARS : s e t  of char ; 
1:intP-ger; 

begin 
OKNUMGlARS : = 

[ ' I8 ,  '2', *3',  '4', '5', '6', '7', '8', 'g', 'O', '. '1 ; 
va lo f  :=O; 
ERR:=•’ a l s e ;  
f o r  i:=1 t o  length(ITEM) d o  
i f  not  (ITEM[ I ]  i n  OKNUMQIARS) then  ERR:=true; 
i f  no t  ERR 
then  begin  valof :=c tb  (ITEM) ; e x i t  (valof ); end; 
I := 1; 
whi le  (I<=table-size) d o  begin 

i f  (TABLE [ I ]  . symb =ITEM) then  begin 
ERR:=•’ a l s e ;  
valof  :=TABLE[ 11 . ac tua l  ; 
e x i t  (valof ) ; 

end ; 
I:=I+l; 

end ; 
end;  

procedure in  topost  (*(MPR:string;var 1NDX:integer; 
DLMT:string;VN&ILEN:integer; 
var ITEM1 : s t r i n g  ;var POLSTR: s t r ing )* )  ; 

const  
prio-alpha =7 ; 

var  
ITEM2 : s t r i n g ;  
PRIO2 : i n t ege r  ; 



1 procedure bu i ldgo l i sh ( ITEM:  s t r i n g ;  v a r  POLSm: s t r i n g )  ; 
0 begin 
0 i f  ( l eng th  (WLSIR)+length (ITEM)) > s t r i n g s i z e  

1 3  t h e n m e s s a g e ( ' E x p r e s s i o n  t o o l o n g  ') 
41 e l s e  POLSTR:=concat (POLSTR,ITEM) ; 
71 i f  (length(POLS'D3) < s t r i n g s i z e ) a n d  
7 6 ( p r i o r i t y  (ITEM, 1) =prio-alpha) 
86 then  POLSTR: =concat (POLS?R,DLMT) 

113 e l s e  i f  l eng th  (POLSTR) > = s t r i n g s i z e  
120 then  message (' Expression too long. ') ; 
151 end; 
164 
0 beg in  { i n t o p o s t )  
0 i f  (INIM>O)and (INIM<=length (MPR) ) 

21 then  g e t  itern(MPR,INDX ,DLMT ,VNAMLEN,ITEM2) 
32 e l s e  ITE~ :=' )' ; 
42 whi le  p r i o r i t y  (ITEM2 , I )  > p r i o r i t y  (ITEM1,2) d o  
60 in topost (MPR,INDX ,DLMT ,VNAMLEN,ITEM2 ,POLSTR) ; 
7 3  ifpriority(IT~M2,1)<priority(ITEM1,2)thenbegin 
91 b u i l d q o l i s h  (ITEM1 ,POLSTR) ; 
95 ITEM1 := ITEM2 ; 

100 end 
100 e l s e b e g i n  { r i g h t b r a c k e t d i s c o v e r e d )  
102 i f  indx<=length(MPR) 
108 then ge t-item(MPR,INLK ,DLMII ,VNAFiLEN,ITEl42) ; 
122 ITEM1 := ITEM2; 
127 end ; 
127 end ;  
142 

1 procedure eva lua t e  (*(POLSTR:string;DLMT: s t r i n g ;  
8 8 VNAMLEN:integer;VAP. VAL:real; 
8 8 VAR ERR: i n t e g e r  ) *) ; 
88 c o n s t  
8 8 s tack-size= 20; 
88  add ='+' ; 
88 s u b  ='-'; 
88 mu1 ='*'; 
88 dyv = ' I 8 ;  
8 8  xpo =*@';  
8 8  v a r  
8 8 STAK : ar ray  [ 1 . . stack-size 1 of r e a l ;  

1 28 ITEM : s t r i n g  ; 
169 DONE ,ERROR: boolean; 
17 1 INDX , J : i n t e g e r ;  
173 OP ER : char;  
174 

0 beg in  ( * c o d e  f o r  procedure  'evaluate '  *) 
0 DONE: =f a l s e ;  INDX := 1; 

18 J :=O; ERR:=O; 
25 whi le  (DONE=false) and (INDX <= l e n g t h  (POLSTR)) 



d o  b e g i n  
g e  t-item(P0LSTR , I N m  ,DLm ,VNAMLEN,ITEM) ; 
i f  ( p r i o r i t y  (ITEM, 1 )  >0) a n d  

( p r i o r i t y  (ITEM, 1 )  < 7) 
then b e g i n  

i f  J < 2 t h e n  b e g i n  
ERR:% 1; { S t a c k  u n d e r f  l m )  
DONE: =true; 

e n d  
else b e g i n  

(3PER:=ITEM[1] ; 
case OPER of 

a d d :  STAK[J-11 :=sTAK[J-ll+STAY[JI ; 
s u b :  STAT&[ J-11 :=STAR[ J-11 -STAK[ Jl ; 
m ~ 1 :  STAK[J-11 :=sTAK[J-1]*STAK[J] ; 
dyv: i f  STAK[ J 1 o O  

t h e n  STAK[J-11 :=sTAK[J-~]/STAK[J] 
else ERR:=4; 

x p o : S W [ J - 1 1  :=pwr(STAK[J-11 ,STAK[Jl) ; 
e n d  ; 
J:= J- 1; 

e n d ;  
e n d  
else i f  ( p r i o r i t y  (ITEM, 1 )  =7) a n d  

(ITEM <> DLMT) then b e g i n  
J:=J+l; 
i f  J > stack - s i z e  then ERR:=2 { S t a c k  o v e r f  lm) 
els e b e g i n  

STAK [ J ]  :=va lof  (ITEM,ERROR) ; 
i f  ERROR t h e n  ERR:=3; { UNDEFINED ) 

e n d  ; 
e n d  ; 

e n d  ; { w h i l e  1 oop ) 
i f  ERROR t h e n  VAL:=O.O else VAL:=STAK[l] ; 

e n d  ; 

1 p r o c e d u r e  hit; 
1 var 
1 i : i n t e g e r ;  
0 b e g i n  
0 for I:=l t o  t a b l e - s i z e  d o  b e g i n  

11 TABLE[I] .synib:='' ; 
2 8  TABLE[I] . a c t u a l : = O ;  
4 6  TABLE[I ] . to l  :=O; 
64 TABLEI11 . p r e d i c t o r : = "  ; 
8 3 TABLE111 . e x p r  :=" ; 

102 T A B L E [ I ] . f l a g [ l ]  : = f a l s e ;  
127 TABLE[I] . f l a g  [2] : = f a l s e ;  
152 e n d ;  
1 5 9  DELIM:='! ' ; 
166  NAMELEN:=5; 
1 7 1  e n d ;  ( *  e n d  i n i t  *) 
18 8 



1 p r o c e d u r e  t a b l e i n  (*(TAlG ,EXPR,POLMPR: s t r i n g )  *) ; 
127 var 
127 I ,FREE: in t e g e r  ; 
129 done:boolean;  

0 b e g i n  
0 DONE: = f a l s e ;  

19 I:=l; 
23  FREE:=O; 
26 r e p e a t  
2 6 i f  (TABLE111 .sy&=") a n d  (FREE=O) t h e n  FREE:=I 
5 2 else i f  TABLE[ I] .symb=TAFG t h e n  b e g i n  
7 9 TABLE[I] .expr:=MPR; 
9 9 TABLE[I] .predictor:=POLFXPR; 

119 DONE: = t r u e ;  
123  message (conca t  (' D e f i n i t i o n  f o r  "', 
15 7 TAM: ,'I' h a s  b e e n  r e p l a c e d -  '1) ; 
19 9 end ; 
19 9 I:=I+l; 
207 u n t i l  DONE o r  ( D t a b l e - s i z e )  ; 
218 i f  (not  DONE) t h e n  b e g i n  
22 4 i f  (F REE<>O) t h e n  b e g i n  
230 TABLE[FREX] .symb:=TAIG; 
2 47 TABLE [ FREE] . exp r : = MPR; 
2 66 TABLE [ FREE] . p r  e d i  c t  o r  : =PO LEXPR; 
285 end 
285 else message (' Symb 01 t a b l e  f u l l  ! ') ; 
312 end 
312 end;  ( * e n d  of t a b l e i n  *) - 
328 

1 p r o c e d u r e  parse{(MPR: s t r i n g ) )  ; 
43  v a r  
43  INDX : i n t e g e r ;  
44 TARG ,POLS%: s t r i n g  ; 

0 b e g i n  
0 LNDX :=pos ('=' ,EXPR) ; 

18 i f  INIX >O t h e n b e g i n  
24  i f  INIK>NAMELEN t h e n  TAlC :=copy (EXPR, 1 ,NAMELEN) 
49 else T A E  :=copy (MPR, 1 ,INIlX- 1) ; 
7 1 POLS%:=" ; 
7 8 T E M P S ~ : = ' ) '  ; 
85 I N D X  :=INDX+l;{skip '=' ) 
9 1 MPR:=concat (MPR,TEMPSTR) ; 

120 TEMPSTR:=' (' ; 
127 i n  topos t  (MPR,INIX ,DELIM,NAMELEN,TEMP STR ,POLSIR) ; 
147 MPR:=cop y (EXPR, 1,  l e n g t h  (MPR) -1) ;{remove ')' a g a i n  ) 
167 t a b l e i n  (TARG ,EXPR,POLS'IR) ; 
175 end 
175 else beg in  
17 7 gotoxY (0,O) ; 
18 2 w r i t e  (chr  (11) , 
19 2 ' Bad e x p r e s s i o n  II =*I m iss ing .  ', c h r  (7) ; 
246 e n d ;  
246 e n d ;  
2 60 

9 5 



1 procedure  e d i t o r ;  
1 c o n s t  
1 xpos =2; 
1 v a r  
1 I,J : i n t e g e r ;  
3 INSRT :boolean;  
4 
1 procedure  he lp  ( s e l e c t o r :  i n t e g e r  ) ; 
0 b e g i n  

&ite (chr  (12))  ;gotoxy ( 0 , l )  ; 
c a s e  s e l e c t o r  of 
1 : w r i t e l n (  

'Enter t he  NUMBER of t h e  EXPRESSION t o  be ed i t ed .  ') ; 
2 :begin 

w r i t e l n ( '  The f o l l m i n g  cha rac t e r s  '1 ; 
writeln( 'may not  be  e n t e r r e d  a s  t e x t : ' ) ;  - 
w r i t e l n ;  
w r i t e l n ( '  KEY FUNCTION' ) ; 
w r i t e  l n ;  
w r i t e  I n  (' ESC leave  the ED IT OR' ) ; 
w r i t e  l n  (' CTRL D d e l e t e  the  c h a r a c t e r ' ) ;  
w r i t e l n ( '  CTRL E del .  t o  end of l i ne ' )  ; 
w r i t e l n ( '  CTRL I i n s e r t  toggle ' )  ; 
w r i t e l n ( '  ( l e f t  arrow ) backspace') ; 
end ; 

end;{case) 
pause; 

627 end;  
64 4 

1 procedure prompt; 
0 beg in  
0 r e p e a t  
0 gotoxy ( 0 , l )  ; 
5 w r i t e  (chr ( l 2 ) ,  'Which i t e m  (en te r  i tem #) ?') ; 

54 g e  t a l i n e  (TEMP STR, t r u e )  ; 
62 i f  TEMPS?R=" t h e n  e x i t  ( e d i t o r ) ;  
7 7 i f  ord (TEMP S'IR [ 11 ) = 27 then  e x i t  ( e d i t o r )  ; 
9 2 i f  TEMP SIR='? ' t h e n  help (1) 

102 e l s e  J :=trunc ( c t b  (TEMP S' IR )  ) ; 
120 u n t i l  TEMPSTR <> '? ' ; 
129 end; 
1 44 

1 procedure de l cha r ;  
0 begin  
0 TABLE[J] .expr:=concat(copy(TABLE[J] .expr, 1 , I - I ) ,  

5 8  copy(TABLE[ J l  .expr,I+l,length(TABLE[ Jl =expr)-1) ) ; 
120 gotoxy(xpos+I,3) ;  
129 w r i t e ( c h r ( l l ) ,  
1 39 copy(TABLE[J] .expr,I,length(TABLE[J] .expr)-I+1)) ; 
198 end; 
210 



0 begin  
0 prompt; { f o r  i t e m t o  e d i t )  
2 i f  J <= table-s ize then  beg in  
7 I := length  (TABLEI J l  .symb )+2; 

2 5 i f  l eng th  (TABLE[ J ]  .sy& ) <> 0 then  begin  
4 3 gotoxy (xpos+1,3) ;wr i t e  (chr  (11) ,TABLE[ Jl -expr)  ; 
8 3 INSRT:=false; 
8 6 r e p e a t  
86 gotoxy (1919) ; 
91 i f  INSRT 
9 1 then w r i t e  ( ' i n s e r t  mode ') e l s e  w r i t e  (chr  (11) ) ; 

129 gotoxy (xpos+I,3) ; 
136 ge t (keyboard) ;  
1 44 i f  o rd  (keyboard6)=27 t h e n  e x i t  ( e d i t o r )  
158 e l s e  i f  keyboard6='?' t h e n  he lp  (2) 
17 1 e l s e  i f  ord(keyboardn)  =21 then I:=I+l 
186 e l s e  i f  ord (keyboard6) =8 
19 8 then beg in  I:=I-1; i f  I< 1 then I:=l; end 
2 15 e l s e  i f  o rd  (keyboardn)=4 then  d e l d a r  
22 7 e l s e  i f  ord(keyboardn)=5 then  beg in  
2 41 i f  I = 1 then  TABLE[J] .expr:=" e l s e  
267 TABLE[ J ]  .expr:=copy(TABLE[ J ]  .expry 1 ,I-1) ; 
3 08 goroxy (xpos+I,3) ;wr i te  ( ch r  (11) ) ; 
32 5 end 
325 e l s e  i f  ord(keyboardn)=9 
333 then  I N  SRT: = (no t  INSRT) { c t r l  I 1 
339 e l s e  i f  ord(keyboardn) 0 32 then  begin 
3 53 i f  INSRT o r  ( I  > l e n g t h  (TA?3LE[ J l  . e x . r ) )  
372 then  begin  
3 75 i f  I > l e n g t h  (TABLE[ J ]  .expr ) t h e n  begin  
39 5 I := length  (TABLE[ J ]  .expr)  ; 
41 3 TABLE[ J]  .expr:= 
42 7 concat(copy(TABLE[ J]  .expry 1 , I ) ,  
4 63 copy(TABLE1 J l  .expry 1 , l ) )  ; 
498 I:=I+l; 
5 03 end 
5 03 e l s e  begin  
5 05 TABLE[J] .expr:= 
519 concat(copy(TABLE[ Jl .expry 1 , I ) ,  
555 copy(TABLE[ J]  . e x p r , I ,  
5 73 l e n g t h  (TABLE[ J l  .expr)-I+l))  ; 
60 9 end ; 
60 9 TABLE[J] .expr [ I ]  :=keyboard6; 
63 2 gotoxy (xpos+I,3) ; 
63 9 w r i t e  (copy(TABLE[ Jl . exp r , I ,  
659 length(TABLE[ J l  .expr)-I+1) ) ; 
6 90 end 



e 1s e b egin 
TABLE[.J] .expr [ I ]  :=keyboardn; 
gotoxy (xpos+I,3) ;put (keyboard ) ; 

end ; 
I:=I+l; 

end ; 
i f  I < 1 then I:=l; 

u n t i l  (ord (keyboardA) = 32) ; 
i f  l e n g t h  (TPaLE[J] .expr)>O then 
i f  TABLE[J] .expr[length(TABLEIJ] .expr) l  =' ' 
then  TABLE[ J ]  .expr:= 

copy(TABLE[ J ]  .expry 1 ,length(TABLE[ J1 -expr)- l )  ; 
p a r s e  (TABLE[ J l  .expr) ;  
i f  pos (conca t  (TABLEI J ]  .synb, '='I ,TABLE[ Jl =expr)=O 
then  TABLE[ J] .syr&:=" ; { i t e m  h a s  been d e l e t e d )  

end 
e l s e  beg in  gotoxy (0,O) ; 

w r i t e  ( c h r ( l l ) ,  ' i t e m  ', j, ' i s  empty! '1 ;end; 
end 
e l s e  begin  

gotoxy (0,O) ; 
w r i t e  (chr  (11) , 

' I t e m  f must be between 1 and ', table-s ize)  ; 
end ; 

1088 end;  
1124 

1 procedure d e f i n e r  ; 
1 v a r  
1 QUIT: boolean ; 
2 MPR:s t r ing ;  

43 I,J,INDX:integer; 
46 
1 procedure h e l p l ;  
0 beg in  
0 w r i t e  (chr  (12) ) ;gotoxy ( 0 , l )  ; 

15 wr i te ln( 'The  system i s  expec t ing  a 
89 wr i t e ln ( ' equa t ion  of t h e  fo l lowing  

148 w r  i t e l n ;  
156 writeln('VARIABLE NAME f o l l m e d  by 

PREDICTOR' ) ; 
form: ' ) ;- 

"=", followed by ') ;' 

229 w r i t e l n ( ' a  f u l l y  pa r  en thes ized  express ion  including ' )  ; 
307 writeln('0PERATORS (+,-, *, /, @) , and CONSTANTS ') ; 
364 pause; 
367 end;  
380 

1 procedur he lp2;  
0 beg in  
0 write(chr(12));gotoxy(O,l); 

15 wri te ln( 'The MEASURED value  is  considered co r rec t  when'); 
92 wr i t e ln ( 'w i th in  PREDICTED VALUE + o r  - TOLERANCE' ) ; 

172 pause; 
175 end ;  
18 8 



1 procedure help3; 
0  begin 
0  wr i te  (chr (12) ) ;gotoxy ( 0 , l )  ; 

15 writeln( 'The Format f o r  each VARIABLE. 
93 w r i t e l n ( ' i s  a  set of t h r e e  nunjbers:') ; 

127 wri te  l n  (' 1: Colum a t  which the  v a r i a b l e  begins  ') ; 
195 w r i t e l n  (' 2: The t o t a l  l e n g t h  of t h i s  va r i ab les  ') ; 
273 w r i t e l n ( '  3: The nuuber of decimal d i g i t s . ' ) ;  
355 w r i t e l n  (' overridden by a  ". " i n  the da ta ' )  ; 
430 wri te  l n ;  
438 wr i t e ln ( '  Enter th ree  nu&ers, s epa ra ted  by commas') ; 
517 pause; 
520 end;  
53 2 

1  procedure help4; 
0 begin 
0 wri te  (chr  (12) ) ;gotoxy ( 0 , l )  ; 

15 wr i t e ln ( '  To REORDER two expressions type  the item no. '); 
95 wr i t e ln ( '  t h a t  is  t o  b e  moved, co~rrma, ') ; 

173 w r i t e l n ( '  t h e  ralnber of t h e  d e s t i n a t i o n  l o c a t i o n  ') ; 
251 wr i t e ln ( '  MAMPLE: "8,4" moves i t e m  #8 t o  p o s i t i o n  4.') ; 
332 wr i t e ln ( '  I t e m  4-7 a r e  moved t o  l o c a t i o n s  5-80') ; 
413 pause; 
416 end; 
428 

I procedure reorder  ; 
1 var 
1 S,D ,INC,J:integer; 
5  BUFF :sy&-rec; 
0  begin 

wr i te  (chr (12)) ; gotoxy ( 0 , l )  ; 
wri te  (' ENTER.. SOURCE INDEX ,DESTINATION I N D E X  ? ') ; 
S:=O; D:=O; 
ge t a l i n e  ( T a p  STR, t r u e  ) ; 
i f  TEMP SIR='? ' t h e n  help4 
e l s e  i f  length  (TEMPSIR) > O  then 

i f  (ord (TEMP STR [ 11 ) =27) t h e n  e x i t  ( reorder  ) 
e l s e  begin 

i f  pos(',',TEMPSTR) <> 0 then begin 
I N C  :=pos (' , ',TEM?STR) ; 
S:=trunc (c tb  (copy(TEMPSTR, 1 ,INC-1) ) )  ; 
I M C : = I N C + l ;  {sk ip  ', ') 
D:=trunc (c tb  (copy(TEMPSTR,INC, 

length  (TEMPSIR) -INC+l) ) )  ; 
end 
e l s e  help4; 

end ; 



221 i f  (S=D)or (S< 1)or  ( S t a b l e  - s i z e ) o r  (D<l)or 
236 (D>table-siz e )  
239 t h e n  e x i t ( r e o r d e r ) ;  
246 i f  S < D then  I N C : = l  e l s e  INC:=-1;  
260 BUFF:=TABLE[S]; 
277 r e p e a t  TABLE[S] :=TABLE[StINC] ; S:=S+INC; u n t i l  S=D; 
316 TABLE[Dl:=BUFF; 
333 end; 
348 

1 procedure  s c a l e ;  
1 va r  
1 K: in teger ;  
2 x: r e a l  ; 
4 ERR: boolean; 
0 b egin 
0 ERR:=false; 
3 w r i t e  (chr  (12) ) ; gotoxy (6 , l )  ; 

18 w r i t e (  
18 ' Enter OPERATOR (+,- ,*, /) fo l lawed by a cons tan t .  ') ; 
78 TEMP S'IR:=' ' ; 
87 getaline(TEMPS131,true); 
95 i f  l eng th  (TEMPSIR) > 1 then  begin 

105 x:=valof (copy (TEMPS'IR, 2 ,  l ength  (TEIPSTR) -1) ,ERR) ; 
135 i f  ERR then  w r i t e l n ( '  ERROR' ) e l s e  
166 f o r  K:= 1 t o  table-size do i f  TABLE[K] -symb <> " 
189 then  c a s e  TEMPSTR[ 11 of 
2 05 '+' :TABLE[K] .tol:=TABLE[K] . to1 + x ;  
2 44 '-':TABLE[K]-.tol:=TABLE[K] = t o 1  - X ;  

283 '*':TABLE[K] .tol:=TABLE[K] . to1  * x ;  
3 22 '/':TABLE[K] .tol:=TABLE[K] . to1 / x ;  
361 end ; 
387 
387 end;  
387 end;  
41 4 
41 4 

0 beg in  
0 QUIT:=false; 
3 TEMPS'lR:=' '; 

10 w r i t e  (chr  (12))  ; gotoxy ( 0 , l )  ; 
25 whi le  not QUIT do begin 
29 TEMPS?R:=' '; 
3 6 gotoxy ((),I) ; 
4 1 w r i t e  (chr (11) , 
5 1 'E(xpressions,  T (o le rances ,  F(ormats or  Q ( u i t  ') ; 

108 g e t k e y b o a r d ) ;  TEMPS131[ 11 :=keyboardA; 
129 w r i t e l n ;  



case  TEMP STR [ 11 of 
'e ' , ' E' : begin 

I:=l; 
whi l e  not QUIT do begin  

gotoxy ( O J )  ; 
w r i t e ( c h r ( l l ) , ' E n t e r  exp res s ion  =>'); 
EXPR:=" ; TmSTR:=' ' 
get (keyboard)  ; TEMPS'IRI 11 :=keyboardn; 
w r i t e  (TEMPSTR [ 11 ) ; 
i f  TEMPSTR[l] = '?' t h e n  help1 
e l s e  i f  TEMPS% [ 11 = c h r  (18) t h e n  reorder  
e l s e  w h i l e  TEWSTR [ 11 0 c h r  (32) do  begin 

i f  TEMPS?R[l] = c h r ( 5 )  
t hen  b eg in  

g o r o q  (19 , I )  ;wr i t e  ( ch r  (11) ) ;EXPR:=" ; 
end 
e l s e  i f  TEtfI?S'IR[l] = c h r ( 8 )  {backspace) 

t hen  b e g i n  
EXPR:=cop y (MPR, 1, length  (MPR) -1) ; 
w r i t e  (' ' , ch r  (8) ) ; 

end 
e l s e  i f  ord(TEMl?S?R[ 11) > 31 

t h e n  EXPR:=conc a t  (EXPR,TDP STR) ; 
g e t  (keybozird); 
TFMP STR [ 11 :=keyboardn ;wr i te  (TEMP S?R [ 11 ) ; 

end; {end w h i l e  loop ) 
i f  l e n g t h  (MPR) = 0 then  QUIT:=true 
e l s e  beg in  

p a r s e  (MPR) ; 
I:=Ii-1; 

end ; 
end ; {end w h i l e  loop  ) 
QUIT : = f a l s e ;  

end ; 
't ', 'T' : 

f o r  I:=l t o  tab le-s ize  do begin 
i f  TABLE[ I] .sy& 0 " t h e n  begin 

r e p e a t  
wr i te ( 'To1erance  f o r  ',TABLE[I] 0 ~ ~ 6 ,  ' ='); 
g e  t a l i n e  (TEMP STR, t r u e  ) ; 
i f  TEMP S'IR-'? ' t h e n  help2 
e l s e  i f  ord(TEMPS?R[11)=19 

t h e n  b e g i n  s c a l e ;  e x i t  (def iner  ) ; end 
e l s e  i f  l e n g t h  (TEMP STR) > O  then 

i f  (ord (TEMPSTRF 11 )=27) 
then  e x i t  (de f ine r  ) 
else TABLE[I] . t o l :=c tb  (TEMPSIIR) ; 

u n t i l  TEMPS'IX 0 '?'; 
end ; 
w r i t e l n ;  

end ; 



'f ', 'F' : 
f o r  I:=1 t o  table-size do begin  

i f  TABLE[I] .symb o " t h e n  begin 
r e p e a t  

w r i t e  ('Format f o r  ',TABLE[ I] osymb, ' =') ; 
ge t a l i n e  (TEMP SIR, true) ; 
i f  TEMPS?R='?' t h e n  help3 
e l s e  i f  l eng th  (TEMP STR) >O then  

i f  (ord (TEMP S'DR [ 11 ) =27) 
t h e n  e x i t  (de f ine r  ) 
e l s e  beg in  

J:=1; TEMYSTR:=CO~C~~(TEMPSTR, ', ') ; 
whi le  (pos (', ',TEMPSTR) <>O) and 

( J  c 4) d o  begin 
INDX :=pos (' , ' ,TEMP STR) ; 
W L E [ I ]  .fmt [ J l  := 
t runc  ( c tb  (copy (TEMPSTR, 1 ,INDX-1) 1) ; 
TEMPSTR:=copy(TEMPSTR,INDX+l, 

l e n g t h  (TEMP STR) -1Nm) ; 
J:=J+l; 

end ; 
end ; 

u n t i l  TEMPSTR <> '?'; 
end ; 
w r i t e l n ;  

end ; 
'q ', 'Q' :QlJIT:=true; 
end;  {case )  
end;(* end w h i l e  loop *) 

end;  (* end d e f i n e r  *) 

procedure c o l l e c t o r ;  
v a r  

I: i n t e g e r  ; 

procedure help ; 
begin  

wr i t e  (chr  (12))  ;gotoxy ( 0 , l )  ; 
w r i t e l n  ( 

'Enter t he  OBSERVED va lue  f o r  the  g iven  var  i ab l e .  ') ; 
pause ; 

end ; 



10:0 0 beg in  
1O:l 0 gotoxy ( 0 , l )  ; 
10:l 5 f o r  I := 1 t o  table-s ize do begin 
10:3 16 i f  TABLE[I] .sy& o " t h e n  begin  
10:5 3 5 r e p e a t  
10:6 3 5 w r i t e  (chr(11)  ,TABLE111 .symb:-10,' ?'I ; 
10:6 8 1 g e t a l i n e  (TEMPS'IR, t r u e )  ; 
10:6 89 i f  TEMPS'IR='?' t h e n  help 
10:6 98 else i f  l eng th  (TEMP SIR) >O then  
10:8 112 i f  ord (TEMPSTR[l]) = 27 
10:8 119 t h e n  e x i t  ( c o l l e c t o r )  
10:8 127 e l s e  TABLE[I] . ac tua l :=c tb  (TEMPSIX) ; 
10:5 154 u n t i l  TEMPS'IR o '?'; 
10:4 163 end ; 
10:3 163 w r i t e l n ;  
10:2 171 end; 
10:O 178 end ;  (* end c o l l e c t o r  *) 

1 :O 0 begin  end. 



APPENDIX - B. 

The Data Monitor System Software -- 

Thi s  system h a s  been des igned  t o  be  run  on small  computers 

with l i m i t e d  memory and mass s t o r a g e .  I t  i s  w r i t t e n  in Pasca l  

f o r  the  Un ive r s i t y  of C a l i f o r n i a  San Diego (UC9)) p a s c a l  system 

and h a s  been developed u s i n g  an APPLE I1 computer w i th  64K by te s  

of Ramdom Access Memry (RAM) and 1 d i s k 1 1  5 1 / 4  inch f loppy 

d i s k  d r ive .  Implementation dependencies  were  avoided whenever 

p o s s i b l e  b u t  t h e  few t h a t  were  necessary  t o  inc lude  a r e  poin ted  

out in this d i scuss ion .  

A h i e ra rchy  of sub systems,  each invoked by a command 

s e l e c t e d  from t h e  l e v e l  above it, c o n s t i t u t e s  t h e  s t r u c t u r e  of 

t h e  monitor ing system. Zero o r  more commands a r e  a v a i l a b l e  a t  

each l e v e l  which a l luws  f u r t h e r  d e s c e n t  i n t o  the  h ie rarchy ,  the  

changing of r e l e v a n t  parameters a t  t h e  c u r r e n t  l e v e l ,  o r  

ascending t h e  h ie rarchy  back t o  t he  l e v e l  which i n i t i a t e d  t h e  

c u r r e n t  invoca t ion .  I f  zero commands a r e  a v a i l a b l e  then t h a t  sub 

s e c t i o n  of t h e  system i s  n o t  i n t e r a c t i v e .  I t s  i n v o c a t i o n  is  

c u r r e n t  u n t i l  i t s  t a s k  i s  f i n i s h e d ,  when it immediately r e tu rns  . 

t o  the l e v e l  which c a l l e d  i t .  The system h i e r a r c h y  i s  shown in 

F igu re  3 1 .  

Any command a t  any l e v e l  i s  s e l e c t e d  by typ ing  only one 

c h a r a c t e r  on the  keyboard. Once the key has  been s t r u c k  the  

command begins  execu t ion  immediately, wi thout  t h e  need f o r  a 

c a r r i a g e  r e t u r n .  I f  t h e  key t h a t  i s  s t r u c k  does no t  correspond 

t o  one of t h e  a v a i l a b l e  conrmands t h e n  it i s  ignored.  None of t he  



commands accep t  o r  r e q u i r e  parameters .  I f  a command needs 

in•’  ormation be• ’  o r e  it begins  process ing  (such a s  the  need f o r  a 

f i l e  name w i t h  the  READ, SAVE and WRITE commands) t h e n  the u s e r  

i s  prompted f o r  t h i s  i n f o r m  t i o n  immediately a f t e r  the command 

has been i s s u e d .  

The only  command t h a t  i s  recognizable  w h i l e  the system i s  

busy i s  t h e  ESCape command. I s s u i n g  t h i s  command causes t h e  

system t o  i n t e r r u p t  what  it is doing and r e t u r n  t o  the  previous  

command l e v e l .  The system i s  n o t  i n t e r r u p t  d r i v e n  so the  

r ecogn i t i on  of a k e y s t r i k e  du r ing  e x e c u t i o n  of any p i e c e  of code 

must be  done by p o l l i n g .  (A r o u t i n e  which looks  d i r e c t l y  a t  t h e  

keyboard b u f f e r  is inc luded  i n  the  UTILS u n i t . )  Most processes  

i n  the Data Monitor ing System p o l l  t h e  keyboard p e r i o d i c a l l y  and 

respond t o  t he  ESCape key. 

Much of t h e  code f o r  t he  system r e s i d e s  i n  the modified 

system l i b r a r y  which m u s t  b e  p r e s e n t  when compil ing o r  running 

the system. A l l  r o u t i n e s  which do  not  r e q u i r e  input  o r  output  

with dev ices  o the r  than the  conso le  a r e  p l aced  i n  t h i s  l i b r a r y .  

Deta i l s  f o r  c o n s t r u c t i n g  such l i b r a r i e s  can  b e  found i n  the 

APPLE PASCAL USER'S GUIDE (APPLE, 1978) and Tonkens (1982) .  

The main program and a l l  p rocedures  t h a t  acces s  t h e  d i s k  

a r e  compiled and s t o r e d  i n  a code f i l e  f o r  execu t ion  v i a  the 

U C S I  system's RUN command. Theref o r e  the  f i l e s  needed t o  run  the 

system (bes ides  t h e  p a s c a l  sys t em f i l e s )  are  the modified 

l i b r a r y  f i l e  and t h e  main code f i l e .  



The L ib ra ry  - 

The code which i s  s t o r e d  i n  the l i b r a r y  i s  organized i n  the 

form of two UNITS, named POLISH and UTILS. The UTILS u n i t  

con ta ins  t h e  u t i l i t y  r o u t i n e s  which are used  ex tens ive ly  

throughout the  system, by both POLISH and t h e  main program 

( c a l l e d  DATAIDNITOR) . The keyboard h a n d l i n g  r o u t i n e s ,  da t a  

convers ion  r o u t i n e s  (such as CTB Which c o n v e r t s  a n  A S C I I  s t r i n g  

t o  b i n a r y )  and o ther  o f t e n  used  r o u t i n e s  a r e  compiled as a u n i t  

and s t o r e d  i n  the l i b r a r y  under t he  name UTILS. S i n c e  both  

DATAMONITOR and POLISH r e q u i r e  t h e s e  u t i l i t y  r o u t i n e s  t he  UTILS 

u n i t  must b e  compiled, s t o r e d  i n  a l i b r a r y  and made a v a i l a b l e  t o  

t h e  o t h e r  segments b e f o r e  they a r e  compiled. 

The POLISH u n i t  con ta ins  procedures  t h a t  a r e  d i r e c t l y  

r e l a t e d  t o  the  main func t ions  of t h e  system. The f i r s t  major 

r o u t i n e  is  INTOPOST which conve r t s  e x p r e s s i o n s  which a r e  in 

INFIX n o t a t i o n  t o  POSTFIX ( o r  r e v e r s e  POLISH) no ta t ion .  T h i s  

opt imiz e s  t he  subsequent  e v a l u a t i o n  of t h e  e x p r e s s i o n  by the 

o the r  r o u t i n e s  i n  the system. INTOPOST i s  a r e c u r s i v e  expres s ion  

pa r se r  t h a t  u s e s  t h e  r e c u r s i o n  s t a c k  t o  c o n s t r u c t  a  p o s t f i x  

exp res s ion  which i s  e q u i v a l e n t  t o  t he  INFIX expres s ion  inpu t -  

During t h e  convers ion  of a n  unpa ren thes i zed  express ion ,  t he  

ope ra to r  w i t h  the  h ighes t  p r i o r i t y  i s  e v a l u a t e d  b e f o r e  the 

o t h e r s ,  and t h e  l e f t  most o p e r a t o r  b e f o r e  t he  o t h e r s  i n  the c a s e  

of e q u a l  p r i o r i t i e s .  The i n c l u s i o n  of pa ren theses  causes  t he  



e v a l u a t i o n  of t h e  exp res s ion  w i t h i n  the par  en theses  t o  occur  

f i r s t .  Tremblay and Sorenson (1976) p rov ide  an  e x c e l l e n t  

d i s c u s s i o n  of I N F I X  t o  POSTFIX expres s ion  conversion.  

The r o u t i n e  EVALUATE e v a l u a t e s  a POSTFIX expres s ion  in one 

pass  where it would r e q u i r e  many p a s s e s  f o r  all b u t  t he  most 

simple INFIX expres s ion .  

The EDITOR i s  a l s o  conta ined  i n  the POLISH un i t .  T h i s  

e d i t o r  is a v i s u a l  e d i t o r  which i s  r e s t r i c t e d  t o  o p e r a t i o n  on 

one l i n e  of t h e  screen .  I t  provides  f o r  cu r so r  p o s i t i o n i n g ,  

i n s e r t s ,  d e l e t e s  and replacement  of t h e  c h a r a c t e r s  which a r e  

contained i n  a  l i n e  image b u f f e r .  The e d i t o r  is used t o  modify 

express ions  ( i n  INFIX n o t a t i o n )  and t h e n  r e p l a c e  them in .  the 

da t a  s t r u c t u r e  i n  p o s t f i x  n o t a t i o n .  The main program r e q u i r e s  

the  r o u t i n e s  i n  the  POLISH u n i t  and t h e r e f o r e  t h i s  u n i t  must be  

compiled and s t o r e d  i n  the  l i b r a r y  f o r  u s e  dur ing  compi la t ion  of 

t h e  main program. 

The MAIN Program -- 

The main program i s  compiled under the name DATAHINITOR. 

The c o d e f i l e  produced a f t e r  it h a s  s u c c e s s f u l l y  compiled may be  

executed by i s s u i n g  t h e  UCSD RUN command wh i l e  the c o d e f i l e  i s  

saved under  t he  name SY STEM.WRK -CODE or  by the  EXECUTE command 

' when it i s  saved  under another  name. I n  o rde r  t o  compile it 

s u c c e s s f u l l y  t h e  compiler  must b e  informed t h a t  t he  l i b r a r y  



u n i t s  POLISH and UTILS a r e  r equ i r ed .  T h i s  i s  done by t h e  USES 

s t a t emen t  a t  t h e  beginning  of t h e  program. 

Major D a t a  S t r u c t u r e  

The most important  da t a  s t r u c t u r e  in  the system i s  TABLE 

which i s  an  ar ray  of PASCAL records  of t y p e  "sYMB-REC" ( see  

program l i s t i n g  f o r  d e t a i l s  of SYMB-RE). The s i z e  of t h i s  a r r a y  

i s  t h e  l i m i t i n g  f a c t o r  f o r  the  mmber of p r e d i c t o r  equat ions  

t h a t  can b e  def ined  i n  a model. The l i m i t  is  c u r r e n t l y  s e t  a t  

f i f t y .  Each of t h e  elements  i n  TABLE con ta ins  t h e  dependent 

v a r i a b l e  name, t he  complete p r e d i c t o r  express ion ,  the c u r r e n t  

va lue  of t h e  dependent var  i a b l e  ( the  measured v a l u e ,  no t  t he  

p r e d i c t e d  v a l u e )  and t h e  format  s p e c i f i c a t i o n s .  Whenever a 

dependent v a r i a b l e  name s t r i n g  i s  empty, t h a t  e n t i r e  record  i s  

cons idered  t o  b e  unused. 

The SAVE procedure simply w r i t e s ,  onto the  d i s k ,  each 

elernent in TABLE t h a t  is  n o t  empty. The READ procedure i n p u t s  

t h e  d a t a  t h a t  was s t o r e d  by the  SAVE command, p l ac ing  t h e  

records  i n  success ive  l o c a t i o n s  of TABLE. The READ command 

d e s t r o y s  the  c u r r e n t  c o n t e n t s  of TABLE. 

10 TABLE i s  a g l o b a l  v a r i a b l e  and i s  used ex tens ive ly  by 

r o u t i n e s  i n  POLISH and DATAHINITOR. I t  is necessa ry ,  t he re f  o r e ,  

t h a t  it be  dec l a red  i n  POLISH as p a r t  of t h e  UNIT INTERFACE so 

* t h a t  it w i l l  a l s o  b e  known t o  DATAMONITOR. 



APPENDIX - C. 

Alphabet ic  L i s t  -- of Commands 

BATCH 
CO TLECT 
CD NS OLE 
CO NS OLE 
DATA 
DEFINE 
DELETE 
EDIT 
ERASE 
EXPRESSION 
FORMAT 
FULL 
FULL 
GO 
INSERT 
MI DEL 
PRINTER 
PRINTER 
QUIT 
READ 
REORD ER 
SAV E 
SCALE 
TERSE 
TER SE 
TOLERANCE 
TY PE 
V E F J F Y  
WRITE 
XECU TE 

KEY - LEVEL ACT I O N  

B 
C 
C 
CTRL C 
D 
D 
D 
E 
CTRL E 
E 
F 
F 
CrRL F 
G 
I 
M 
P 
CTRL P 
Q 
R 
R 
S 
S 
T 
CTRL T 
T 
T 
v 
W 
X 

Top 
Top 
TYPE, BATCH 
Top 
TY PE 
Top 
FDIT 
Top 
EXPRESSION, EDIT 
DEFINE 
D EFINE 
TYPE, BATCH 
Top 
TYPE; BATCH 
ED IT 
TYPE 
TYPE, BATCH 
Top 
Top, TYPE, BATCH 
Top 
EXPRESSION 
Top 
T O L U  CE 
TYPE, BATCH 
TOP 
DEFTNE 
Top 
Top 
Top 
TOP 

Begin b a t c h  processor .  
Begin C o l l e c t i n g  data .  
Output t o  console.  
Output t o  console.  
L i s t  c u r r e n t  va lues .  
Begin m d e l  d e f i n i t i o n .  
Dele te  char .  a t  cursor .  
Begin e d i t i n g .  
Erase t o  end of l i n e .  
Begin expres s ion  input .  
Begin format  input .  
F u l l  ou tput  l i s t i n g s  . 
F u l l  output  l i s t i n g s .  
Begin process ing .  
I n s e r t  char a t  cursor .  
Type o u t  c u r r e n t  model. 
Output t o  p r i n t e r .  
Output t o  p r i n t e r .  
Back t o  prev ious  l e v e l .  
I npu t  model f rom disk.  
Change expr.  order .  
Model t o  d i sk .  
Sca l e  t o l .  by c o n s t a n t  
Abbrev. output  l i s t i n g s .  
Abbrev. output  l i s t i n g s .  
Begin t o l e r  anc e input .  
P r i n t  ou t  Model or Data. 
Begin e r r o r  scan. 
Cur ren t  da t a  t o  d i sk .  
Evaluate  any expression.  



APPENDIX D. MEDIAN VALUES FOR DEMONSTRATION SUBJECTS,  

VARIABLE 
1 S U B J  
2 SEX 
3 WT 
4 HT 
5 T P S F  
6 SSSF 
7 I L S F  
8 ABSF 
9 T H S F  

10 MCSF 
11 ACHT 
12 RAHT 
13 STHT 
14 DAHT 
1 5  T I H T  
16 SPHT 
17 AGR 

VALUE 
7.000 
2.000 
56.300 
167.100 
18.600 
10.900 
l4.000 
3O.OOO 
35.400 
19.000 
137.400 
105.600 
81.200 
63.300 
44.500 
93.000 
26.100 

VARIABLE 
18 AGF 
19 FAG 
2 0 WRG 
2 1 CHG 
22 WAG 
23 THG 
24 CAG 
25 ANG 
26 B I A C  
2 7 B I I L  
28 TRCH 
2 9 FOOT 
30 HUY 
31 FEN 
32 S I T H T  
33 APCH 
34 HDG 

VALUE 
27.200 
24.100 
14.100 
82.200 
68.300 
56.300 
32.400 
18.400 
36.800 
28.900 
26.300 
23.300 
5.930 
8.880 
87.400 
17.000 
55.600 

MEDIAN VALUES FOR S U B J E C T  NUMBER 7 

VARIABLE 
S U B J  

SEX 
WT 
HT 

T P S F  
SSSF 
I L S F  
ABSF 
T H S F  
MCSF 
ACHT 
RAHT 
STHT 
DAHT 
T I H T  

' SPHT 
AGR 

VALUE 
8.000 
2.000 

57.800 
165 .goo 
18.500 
11.000 
14.600 
3O.OOO 
36.000 
25.600 

133.300 
102.700 
79.100 
6 0  300 
41.800 
90.900 
25.600 

VARIABLE 
18 AGF 
19 FAG 
20 WRG 
21 CHG 
22 WAG 
23, THG 
24 CAG 
2 5 AN G 
26 B I A C  
27 B I I L  
28 T RC H 
29 FOOT 
30 HUM 
31 FEM 
32 S I T H T  
33 APCH 
34 HDG 

VALUE 
26.400 
24.400 
14.700 
8.4.700 
65.700 
56.400 
36.800 
21.000 
36.900 
27.500 
24.600 
24.300 
6.240 
8.870 

90.200 
17.300 
53.800 

MEDIAN VALUES FOR S U B J E C T  NUMBER 8 



VARIABLE 
1 S U B J  
2 SEX 
3 WT 
4 HT 
5 T P S F  
6 SSSF 
7 I L S F  
8 ABSF 
9 THSF 

10 MCSF 
' 11 ACHT 

12 RAHT 
13 STHT 
14 DAHT 
15 T I H T  
16 SPHT 
17 AGR 

VARIABLE 
1 S U B J  
2 SEX 
3 WT 
4 HT 
5 T P S F  
6 SSSF 
7 I L S F  
8 ABSF 
9 THSF 

10 MCSF 
11 ACHT 
12 RAHT 
13 STHT 
14 DAHT 
15 ' T I H T  
16 SPHT 
17 AGR 

VALUE 
l3.000 
2.000 

61,400 
171.800 
14.800 
7.300 
8.500 

20.300 
25.700 
12.600 

136.600 
106.400 
83 000 
64,100 
43.000 
91,700 
28 . 100 

VARIABLE 
AGF 
FAG 
WRG 
CHG 
WAG 
THG 
CAG 
A?? G 

B I A C  
BIIL 
TRCH 
FOOT 

HUM 
FEM 

S I T H T  
APCH 
HDG 

MEDIAN VALUES FOR SUBJECT NUMBER 13 

VALUE 
57 000 
2.000 

62.600 
172.600 
10.500 
8.500 
7.100 

17.800 
15.300 
6.700 

141.000 
107.200 
82.700 
65,800 
43.600 
95,900 
26.300 

VARIABLE 
18 AGF 
19 FAG 
20 WRG 
21 CHG 
22, WAG 
2 3 THG 
24 CAG 
25 ANG 
2 6 BIAC 
27 B I I L  
28 TRCH 
29 FOOT 
30 HUM 
31 FEM 
32 S I T H T  
33 APCH 
34 HDG 

VALUE 
28.600 
24.800 
15.400 
85.300 
66.300 
58.400 
38.800 
21.800 
36.900 
29.800 
24.600 
24.000 
6.190 
9 0390 

9 2.700 
18. SO0 
57.000 

VALUE 
28.000 
25.300 
15.600 
85.500 
68.200 
55.500 
37.200 
22.300 
38.000 
28.600 
25.600 
23.600 
6.700 
8.910 

91.000 
17.200 
54.700 

MEDIAN VALUES FOR SUBJECT NUMBER 57 



APPENDIX E. 

Vari  abl e Names and Meanings 

SUB3 Subject 

SEX Sex 

WT 

HT 

TPSF 

SSSF 

I LSF 

ABSF 

THSF 

MCS F 

ACHT 

RAHT 

STHT 

DAHT 

TIHT 

SPHT 

AG R 

AGF 

FAG 

FIRG 

CHG 

WAG 

THG 

Weight 

Height 

Tr iceps Sk in fo l d  

Subscapular S k i n f o l  d 

Supra i l  i a c  S k i n f o l d  

Abdominal Sk in fo l  d 

Front  Thigh Sk in fo ld  

Medial Ca l f  Sk in fo l d  

Acrornial Height  

Radial Height  

Sty1 i on  Height  

Dactyl i on  Height  

T ib ia1 Height  (La te ra l )  

Spindle Height ( Anter ior-Super ior  Supine) 

Arm G i r t h  (Relaxed) 

Arm G i r t h  (Flexed) 

Forearm G i r t h  (Re1 axed) 

Wrist  G i r t h  (Proximal S t y l o i d  process) 

Chest G i  r t h  (Mesosternal ) 

Waist G i r t h  (Min Ci rc . )  

Thigh G i r t h  (1 cm. D i s ta l  Gluteal L ine) 

CAG 

ANG 

B I'AC 

B I I L  

TRCH 

FOOT 

HUM 

FEM 
S ITHT 

APCH 

HDG 

Cal f  G i r t h  (Max Ci rc . )  \ 

Ankle G i r t h  

B i  -Acromi a1 Breadth 

B i - I 1  ochr i  s t a l  Breadth 

Transverse Chest 

Foot Lenght (Akropodi on Pterni  on) 

Bi-Epicondylar Humerus Width 

Bi-Epicondylar Femur Width 

S i t t i n g  Height  

An te r io r -Pos te r io r  Chest Depth 

Head G i r t h  



Basic Program for Randomly S e l e c t i n g  S u b j e c t s  Var iab les  

0001 0 r e m  a random number gene ra to r  t o  s e l e c t  sub jec t  
0002 0 r em and v a r  i a b l e s  f o r  in t roducing  e r r o r .  
00030 p r i n t  
00040 p r i n t  
00050 f o r  j=l t o  4 
00060 p r i n t  'SUJ3.I # VARIABLE' 
00070 m x l = l l  
00080 mx2=31 
00090 f o r  k=l t o  10 
001 00 p r i n t  mod (int(rnd*10000) ,mxl )+l ,md (int(rnd*10000) ,mx2)+1 
00110 nex t  k 
0012C p r i n t  
OC130 p r i n t  
001 40 n e x t  j 
00150 p r i n t  
00160 p r i n t  
00170 p r i n t  'SUM # DESTINATION S OURC E' 
00180 p r i n t  ' VAPIABL E VMJABLE' 

00190 p r i n t  
00200 f o r  j=l t o  10 
002 10 1=mod ( in  t (rnd*10000) ,m2) +1 
00220 p r i n t  mod (int(rnd*10000) ,mxl )+l , l ,  

mod ( in  t (rnd*10000) ,mx2)+l 
00230 next  j 
002 40 p r i n t  
002 50 p r i n t  
00260 end 
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