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OVERVIEW : COGNITIVE TESTING WORKSHOP 

Many inves tigators do not agree about whether , or the ext ent  to 
which , nut rit ional fac tors a ffec t the cognit ive performance of mi l itary 
personnel .  Although modern warfare inc reases the need for opt imal 
cognit ive func t ioning , mi l itary personnel  mus t frequen t ly perform under 
condi t ions o f  less  than opt ima l nut rit ional support . To define the 
relat ionship  b etween nutri t ion and cognit ive performance more  c l ear ly , 
the Food and Nut rit ion Board's Commi t t ee on Mi litary Nut r i t ion Res earch 
within the Nat ional Res earch Counc i l's Commis s ion on Li fe Sc iences 
s ponsored a workshop at which experts on mi l i t ary performanc e , cognit ive 
t es t ing , and nut rit ion reviewed relevant data , ident i fi ed key i s s ues , and 
developed s t rategies for futur e  res earch . 

The firs t goal of  the workshop was to ascertain the current s ta t e  o f  
knowledge concerning cogn i t ive performanc e t es t ing . Toward this  end , 
part ic ipant s  were asked to pres ent papers describ ing the variety o f  
cogn i t ive t es t s  and t es t  ba t t er i es that have b een developed i n  recent 
years to as ses s  spec i fic aspec t s  of human cognit ive performance .  Th e  
speakers a l s o  discus s ed the appl icat ions o f  thes e tes t s  i n  var ious 
s et t ings .  It was the consensus of the workshop part icipants that tes ts 
now in us e provide measures o f  �portant aspec t s  o f  cognit ion l ikely to 
b e  a ffec t ed by nutrit ional variab l es and that res earch programs des igned 
to measur e  thes e e ffec t s  could begin by conduct ing thes e tes t s  and 
a s s es s ing the results . The part icipants also  agreed that b ecaus e human 
cognitive ab i l i t ies are extremely complex , no s ingl e  t es t  or t es t  ba ttery 
can b e  des igned to measure  a l l  aspec t s  o f  the e ffec t s  that nutrit ional 
fac tors can exert on cogn i t ive performance . 

A s econd goal of  the workshop was to develop guidel ines for selec t ing 
appropria t e  cogn i t ive tes t s  for us e by the Departmen t  o f  De fens e in i t s  
nutri t ion res earch program . After cons iderab l e  discus s ion , part ic ipants  
recommended tha t three c r iteria b e  given pr�ary cons idera t ion : 

• Tes ts should b e  s ens i t ive to the effec ts o f  nut rit ional 
variab l es . I t  would also  b e  use ful to  determine the t es t s '  

1 
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sens i t ivity to other variable s , such as sleep depr iva t ion and 
drugs , which can a l so a f fect b rain and body chemis t ry .  

Only tes t s  o f  known re liab i l i ty should be conduc ted . 
test was defined as one for which the maj or variables 
performance are known and there fore can be cont ro l led 
exper iment a l ly or treated as covariable s .  

A re l iab le 
a f fec t i ng 

• The tes t s  should be re levant to mi l i t ary tasks . Although there 
a re very few data corre lat ing cognit ive test scores with 
performanc e in combat or in other milit ary envi ronment s ,  it was 
neverthe less  agreed that measures of  certain cognit ive func t ions 
a re l ike ly to corre late  with mi lit ary performanc e during tasks 
with high cognit ive demand s .  

The thi rd goal o f  the workshop was to ident ify research top ic s with 
promise of improving our ab i l ity to assess  the e f fects  of  nutrit ion on 
the performanc e of  mi l i t ary personne l .  Workshop part ic ipant s ident i f ied 
two such sub j ec t s : 

• There is a need to determine the sens it ivity of exist ing tes t s  to 
measure cogn it ive func t ions such as attent ion , memory and 
learning , mood , read ing and comprehens ion , and se l f-monitoring of 
cognit ive performance . The inve st igat ions shou ld init ial ly focus 
on nut r i t iona l variables  that are l ike ly to be encountered by 
mi l itary personnel and suspected of af fect ing cognit ion on the 
bas i s  of previous observat ions such as those conc erning acute 
water and caloric deprivat ion . 

• The pred ict ive power of  laboratory tes t s  of cogni�t ion need s to 
be determined for mi litary personnel in s ituat ions invo lving heavy 
cognit ive demand s .  Re levant data could be obt ained by correla t ing 
the performance of mi l itary personnel on spec i f ic cognit ive 
batteries  with the ir performanc e under such demand ing fie ld 
cond i t ions . 
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SESSION I 

INTRODUCTION--CURRENT METHODS OF ASSESSING COGNITIVE PERFORMANCE 

The purpose of thi s  se ss ion was to review and discuss the current 
methods of assess ing cognit ive performance . Four areas of cognit ive 
re search are drawn upon to i l lustrate the kinds  of tes t s  that are 
avai lab le to the mi l i tary for studying the e f fect of nutrit iona l 
defic i t s  on cognit ive performanc e .  The se inc lude tes t s  of  attent ion , 
memory , neuropsycho logy , and complex problem solving .  Each of these 
areas is  discussed in re lat ion to the deve lopment of sens i t ive and 
re l iab le tests  of cognit ive func t ion . 

3 
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EVALUATING COMPLEX-PROBLEM-SOLVING ABILITY 

Earl  Hunt 

The human c laim to be king of  the beas t s  re s t s  on our ab i l ity to 
use reason rather than to fight , run , or b reed . Bec ause our power 
re s t s  on thought , it behooves us to be aware of anything in our 
environment , inc luding nutrit ion , that inf luences thinking ab i l ity .  We 
c an only be aware of how things inf luenc e  our thought if we can measure 
how we ll we are thinking . 

Measurement procedure s are based on theories about the variable to 
be measured . Phys ical hea l th could be measured by recording 
performance in athlet ic game s , but few physic ians would advocate such a 
procedure . A bette r p ic ture o f  phys ical hea lth can be obtained by 
breaking down phy s ical performance by spec i f ic phys iolog ical sys tems . 
It is  poss ible to take somewhat the same approach in analyz ing human 
cognition . Mental func t ioning can be ana lyzed by isolat ing and 
studying the e lementary informat ion-proce s s i ng capac i t ies  of the 
bra in.  This  is  the approach that jus t i f ie s  studies  of  memory , sensory 
d i s c r imina t ion , and the concentrat ion of  at tent ion as leg it imate part s 
o f  the study of cogn i t ion.  

Although such ana lyses are  use ful , they represent ind irec t 
approaches to the measurement problem .  No rat ional person i s  
interested i n  the re la t ion be tween , say , the amount of processed 
carbohydrates in a person ' s d iet and that person ' s abi l ity to retain 
l i s t s  of  arb it rary let t er-number pairs . The abi l i ty to  learn arbit rary 
as soc iat ions is only of interest  to the extent that it is  an i nd icator 
o f  a bas ic abi l ity to learn to make assoc iat ions that are use ful in 
solving rea l-world problems . If this is the case , then te st ing 
learning by us ing l i s t s  of  paired as soc iates is ana logous to tes t ing 
cardiac func t ion by us ing a b lood pre s sure cuf f .  We see here the 
importance of theory in measurement . I f  a person' s mental  competence 
is an  inev itable re sult  o f  his or her  competence in  e l ementary 
informat ion process ing ,  then general competence can be estab l i shed by 
measuring the var ious e l ementary c apac it ies in i solat ion . Procedure s 
c an be devi sed to do this , and there is some truth in this approach . A 
compendium of  an indiv idua l's bas ic ab i l it ies does provide some 
informat ion about gene ra l cognit ive abiiity , in part icular about 
negat ive ab i l ity . Peop le who are marked ly de f ic ient in a variety o f  

4 
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bas ic informat ion processes are unl ike ly to be capab le  ( by human 
s t andard s )  o f  very comp lex thought , jus t as the c las s ic 98-pound 
weakl ing is unl ike ly to be able to play profess ional footba l l .  
However ,  the posse s s ion o f  adequate bas ic  informat ion-process ing 
c apac i t ies permits but does not guarantee adequate or out standing 
prob lem-so lving abi l i ty . When people think ,  they synthes ize the i r  
e lementary informa t ion-process ing ab i l i t ies to solve problems . The 
qual ity o f  the synthe s i s  may often be the major determiner of the 
qua l ity of though t ( 1 ) .  

These rather abs trac t remarks can be given content by cons idering 
something that everyone would agree is  an example o f  higher-order 
cognit ion , problems in elementary phy s ic s .  Phy s i c s  problem solving has 
been s tudied in detai l ,  and several princ iples of  problem solving have 
been ident i f ied in the course of the research ( Chi  et a l . , 1981 ; Larkin 
!! a l . , 1 980 ) . 

- --

Phy s ic s  problems are verba l s t atement s describ ing a spec i f ic 
phys ical s itua t ion.  For examp le : 

A b lock o f  we ight w i s  placed on a plane of length m,  
inc l ined at an ang le a to  a horizont al floor . If the 

-

coe f f ic ient of  fric t ion between the block and the plane is £1 
what wi l l  the block ' s  speed be at the moment at which i t  
str ike s the hori zont al  floo r ?  

When expert phy s i c i s t s  see such problems , they f i r s t  c las s i fy them 
in terms of the abs tract phys ical princ iple involved ( Chi  e t  a l . , 
1 981 ) . The problem given above invo lves the balanc e of  forc es. The 
labe l ass igned to the problem cues the procedures for ca lculating the 
quant it ie s import ant in solving the problem ( Larkin et a l . , 1980 ) . The 
answer to a problem may be derived during these ca lculat ions or it may 
be eas i ly derivable from the ir re su l t s . I f  this is not so , the expert 
is  l ike ly to recons ider the problem,  trying new c lass i f icat ions and 
a�company ing procedure s unti l  the answer becomes apparent ( Larkin et 
a l . , 1 980 ) . Some general princ ip les can be ext rac ted from thi s 
eiamp le . Both expert s and novices call  on several di fferent 
informat ion-process ing c apac it ies in probl em  solving . They mus t  
recognize previou s ly seen s t imu l i , both a t  the phy s ical  leve l ( word s )  
and at the more abs tract leve l (concep t s , such as balance of  forc e ) . 
An interna l mental  repre sentat ion o f  the s ituat ion mus t be bui l t  up 
from a verbal descript ion . This imp l ies a capac ity for comprehens ion 
of language and an abi l i ty to ho ld informat ion in a temporary 
workspace ,  which wi l l  be c a l led working memo ry .  Mos t  people wi l l  
e ither imagine a diagram or draw one exp l ic it ly ,  �p ly ing an ab i li ty to 
manipu late vi sua l -spat ial image s .  Eventua l ly ,  equat ions must be 
so lved·. Thi s  process  requires the extrac t ion of  rule s from long-term 
memory and the ir exerc i se in working memory . 

A psycho log i s t  of  the 19th century would say that  phy s ic s  problem 
solving draws on several fac u l t ies of the mind . Since the term facu l t y  
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is  somewhat archa ic  ( 2 ) , the term latent trait wi l l  be used ins tead . 
Latent trait s are abs t rac t cons truc t s , repre sent ing mental capac ities 
that are drawn upon in produc ing overt , observab le problem solving .  
Problem solving i n  phy s i c s  is  i n  no way unique in it s drawing on 
several tra its . Virtual ly all  prob lem-so lving s i tuat ions depend on 
more than one mental abi l i ty . Th i s  is also true of  int e l l igence 
tes t s .  Most  such te s t s  are intent iona l ly compendiums of subte s t s  
requ1r1ng different types  o f  mental  behavior , i . e . , cal l ing upon 
d i f ferent t ra i t s  (Wechs le r ,  1 975) . 

Al l mental  tra i t s  are eventua l ly dete rmined by biological status , 
bec ause the exerc i se of  a trait requires informat ion proces s ing ,  and 
informat ion process ing is a func t ion of  the brain.  When performance is  
based on knowledge , the relationship between the brain,  as an 
informat ion processor , and the mind , as a problem solver , is  greatly 
attenuated . This is an important point for two reasons . 
Knowledge-dr iven behavior is  very import ant in human l i fe , espec ial ly 
once the ear ly schoo ling years have passed . Most of  us earn our place 
in soc iety by doing what we know how to do , not by be ing ab le to so lve 
the esoteric prob lems presented on int e l l igence te s t s .  Furthermore , 
knowledge is  not limi ted to dec larat ive knowledge about fac t s . Peop le 
a l so acqu ire procedural knowledge about how to solve problems . 
Procedura l knowledge may or may not be t ied to a domain.  Cont inuing 
with the phys ics i l lus tration,  the equa t ion re lat ing instantaneous 
ve loc ity to acce lerat ing forc e is a spec i f ic fac t of limi ted 
app l icab i l i ty .  The concept of  examining the re lat ionship between 
quant it ies to be conserved can be app l ied more wide ly , e . g . , to 
problems in balance of  forces , thermodynamic s ,  and the ana lys is o f  
e lectrical  c irc uit s .  Treat ing a spec i f ic prob lem a s  a spec ial case o f  
a genera l ized form o f  reasoning , such a s  arithmet ic o r  log ic , is  a very 
powerful technique that  works out s ide of phy s ic s . It  is also  a learned 
technique that is apparent ly associated with exposure to We stern 
school ing ( Scribner , 1978 ) . 

In genera l ,  the more doma in-spec i f ic a strategy is , the more 
e f f ic iently it  uses the brain ' s  bas ic informat ion-process ing 
c apac i t ies . Thi s  is  part icularly true of informat ion-process ing 
demands on working-memory capac i t ie s . The most effic ient way to solve 
a problem is to know the answer already , making no demand s on 
prob lem-solving mechani sms or the phys io logy behind them . To 
c omp l icate the issue , learning it se l f  is a phy s iolog ically  based 
proces s ,  and obvious ly the abi l i ty to learn is a neces sary , though not 
suffic ient , cond i t ion for the acqu i s i t ion of knowledge . 

To sum up ,.virtua l ly any act of  cognition forces the thinker to 
draw upon severa l latent trait s .  Thi s  has a strong imp l icat ion for 
s tud ies that wish to t reat cogn i t ion as a dependent variable 
manipulated by nonc ognit ive fac tors . We do not s tudy the re la t ionship 
between,  say , cadmium leve ls in hair and performance on an inte l l igenc e 
tes t bec ause we think cadmium a f fec t s  te s t  performanc e but because we 
be l ieve that cadmium indicates a phys iolog ical latent trait that in 
some way controls an intel lectua l  latent trait . The inte l lec tua l  
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trait, in turn ,  is ind icated by but is not identical to tes t 
performanc e .  For some phy s io logical variables  the use of ind icators 
does not unduly comp l icate the log ic of  the study , bec ause the 
ind icators are be lieved to be determined almo s t  ent ire ly by the latent 
trait of  intere s t . This assumpt ion is a lmos t  never j us t i fied in the 
analysis  of cognit ive behavior . Furthermore , it is almo s t  never 
j us t i f ied when soc iological variables are introduc ed into the p icture . 
( Does  anyone real ly be lieve that the cul tural mi l ieu o f  a chi ld ' s  home 
is  adequately indexed by fami ly inc ome?) 

In the fol lowing sec t ion the se genera l  point s are made concrete by 
examining three studies of the re lat ion between consumatory behavior 
and cognit ion . The stud ie s  were chosen to i l lustrate  measurement 
problems rathe r than to a f f irm or deny the authors ' substant ive 
conc lus ions . The firs t study use s a fairly s imp l i s t ic approach in 
which inferences are drawn from the experimental man ipulat ion of a 
s ing le ind icator.  The second study use s a mu l t ip le-regre ss ion approach 
to make its point , but does not exp l ic it ly cons ider latent traits and 
the ir re la t ionship . The third study doe s use a latent-trai t  approach . 

EXPERIMENTAL MANIPULATION OF COGNITION 

Many stud ies  ana lyze the e f fec t s  of an experimental manipulat ion on 
a s ing le dependent measure of cognit ion . A good examp le i s  Po l l i t  � 
a l . ' s  (198 3 )  s tudy of the effec t s  of  short-term fas t ing on the 
cognit ive performance of chi ldren.  A within-subject  des ign was used . 
Chi ldren aged 9 t o  1 1  years were given the matching fami l iar f igure s 
( MFF)  tes t ( Kagan e t  a l . , 1964) twice , once on days when they had eaten 
breakfas t and once-on�ays when they had not . The chi ldren were also 
given a standardized inte l l igence test  once to use inte l l igence as a 
covariate in the des ign . I t  was found that more errors were made on 
the MFF tes t  on the no-breakfast  than on the breakfast  day . The e f fec t 
was found for chi ldren with score s both above and be low the med ian on 
the inte l l igence te s t . The authors conc luded ( p .  1 7 3) that "MFF test 
f ind ings in the past  and pre sent study are re levant to the educat�ona l 
setting bec ause errors on this te st corre late negat ive ly with 
educat iona l ach ievement measure s . "  Two s tud ies are cited ind icat ing 
corre lat ions of about -0 . 4  between errors on the MFF and scores on 
tes t s  of bas ic schoo l ski l l s . 

The authors ' conc lus ions may or may not be true . The MFF tes t  
presents a cartoonl ike target f igure , such a s  a teddy bear s it t ing i n  a 
chair , and an array of  s ix s imilar c artoons , one of  which is  exac t ly 
ident ical to the target . The o thers d i f fer from the target in minor 
ways , e . g . , in the arrangement of a ribbon on the bear . The task is  to 
ident i fy the exact ly s imi lar item .  Pass ing the test  is  supposed to be 
an index of the ab i l i ty to take an ana lytical  perspec t ive in examining 
p icture s . Intui t ive l y ,  the te st  seems to involve some but not a l l  of  
the traits  that would lead to success  in  school and to have some unique 
features of its  own . This susp ic ion is re inforced by ana lyses 
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presented by the test  deve loper s ,  who pointed out that errors on the 
MFF t e s t  could be predic ted by the comb ined measures of int e l l igence 
and charac teri s t ic speed o f  re sponding . The c omb ined pred ic tors d id 
bet ter than either pred ic tor alone ( Kagan e! a l . , 1964 , p .  2 7 ) .  

Figure 1 presents an ana lys is of the Po l l i t t  e t  a l .  ( 1983 )  resul t s  
and summarizes the fol lowing point s : 

o The two observab le dependent measure s ,  MFF scores and 
school achievement score s , are produced by three latent trait s ,  
one common to the two tests  and two measure-unique trait s .  Thi s  
conc lus ion i s  based on the fac t that the abso lute va lue o f  the 
corre lat ion between the two measures is we l l  below the va lue it 
would have if  they were both measure s o f  the same trait  ( 3) .  

o Short-term fas t ing inf luences one of  the latent tra i t s  
underly ing the MFF t es t , but which one is  not known . 

MFFtest School 
skills test 

FIGURE 1 .  Different pos s ible exp lanations of  the resu l t s  o f  
Po l l i t e t  a l . ( 1983 ) . Fas t ing could inf luence 
factors-common to school achievement and behavior on 
the MFF tes t  or some factor unique to that tes t . In 
this and subsequent f igure s ,  observable variab les 
are shown in rec t ang les  and latent variables  are 
shown in hexagons . Causa l i ty is indicated by a 
s ing le-headed arrow. Corre lat ion without imp l icat ion 
of c ausal ity is shown by a double-headed arrow . 

Note that the cri t ic isms direc ted at thi s study have very l i t t le to 
do with the particular choice of the MFF score as a dependent 
variable . The same cri t ic isms could be direc ted at any study that used 
a s ing le dependent var iable that was a less than perfect ind icator of 
the variab le of intere s t  ( 4 ) . 
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A MULTIVARIATE STUDY WITHOUT LATENT VARIABLES 

Mul t ip le-regre s s ion stud ies  isolate a sing le dependent variable  and 
s tudy its  re lat ion to several independent variab le s . Experimenta l 
des igns such as that used in the Po l l it et a l . ( 1983) s tudy can be 
ana lyzed by mul t ip le regre s s ion ( Searle , -r97T) ,  so it is not surprising 
that mul t ip le-regress ion stud ie s  share some of  the problems of  
univariate exper imental des igns . This wi l l  be  seen in  the s tudy to  be  
d iscussed , a report by Le ster et a l . ( 1982) on  the re la t ion between 
refined carbohydrate intake and-cogn it ive func t ioning in chi ldren.  

Le ster et a l . ' s  s tudy was corre lat iona l in the sense that it made 
use of natural-covariat ion in var iab le s . There were two que s t ions of 
intere s t : does  intel lec tua l capac ity covary ( negat ive ly ) with the 
amount o f  re f ined carbohydrates in the diet , and if it doe s ,  is the 
l inkage assoc iated with a reduced abi l ity to rid the body of metal 
pol lutant s ?  School chi ldren aged 5 to 16  years in rura l Maryland were 
examined . Ful l-scale , verba l ,  and performance IQ s core s were est imated 
by using a form of the Wechs ler Inte l l igence Scale for Chi ldren 
( Wechs ler , 1 9 74 ) . The wide-range achievement tes t  ( WRAT) ( Jastak and 
Jas tak , 19 7 8 )  was a l so admini stered . This is a te st  of accomp l ishment 
in read ing , spe l l ing ,  and ari thmetic . The independent variables  were 
the amount of processed carbohydrates in the d iet , e s t imated from 
s e l f-report , and the amount of lead and cadmium in the chi ldren ' s 
hair . Age , sex , race , and a c oding for family soc ioeconomic status 
( SES ) were also  recorded for use as covariates . 

Ful l-scale  IQ scores covaried negat ive ly with the proport ion o f  
re fined carbohydrates i n  the diet ( r  = -0 . 25 ) . The reported-diet 
measure was s t at i s t ic a l ly independent o f  ( o r ,  more prec ise ly , not 
re l iab ly re lat ed to ) race , sex , age , and SES . The cadmium and lead 
content of hair both re l iab ly re lated to IQ score ( lead , r = -0 . 34 ;  
c admium , r = -0 . 3 1) . Cadmium ,  but not lead , was re l iably re la ted to 
carbohydrates in the diet  (� = 0 . 25 ) . 

Lester  et a l . then performed an intere s t ing and informat ive 
analys i s . They-computed a series o f  hierarchical mul t iple regress ions 
us ing the three int e l l igence measures ( fu l l -scale , verbal , and 
pe rformance IQ) and the three achievement measures as dependent 
vari ables . In each ana lysis  predict ions were first  made with race , 
sex , age , SES , and hair cadmium level as pred ictors . The re s idua l 
port ion o f  the dependent variable was then re lated to the port ion of 
processed carbohydrates in the diet . There was a re l iab le re lat ionship 
( 5) for every dependent variable  except spe l l ing .  On the bas i s  of  
thi s , Les ter e t  al .  conc luded that the consump t ion of proces sed 
carbohydrates�ad a negat ive effec t on mental competence beyond that 
due to its s t at i s t ic a l  ( and pos s ib ly c ausat ive ) as soc iat ion with high 
leve ls of  cadmium in the body . 

Thi s  s tudy has two not iceable advantages over such s tudies as that 
by Po l l it e t  a l .  ( 1983) . Mul t ip le measures of complex reasoning were 
used , and these measures could  be regarded as be ing important in 
themselves rather than as ind icators for some other variab le . Certain 
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technic a l  s tat i s t ical  issue s  could  be rai sed , but these probably do not 
affect the thrust of  the re su l t s  ( 6 ) . A more re levant crit ic i sm i s  
that Lester e t  a l . might have pre sented a much c learer p icture o f  the ir 
re sul ts  i f  they�ad used a latent-trait analys is  ins tead o f  res t rict ing. 
the ir attent ion to para l l e l  regre s s ion·ana lyses of ind ividual 
var iables . Let us cons ider why . 

It can be argued that mental  competenc ies fa l l  into two broad 
areas , verbal and nonverbal reasoning . Note that the s t ress  here is  on 
competency and not the achievement-ap t itude dist inc t ion �p l ic it in 
separat ing the IQ and WRAT measure s .  The various dependent variab l e s  
in the Le s t er e t  a l . s tudy could  b e  looked o n  a s  ind ic ators o f  these 
two latent traits

-
,
-

with each compe tency various ly invo lved in each 
tes t . S imi larly , the independent va riables  can be looked on as 
ind icators of  three c lasses of c ausal agent : metal  po l lutant s ,  
c arbohydrates ( which may be a part ia l cause of  the variat ion in metal  
po l lut ion) , and fami ly e f fects not assoc iated with e i ther carbohydrate s 
or metal  pol lut ion . The causal  diagram is  shown in Fig . 2 .  I f  Les t er 
et  a l . had attempted to trace this diagram ,  a more economic picture 
could have been ob tained of the locus of both carbohydrate and metal  
po l lut ion e f fec t s .  

FIGURE 2 .  A pos s ible causal  mode l for the Lester et a l . ( 1982 )  
re su l t s .  The symbo ls  are exp lained in  the-regend 
to Fig . 1 .  Causat ive fac tors ( carbohydrates , metal  
po l lutant s ,  soc ial and genet ic factor s )  may ac t 
se lec t ive ly on verba l and nonverba l aspec t s  of 
thought . The se factors , in turn , may be 
d i f ferent ia l ly invo lved in various reasoning tasks . 

I am arguing here for the s t at i s t ical  technique known as c ausal  
path ana l ys i s  ( Riese , 19 75 ) . The reason for the name is  c lear . Figure 
2 goes beyond Le s ter et a l . ' s  de script ive re su l ts by proposing a 
detai led mode l of  the-;anner in which metal  po l lutant s and 
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carbohydrates inf luence mental tes t scores . I t  i s  no t c lear that  the 
stat i s t ical  methods of causal ana lys is  cou ld have been app l ied to the 
Lester  et a l . s tudy , which was not des i gned with this  stat i s t ical  
technique in mind . In interpret ing their re sult s ,  howeve r ,  Lester et  
a l . introduced an imp l ic it causa l  ana ly s i s . (Cons ider , in part icular ,  
their remarks on the independent e f fect o f  carbohydrates and po l lutant s 
and their  c omment s on the re la t ion o f  dietary and pol lutant inf luenc es 
to learning disorder s . )  

AN EXPLICIT PATH ANALYS IS 

A s tudy conduc ted in my own laboratory ( 7 )  wi l l  i l lu s t rate the 
exp l ic it analysis  of latent variable s .  The purpose of the study was to  
explore the re lat ion between intel lec tua l  performance and the extent of  
soc ial drinking in  an initial ly homogeneous group of nona lcoho l ic 
adu l t s .  Eighty  Univers ity of Washing ton alumni ( aged 33 to 63  years )  
par t ic ipated in the s tudy . Each person answered an extens ive 
ques t ionnai re concerning soc ia l drinking habit s .  They also took f ive 
tests  that were chosen to tap two b road areas of mental competenc e ,  
verbal and nonverba l reasoning . The three verbal tes t s  were a 
vocabu lary tes t ,  a task tha t required rap id veri ficat ion of s imp le 
sentences describing equa l ly s imple  pictures ( Clark and Chase , 19 7 2 ) , 
and a test  that required the sub j ec t s  to hold informat ion in memory 
whi le s imul taneous ly comprehending rather c omp lex sentences  ( Daneman 
and Ca rpente r ,  1980) . The two nonverbal te s ts were Raven ' s  progres s ive 
matrices test ( Raven , 1965 ) and the Wiscons in card-sort ing test ( Tarter 
and Parsons , 19 7 1) . In the matrix test  the examinee must induce a 
pattern that links visua l figure s together .  In the card-sort ing test 
the examinee must induce the rule being used to sort geometric patterns 
into groups . In add i t ion to taking these tes t s , the alumni gave the ir 
ages and al lowed us to record the i r  firs t- and second-year c o l l ege 
grade point averages .  

The verbal and nonverbal tes t s  were treated as ( imperfec t )  indexes 
of the re spect ive underlying ( latent ) reasoning trait s .  The drinking 
ques t ionna ire had three key que s t ions : how often do you drink ,  how 
much do you drink on those occas ions when you drink, and what was the 
greates t amount drunk on one occ as ion in the pas t  year ? For brevity , 
these wi l l  be referred to as the how o ften , how much ,  and mos t 
que s t ions . The ques t ions were asked about both present and pas t  
prac t ices . Rather than use this informat ion to derive an index o f  
est imated weekly consump t ion , we treated the answer to  each ques t ion as 
an imperfect indicator of a general use-o f-a lcohol latent tra i t . Two 
such tra i t s  were defined , one for c urrent prac t ices  and one for the 
cumulat ive e f fect of drinking . Fina l l y ,  the freshman and sophomore 
grades were regarded as indicators of a pas t-achievement trait , and 
reported age was treated as a pe rfect ind icator of an age ( latent ) 
variable . 
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To  summari ze , the obse rvable  variables  were assumed to de f ine four 
under lying independent variables , age , pas t  achievement , total  
drinking , and pre sent drinking , and two dependent variables , verba l and 
nonverbal reasoning ( Fig . 3) . The model  under inve s t igat ion a l lows 
corre la t ions to be made within the set s  of independent and dependent 
latent traits  and c ausal regres s ion ana lysis  to be done between 
independent and dependent traits . 

Voe�bulery 
(sentence verifying 
memory during 
rNdi"!!l 

FIGURE 3 .  The caus a l  mode l tested in the study of soc ial  
drinking . The symbols  are exp lained in the legend 
t o  Fig . 1 .  Drinking prac t ices , age , and school 
achievement may be corre lated and may vary in the ir 
inf luenc e on verbal and nonverbal fac tors in 
reasoning . 

The ana l y s i s  of  covariance struc ture s technique ( Joreskog and 
Sorboom , 19 79 ) was used to e s t imate the extent to which each observab le  
measure served as  an index of the appropriate lat ent trait  and then to  
e s t imate the corre lat ion c oe f f ic ients between the various latent  
trai t s . For our purposes the mos t  intere s t ing of  these coe f f ic ient s is  
the set of  causal regre s s ion c oe f f ic ients re lat ing independent and 
dependent variables  ( Table 1 ) . There was a subs tant ial pos i t ive 
re lat ion between pas t  (co l legiat e )  achievement and current verbal  
performanc e .  Thi s  f ind ing repeats  many s imi lar f ind ings and serves 
chie f ly to ind icate that our te s t s  were appropriate ly sens i t ive to 
vari at ion in ab i l i ty .  Second , and cruc ial  to the study , there was no 
ind icat ion of a negat ive re lat ion between current drinking prac t ice s  
and either verbal o r  nonverba l reasoning ab i l i ty . Thi s  nul l  find ing is  
important s ince it contrad ic ts  some but not a l l  of  the reports  in  the 
l it erature on the effec t s  of soc ial  drinking ; however ,  di scuss ing thi s  
i s sue would take us too far a f ie l d ,  for our interest  centers on the 
me thodo log ical  point s .  

The s treng th o f  the mul t ivariate latent-trait approach i s  that it 
provides a me thod for exp loring re lat ionships between latent traits  
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TABLE 1 .  Corre lat ion between que s t ionnaire re sponse 
and int e l l igence  score s  

Inte l ligenc e 
test  type 

Verbal 

Nonverba l 

Grades 

0 . 63 + 0 . 2 7 

0 . 32 + 0 . 19 

Corre lat ion ( r )  

Drinking �e 

Current 

0 . 32 + 0 . 19 

0 . 16 + 0 . 18 

Tota l 

0 . 01 + 0 . 1 7  0 . 09 + 0 . 1 3 

0 . 20 + 0 . 18 -0 . 34 + 0 . 2 1 

that are not exc lus ive ly bound to a sing le tes t ing procedure . The 
ana lyt ic method may be used to contrast mode ls  that assume an 
independent ( latent ) variable  is inf luenc ing a dependent variable 
d irect ly agains t mode ls  that assume the independent variable is  a 
corre late of a second variab le that inf luences  the dependent latent 
variab le .  This s itua t ion arises frequent ly in the s tudy of cognit io n .  

The streng th of  the latent-variable approach is a l s o  it s weakne ss . 
Latent-variab le analys is makes it pos s ible to test spec i f ic mode ls  o f  
the re lat ionship between theore t ic a l  variab le s . However , 
latent-variable analysis  does not lend i t s e l f  to an apparent ly 
&theore t ical , descriptive approach in the way that regre s s ion ana l y s i s  
doe s . As a resul t ,  the inves t igator can s tudy fairly exp l i c i t  
theore t ic a l  mode ls , but cannot conduc t a very use fu l  exp loratory study . 

There are a l so a number of d i f f icult technical stat i s t ical  i s sues 
that have been g lossed over here . In the preced ing paragraph it was 
s tated that the approach may be used to contrast d i fferent causa l  
mode l s . Not a l l  mode l s  can b e  s o  contrasted , even though the contras t 
makes sense at a nonmathemat ical leve l .  They should not be overlooked 
in prac t ic e . Our study probab ly used the sma l l e s t  number of  sub j ec t s ,  
80 ,  that cou ld provide a rel iab le eva lua t ion o f  a latent-variable  
mode l .  Not al l reasonab le mode l s  can be  analyzed at al l .  I t  is not 
easy to determine in advance of the s tudy whether a part icular mode l 
can be eva luated . Technical  problems such as these may prove to be the 
l imit ing factor in the use of latent-variab le analys i s .  

CONCLUDING COMMENTS 

Comp lex problem so lving is jus t that , comp lex . Problems are solved 
by execut ing procedures that use e lementary informat ion-process ing 
capac it ies . The sythe s i s  expre ssed in the procedure is cruc ial . 
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There fore , a tes t of  an external  variable ' s  inf luence on an e lementary 
informat ion-processing act ivity ,  in i solat ion , may fail to portray the 
external variab le ' s  inf luence on problem solving itse l f . 

Problem-solving procedures are c losely t ied to the content of the 
problem being solved . There are two leve ls  at which the term content 
can be unders tood . Content c ould refer to a spec i f ic domain o f  
knowledge , such a s  phy s ic s , art his tory , o r  baseba l l . A more 
psycho logical d i s t inc t ion is that between verbal and nonverbal 
(visual -spatial  and pure reasoning ) prob lems . I t  is virtual ly certain 
that d i f ferent informat ion-proc ess ing ac t ions are app lied to internal 
repre sentat ions in these d i fferent doma ins . Indeed , there is 
cons iderab le ev idence that d i f ferent parts of  the brain are used to 
manipula te vi sua l and verba l repre sentat ions . I t  woul d  hard ly be 
surpris ing ,  then,  to find that environmental var iables may have 
d i f ferent inf luenc es on visua l and verba l processe s .  On the other 
hand , in actual prob lem sol ving , vi sual and verbal  representat ions are 
c lose ly intertwined . Omar Khayyam ' s poetry invites  the cons truc t ion of  
a vi sual representat ion by comprehens ion of a verbal me ssage . To 
unders tand the process  of comprehens ion , it is necessary to study 
comprehens ion i t se l f ,  not its bits  and p iece s .  

The dist inc tion between verbal and nonverbal  prob lem solving has 
been used as an i l lustra t ion of how the components of  problem solving 
can be s tud ied in s i tu with a mul t ivariate approach .  Th is  is  only one 
of several pos s ible ways in which complex prob lem solving can be 
analyzed . Another frequent ly used analysis  stresses  the different ial 
invo lvement of short-term (working ) and long-term memory proce s se s .  
The same pr inc iples o f  analysis  apply : t o  s tudy how the component s 
work in prob lem solving, it is nec es sary to examine influences at the 
latent-trait leve l rather than as suming there is  a s ing le measurement 
procedure . A s tudy by Giese lman et a l .  ( 1982)  provides an exc e l lent 
examp le of this  approach . 

-- --

The stat i s t ic a l  procedure s that are usua l ly used to ana lyze latent 
traits were derived from fac tor analys is and are heavily influenced by 
l inear regre ss ion conc epts . The i l lustrat ions pre sented here re lied on 
such method s . The conc ept of de fining latent traits by mul t ivariate 
analy s i s , however ,  is  more general than the stat i s t ical procedures used 
to i l lus trate the approach . In part icular , stat i s t ical  analyses based 
on l inear regre s s ion assume that the inf luenc e of the independent 
variable on the dependent variab le does not depend on the leve l of the 
dependent variable . This  is  a very strong assump t ion about cognition , 
for what prevents poor thinking may not be what leads to unusual ly good 
thinking . But such prob lems are technical  prob lems . They can be 
attacked by experimental des ign and perhaps by the deve lopment of new 
s t at i s t ical  method s .  

Humans express the ir thinking in many ways . The student of thought 
mus t  observe its  mul t ip le expre s s ions . 
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NOTES 

( 1 ) This remark assumes that the expert and the novice begin in 
equiva lent phy sical  states . In  prac tice , expert s tend to be  older than 
novices and thus may have less ideal b rains thought of !! phys ica l 
devices . The fac t that expert s s t i l l  out perform novices is an 
ind icat ion of  the power of the content-spec i f ic mind over the 
content- free mind . 

( 2 )  Ga len ( quoted by Boors t in ,  1983 , p .  361 ) said , "So long as we 
are ignorant of the true es sence of the c ause which is operating ,  we 
c a l l  it  a faculty . "  The concept of  a faculty is no longer needed in 
med ic ine . Psycho logy is not so fortunate . 

( 3 )  A low es t imate of split-ha l f  re l iab i l i t ies of  the MFF and the 
school ski l ls test would be 0 . 8 .  Therefore , the expected value of the 
maximum corre lat ion between these measures is 0 . 64 ,  we l l  above the 0 . 3  
to 0 . 4  va lues c ited by Po l l i t  et  a l .  ( 1983 )  in the ir l iterature review . 

( 4 )  An addi t ional minor comment is worth making about the Po l l it 
et  a l . s tudy . They argue that the ir manipu lat ion of the MFF i s  
interest ing because the MFF c orre lates with school ski l l s . The ir 
manipulat ion , howeve r ,  was within-sub j ec t . The corre lat ions between 
the MFF and the school ski l l s  variables  were estab l i shed by us ing 
between-subjects  des igns . To show that the within-subject s 
manipulat ion had predic t ive val idity , Po l l i t  et a l . would have to show 
that the manipu lated scores were more pred ict ive�han the unmanipulated 
sc ores whenever a sub j ec t  was given a school ski l l s  tes t in the 
manipu lated (here , no-breakfas t )  state . 

( 5 )  The part ial corre lat ion coe f f ic ient s ranged from -0 . 1 3 for 
spe l ling to  -0 . 29 for ful l-scale IQ .  

(6 )  Throughout ,  Le ster et a l . treat a corre lat ion as  i f  it were 
zero when it has been found to "not be re l iab ly d i fferent from zero . "  

( 7 )  The s tudy descr ibed was conduc ted in col laborat ion with P .  
Coggan , c. Berg , A.  Davi s ,  and P .  Tianwattanatada . 
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TESTS OF ATTENTION 

Christopher D .  Wickens 

The word at tent ion has a wide number  of  meanings , a fac t attes ted 
to by the d iver s i ty of chapters in Variet ies of At tent ion ( Parasuraman 
and Davies , 1984 ) . For the purpose s of  the pre sent paper , at tent ion 
wi ll  be de fined in three context s (Wickens , 1984) . 

Focused attent ion re fers to the ab i l i ty to ho ld at tent ion rive ted 
on one task or source of  informat ion in the face of  d i s trac tion from 
irre levant s t imul i .  ( Th i s  report wi l l  not cons ider the is sue of 
sustained attent ion, somet imes used synonymous ly with vigi lanc e ,  in 
which the only distrac t ion from the re levant informat ion source is 
s leep , boredom ,  or  fat igue ) . 

Se lec t ive attent ion re fers to the ab i l ity to se lect  re levant tasks 
and informat ion sources from the environment when they are important . 
It  inc ludes two component s :  knowing when to samp le what in an opt imum 
fash ion, and how rap id ly and e f f ic ient ly at tent ion can be swi tched from 
one informat ion sourc e to anothe r .  

Divided at tent ion re fers to the ab i l ity to perform two tasks ( or 
process two sources o f  informat ion) concurrent ly as we l l  as e i ther task 
( or informat ion sourc e )  can be performed ( processed )  a lone . It is a 
conc ept used synonymous ly with t ime-sharing . 

Al l three o f  these aspec ts  of  at tent ion have in common the presenc e  
of t wo  o r  more tasks o r  information sourc e s . Some aspect o f  
performance is  measured in this  dua l task o r  dua l  source environment , 
and then variance in performance here is  c ompared with that in the 
s ing le environment . I f  there is  varianc e in the dual environment that 
cannot be accounted for by variance in the s ingle environment , then 
there is  reason to as sume the existence of  an at tent ional phenomenon 
that could and should be asses sed by a te st . On the other hand , if al l 
dua l varianc e can be accounted for by single  varianc e , then there is no 
need to seek part icular attent ion measure s ,  s ince measurements of the 
tasks in isolat ion provide a l l  re levant information .  

In the fol lowing page s ,  three sources o f  varianc e ( s ingle and dua l )  
wi l l  be cons idered : var ianc e be tween ind ividua l s --the issue of 
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indiv idual d i f ferences i n  attention ab i l ity ;  variance due to 
practice--the issue of whe ther spec ial attent ion ski l l s  deve lop with 
training ; and variance due to s tres sors such as noise or drugs . Is 
performance in the dual environment inf luenced by stre ssors in a 
qua l itatively d i fferent way from pe rformance in the s ingle  
environment ? Thi s  report wi l l  first  review the literature in  a 
three-by-three matrix form de fined by the three kinds of attent ion and 
the three sources of varianc e .  Stud ies  that have looked for but not 
necessari ly found dual variance wi l l  be discussed . The second part o f  
the report wi l l  attempt t o  ident i fy or propose those tes t s  that wi l l  
best tap the dual ab i l i t ies whose exis tence was e s tab l i shed in the 
f irst part . 

FOCUSED ATTENTION 

Individual D i f ferenc es 

Ind ividua l differenc es in the abi l ity to focus at tent ion on one 
source of information in the face of dis trac t ion from compet ing s t imul i  
have been addres sed in five inve st igat ions . Davidson e t  a l . ( 19 7 6 )  
admini s tered the Te l legen absorp t ion tes t ( Te l legen and-Atkinson,  1974 ) 
to a samp le of sub j ec t s . Thi s  tes t , used origina l ly to assess  openne ss  
to hypnot ic inf luence , purports to  measure a subjec t ' s  abi l ity to 
become comp lete ly absorbed in a sourc e  o f  environmental s t imulus . 
Sub j ects  with high and low scores on this scale were then asked to 
count either visual or tac t i le s t imul i  whi le ignoring concurrent 
s t imul i  in the oppos ite modal ity . The inve s t igators found that 
sub j ec t s  who had scored high on the absorption scale showed le ss 
e lectroencephalographic ( EEG) process ing ac t ivity over the cortex o f  
the to-be-ignored modal i ty than did sub j ec t s  who scored low in 
absorpt ion . This was part icularly true when the vi sual channel was to 
be ignored . 

The Stroop task , in which the sub j ec t  is asked to report the color 
of ink in which a series of  co lor name words are printed , is a c lassic  
demons trat ion of  fai lure to focus attent ion . For examp le , when the 
word red is  printed in b lue ink, it is exc eedingly d i ff icult to ignore 
the meaning of the word and focus only on the color . In a recent 
invest igat ion by Dupree ( 1984 ) , 56 subj ects were te sted on the Stroop 
task , along with s imi lar tests of focused attent ion and a battery of 
spat ial te s t s .  Pe rformance on the St roop task--a measure of the 
abi l i ty to res i s t  distrac t ion--showed a high degree of variat ion across 
sub j ects and was corre lated high ly with a spatial fac tor re lated to 
perc eptua l speed , as if  the ab i l ity to focus at tent ion is greatly 
fac i litated by fas ter processing of re levant informat ion. 

Final ly , four inve s t igat ions have examined focused attention in a 
dichotic l i s tening task,  in which the subj ect must focus attent ion on 
one of a pair of word strings pre sented s imultaneously  to both ears . 
Lansman !! a l . ( 1 983 )  had subj ects press a button when a spec i f ied 
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target let ter appeared in the predesignated re levant ear . They found 
that di f ferences in performance ( lat ency and accuracy )  in thi s  
focused-at tent ion cond i t ion were perfec t ly pred icted by performance in 
a s ing le-task control  cond i t ion . In contras t ,  a dicho t ic listening 
task employed by Gopher and Kahneman ( Gopher , 1982 ; Gopher and 
Kahneman , 19 7 1 ) showed a greater degree of predic t ive abi l i ty .  Their 
d icho t ic l i s tening task was separated into two phase s .  In the first  
phase , sub j ec t s  heard a series of  dicho t ical ly  pre sented Hebrew verbs 
interspe rsed wi th occas ional digit s .  The ir task was to report the 
d igits  when they occurred in the re levant ear . Gopher and Kahneman 
found errors o f  both intrus ion and omi s s ion. When the task was 
admini s tered to fl ight  cade t s  ( 100 c ade t s  in Gopher and Kahneman , 19 7 1 ; 
2 , 000 c adets in Gopher , 1982) , pe rformance on both measures pred ic ted 
the leve l of  pro fic iency obtained by the cadet s  in fl ight  training . 

Us ing a sma l ler number of sub j ec t s  ( 60 ) , Braune and Wickens ( 198 3 ,  
1984 )  deve loped and admini s tered an Eng l i sh vers ion o f  the dichotic  
l i s tening task.  They a l so found robust individual d i f ferences in the 
focused attent ion measure . However ,  thi s study fai led to obtain 
re l iable correlat ions of this measure with pe rformance profic iency in a 
fl ight  s imulator . 

Focused At tent ion Under S tre s s  

There is  by now a large body of evidenc e sugges t ing that the focus 
of at tent ion becomes more res tr ict ive or narrow under increased leve l s  
o f  s tres s  and arousa l  ( see Broadbent , 19 7 1 ; Hockey 1 9 79 , 1984 ; 
Kahneman , 198 3 ,  for a review) . Typ ical s tudies in this area pre sent 
subj ec t s  with a task in foveal v1s1on and a concurrent task in 
peripheral vis ion . Arousal or s tre ss is  varied by impos ing s tres sor& 
such as noise , and performance on the periphera l tasks is  found to 
deteriorate more than on the central tasks ( e . g . , Hockey , 1970 ; We l tman 
et a l . , 19 7 1 ; Wi l l iams , 1985 ) ; in fac t , some t imes foveal  performance 
does-not dec line at a l l .  

In an intere s t ing comb inat ion o f  thi s  perc eptual narrowing 
phenomenon with the S t roop task,  invest igators have observed tha t 
Stroop performance ac tua l ly improves when an arousa l  increase restric t s  
focal attent ion , e l iminat ing the d i s trac t ion of  the irre levant s t imu lus 
( the color name in the Stroop task ) . Houston ( 1969 ) has observed thi s  
by us ing noi se a s  a s tres so r ,  and Ca l loway and Stone ( 1960 ) have done 
so by us ing drugs to inf luenc e arousal . 

SELECTIVE ATTENTION 

Ind ividual D i f ferences 

There have been a number of  s tud ies  ind icat ing that the ab i l ity to 
switch at tent ion from one informat ion source to another is both a 
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relative ly enduring trait and an important component in complex 
mul t itask performanc e . During phase 2 o f  the dichot ic listening task 
used by Gopher and Kahneman ( 19 7 1 ) , the re levant ear on which target 
d igits  are to be report ed is suddenly changed (a change s ignaled by a 
tone) , and sub j ects  must  now report d igits  a long the new channe l .  
Report ing errors are then recorded immediate ly after the swi tch as an 
index of how rapid ly and e ffec t ive ly subjects  can swi tch attent ion. 
Gopher ( 1982 ) report s that this  switching measure doe s a better  j ob 
than the focused attent ion measures of pred ict ing success in f l ight 
training and account s for variance unaccounted for by any of the 
trad i t ional pi lot se lec t ion tes t s .  Braune and Wickens ( in pre s s )  found 
re l iab le ind ividua l dif ferenc es due to age in the switching measure of 
the Eng l i sh d ichot ic l i s tening tas k ,  but fai led to find that thi s 
measure corre lated wi th success  in t ime-sharing a reac t ion t ime and 
tracking task.  

A s l ight ly different approach to at tent ion switching was taken by 
Kee le and Hawkins ( 1982 ) . In add it ion to as sessing the d ichot i c  
l i s t ening switching measure , the se inve st igators also as sessed three 
other measures of internal switching . Internal swi tching refers to the 
abi l i ty of a subject  who expec t s  one kind of s t imu lus to process  the 
unexpected occurrence of a d i f ferent kind arriving from the same 
phy s ical  locat ion . Keele and Hawkins found re l iable corre la t ions 
between a l l  four of the se swi tching measures ,  a find i ng they 
interpre ted to support the existence of a s ing le "attent ional 
f lexib i l ity" trait . Unfortunate ly , however ,  their sample s iz e  ( 18 )  was 
lower than is optimal for corre lat iona l work , but the re su l t  is 
certainly cons i s tent with the other dat a ,  sugges t ing that switching is 
an import ant source of  ind ividua l differences . 

An inve s t iga t ion conduc ted by Braune and Wickens ( 1985 )  examined 
the component s of ind ividual differences  in dua l-axis  tracking , as 
control along the two axes was varied in d i fferent way s . Fac tor 
analysis  on the ir data revealed one fac tor that was de f ined by task 
components in which sub j ects  had to switch vi sual at tent ion ( i . e . , scan 
be tween two displays separated by a wide vi sual ang le ) . 

Training .  The second important aspect of  se lect ive attent ion i s  
knowing when and where to al locate at tent ion . Theore t ical  deve lopment s 
and research by inve s t igators such a s  Senders ( 1 964 ) and Moray ( 1981 ) 
have suggested that this ab i l ity depends cri tically on the operator ' s  
"internal mode l "  of the s t at i s t ical  proper t ies of the environment , a 
mode l that wi l l  guide attent ion to focus at the right place at the 
right t ime . Prac tical ly al l work in this area has to be conducted in 
the area of training and ski l l  deve lopment .  These stud ies  f ind that as 
expertise with the mul t ichannel environment deve lops , subj ects  come 
c loser and c loser t o  al locat ing at tent ion accord ing to normat ive 
opt imal po l ic ie s  ( e . g . , Moray et a l . , 1 9 7 6 ; Senders , 1964) . Typical i s  
Senders ' s  ( 19 64 )  s tudy , in which subj ec t s  monitored a set of  dial s  
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moving in random paths at vary ing speed s ; the speed s de f ined d i f ferent 
informat ion rate s .  Senders used a camera to discern the 
moment-by-moment orientat ion of foveal vis ion ( and at tent ion) and 
traced the improvement in al locat ion po l icy as sub j ects  became more 
fami l iar with the stat i s t ical  propert ie s of  the signa l s . 

S tre s s . The f indings re lated to the e f fec ts of  s tress  on se lec t ive 
attent ion are bas ical ly the same as those report ed for focused 
at tent ion . S tressors that inc rease arousal typ ical ly c ause attent ion 
to  be direc ted to environmental informat ion sources  that are cent ra l , 
important , or sal ient at the expense of those that are peripheral or  
unimport ant or have low phys ical and psycho log ical sal ience . 

DIVIDED ATTENTION 

The ab i l ity of an operator to divide at tent ion be tween two tasks or 
mental ac t ivit ies is c lear ly a crit ical facet of c omp lex-task 
performance . We have probably al l encount ered ind ividual s who are able 
to pe rform a mul t i tude of  ac t ivit ies at once and others who pe rform in 
a very " s ing le-channe l"  fashion . The que s t ion is , what process ing 
d i f ferences d i s t i nguish the se two group s ?  The init ial thought is  a 
d i f ference in a time-shar ing ab i l i ty . However ,  be fore postulat ing such 
an abi l i ty it is nec essary to d i scount the pos s ib i l i ty that good and 
bad time-sharers di ffer in terms of the ir sing le-task ski l l  leve l 
( Damos and Wickens , 1980 ; Wickens and Bene l ,  1 9 8 1 ) . If two ind ividua l s  
d i f fer  i n  their leve l of  ski l l  on a given task , i t  i s  quite  l ike ly that 
the more prac t iced wi l l  require fewer attent ional re sources to perform 
the task . Th i s  in turn wi l l  leave more re s idua l at tent ion ava i lable to 
pe rform concurrent ac t ivit ies and so lead to more e f fec t ive 
t ime-sharing ( Norman and Bobrow, 19 75 ) .  The sourc e of thi s  difference 
in t ime-sharing e ff ic iency is inhe rent in the s i ng l e-task ski l l  leve l , 
not in a time-sharing ski l l  or ab i l ity . 

Individua l Dif ferences 

To demons trate that ind ividuals  d i f fer in the ir bas ic  t ime-sharing 
ski l l s , three re lated approaches have been used . The firs t ,  cal led the 
corre lat ional approach , is to as sess  performanc e across  a number  o f  
sub j ects  under both s ing le and dual task cond it ions and then correlate  
s ing le-task performance measures with some measure of  time-sharing 
e f f ic iency ( i . e . , the decrement in pe rformance re su l t ing from task 
c oncurrenc e ) . If the se corre lat ions are low , then there is a good deal  
o f  variance in t ime-sharing that cannot be  accounted for by s ingl e-task 
ski l l  leve l s , i . e . , the var ianc e then is attr ibuted to time-sharing 
ski l l . Of course , as descr ibed above , there remains the pos s ib i l ity  
that thi s  var iance in  time-shar ing effic iency is s imp ly the re su l t  of 
d i fferences in s ing le-task automat ion that are not re flec ted in 
s ing le-task performanc e leve l s . To guard agains t thi s  pos s ib i l ity , 
inve s t igators shou ld seek small  d i f ferences in the way the tasks are 
t ime-shared to ident ify the fac tors underly ing the ab i l i ty .  
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A second approach is to  seek var ianc e in the performance of  a 
complex criterion task ( such as flying)  that can be accounted for by 
variance in dual-task performance of pred ic tor tasks but no t in 
s ingle-task pe rformance . This may be labeled the complex cri terion 
approach . 

The third approach , which offers the s tronges t  guarantee that 
individual d i fferences in t ime-sharing e f f ic iency do not re flect  
s ing le-task automat ion , is to  determine whe ther people who are 
e f f ic ient t ime-sharers on one dua l-task combinat ion ( e . g . , dua l-axis  
tracking ) are also  e ff ic ient on  a qua l i tative ly dif ferent dual-task 
pair ( e . g . , reading whi le l i s tening ) so that there are no common 
e lement s be tween the two pairs o f  component tasks . Since it is les s  
like ly that peop le who are highly ski l led in the s ingle-task component s 
o f  one task comb inat ion are also ski l led in the component s o f  the 
othe r ,  it is quite unl ike ly that automat ion is the common e l ement 
shared by the good t ime-sharers . The usual approach taken here is  
fac tor analys i s ,  in which a fac tor is sought that loads exc lus ive ly on 
dual-task measures of  time-sharing e f f ic iency . Th is  then is  the fac tor 
ana lys is approach .  

Fai lure to  find evidence for t ime-sharing abi l ity from the fac tor 
analysis  approach does not mean that such an abi l ity does not exi s t ;  i t  
only indicates that this fac tor i s  not a general one . I t  may we l l  be 
that there are spec i f ic t ime-sharing ab i l i t ie s  ( spec i f ic to a 
re stric ted pair of tasks ) that can be revealed by the corre lat ional or 
comp lex c r iterion approache s .  In this sense the s itua tion is analogous 
to the issue s  in inte l l igence tes t ing of whe ther there is  a general ( G) 
factor or a series of spec i f ic ( S) factors of t ime-sharing . Only the 
fac tor-analytic approach can estab l i sh the pre sence of the G fac tor . 
The exper iments described below wi l l  first  ident i fy pos it ive evidence 
for some component re lated to t ime-sharing abi l i ty .  Then , experimental 
evidence wi l l  be reviewed that c ons iders whether this abi l ity is  
general .  

North and Gopher ( 19 7 6 )  used the comp lex cri terion approach and 
seemed to find evidence for at least an S fac tor . In the ir experiment ,  
40 f l ight-training student s performed a tracking task concurrent ly with 
a reac t ion t ime task . In d i f ferent cond i t ions the emphasis  of one task 
over the other was varied , and measures of  at tent ion manageab i l i ty ( how 
we l l  performance changed with change in task emphas i s )  were derived in 
addit ion to measure s of  ove ra l l  dua l-task performance . North and 
Gophe r found that both the manageab i l ity scores and dua l-task 
performance measures accounted for variance in f l ight-training 
profic iency that was not accounted for by s ingle-task performanc e 
measures .  

Damos et a l . ( 1983 ) fo llowed up observat ions made in an ear l ie r  
s tudy by Damoe-and Wickens ( 1 980 ) and used the corre lat ional approach 
to ident i fy an apparent ly stab le d i fferenc e in the ab i l i ty to 
t ime-share two discrete informat ion-process ing manual tasks . The 
inve st igators ident i f ied two dif ferent strategies of process ing . A 
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massed s trategy used by some subj ec t s  forc ed the processing of a series 
of s t imuli  from one task fo l lowed by the s t imu li  from the othe r ,  i . e . , 
these sub j ec t s  appeared to be unab le to process in para l le l .  The other 
sub j ec t s , who used a s imultaneous s trategy , appeared to be quite 
capable of proces s ing information from the two tasks in paral le l ,  
either execut ing s imul taneous re sponses to both or rap id ly a l ternating 
be tween responses  to the two . 

The study by Braune and Wickens ( in pres s ) ,  discussed previously  in 
the context of dichot ic l i s tening , also seemingly demons trated the 
exi s tenc e of time-sharing abi l i ty .  Their  subj ec t s  performed a aeries  
of d i fferent vers ions of the Sternberg memo ry search task,  a lone and 
concurrent ly wi th tracking . Corre la t ional and fac tor analysis  of sing le 
and dual task scores again revealed patterns o f  variance in the latter 
that could not be accounted for by the forme r .  Hunt and Lanaman ( 1 981 ) 
conduc ted a study in which they asked sub j ects  to perform three task 
conf igurat ions : a secondary task ( probe reac t ion time ) concurrent ly 
with an easy vers ion of a primary task (a "keeping track" running memory 
task) , the secondary task by itse l f , and a di fficult  vers ion of the 
primary task by i t se l f .  They found that a secondary-task measure o f  
re serve capac ity , es t imated whi le the subject  was performing the easy  
pr imary task,  c ould predict ind ividual d i f ferences in  performance of  
the d i f ficult primary task . They used thi s  observat ion to  support the 
argument that subj ects d i f fered in the amount of general capac i ty they 
had avai lable to dep loy in the service of ei ther task . 

Fina l l y ,  an inve s t iga t ion conduc ted by Stankov ( 1983 ) argued for 
the existence of a time-sharing ab i l ity when two aud itory tasks are 
pe rformed dichot ical ly .  The tasks represented d i f ferent kinds of 
j udgment s made on two dif ferent tone sequences , one presented to each 
ear . When s ingle- and dual-task correlat ions were computed between the 
c omponent tasks , the dua l-task corre lat ions were found to be highe r .  
This finding sugges t s  that there is  common variance across tasks that 
only emerges  when tasks are t ime-shared or performed when attent ion is 
diverted . Stankov also argued that this attent ion ab i l i ty may be 
re lated to genera l  inte l l igenc e .  

The five inve s t igat ions reported above c learly point t o  the 
exi s tence of t ime-sharing ab i l i ty .  Di scussed in the fo l lowing page s 
are inve s t igat ions that have tried to determine whether this is  a G 
fac tor of t ime-sharing by us ing variat ions on the fac tor-analyt ic  
approach . S tudies that have obtained negat ive answers to  th is que s t ion 
wi l l  be discus sed firs t ,  fo l lowed by those showing pos it ive re sul t s .  

Negat ive evidence for a G fac tor . Sverko ( 19 7 7 )  assessed s ing le
and dua l-task performance on four tasks performed s ingly and in a l l  
possible dual -task combinat ions . The four tasks were pursuit rotor 
tracking , a vi sual-manual digi t-process ing task, a count ing-backward s 
task , and an aud itory discriminat ion task . Fac tor ana lysis  of the 
resul ts fai led to suggest  any general t ime-sharing fac tor,  and the 
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correlations between the time-sharing e f f ic iency measures of  a l l  pairs 
of  dual-task comb inations that had no common elements were near zero . 
A subsequent investigat ion by Sverko !! a l .  ( 1983 ) used the same 
general approach , looking at corre la t ions between s ing le and dua l task 
measures of three d i f ferent dual-task pairs . Sverko et a l .  did find 
c ommon dua l-task varianc e between two of the pairs ( unaccounted for by 
s i ngle-task varianc e ) . However ,  the tasks making up these two pairs 
actual ly had quite  a bit in common , both invo lving the pairing of two 
visua l -motor reac t ion t ime tasks . Thus , it appears that the factor 
ident i f ied by Sverko et a l . was probably s imi lar to that found by Damos 
!! a l .  ( 1983) . 

- -

Jennings and Ch i les  ( 19 7 7 ) used the same approach with s ix 
visua l -manual informat ion-process ing tasks performed s ingly and in two 
trip le-task comb inat ions . The tasks ranged from s imp le monitoring to 
more complex prob lem solving . Factor ana lysis  of  the ir data provided 
no evidence for a general fac tor , but did point to the exi s tence of a 
spec i f ic factor related to monitoring in mul t itask s ituat ions . This 
fac tor would seem to re la te to vi sua l scanning strategies , s imi lar to 
those that re f lect the internal mode l .  

Hawkins et al . ( 19 79 )  used a sl ightly different approach to rej e c t  
the genera l ity of time-sharing ab i l i ties . The ir sub j ec t s  performed a 
series o f  dua l-task reac t ion time trials  using the doub le-s timulation 
paradigm, in which the two s t imuli begin a very short t ime apart . 
S t imulus and response modal i t ies  o f  one o f  the tasks , along with its 
d i f f iculty , were var ied over the tria l s ,  and a measure of t ime-sharing 
e f f ic iency was derived . Hawkins et a l . found that this  measure 
correlated fairly highly across pairs-of dual -task cond i t ions that were 
s imi lar in terms of input-output moda l i ty and difficulty ,  but the 
corre lat ions of e f f ic iency between dual-task pairs that were quite 
d i f ferent from each other were near zero , indicat ing the absence of  a G 
fac tor . Subsequent ana lysis  of  the ir c orre lat ions suggest that one 
spec i f ic ab i l ity re lates to the switching of attent ion between auditory 
and vi sual input . 

An inves t igation by Wickens et al . ( 1981 ) used a des ign ident ical 
to that used by Sverko ( 1 9 7 7 ) . The�our tasks were a c r i t ical  
ins tab i l ity tracking task , an  aud itory running memory task , a vi sual 
d igit c lass i f icat ion task ,  and a vi sua l -spat ial l ine extrapolation 
task.  Using fac tor-analytic and corre lat iona l procedure s s imi lar to 
those emp loyed by Sverko , the inve s t igators found no evidence for the G 
factor , but did observe one factor that seemed to be re lated to 
scanning s trateg ie s ( t ime-sharing two vi sual tasks , one of which had 
high account demand s )  and a second fac tor re la ted to the sharing of  
auditory and vi sual tasks . These findings conve rge with the S factors 
suggested by the data  o f  Jennings and Ch i les  ( 19 7 7 ) and Hawkins et al . 
( 19 7 9 ) , re spective ly . 

- -

Final ly , the inve stigat ion carried out by Lansman et al . ( 1 983 ) , as 
described in the context of focused attent ion measures

-
,
-

al so provided 
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evidence agains t a general abi l ity re lated to attent ion switching .  The 
authors presented sing le- and dual-task (divided attent ion)  trials of  
aud itory and visua l de tec t ion . In the dual -task trials , the two visua l 
or two aud itory s t imuli were presented s imul taneous ly , so that 
at tent ion had to be switched between sources . The authors ' 
corre lat ional and fac tor analyses revealed that prac t ical ly a l l  
variance i n  each dua l -task condit ion could be accounted for by 
single-task variance in the corresponding moda l i ty .  There was no 
evidence for a general switching abi l ity that trans cended modal i t ies . 

Pos it ive ev idence for a G factor . Ackerman et  a l .  ( 1984 ) examined 
the analyt ical procedure s used in the stud ies  discussed in the previous 
sec t ion and found a number of f laws that they be l ieved might have 
prevented the inve st igators from find ing a G fac tor for t ime-sharing .  
In par t icular they crit ic ized the use o f  varimax ro tat ional procedure s 
in the fac tor ana lys i s , which serve to minimize the like l ihood of  
f inding small  sources o f  var iance that might exi st  across  a l l  tasks 
( i . e . , a gene ral time-sharing fac tor ) .  Reana lyz ing the data from 
Wickens et  a l .  ( 1981 ) with a Procrustean technique , they found that the 
data were cons is tent with the existence of  a genera l time-sharing 
ab i l ity underlying the various dua l-task combinat ions . 

Fogarty and Stankov ( 1982 ) admini s t ered a series of  16 task 
conf igurat ions to 91 subjec t s . These inc luded 1 0  s ingle tasks and 6 
dual-task comb inat ions . Al l tasks were aud i tory ,  invo lving different 
operat ions performed on either let ter series or tone serie s , and 
pre sented dichot ical ly in the dual-task conf igurat ions . In each o f  the 
dua l-task trial s ,  one task was emphas i zed and the other deemphas ized . 
Fac tor analysis  revealed that pr imary- task performance variance was 
accounted for by s ingle-task variance , but that secondary-task varianc e  
was not ,  thereby pre sumably re f lect ing a time-sharing fac tor . How 
general this factor is cannot be es tablished from the se data because 
a l l  dual -task conf igura t ions had in common the sharing of aud i tori ly 
pre sented let ter mater ial with aud i tori ly pre sented tonal materia l .  

The data col lec ted by Braune and Wickens ( 1985 ) o f fer tentat ive 
evidence for a sma l l  general fac tor . Di fferent experimenta l 
manipulat ions in a dual-axis  tracking task were used to assess  
d i f ferent c omponents of attent ion when the two axes were to be  tracked 
c oncurrent ly . Component s re lated to attent ion swi tching , to the use o f  
an internal model guiding f ixation ,  t o  paral lel proce s s ing,  and to 
s imu ltaneous performance o f  two d i s s imilar operat ions were each 
as ses sed . Across the 40 sub j ec t s , it was found that the f irst and 
third of these component s were negat ive ly corre la ted ; sub j e c t s  who were 
part icular ly pro f ic ient at carrying out d i s s imi lar ac t iv i t ies  in 
paral le l were not good at discretely switching between informat ion 
source s ,  and vice versa.  

Braune and Wickens al so found that di fferent component s o f  
dual-axis  tracking could account for a small  amount o f  variance i n  the 
performance o f  two di s s imi lar tasks , memory span time-shared wi th a 
Sternbe rg memory search task.  
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In s ummary , the data provide cons i s tent evidence for the existence 
of at least some spec i f ic t ime-sharing ab i l ities . The se would seem to 
inc lude ( but not be limi ted to) the sharing of two discrete manual 
tasks , the t ime-sharing of cont inuous tracking and discrete reac t ion 
t ime , the al locat ion of  visual attent ion between di fferent s t imu lus 
sources , and the switching of at tent ion between two auditory source s ,  
and between an aud itory and visua l source .  I t  appears l ike ly that one 
element underlying the ab i l ity found by  Fogarty and Stankov ( 1982)  may 
be the same aud i tory swi tching ab i l ity revealed in the dichot ic 
lis tening task o f  Gopher ( 1982) . The exi s tence of the G factor is  le s s  
certain , with only the evidence  provided b y  Ackerman e t  al . ( 1 984 ) 
offering definit ive support for the concept . Any generar-abi l i ty that 
does  emerge wi l l  probably re late to a spec i f ic or "meta" ski l l  in 
proce s s ing , such as vi sual attent ion switching , that wi l l  apply to some 
but not al l dua l-task comb inat ions . The exi s tence of fai r ly general 
t ime-sharing ab i l i t ies is  supported to some extent by s tudies c ited in 
the following sec t ion that point to a general time-sharing ski l l .  

Training and Divided Attent ion 

Two inve s t igat ions here seem to have gone farthe s t  in estab l i shing 
the exi s tence of t ime-sharing ski l ls acquired through prac t ice . Damos 
and Wickens ( 1980 ) required sub j ec t s  to perform a pair of discrete 
digi t-processing tasks ( one involving memory ,  the other c las s i ficat ion) 
s ing ly and in comb ina t ion . With prac t ic e , dual -task performance 
cont inued to improve even as s ingle-task performance remained 
cons tant . A detai led analys is  of  the dua l-task performance data 
sugge s ted that the former improvement was not s imp ly the re sult o f  
s ing le-task automa t ion. Further  evidenc e that a time-sharing ski l l  
deve loped , and that it was a somewhat general ski l l ,  was provided by 
observing that subjects  who had undergone thi s  dual -task training with 
two d i screte t asks showed pos it ive transfer to a two-axis  tracking 
task , as if the ski l l  acquired in dual discrete processing as s i sted 
pe rformance in the t ime-shared cont inuous tasks . 

Re ick et  a l . ( 1980 ) a lso found evidence  for the acqu i s i t ion of 
t ime-sharing ski l l s . They adminis te red subjects  d i f ferent amounts of 
s ingle- and dua l -task prac tice on a digit  c las s i ficat ion task paired 
with a d i screte tracking task . Final dual -task performance was re lated 
to the amount of  dua l-task but not s ingle-task training , sugges t ing 
that only the former was re levant for deve loping the t ime-sharing 
ski l l . Equa l ly re levant to the genera l i ty issue was the ir  f ind ing that 
subsequent dual-task performance on a d i fferent dual-task comb ina tion 
( cont inuous tracking and choice reac t ion time ) benef ited from the 
amount of dua l-task prac t ice on the first  pai r .  

Thus , i t  appears that prac tice  i n  a dual-task set t ing deve lops at 
leas t some important t ime-sharing skills  that cannot be acquired 
through s ing le-task prac tice . Furthermore , the avai lab le evidence 
sugges t s  that there is  at leas t some genera l i ty to the se ski l l s .  
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S t ress  and Dual-Task Pe rformance 

S tudies that have examined the e f fects  o f  arousa l and s tres sor& on 
dua l -task pe rformance seem to pos it two oppos ing influence s ,  described 
by Kahneman ( 19 7 3 ) . On the one hand , s tressors that increase arousa l 
wi ll  make avai lable more capac ity , resources , or attent ion to deal with 
compet ing tasks . On the othe r hand , this  arousal  increase wi l l  narrow 
the focus of at tent ion , presumab ly exc luding tasks of lesser 
importance ,  as described ear l ier  in thi s  paper . Thus , in a 
primary-secondary task paradigm,  we can expect s tre s sors to increase 
performance on a primary task but decrease it  on a secondary task . 

RECOMMENDED TESTS OF ATTENTION 

The preced ing review of the literature leave s litt le doubt that 
there are important attent ion-re lated phenomena that cannot be pred ic ted 
on the bas i s  of  s ing le ( task or s t imu lus ) measures .  Unfortunately the 
data probab ly remain too scat tered to determine prec i se ly what the 
opt ima l tes t s  of the se phenomena should be . Neverthe le s s  the review 
ind icates certain log ical choices that have surfaced in one form or 
another .  Certainly the dichot ic l i s t ening tes t  as a measure of both 
focused at tent ion and swi tching is a candidate because it  is  we l l  
va l idated and we l l  understood and because swi tching itse l f  may underl ie 
many d i fferent measures of t ime-sharing abi l i ty . However ,  certain 
precaut ions are important when deve lop ing vers ions of  the tes t re la ted 
to the t iming of the s ignal to shi ft the re levant ear in phase  2 .  I f  
the interva l between this  s ignal and the f i r s t  phase 2 s t imulus is too 
long (more than 0 . 5 s ) , the shi ft may become trivial ly easy to  
accomp l i sh ,  and error measure s wi l l  become too low to provide much 
evidence of variance . 

Second , it  seems that a tes t  of  v i sua l environment samp l ing should 
be inc luded in any attent ion test ing battery . Such a test would not 
assess  the speed of v i sua l sc anning but rather  the ab i l ity of subj ec t s  
t o  use s t at i s t ical  proper t ies o f  the environment to the i r  
advantage--i . e . , t o  deve lop and dep loy the interna l mode l (Moray , 1984 ; 
Moray and Fitter , 1 9 7 3 ) . It would a l so appear important to inc lude at 
leas t one task of v i sua l focused attent ion , such as the Stroop task . 

Third ,  there is suff ic ient evidence for a divided attent ion 
t ime-sharing ab i l i ty di s t inc t from s ing le-task abi l i t ies  to warrant 
inc lus ion of at least  three dua l-task conf igurat ions . Cand idates wou ld 
inc lude a dua l discrete manua l task conf igurat ion , such as that used by 
Damos et  a l .  ( 1983) , a discrete task t ime-shared with tracking , such as 
that emp loyed by Braune and Wickens ( 1 983 ) and by North and Gopher 
( 1 976) , and a dua l -axis tracking task as used by Damos and Wickens 
( 1 981 ) . 

At leas t one o f  the se dua l -task conf igurat ions should also be 
asses sed under two cond it ions of priority a l loc a t ion,  one favoring one 
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task and one favoring the other . On the one hand this wi l l  a l l ow the 
inve s t igator to as sess  at tent ion manageab i l ity score s as done by North 
and Gopher ( 1 976) , c learly an important a ttent ional concept . On the 
other hand it  wil l  al low examinat ion of the predic ted priori ty effec t s  
of  s tressors and arousal o n  primary and secondary task performance . 
Whenever a dua l-task conf igurat ion is emp loyed , it is essent ia l to 
measure sing le-task pe rformance as we l l .  

There are probably other c and idates that should be inc luded , 
a l though at present not enough data exist  to indicate prec i s e ly wha t 
these should  be . One poss ibi l i ty that would  seem to be important , 
however ,  re lates to sub j ec t s ' ab i l i t ies to shi ft rapid ly between two 
d i f ferent mental-cognit ive func tions . As no ted , Braune and Wickens ( in 
pres s )  have recent ly found that a dua l -axis tracking task in which 
he terogeneous dynamics are used seems to tap thi s  ab i l ity . 

In conc lus ion, much more research is needed on at tent ional te st s . 
Thi s  re flec t s  the re lat ive ly limi ted number of s tudies in the 
l i terature , as we ll  as the comp lexi ty of dual-task pe rformance measure s 
and the problems assoc iated with measuring a mental phenomenon such as 
at tent ion that cannot be observed but must be inferred from performance . 
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THE NEUROPSYCHOLOGY OF MEMORY DYSFUNCTION 
AND ITS ASSESSMENTl 

Larry R .  Squi re 

Comp laints about memory are ve ry c ommon ,  part icular ly among 
neuro log ical  and psychiatric pat ient s .  Among neuro log ical pat ient s with 
o rganic i l lnes s ,  memory problems are cons idered the s ingle mos t  frequent 
comp laint ( Strub and Black , 197 7 ) . Among psychiatric pat ient s ,  memory 
prob lems are commonly repo rted in assoc ia t ion with affec t ive di sorders 
( Sternberg and Jarvik,  1976 : Stromgren ,  19 7 7 )  and schizophrenia ( Chapman , 
1966) . In add i t ion,  memory func t ions are of  spec ial intere s t  in cases o f  
psychogenic amne s ia ( Nemiah , 1980 ) and when que s t ions ari se about the 
pos s ib le s ide e ffect s  of treatments such as psychotrop ic drugs and 
e lec troconvul s ive therapy ( ECT) . 

Eva luat ion o f  memory disorders wi th quant itat ive methods make s it 
pos s ible to ident i fy the var ious disorders that can occur , to unders tand 
the s imi lari t ie s  and d i f ferences  be tween them , and to fol low the ir c ourse 
re l iab ly in individual pa t ient s .  Several reviews have appeared in recent 
years that cons ider the subj ec t of  memory disorders and memory test ing 
( Barbizet , 19 70 ; Butters and Cermak,  1980 ; Erickson and Scot t , 1 9 7 7 ; 
Rus s e l l , 1981 ; Ta l land , 1965 ) . Th i s  chap ter wi l l  ident i fy component s o f  
memory test ing and deve lop a rat iona le for the neuropsycho logica l 
eva luat ion o f  memory func t ions . 

O f  the higher c ort ica l  func t ions ( e . g . , perception , language , memory , 
and act ion) , memory is  perhaps the most s tud ied and the be st  unders tood . 
Al though our understand ing is  s t i l l  very pr imit ive , there is  opt imi sm 
among neuro s c ient i s t s  that memory wi l l  be among the f irst  o f  the highe r 
bra in func tions to be exp lained--bo th at the cel lular leve l in terms o f  
c e l lular events and synapt ic change and a t  the sys tems ( or neuropsycho
logical ) leve l in terms of brain regions and bra in organizat ion . Looking 
at the top ic of memory disorders from the perspect ive of c l inica l 
neuropsycho logy , a good dea l of  re levant informat ion can be gained from 
cognit ive psycho logy and the neurosc iences about normal  memory and how i t  
i s  organi zed in the brain.  Readers may wish t o  cons u l t  any o f  several 
recent reviews and monographs that addre ss  these i s sue s ( Cermak , 1982 ; 
Kandel , 19 77 ; Klat sky , 1975 ; Lynch et  a l . ,  1984 ; Mishkin,  1982 ; Norman , 
1982 ; Squ i re , 198 2a ; Squire and Cohen , -r984 ; Squire and Davi s ,  1981 ; 
Thompson et  a l . , 1983 ; We i skrant z ,  1982) . 

lFrom Neuropsychological  As sessment of  Neuropsychiatric Disorders , 
ed ited by Igor Grant and Kenneth M .  Adams . Copyright 1985  by Oxford 
Univers ity Press , Inc . Reprinted by permis s ion . 
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Memory dys func t ion mos t  of ten occurs in as soc iat ion with other 
d i sorders of  inte l l ectual  func t ion,  as in depre s s ion and dement ia . I f  
at tent ion is  impaired , acqui s i t ion of memory wi l l  be de f ic ient . I f  
language is impaired , i t  may b e  d i f f icult  to remember words or t o  ca l l  
them to mind with the usua l fac i l i ty .  In thi s  sense , it might seem 
unfru i t ful or even mi s leading to speak about memory and memory 
d isorders in isolat ion from other c ogni t ive func t ions . Howeve r ,  there 
is an important reason for cons idering memory as a d i s t inc t  
neuro log ica l  func t ion . Disorders of  memory can some t ime s occur as a 
re lat ively pure ent ity . Al though such di sorders are rather uncommon , 
s tudy of them can aid in recognizing and unders tand ing memory di sorders 
when they occur in a web of  other di sorders . 

FUNCTIONAL AMNES IA 

Disorders o f  memory have many causes  and can take many forms . A 
first  s tep in c lass i f icat ion is to d i s t inguish di sorders ?f func t iona l 
or psychogenic origin from disorders that resu l t  from direc t 
pe rturbat ion o f  brain func t ion , i . e . , from neuro logical injury or 
d i sease . Func t ional amnes ias may be the bes t  known , having been the 
sub j ect  of frequent treatment in f i lms and l i terature . They are not 
nearly as common, however ,  as the so-cal led organic amne s ias , and wi th 
proper tes t ing these two general types of memory impa irment are easy to 
d i s t inguish.  

A recent ly pub l i shed case of  func tiona l amne sia  is  part ic ularly 
ins truc tive ( Schac ter e t  a l . , 198 2 ) . A 21-year-o ld man approached a 
pol iceman in downtown Toronto comp laining of back pain . When brought 
to the hosp ita l ,  it was found that he d id not know his own name or 
anything about his  pas t , except for an isolated period from about 1 to 
2 years previous ly , when he had worked for a courier service . He also  
gave a nickname , Lumberj ack ( this  was the pseudonym used in the 
pub l ished report to protect the pat ient ' s  ident ity) , but did not know 
why he had that name . During 4 days  of tes t ing in the hosp ital , he 
exhib i ted a good capac ity for learning new materia l ,  and in informa l 
conversat ion he also demons trated a cont inuing awareness  of  wha t had 
occurred since his admi s s ion.  

On a forma l  tes t  of remote memory invo lving photographs of  famous 
persons who had come into the news at d i fferent t imes in the pas t , he 
obtained a normal score . In contras t ,  his  performance was quite  
abnormal when measured by  a test of past  autob iographical memory . Thi s  
test  asked for rec a l l  of  past  persona l  events i n  response t o  cue words 
( Crovitz and Sch i f fman, 1974) . For examp le , he was g iven the wo rd box 
and asked to recal l a spec i f ic episode from his pas t  that invo lved a 
box . Only 14% of  his rec a l led episodes were dated by him as having 
occurred be fore his hospitalizat ion . By cont ras t ,  9 1 %  of the episodes 
reca l led by a control subject  came from the correspond ing t ime pe riod . 
In add i t ion , when the pat ient ' s  amnesia  subsequent ly c leared , he was 
given a second form of the te st and now dated 9 2% o f  his  epi sodes from 
the per iod prior to hospita l i za t ion . Thus , dur ing his  period o f  
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amne s ia , h i s  pas t  was nearly barren of  persona l memories ; yet  hi s store 
of general informat ion about pas t  pub l ic events was good . 

On the fourth day in the hospital , whi le watching a c l imac tic 
funeral scene in the te levised rend it ion o f  "Shogun , "  his  personal pa s t  
began t o  re turn to him . The recent death of  a favorite grandfather had 
provoked his memory los s .  Lumberj ack had been a nickname given him 
during his  time at the courier service , which had been a part icularly 
happy t ime of  his l i fe . In the end his memory of the pas t  recovered 
fully , except for a 12-h period preced ing his  hospital  admi ss ion .  Thi s  
case i l lus trates the e ssent ial features o f  func tional d i sorders of  
memory . There i s  often los s  of personal ident ity . Anterograde amne sia  
( loss of new learning c apac ity )  does not usual ly occur . Re trograde 
amnes i a  ( loss  of memory for event s that occurred be fore the ons e t  of 
amne s ia )  is extens ive but can be l imited only to autob iographic a l  
memory . 

AMNESIA DUE TO NEUROLOGICAL INJURY OR DISEASE 

The organic amne s ias have quite a d i f ferent charac ter . Amne s ia can 
occur for a number of reasons : tempora l lobe surgery , chronic alcoho l 
abuse , head injury , hypotens ive episode , encepha l it i s , epi lepsy , tumor , 
and vascular acc ident . In add i t ion , memory dys func t ion is  often a 
prominent and early s ign of dementia , inc lud ing Alzhe imer ' s  d isease . 
Pa t ient s with memory dys func t ion due to neuro log ical inj ury or d i sease 
can appear normal to casual observa t ion, even when the de ficit  i s  
severe . The se pat ient s can have norma l inte l l igenc e , a s  measured by 
convent iona l IQ tes t s ,  and normal abi l i ty to hold informat ion in 
immediate memory , as measured by digit span tes t s . In conversat ion , 
they can show appropriate soc ial ski l l s ,  ins ight into the ir  cond i tion , 
and normal language abi l i ty .  

The . no ted pat ient H . M . , for examp le , was ab le to detec t various 
kinds of l ingui s t ic amb iguity ( e . g . , "Rac ing cars can be dangerou s " ; 
"Charg ing tigers  should be avoided" [ Lackner , 1974 ] ) .  In an often 
quoted pas sage (Mi lne r ,  1 9 7 0 ,  p .  3 7 ) , H . M. expre s ses his own experience 
of  his memory di sorder . 

Right  now , I ' m wondering . Have I done or said anything 
ami s s ?  You see , at this moment eve ry thing looks c lear to me , 
but what happened jus t be fore ? That ' s  what worries me .  I t ' s  
l ike waking from a dream ; I just don ' t remember . 

Pat ient N . A .  (Kausha l l  et  a l . , 1981 ; Teuber et  a l . ,  1968 ) a lso has 
c lear and cont inuing ins ight into his cond i t ion

-
.
-

Fai lure of ins ight , 
or outright denia l  of i l lnes s ,  seems to be re lat ed to two fac tors . 
Firs t ,  when memory prob lems have a gradual onset , as with dement ia or a 
s lowly growing tumor , memory los s  is often underapprec iated . Second , 
when memory prob lems occur as part of a confused and di soriented state , 

Copyright © National Academy of Sciences. All rights reserved.

Cognitive Testing Methodology:  Proceedings of a Workshop Held on June 11-12, 1984
http://www.nap.edu/catalog.php?record_id=19243

http://www.nap.edu/catalog.php?record_id=19243


36 

as in acute cond i t ions l ike Wernicke-Korsakoff  syndrome , pat ients can 
be unaware of the ir memory impairment . 

Brain Regions Affec ted in Amnesia  

It has been known for almost  100  years that amne sia  depend s on 
disrupt ion of normal func t ion in one of two brain regions , the med ial  
surface of the tempora l lobes and the diencephal ic mid l ine of the 
brain . For the medial temporal reg ion, it has usual ly been supposed 
that amnes i a  depends on bi la teral damage to the hippocampal forma t ion , 
but the evidence on this point is  by no means dec i s ive . The idea that 
amnes i a  depend s on hippocampal  damage is  based large ly on a famous 
aeries of epileptic and psychot ic pat ient s ,  some of whom had sustained 
b i latera l resec t ion of the amygdala and d id not exhibit  amnesia , and 
two other s ( inc luding the we l l -known pa tient H . M . ) who sus t ained more 
rad ica l  exc i s ions of both amygdala and hippocampus and deve loped 
pro found amnes i a  ( Scovi l le and Milner , 1 9 5 7 ) . Yet it is • l so pos s ible , 
on the same evidence , to suppose tha t amne s ia occurs only when there is 
damage to both amygdala and hippocampus , and the findings of one study 
in monkeys  are cons i s tent with thi s  idea ( Mishkin,  1978 ) . Further 
s tudies of memory and amne s ia in the monkey are needed to sett le thi s 
i s sue ( c f .  Mahu t , in press ; Mahut et al . , 1981 ; Squire and Zo la-Morgan ,  
1983 ; Zola-Morgan , 1984 ; Zo la-Morgan et  a l . , 1982) . 

For d iencephal ic damage , a large body of neuropatho log ica l  data has 
as soc iated amnes ia with damage to the mammi l lary bodies and to the 
doraomedial tha lamic nuc leus ( Brier ley , 19 77 ; Mair et al . ,  1979 ; Vic tor 
et  a l . ,  19 7 1 ) . Damage to the se s truc tures  is  prominen�in the 
neuropatho logy of Korsako ff ' s  alcoho l ic syndrome , perhaps the 
bes t-s tud ied examp le of amnes ia ,  but there is d i sagreement concerning 
whe ther separate damage to one struc ture or the other c an cause amnesia  
and which s t ruc ture deserves the greater emphas i s . The dorsomedial  . 
nuc leus of  the tha lamus appeared to be a site  of damage in pat ient B . A .  
( Squire and Moore , 1 9 79 ) , a we l l-s tud ied s ing le case . B . A .  became 
amne s ic in 19 60 , primari ly for verbal material , as the resu l t  of an 
acc idental stab wound to the brain with a miniature fenc ing foi l  
( Kausha l l  e t  a l . , 1981 ; Teuber et  a l . , 1968 ) . In add i t ion , ind ividua l 
c ases of a;De s ia with vascular damage to the region of the doraomedia l 
nuc leus due to occ lus ion of  the paramedian artery have been reported 
(Miche l et a l . , 1982 ; Mi l ls and Swanson , 1 9 78 ; Speedie and Hei lman , 
1982 ) . Neverthe le s s , the re lat ive importance of the dorsomedial nuc leus 
and the mammi l lary bod ies in amnes ia is not yet c lear . Studies o f  
monkeys with c ircumscr ibed surg ical le s ions o f  these struc tures , alone 
and in comb ination, wi l l  be needed to addre ss  the se i s sues dec i s ive ly .  

S imi lar i t ies  and Dif ferences  Among the Amne s ias : A Firs t Approximat ion 

Korsako ff pat ients are somet imes taken as typ ical of amne s i c  
pat ient s i n  gene ra l , because thi s  syndrome is the moa t thoroughly 
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studied example o f  amnes ic di sorder . But the Korsakoff syndrome 
d i f fers in several ways from other examples of amne s ia .  For example , 
Tal land ( 1965 ,  p .  108 ) wrote that the memory di sorder in pa t ients wi th 
Korsako ff ' s  syndrome "doe s not pre sent s imp ly a derangement in memory , "  
and Zangwi l l  09 7 7 ,  p .  1 1 3)  contended tha t "other and more extens ive 
psycho log ical dys func tion mus t  co-exist  with amne sia  for the c lass ic 
picture of  Korsakoff ' s  syndrome to eme rge . "  

Some of these other def ic i t s  may derive from frontal  lobe 
dys func t ion . Neuropsycholog ical s igns of frontal lobe impa irment are 
commonly  pre sent in the se pat ient s and can inf luence neuropsycho logical 
te st  performanc e (Moscovitch , 1982 ; Squire , 198 2b ) . 

The confabulat ion some t ime s exhibited by Korsakoff  pat ient s is by 
no means a c ommon feature of e i ther amnes ia in general or the Korsako f f  
syndrome i t se l f .  Confabulat ion re fers to mis s tatement s o f  fact , often 
amusing , bizarre , and se l f-contrad ictory , which occur as short-latency 
re sponses  to que s t ions (Mercer et  a l . , 19 7 7 ) .  Confabulat ion is  seen 
most often in the acute phase o�the di sease , part icularly in  
assoc iat ion with denial  of i l lne s s , and is seen much less  often in the 
chronic phase . 

Neuropsycholog ical examina t ion of pat ient s with memory dys func t ion 
must take into account this idea that et iologic a l ly d i s t inc t forms of 
amnes i a  may pre sent part icular defic i t s  superimposed on the amne s ia .  
In add i t ion, the nature o f  the d i sorder itself  may depend to some 
extent on the locus of  the e f fect ive les ions . Recent evidenc e sugge s t s  
that d iencepha l ic and b itemporal amnes ia may d i f fer  from each other in 
the rate of forgett ing (Huppert and Piercy , 1979 ; Squire , 1981 ) , though 
the ev idence on this point is not yet dec i s ive ( Zola-Morgan and Squire , 
1985 ) . 

NEUROPSYCHOLOGICAL ASSESSMENT OF MEMORY DYSFUNCTION 

Time-Line Measurements : Anterograde and Ret rograde Amne s ia 

Bec ause many pat ient s have ins ight into the ir c ond it ions , one 
use ful way to obtain informat ion about memory loss is to cons truc t a 
t ime- l ine of the de f ic it .  Thi s  technique was used by Barb i ze t  ( 19 7 0 )  
t o  ident i fy port ions of pas t  t ime periods that were a f fec ted . The 
method can reveal in an approxima te way the durat ion of both anterograde 
and re trograde amnes ia and can show how the def ic it changes with the 
passage of time . For Barb izet ' s  pat ient , who had suffered a severe 
c losed head injury , anterograde amnes ia remained f ixed at about 3 . 5  
months even after memory capac i t ies  had large ly recovered . Thi s  
occurred because the anterograde amnes ia re flec ted a t ime when memories 
could not be formed in the norma l way . Accord ing ly ,  even though the 
capac i ty to form new memories eventual ly recovered , memories d id not 
re turn for event s that had occurred during the period of anterograde 
amne s ia .  Re trograde amnes ia was ini tially severe and extens ive , but 
gradua l ly shrank to 2 weeks ; the olde s t  memories recovered firs t . 
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FIGURE 2 .  E s t imates of t ime periods that were d i f f icult  to  
remember obtained be fore ( top ) , 7 months after (midd le ) , 
and 3 years after  (bot tom) b i latera l ECT (� • 3 1 ) . 
Shaded areas repre sent the med ian t ime period perceived 
as affec ted both from the period before ECT ( retrograde 
amnes ia [ R . A . ] )  and after ECT ( anterograde amnes ia 
[ A . A. ] ) .  S ince the first  t ime e s t imate was obtained 
j us t  prior to ECT ( top ) , the 5 months perce ived as 
affec ted at that t ime pre sumab ly reflected memory 
problems assoc iated with depre s s ive i l lness . (From 
Squire and S late r ,  1983 . )  
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A s imi lar re lat ionship between anterograde and re trograde amnes ia 
holds for psychiatric pat ients unde rgoing a pre scribed course o f  
b i lateral ECT . Thirty-one pat ient s were interviewed be fore and 7 
months and 3 years a fter a course o f  ECT . Before treatment , pat ient s 
on average reported having difficulty remembering the 5 months pr ior to 
ECT , presumab ly bec ause of the depress ive i l lne s s  that had brought them 
to thi s  treatment . Seven months later , pat ient s reported d i f f iculty 
remembering events that occurred during the 3 months after treatment 
and for 2 years be fore it . Three years later , retrograde amne sia had 
shrunk to about the pre-ECT leve l ,  and ante rograde amne s ia remained 
f ixed at 2 months ( Squire and Slater , 1983 ) . 

The large st  s tudy of disorders of this type , which occur without 
pene trat ion of  brain t i s sue , comes from the c las s ic work of Rus se l l  and 
Nathan ( 1 946 ) on trauma t ic amnes ia .  The ir study of 1 , 031  consecut ive 
cases make s severa l point s about the re lat ionship be tween anterograde 
and retrograde amnes ia .  Firs t ,  based on 97 2 of the c ases for which 
informat ion was avai lab le about memory loss , re trograde amne s ia was 
typically brie f ,  less  than 30 min in 9 0% of the case s . Second , the 
longer the anterograde amne s ia , the longer the re trograde amne s ia .  
Third , re trograde amnes ia was more severe in c losed (concus s ive ) head 
inj ury than in gunshot wound s or other c ases of pene trat ing brain 
injury . During the period of amne s ia ,  ne ither the anterograde nor 

50 

0ni 1  <1 hr 1-24 hrs 1-7 days >7 days 
DURATION OF ANTEROGRADE AMNESIA 

FIGURE 3 .  Re lat ionship between anterograde and retrograde 
amne s ia in 9 7 2  head injury pat ient s .  ( Recons truc ted 
from Russe l l  and Nathan , 1946 . ) 
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re trograde component of memory los s  could be inf luenced signi ficant ly 
by hypnos i s  or barb iturate s .  

quant itat ive Measurement : S tandard ized Te s t s  and Bat teries 

Al though the t ime-line technique can be of cons iderab le he lp in 
d iagno s i s  and in obtaining a rough idea of the tempora l dimens ions of 
the memory de f ic i t ,  it is  of less he lp in j udging the severity of the 
defic it  bec ause it provide s no quant itat ive informat ion . Forma l tes t s  
are needed to ob tain re l iable quant itat ive data . Because of the rich 
tradit ion of  bas ic re search that has been direc ted at problems of  
memory during the pas t few dec ade s ,  many good tes t s  are avai lab le . 

One of the advantages of formal neuropsycholog ical tes t ing is  that 
it permits  ob jective compari son of the scores of a given pat ient wi th 
a known group average . This  protec t s  us from the natura l tendency to 
rat ional ize , minimize , or forget c l inical observat ions whan they do no t 
conform to expectat ion . These tendenc ies are , of course , not conf ined 
to c l in ical  observers . In his autob iography , Char le s Darwin ( Darwin ,  
189 2 ,  p .  4 2 )  wro te : 

I had also , during many years , fo l lowed a golden rule , name ly ,  
that whenever a pub li shed fac t ,  a new observat ion or thought 
c ame acros s  me , which was opposed to my genera l  resu l t s , to 
make a memorandum of it wi thout fail and at once ; for I had 
found by experience that such fac t s  and thought s were far more 
l ike ly to escape from the memory than favorable one s . 

It i s  also true that we have been so inf luenced by literature and f i lm 
to look for psycholog ical exp lana t ions of  behavior that in the absenc e  
of  forma l neuropsycho log ical tes t ing ,  we often tend t o  deve lop 
psycholog ical exp lanat ions for organic memory disorders . A few years 
ago , I received a le tter from a woman te l l ing me of her son ' s  memory 
prob lems , which had re sul ted from a traumat ic head injury sustained in 
an auto acc ident . Fee l ing that his  memory prob lems seemed greater at 
some t imes than at others , she had said to him ,  "You only remember wha t  
you want to , "  whe reupon he had repl ied , "Don ' t we al l ? "  Her son was 
probably right . Persons with memory dys func t ion , so long as it is  no t 
so severe as to be abso lute , have the same tendenc ies that we al l have 
to remember more re l iab ly things that seem important than things that 
seem trivial and in genera l  to exerc ise the same denial , repre s s ion , 
and selec t ion when processing new informa t ion . In amnes ia the se norma l  
se lec t ive fac tors seem t o  be superimposed on an overa l l  reduced 
retent ive c apac i ty .  

The bes t-known and mos t  of ten used neuropsycho logical bat teries 
provide for only l imited te s t ing of memory func t ions (Go lden e t  a l . , 
1980 ; Re itan and Dav i son , 1974) . The we l l-known Wechs ler Memory-scale 
(WMS )  (Wechs ler , 1945 ) is inadequate to the task of detect ing 
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c i rcumsc ribed memory problems , espec ially when they are mi ld . At 24 h 
after the fifth treatment , pat ient s receiving b i lateral ECT were 
re l iab ly impaired only on the pa ired-as soc iate subte s t  of the WMS 
( Small , 19 74) , even though tes t s  of memory func t ions showed c lear 
defect s  at the same t ime . In add i t ion , because the WMS contains 
ques t ions about contemporary fac t s  ( e . g . , Who is  pre s ident ? governor 
of your s tate ? mayor of your c i ty? ) ,  the WMS wi l l  yield lower score s 
for pat ient s who have been amnes ic for a long time than it wi l l for 
pat ients who have become amnes ic only recent ly . Thu s , even if two 
pat ient s have equiva lent d i f f iculty in acquiring new informat ion , the 
pat ient who has been amnes ic for several years may not know the answers  
to these que s t ions , but  the pat ient who has become amne sic  recent ly may 
know them. Rus se l l  ( 1 9 7 5 )  has great ly improved the use fulness  of the 
WMS by revis ing it to inc lude de layed-recal l measures . De layed-reca l l  
tasks are crit ical t o  bringing out an amnes ic de fic i t , and the se tasks 
wi l l  be discussed more ful ly be low . 

Another s tandard ized bat tery , the NYU Memory Te s t  ( Randt et a l . , 
1980) , was cons tructed spec ifically to detect memory dys func t ion-of the 
organic type . It contains de layed-reca l l  measure s ,  a test  of 
paired-as soc iate learning ( see next sec t ion) , and a sens it ive te st of 
inc idental  learning . Thi s  group of tes t s  has been used extens ive ly in 
the evaluat ion of memory in aging sub j ec t s  ( Osbourne et  a l . , 1982) . 
Because five alternat ive forms are avai lable , it can be used in 
longitud inal s tud ie s .  

Those who pre fer t o  use one o f  the popula r ,  general-purpose 
neuropsycholog ical batteries cou ld inc lude an exp l ic it test of memo ry 
dys func t ion by adding a s imple procedure at the conc lus ion of tes t ing . 
Give the pa t ient a te s t  form that inc ludes s imp le phrases de s crib ing 
severa l of the tes t s  that he has taken together with phrases  describing 
bogus tes t s  that were not taken.  Ask the pat ient to ind icate for each 
description whe ther he recognizes having taken such a tes t . The 
sens it ivity of this recognit ion measure could be increased by preceding 
i t  with a recall  test , i . e . , asking pat ient s to describe by unaided 
reca l l  the te s t s  that they have take n .  

Pa ired-As soc iate Learning 

Among tes t s  spec ial i zed for the detect ion and quant i f icat ion of 
memory dys func t ion, perhaps the most sens it ive is  paired-associate 
learning . Figure 4 shows the performance of three kind s of  pat ients 
with memory problems who attempted to learn 10 noun-noun word pairs 
( e . g . , army-table , door-sky ) . In thi s case , three consecut ive 
presentat ions of the word pairs were given,  and after each pre sentat ion 
sub j ec t s  were asked to try to produce the second word of the pair upon 
hearing the firs t . Pat ient N . A . , pat ients wi th a l coholic  Korsakoff  
syndrome , and psychiatric pat ient s tested 1 to  2 h after the ir f i f th 
b i latera l  ECT all  performed poorly on this tes t ,  obtaining an average 
score of les s  than 3 correct  responses  out of 10 on the third learning 
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tria l . Control sub j ec t s  for each kind of pat ient pe rformed 
cons iderably bet ter . On thi s same tes t , pat ient H . M .  was unable to 
produce any correc t responses after three tria l s ,  even when he was 
ins truc ted in the use of �agery technique s for assoc iat ing the words 
in each pair  ( Jones , 1974) . 

0 1&1 .J 

10 

8 

� 6  u 1&1 a:: 

� 4  a:: 
� 

2 

TRIAL 2 3 
Controls � Alcoholics � Depressed c:J 

Case N.A. - Korsakoff - EC T  -

FIGURE 4 .  Impairment in paired-assoc iate learning by three 
kinds of amnes ic pat ients and separate control 
groups : pat ient N . A. , pat ients with alcoho l ic 
Korsako ff syndrome , and pa tients rece iving bi latera l 
ECT . Sub j ec t s  were pre sented wi th 10 noun-noun 
pairs on each of three tria l s . After each 
pre sentat ion they tried to reca l l  the second word 
of each pair after seeing the first  word . 

Free Rec a l l  and Remind ing Techniques 

Another use ful s ingle tes t ,  which can generate a good deal o f  
informat ion for ind ividual subjec t s , invo lves assess ing the free reca l l  
of words by a method of se lect ive o r  res tric ted reminding ( Buschke and 
Fu ld , 1974) . In both case s , 10 word s from a sing le category , e . g . , 
animal name s , are presented , and subjec t s  are asked to recall  as many 
o f  them as poss ib le after each of several pre sentat ions . In se le c t ive 
reminding , each success ive presentat ion of the l i s t  inc ludes only those 
word s not recal led on the preced ing trial . Trials  cont inue unt i l  the 
subject  succeeds in rec a l l ing a l l  the words in a s ing le tria l . In 
re st ric ted remind ing , each success ive pre sentat ion of the l i s t  inc ludes 
only those words that have not yet been recal led on any tria l . Tria l s  
cont inue unt i l  the sub j ec t  has succeeded i n  recal l ing each word onc e .  
The se techniques can yie ld useful data on s ingle subjects  about the 
ab i l i ty to acquire new informat ion and the cons istency of performance . 
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Exceeding Immediate Memory Capac ity 

The c r i t ical  feature of both paired-as soc iate learning tasks and 
select ive or res tr ic ted reminding tasks that accounts for the ir 
sens i t iv i ty to amne sia is that the informat ion pre sented to the pat ient 
exceeds the immediate memory capac ity . Even severe ly amnes ic pat ient s 
can have normal digit  spans and a normal abi l i ty to report back the 
re lat ive ly sma l l  amount of information that can be maintained in 
consc ious awareness . Wi lliam Jame s ( 1890 , pp . 646-648 ) termed thi s 
capac i ty primary memory .  

An object  in primary memory • • •  was never los t ; i t s  data was 
never cut off  in consc iousness  from that of the immediate ly 
pre sent moment . In fac t it comes  to us as be long ing to the 
rearward port ion of the pre sent pace of t ime , and not to the 
genuine past  • • • •  Secondary memory , as it might be s tyled , 
is the knowledge of a former s tate of mind after it had 
already once dropped from cons c iousness  • • • •  I t  is  brought 
back , rec a l led , fished up , so to speak,  from a re servo ir in 
which , with count le s s  other obj ec t s , it lay buried and los t 
from view. 

Thi s  concept of primary memory remains quite use ful in 
unders tanding the nature of the memory impairment in amnes ia .  Thi s  
point has been i l lus trated in a forma l  way by an interes t ing study of 
five amnes ic pat ient s ,  inc luding the noted surgical  pat ient H . M .  
( Drachman and Arb i t , 1966 ) . Pa t ient s and contro l subj ec t s  were given 
d ig it s trings of increasing length to repeat back unt il  an error 
occurred . An error was de fined as fail ing three times in success ion on 
three d i f ferent d igit s trings of the same length . At that point a 
d i f ferent string of  digits  of  the same leng th was given repeated ly 
unt il  it  was reproduced correct ly or unt i l  25 repet it ions of the same 
d igit  s tring had been given . Each t ime a correct  re sponse was given , a 
new s tring of d igits  was presented that was one d igit longer than the 
preced ing string . With this procedure , normal sub j ec t s  were able to 
increase the ir d igit  span to at lea s t  20 digit s .  Amnes ic pat ient s ,  
however ,  had great difficulty once the ir d igit  span capac ity had been 
reached , i . e . , at that d igit  s tring length when their  first error 
occurred . H . M .  was unab le , even after 25 repetit ions of the same digit 
s tring ,  to increase his d ig it span by one d ig it beyond his premorb id 
leve l of s ix dig i t s . 

Thus , for amne s ic pat ient s ,  performance on tes t s  invo lving immediate 
rec a l l  depends on whether the amount of informat ion to be remembered 
exceed s a fini te process ing capac ity , termed primary memory or immediate 
memory c apac ity . It is a l so true that memory performance wi l l  be poor 
even when the amount of informat ion to be remembered is within the 
l imits of that capac ity , so long as a delay f i l led with d i s trac t ion i s  
interposed be tween learning and retent ion test ing in order to  prevent 
act ive rehearsal . If the delay is very long , e . g . , an hour 
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or more , the natural d i s tract ion of  ongoing ac t ivity is suf f ic ient to 
prevent rehearsal and to reveal a de ficit  if  one is  pre sent . If the 
de lay is short , seconds or minute s ,  a formal d i s trac tion procedure is  
needed to prevent rehearsal . The following obse rvat ion of H . M .  
(Milne r ,  1970 ,  p .  3 7 )  makes this  point . 

Forgett ing occurred the ins tant his focus of attent ion 
shi fted , but in the absence of d i s tract ion his  capac ity for 
sus tained at tent ion was remarkab le . Thus he was able to retain 
the number 584 for at least  1 5  minute s ,  by cont inuously 
working out mnemonic schemes . When asked how he  had been able 
to retain the numbe r for so long , he rep l ied : "It ' s  easy . 
You j us t  remember 8 .  You see , 5 ,  8 ,  and 4 ,  add to 17 . You 
remember 8 ,  subtract it from 1 7  and it leave s 9 .  Divide 9 in 
ha l f  and you get 5 and 4 ,  and there you are : 584 . Easy . "  

The Importance of  De layed-Reca l l  Measures 

With these cons iderat ions in mind , it is easy to unders tand that 
the ha l lmark of the organic amnes ias is  cons ide red to be impaired 
performance on tes t s  of  de layed recall  (wi th interpolated distrac tion) . 
These te s t s  form the cornerstone of  any thorough neuropsychologica l 
assessment of memory func t ions . Tes t s  of  de layed recall  are s imp ly 
formal vers ions of the we l l-known beds ide examina t ion used by 
neuro log is t s .  Typical ly the name s of  three obj ec t s  are presented to 
the pa t ient , with the ins truc t ion to repeat them in order to 
demons trate comprehens ion and attent ion . After a delay of several 
minute s ,  which is  f i l led with the cont inuing mental s tatus examinat ion , 
the pat ient is  asked to recall  the word s . Thi s  informal method can be 
expanded to y ie ld even more informat ion by first  asking pat ients at the 
t ime of recal l how many words they had been asked to remember , by 
cueing them with synonyms or rhymes for any words that could not be 
produced in unaided recal l ,  and fina l ly by offering severa l words and 
asking the pat ients to p ick out the ones that had been presented 
ear l ier . Fai lure to recognize words as having been previous ly 
presented is a more re l iable s ign of memory di sorder than failure to 
recall , and recognit ion fai lure denotes a more severe disorder as 
we l l .  The use of recall  and recognition te s ts together makes it 
possible to detec t more sub t le and ear l ier s igns of �pairment . 

Since in many medical sett ings pat ients are tested repeated ly by 
d i f ferent phy s i c ians and student s ,  it would be use ful if the number of 
words given for memorizat ion were somet imes four , not always three , and 
o f  course the words themse lves must be di fferent in each tes t sess ion . 
Pat ients with memory problems , l ike the rest  of  us , may forget unique 
event s but s t i l l  retain informat ion about event s that are repeated . 
This somet imes enab les them to de feat the purpose of mental s tatus 
examinat ions by rehears ing the answers . A col league te l l s  the story of 
encountering a neurolog ical pa tient one day in the hospital out s ide a 
room where the pat ient was about to be pre sented at rounds .  
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As my c o l league pas sed by , the pat ient approached him,  asking 
anxiously , " Say , doc , who ' s  the pre s ident of the United States ? "  

De layed Recall  o f  Prose Material 

There are severa l forma l neuropsycho log ical tes t s  of de layed recall  
that can be  used to  good advantage . One use ful te st  of this kind uses  
connec ted prose , such as the logical memory subtest  of the WMS , and asks 
pat ients to repeat the s tory immediate ly a fter bearing it and then again 
af ter some de lay ( Mi lne r ,  1958 ) . Figure 5 shows the performance of 15 
patients who bad been pre scribed bi latera l ECT on a tes t  of this type 
( not  the WMS )  wi th a delay of 24 b .  Both U8mediate and de layed reca l l  
were asses sed be fore ECT and then again,  wi th an al ternat ive form ,  6 t o  
10  h after the fi fth treatment o f  the series . ECT bad no effect on 
immediate reca l l  of the prose passage , and by this measure memory 
func t ions might have seemed very good . Indeed , by 6 to  10 b after the 
f i fth treatment , pat ients c an score norma l ly on te s t s  of verbal IQ , 
show no s igns of confus ion or d i sorientat ion , and carry on a 
conversat ion in a normal and appropriate way . It is not uncommon at 
thi s  time to bear c omment s from hospital  staff  not fami liar with ECT 
that the pat ient ' s  memory is  all right or that the pat ient can remember 
what be wants  to . Ye t de layed-reca l l  tes t s  show that  memory func t ions 
are not normal at this t ime . Whereas pat ients te s ted before their 
pre scribed series of  ECT showed on average cons iderab le re tent ion 24 h 
a fter hearing the prose passage , only 2 of 15  could recall  any part of  
the prose passage after ECT , and some could not remember having beard 
any passage or having seen the experimente r previous ly . Figure 5 also  
shows the performance of ano ther group of subjects  tested 6 to  9 months 

0 8 UJ 
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...J 
<t 6 
u 
UJ 
a:: 

No 1 

..._. Before ECT 
o--o After ECT # 5 
..._... 6 Months 

Delay Day 
2 

Weeks 

LEAR N I NG - RETENTION 
INT ERVAL 

FIGURE 5 .  De layed recall  of a short prose passage by 1 5  pat ients 
prescribed bilatera l ECT . Te st ing occurred be fore 
treatment , 6 to 10 h after the f i fth treatment , and for a 
d i f ferent group of 16 pat ient s 6 to 9 months after  
b i lateral treatment . 
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after the complet ion of treatment . The abi l i ty to learn and retain 
prose material has cons iderably recovered by this time after treatment . 

This pattern of de f ic i t , impaired recall  at a de layed test but not 
at an Uumed iate tes t , he lps to dist inguish the so-cal led organic memory 
di sorders from memory disorders c aused by depre s s ion . Indeed , 
de layed-recal l tes t s  provide sens it ive measures of  neuro logical 
dys func t ion and can detect early s igns of progres s ive impairment . By 
contrast , depress ion affec t s  immediate memory , presumably because 
pat ients are preoccup ied or inat tent ive , but does not affect de layed 
recall  beyond what would be expec ted from the leve l of recall  achieved 
at immed iate tes t ing ( Cronholm and Ottos son , 1961 ; Sternberg and 
Jarvik,  1976 ) . 

Material-Spec i f ic Memory Dys func tion and Its  As sessment 

In addit ion to addres s ing the is sue of severity , neuropsychological 
test ing of memory mus t  also addres s  the fac t that memory dys func tion can 
be different depending on whether the neurological inj ury or disease is  
bi latera l and whe ther it  affec t s  s truc tures in  the le ft  or  right 
cerebral hemi sphere . The e f fect on memory fol lows from the asymme try 
of  hemispheric func tion with respec t to language : verbal impairment 
from lef t-s ide damage , nonve rbal impairment from right-s ide damage , 
globa l impairment from bi lateral damage . Th is point has been bes t  
demons trated in the thorough work of Brenda Mi lner on temporal lobe 
func t ion (Milne r ,  1958 , 197 1 ) . Pat ient s with resec t ions of the le ft  
medial temporal lobe complain,  for example , that they cannot remember 
what they have read , and they do poorly on verbal memory tes t s .  
De layed-recall  tes t s  of short prose passages , as just described , are 
use ful in bring ing out this de f ic it .  Pa t ients who have sus tained right 
medial temporal lobe resec t ion comp lain,  for example , that they do not 
remember where they have put things , and they do poorly on tes t s  of 
memory for faces , spat ial re lat ionships , and other things that are not 
ord inari ly encoded in word s .  

These disorders o f  memory , which arise from uni lateral brain injury 
or di sease , were termed material-spec i f ic disorders ( Mi lne r ,  1968a) to 
capture the fac t that the s ide of the brain af fec ted determines the 
kind of ma terial that is d i f f icult to learn and remember . The sensory 
moda l i ty through which material is learned ( e . g . , aud i tory , visual , or 
tac t i l e )  is  ordinarily not important . In a left med ial temporal lobe 
inj ury , a short prose passage wi l l  be di f f icul t to remember regard less 
of whether the pat ient reads the s tory or hears it read . These 
material -spec i f ic effec t s  have been demons trated for left  and right 
temporal lobe surgical les ions (Milner , 19 7 1 ) , epileptic foc i of the 
le f t  or right temporal lobe ( De laney , 1980 ) , le ft  or right uni lateral 
ECT (where the two e lectrodes are app lied to the same s ide of the head , 
in contras t to bi lateral ECT where one elec trode is  appl ied to each 
temp l e )  ( Squire , 1982c ) , uni lateral diencepha l ic les ions (Miche l et 
al . ,  1982 ; Speed ie and He i lman , 1982 ; Squire and Slater , 1978 ; Teuber 
et al . ,  1968 ) , and uni lateral diencepha l ic brain s t imulat ion ( Oj emann , 
1 9 7IT. 
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Ross ( 1980a , b )  has described five pat ients with medial  temporal 
lobe dys func t ion who provided evidence for the exi s tence of frac t iona l , 
modal i ty-spec i f ic memory disorders . The de fic it  affec ted the tac t i le 
or vi sual moda l i ty and in three of the five c ases did not affect memory 
func t ions in other modal i t ie s . In add i t ion , three pat ient s with acute 
uni lateral lesions of the med ial temporal region were repo rted to have 
" tac t i le recent memory los s "  for s t imul i  appl ied to the hand oppos ite  
the les ion , but not for s t imuli applied to  the ips i lateral hand . The s e  
observat ions raise the poss ib i l i ty that le ft and right medial temporal 
lobe les ions need not always c ause equal ly severe defic i ts in a l l  
moda l i t ies , a s  has been trad i t iona l ly be lieved . Moreover ,  even 
de ficits  affecting all  modal i t ies might some t imes be more severe when 
informat ion is presented to the vi sual fie ld or body hal f  contralateral 
to the les ion . Add i t ional sys temat ic compari sons of moda l i ty ( e . g . , 
vi sual  versus aud i tory versus tac t i le ) , s ide of pre sentat ion ( le f t  
ve rsus right ) ,  and kind o f  material (verbal versus nonverbal ) are 
needed be fore the re lat ive import ance of al l three fac tors can be 
apprec iated . 

De layed Recall  of Nonverbal Material 

Of the tes t s  that have been used to assess delayed recall  of  
nonverbal material , perhaps the bes t  known is  the Rey-Os terrieth f igure 
(Figure 6 ) . The sub j ect  is asked to copy the f igure and then after a 
delay is  asked to recons truc t it from memory without forewarning . An 
immed iate test o f  recons truc t ion c an be used as we l l . Brenda Mi lner 
and her colleagues have deve loped an alternat ive form for this figure 
and a s tandardi zed 36-point scoring system for both f igure s (Mi lner and 
Teuber , 1968 ) . An alternat ive me thod for test ing delayed recall  of 
nonverbal memory , sugge s ted by Russel l ( 1 9 7 5 ) , is to use the f igures 
from the WMS . The abi l i ty to recons truc t these figures is  tes t ed in 
the normal way , immediate ly after presentat ion, and again 30 min later . 
When pat ients have cons truc t ive de ficits  or other problems that make 
the use of memory tes t s  involving drawing unsat i s fac tory , other te s t s  

F IGURE 6 .  The Rey-Os terrieth f igure , used t o  as sess  de layed 
recall  of nonverbal materia l . ( From Osterrieth , 
1 944 ; also  see Mi lner and Teuber , 1968 . ) 
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can be used , e . g . , recognit ion of previous ly presented faces after a 
delay ( Mi lner , 1968b ) , recol lect ion of the pos i t ion of a dot on an 
8-in . horizontal line (Milner , 1974) , or recognit ion by touch of wire 
shapes or other objects  that are not eas i ly remembered by verbal labe ls 
(Mi lner and Teuber , 1968 ) . 

Ski l l  Learning 

Although the de ficit  exhibited by amne s ic pat ient s with bi lateral 
brain damage has o ften been des cribed as globa l , as if  it affec ts the 
learning and memory of any or al l material , it is now c lear that the 
memory impairment in fact is cons iderably se lect ive . Perceptuo-motor 
ski l l s , such as the eye-hand coord inat ion ski l l s  invo lved in certain 
tracking tasks and in mi rror drawing , c an be acquired by amnes ic 
pat ients ( Corkin , 1968 ; Milner , 1962 ) . Acqu i s i t ion of  such tasks can 
occur at a normal rate over a period of day s ,  al though pat ients may 
deny having wo rked at the task be fore . More rec ent ly thi s observat ion 
has been extended to cognit ive skil l s , such as mirror reading and the 
solut ion to certain puzz les  ( Cohen and Corkin , 1981 ; Cohen and Squire , 
1980 ) . These observat ions have sugge sted a dist inc tion between 
informat ion based on ski l l s  or procedures ( proc edural knowledge ) ,  which 
is intact in amne s i a ,  and informat ion based on fac ts or data 
( dec larat ive knowledge ) ,  which is  impaired . 

The c apac ity for acquiring ski lls  apparent ly does not require 
integr i ty of the med ial tempora l or d iencepha lic  brain regions damaged 
in amnesia , whereas the c apac ity to acquire fac ts about the wor ld , 
e . g . , the ab i l ity to recognize the word s that have been read in a 
mi rror-reading task,  depends on the integrity of these brain regions . 
These ideas have been deve loped in more detail  elsewhere , with the 
sugges t ion that the nervous sys t em  honors the d i s t inc t ion between two 
d i f ferent kinds  of memory sys t ems ( Cohen , 1981 , 1984 ; Squire , 1982a ; 
Squire and Cohen,  1984 ) .  

This  idea is remini scent of other c las s ic di s t inc tions about the 
representat ion of knowledge ( e . g . , knowing how versus knowing that 
( Ryle , 1949 ) and procedura l versus dec larat ive knowledge (Winograd , 
1 9 7 5 ) . The se d i s t inc t ions seem to c apture the d i f ference between what 
amnesic  pat ients can and cannot do , as we pre sent ly unders t and them. 
Other terminolog ies have a l so been sugges ted in order to embody the 
find ing that amne sic  pat ients ( or experimental animals  with presumably 
s imi lar les ions)  can succe s s ful ly accomplish some kinds of learning and 
memory , but not other kinds  ( consc ious recol lect ion versus ski l l s  
[Moscovitch,  1982 ] , memory ve rsus habits [Mishki n ,  1982 ] , mediat iona l 
versus semant ic memory [ Warrington and Weiskrentz ,  1982 ] , ep isod ic 
ve rsus semant ic memory [ Kinsbourne and Wood , 197 5 ] , taxon versus locale  
[ O ' Keefe and Nade l ,  1978 ] , reference versus working memory [ Olton et  
a l . ,  1 9 79 ] , ver t ical versus horizontal as soc iat ive memory [Wicke lgren , 
1 9 79 ] ) .  Whatever language is used , there now seems good reason to 
suppose that there is more than one kind of memory .  The not ion of two 
( or more ) kinds  of memory or memory sys t ems has interes t ing imp l icat ions 
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for a va r iety of i s sues , such as infant i le amne s i a ,  phy logeny o f  
memory , and psychoana lytic theory ( Nade l and Zo la-Morgan , 1984 ; 
Schacter and Moscovitch , 1984) . 

Rec ent work with amnes ic pat ients sugges t s  that the domain of 
learning and memory that is  spared may inc lude not only ski l ls but also  
c las s ical  cond it ioning (Weiskrant z and Warrington , 19 79 ) and what has 
been termed priming ( Graf et  a l . , 1984 ) or perceptual fluency ( Jacoby , 
1982 ) . I t  has been suggested-rcohen , 1984 ; Squire and Cohen , 1984) 
that what is spared in amnes ia depends on changes in a l ready exi s t ing 
knowledge struc tures . By contras t ,  the doma in of learning and memory 
that is  affec ted in amnes ia appears to provide add it ional informat ion , 
i . e . , direc t ly access ible informat ion , about the t ime and place of 
occurrence of ind ividual event s ,  fac ts about the wor ld that derive from 
these event s ,  and the awarenes s  and sense of fami liarity that a 
part icular event has previous ly occurred . 

The sparing of ski l l  learning should be demons trable in amnes ic 
pat ients to the extent that amnes ia is re lat ive ly free from other 
cognit ive de fic i t s . The pre sence  of front al lobe s igns , a common 
feature of Korsakoff syndrome , or the presence of dement ing i l lness  may 
interfere with the capac ity for ski l l  learning . I t  remains to be seen 
whether the preserved c apac i ty for learning and memory in amne s i c  
pat ient s  has any �p l icat ion& for rehab i l i tat ion.  

Asses sment of Remote Memory 

One of the striking features of amnes i a  is that it commonly 
involves some loss of informat ion for events that occurred be fore 
onset . Be fore cons idering the re trograde aspec t of memory dys func t ion , 
it is  important to note that in memory d i sorders having a gradual onset  
the d i s t inc t ion between anterograde and retrograde amnes i a  is  
necessari ly blurred . It  is  not always pos s ible to determine whether 
informat ion has been los t  bec ause it  was not acquired in the firs t 
p lace or bec ause it was first  acquired and then later lost as the 
resul t  of the onset  of amne s i a .  

Severa l  techniques have been deve loped t o  as se ss  memory for remote 
events in  a formal quant itat ive way . When amnes ia has  a very recent or  
known t ime of onse t ,  test  quest ions that access  retrograde amnes ia can 
be used . Of the tests  avai lable for c l inical neuropsychological 
tes t ing ,  mos t  ask for informat ion about pub l i c  event s that occurred at 
spec i f ic t imes in the pas t . This  ensures that the informat ion i s  
veri f iabl e  and access ible t o  al l sub j ec t s . The firs t remote memory 
tests to explore the nature of memory di sorders in amnes ic pat ient s 
cons i s ted of mul t ip le-choice quest ions about persons or event s that had 
been in the news in Great Britain or faces of famous persons who had 
come into prominence in Great Br itain at di f ferent time s in the pas t  
( Sanders and Warrington , 19 7 1 ) . By pre senting a number of  que s t ions 
for each of  several past decades , it  was poss ible to obtain a sampl ing 
of an ind ividual ' s  knowledge of past event s .  Subsequent ly , s imi lar 
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tes t s  based on pub l ic event s or famous fac es ( F ig .  7 )  were deve loped 
for use in the Uni ted States ( Albert et al . ,  1979 ; Seltzer and Benson , 
1975 ; Squire , 1 9 74 ) . In add it ion to �lt iple-choic e techniques ,  these 
tests  c an all be given in a free-recall  format pr ior to recognit ion 
tes t ing , and many of them c an be given in a detai led-rec a l l  format , in 
which subjec t s  are asked to t e l l  all  they c an about a previous event 

FIGURE 7 .  Items from the Famous Faces Tes t  of  the Bos ton 
Re trograde Amnesia  Battery (Albert et  al . , 1 9 7 9 ) . 
From left  to righ t , top row : John L: Lewis ( 1 930s ) , 
Fulton Sheen ( 1 940s ) , Joe McCarthy ( 1 950s ) ; bo t tom 
row : Jimmy Hof fa ( 1 960s ) , H . R .  Ha ldeman ( 1 9 70s ) . 

( Cohen and Squire , 1 980 ; Squire and Cohen , 1 982 ) . In th is c ase , the 
responses are recorded , transc ribed , and then scored for number of 
detai ls  produced . 

Another kind o f  remote memory test  that has found usefu l  
app l icat ion in the s tudy o f  memory d isorders is  a tes t of  former 
one-s eason te levis ion programs ( Squire and Fox , 1 980 ; Squire and 
Slater , 1 9 75 ) . Th i s  tes t was des igned to overcome one important 
l imi tat ion o f  all  other avai lab le remote memory tests , i . e . , the 
d i f f iculty in c ompar ing scores from d i f ferent pas t t ime per iods . 
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To make va l id comparisons across t ime period s , the items selec ted mus t  
sat is fy the criterion o f  equivalence , i . e . , they mus t  samp le past  t ime 
per iods in an equiva lent way so that the events from d i f ferent t ime 
period s  are like ly to have been learned to about the same extent and 
then forgot ten at s imilar rate s . The te levi s ion te st appears to  
sat i s fy thi s criterion ,  as demons trated by studies  with updated 
vers ions of the te st over a 7-yea r period ( Squire and Fox , 1980 ) . 

Remote memory tes t s  cannot be as sumed to sat i s fy the cri terion of 
equiva lence j ust bec ause normal subj ec ts  obtain the same score ( e . g . , 
75% correct ) across a l l  t ime periods  samp led by the tes t . As discussed 
in detai l e lsewhere ( Squire and Cohen , 1982 ) , it is poss ible that the 
event s se lec ted from more remote t ime periods  were ini t ia l ly more 
sal ient and more wide ly known than the events se lected from more recent 
t ime period s . In addi t ion , the event s from more remote periods could 
have been forgot ten more s lowly . Accordingly ,  findings from pat ient s 
taking these tes t s  wi l l  necessari ly be ambiguous , to the extent that 
the point of test ing is to compare performance across t ime period s .  

These issues notwi ths tand ing , al l the remote memory tes t s  have some 
useful app l icat ion to the quantitat ive examinat ion of memory di sorders . 
As with any sc ient ific too l , its appropriateness  depend s on the 
part icular que s t ion being asked . Thus , the te levi s ion te s t , al though 
advantageous in some re spec t s , is limi ted by the re lat ive ly short time 
span that it can re l iably cover ( about 20 years ) and by the fact that 
i t  yie lds  variable resu l t s  when used c l inically to explore the memory 
capac ity of a s ing le pat ient . Indeed , many of the te sts  avai lab le for 
the assessment of memory , inc lud ing the televis ion tes t , were origina l ly 
des igned for the inve s t igat ion of spec i f ic research que s t ions in groups 
of  pat ient s , and they are not always as use ful as one might wi sh when 
trying to understand the nature of memory impairment in an individual 
pat ient . For this reason it is advisable to use several di fferent 
te s t s  when studying a s ing le pat ient . 

An important genera l  point about remote memory tes t s  for pub l ic 
events is the i s sue of test sens i t iv ity . Unfortunate ly , mult iple-choice 
tes t s  and recal l tes t s  that ask for a s ing le word or phrase do not appear 
to be su f f ic ient ly sensit ive to rule out definit ive ly the presence o f  
remote-memory impairment . Pat ient N . A . , who had a c ircumscribed 
diencepha l ic les ion involving the region of the dorsomedial tha lamic 
nuc leus , performed six such tes t s  norma l ly but was impaired on two tes t s  
that assessed h i s  detai led rec a l l  for past event s ( Cohen and Squire , 
1980 ; Zola-Morgan et al . , 1983 ) . Unt i l  detai led recall  tes t s  are given 
to other  patients wit�dorsomedial thalamic damage , the s tatus o f  
re trograde amnes ia i n  thi s group remains unc ertain. Despite these 
uncertaint ies about pat ients with focal  diencephal ic les ions , remot e  
memory tes t s  have been use ful i n  charac terizing and d i f ferent iat ing 
c l inical groups ( Butters and Albert , 1982 ;  Cohen and Squire , 1980) . 

Al l the remote memory tes t s  j us t  described share the advantage of 
being based on veri fiab le and pub lic ly access ible information . A fina l 
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remot e-memory test  should be  ment ioned here that does not have thi s 
feature , but can neverthe les s  be of cons iderable va lue in the 
neuropsycholog ical asses sment of memory di sorders . This tes t  derives 
from early quant itat ive stud ies  by Ga l t on ( 18 7 9 )  and was recent ly 
mod i fied and app lied to the s t udy of memory by Crovitz  and Schiffman 
( 19 74 ) . The tes t is  des i gned to obtain autobiographical remote 
memories about spec i f ic past episodes of a pat ient ' s  l i fe .  Pat ient s 
are given 10 s tandard cue words ( e . g . , window , tree , ticket , b ird ) and 
are asked in each case to recall  a spec i f ic memory from the pas t  that 
involve s this word . Various scoring procedures can be used , a 0 or 1 
method that can be done during the tes t ing sess ion , or a 0 to  3 method , 
where the re sponses  are recorded , trans c ribed , and then scored by some 
predetermined sys tem of par t ial cred i t s .  After recal ling a memory for 
a given cue word , subj ec t s  are asked to date the memory as bes t  they 
can .  This test  can provide use ful informat ion about the qua l i ty and 
quant ity of recal led informat ion , as we l l  as vital informat ion about 
the t ime periods from which recall  is pos s ible . Even amnes ic pat ient s 
who obtain normal scores for recal l  may draw the ir memories from 
d i f ferent t ime per iods than normal sub j ec t s . This  was true in the case 
of  the pat ient with func t ional amne s ia described above , who atypical ly 
drew most of his memories from the 4 days immediately preceding the 
onset  of his  amnes ic disturbance ( Schac ter et a l . , 1982 ) . Pa t ient s  
with alcoholic  Korsakoff syndrome , though Ehey-could obtain normal o r  
near normal score s  on the recall  tes t , drew their memories from 10 
years ear l ier than the ir a lcoho l ic control sub j ec t s  ( Zol a-Morgan et 
al . , 1983) . 

--

The ma terial obtained in an autobiographical tes t is  not eas i ly 
corroborated . One way to check for outright fabricat ion is  to ask 
subj ec t s  again , some t ime af ter the init ial tes t , to date the memories 
they had rec a l led ( Schac ter et  al . ,  198 2 ) . This procedure typ ical ly 
shows c lose agreement between-the date s produced in the two sess ions . 

Sel f-Ratings of Memory 

This  sec t ion began by point ing out how much c an be learned about 
memory disorders by cons truc ting a t ime-line of the disorder , based in 
part on what  pat ient s themselves report about their impairment . 
Quant itat ive and qua litat ive informat ion can be obtained with forma l  
t es t s  that take advantage of pat ient s '  own sense of the ir memory 
problems . Of course , s e l f-reports of memory func tion can be 
mis leading . For example , in depre s sed elderly pat ient s memory 
complaints appeared to be related more to depre s s ion than to 
performance on memory tes t s  ( Kahn et al . , 19 7 5 ) . Conversely , pat ient s 
rece iving ECT who were c l inically improved often denied memory 
impairment even though impairment could be documented by formal tes t s  
( Cronholm and Ot tos son , 1963) . Neverthe le s s , re lat ions between memory 
sel f-rat ings and obj ec t ive measure s of performance can be demons t rated 
( Badde ley !! al . ,  1982 ; Ze l inski !! al . , 1980 ) . 
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Fol l owing is  an 18-item se l f-rat ing scale that has been used with 
pat ients rece iving ECT ( Squi re !! al . ,  1 9 7 9 ) : 

My ab i l i ty to search through my mind and recall  names or memories 
I know are there is : 

I think my relat ives and acquaintances now j udge my memory to be : 

My ab i l ity to reca ll  things when I real ly t ry  is : 

My abi l i ty to hold in my memory things that I have learned is : 

I f  I were asked about it a month from now, my ab i l i ty to remember 
fac t s  about this  form I am f i l l ing out would be : 

The tendency for a past memory to be "on the t ip of my tongue" but 
not avai lab le to me is : 

My ab i l i ty to reca l l  things that happened a long t ime ago is : 

My abi l i ty to remember the names and faces of people I meet i s : 

My abi l i ty to remember what I was doing after I have taken my mind 
off  it for a few minutes is : 

My ab i l ity now to  remember things that have happened more than a 
year ago is : 

My ab i l ity to remember what I read and what I watch on televis ion 

My abi l i ty to recall  things that happened during my chi ldhood is : 

My abi lity to know when the things I am paying at tent ion to are 
going to s t ick in my memory is : 

My ab i l i ty to make sense out of what peop le exp lain to me is : 

My ab i l i ty to reach back in my memory and recall  what happened a 
few minutes ago is : 

My abi l ity to pay attent ion to what  goes on around me is : 

My general ale rtness to things happening around me i s : 

My abi l i ty to fol low what peop le are say ing is : 

Thi s  scale take s advantage of  the fac t that memory prob lems due to 
depre s s ion are di fferent from memory prob lems due to amne s i a  ( Cronho lm 
and Ot tosson , 1961 ) . The former impairs immediate recall  but has no 
spec ial e f fect on delayed reca l l . The lat ter impairs de layed recal l ,  
but has l i t t le or no effect on immediate recal l ,  especial ly if  the 
amount of material to be remembered is small  and can be he ld in 
immediate memory ( see above , De layed Recall  of Prose Material ) .  

is : 
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The scale was des igned with the thought that pat ient s might re flec t 
this d i f ference in the ir own assessments of their memory abi l ities . 
Pat ient s given the scale were asked to rate each item from -4 (worse 
than ever be fore) through 0 ( same as before) to +4 ( better than ever 
be fore ) . The items l i s ted in the scale were given to pat ients in a 
random order . One week after ECT , sel f-ratings overall were worse than 
be fore ECT , but some items were rated worse than others ( Fig .  8 ) . That 
i s , the pro f i les of  se l f-rat ings obtained before and after ECT were 
d i f ferent , ind icat ing that ECT changed the pat ient s ' own experience of 

0 N= 3 5  

I WEEK 
A FTER E C T  

I TE M S  ( 1 - 18 )  

FIGURE 8 .  Memory sel f-rat ings 
be fore and 1 week after a course 
of bi latera l ECT for 35 sub j ec t s . 
Items have been ordered from the 
one yie lding the large st  be fore
a f ter d i f ferenc e ( item 1 ,  to 
le f t )  to the one yield ing the 
sma llest  d i f ferenc e ( i tem 18 , to 
right ) .  The results show that 
ECT both increased memory 
complaints and changed the i r  
charac ter . The tea t items are 
shown in above l i s t  for the 
sel f-rat ing scale . ( From Squire 
et  a l . , 1 9 7 9 . ) 

memory func t ions . Whereas be fore ECT , reports of poor memory can 
probably be attr ibuted to depre ssion ,  we suppose that after ECT report s 
of poor memory were inf luenced large ly by the amnes ic e f fect of the 
treatment . 

Thi s  f ind ing makes it poss ible to study pat ient s long af ter ECT and 
to ask whethe r pers i s t ing complaint s about memory func t ions are 
influenced by depre s s ion or by amne s i a . The re su l t s  shown in Fig .  9 
for the same 35  pat ients answer this que s t ion.  First , sel f-rat ings of  
memory func t ions improved be tween 1 week and 7 months after the 
comp let ion of treatment , corre sponding to the findings from obj ec t ive 
tes t s  given at these t ime s ( Price , 1982 ; Squire , 1982c ) . Second , 
sel f-ratings ret ained the form they had 1 week after ECT , when pat ients 
were amne s i c , and d i f fered from the form be fore ECT , when pat ient s were 
depre s sed . The se f indings sugge st  that pers i s t ing memory complaint s  
long after ECT re f lec t an experience o f  amne s i a  rather than an 
exper ience of depre s s ion or some other cond i t ion that was present both 
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be fore and after  ECT . An add i t ional fol low-up of the se pat ient s 3 
years later ( Squire and Slater , 1983 ) sugges t ed that  the exper ience of 
memory impairment is in part veridical , inso far as �t re lates to the 
gap in memory that pat ients exper ience for event s that occurred c lose 
to the t ime of treatment . In add i t ion,  it may be in part re lated to a 
natural tendency to attribute normal memory prob lems to the prior ECT 
experience .  So far ,  formal memory te s t ing 6 months or more after ECT 
has not provided any evidence for permanent impai rment in new learning 
capac i ty a fter a typ ical course o f  ECT ( i . e . , 6 to 1 2  treatment s )  
( Pric e , 1982 ; Squire , 1982a ; Weeks !! a l . ,  1980 ) . 

>
a: 

0 

0 -2 � 
w 
� 

N = 35 

AFTER E C T  

ITEM S ( 1 - 1 8 } 

FIGURE 9 .  Memory se l f-rat ings 1 
week and 7 months after bi latera l 
ECT for 35 s ub j ec t s . I t ems are 
arranged as in Fig . 8 .  The 
re sul t s  show that t ime dimini shed 
the seve rity of memory comp laint s ,  
but did not alter the pattern 
observed 1 week after ECT. ( From 
Squire !! al . , 1979 . ) 

Se l f-rat ing scales c ould find useful app l icat ion in a variety o f  
sett ings  where there is  intere s t  in unders tand ing memory complaint s and 
re lating them to obj ec t ive te s t  pe rformance . For example , they might 
be use ful in dist ingui shing depres s ion in the elderly from the effec t s  
o f  inc ipient brain di sease . In add it ion , they c ould be of use in  
assess ing pat ient s with memory disorders who are given pharmacological 
treatment s in an e f fort to improve their memory func t ions . Some of 
these treatment s might work in part by improving mood rather than by 
affec ting memory mechanisms d i rec t ly ,  and such e ffec ts might be teased 
apart by sel f-rat ing scale s . 

HEAD INJURY AND DEMENTIA 

Two ins t ances in which memory dys func t ion is commonly encountered by 
the c linical neuropsychologi st are traumat ic head injury and dement ia , 
e spec ial ly Al zhe imer ' s  disease . In both c ircums tances , memory loss 
occurs in a cons t e l lat ion of other d i sorders . The spec i f ic test ing o f  
memory func t ions , however ,  can follow the same guidel ine s  that have 
been deve loped here for more c i rcumscribed di sorder s .  
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The neuropsycho logy of head inj ury has been reviewed thoroughly 
( Newcombe , 1983 ; Levin !! a l . , 1982 ) . Al though memory dys func t ion may 
be the mos t  ub iqui tous s ign of c losed head inj ury , it commonly occurs 
together with a reduc t ion in general intel lectual capac ity , disorders 
of  language and vi sua l perc ept ion , apraxia , impairment of attent ion , 
and persona l i ty change . The se mult iple di sorders are cons i s tent wi th 
the variable and widespread pattern of cerebral damage that can resu l t  
from severe head inj ury . 

Whereas the great major i ty of pat ients admi tted to hosp itals  wi th a 
head inj ury eventual ly make a good recove ry , Newcombe ( 198 3 )  notes that 
perhaps 1% have pers i s t ing signs of �pairment . Th is  impairment is now 
recognized in most c ases to have a neuro logical bas i s , not a func t iona l 
bas i s  ( e . g . , compensat ion neuro s i s ) as  was once be l ieved . The neuro
psycho logist  must address  que s t ions about the severity and nature o f  
the defic i t  and the predic ted rate of recovery , a s  we l l  a s  ques t ions 
about pos s ible rehab i l itation.  

The memory de fic i t s  themselves have been care fully reviewed by 
Schac ter and Crov itz  ( 1 97 7 ) . Intere s t ingly , tes t s  of immediate and 
de layed prose reca l l , cons idered above , corre late better with judgment s 
by re lat ives of a pat ient ' s  memory abi l it ies than do othe r forma l  
laboratory tes t s  of memory ( Badde ley e t  a l . , 1982 ) . I n  add i t ion to 
spec ialized memory tes t s ,  asses sment might be fac i l i t ated by the use o f  
one o r  more scales  that have been deve loped espec ial ly for head-inj ured 
pat ient s ( Jenne t t  et a l . , 1981 ; Teasdale and Jennet t ,  1974) . The 
Ga lve s ton Orientat ion-and Amne s ia Tes t  ( Levin et al . ,  1979 ) can be used 
repeated ly and y ie lds e s t imates of  re trograde &;nesia and of the 
durat ion of pos ttrauma t ic amne s ia .  The durat ion o f  pos t t rauma t ic 
amnes ia is  the be s t  avai lable index of severity of injury and is  a good 
predic tor of recovery ( Jenne t t , 19 7 6 ) . 

In general , techniques that improve memory func t ions in normal 
subj ec t s  can be  expected to improve memory func t ions in  head inj ury 
pat ients and other amnes ic pat ients as we l l . Accordingly , the 
t echniques mos t  often ment ioned in the context of rehab i l i ta t ion or 
re t raining are e laborate note keeping , imagery , and rehearsal . Image ry 
may be of spec ial value in working with pat ient s with memory impairment 
due to lef t-hemi s phere dys func t ion ( Pat tern ,  1 9 7 2 ) . Howeve r ,  for a 
balanced perspec t ive on the diff icul t ie s  of making simp le 
genera l i zat ions about rehab i l i t a t ion , see Newcombe ( 1983 ) . 

Memory problems are also commonly encountered by the c l inical 
neuropsycho logist  in dement i a .  Dement ia is  est imated to affec t 4 to 5% 
o f  the populat ion over 65 years of  age . Al zhe imer ' s  di sease , the most 
common form of dement i a ,  accounts for at lea s t  50% of the cases 
( Katzman , 1976 ; Terry and Davies , 1980 ) . Memory problems are perhaps 
the most common and o ften the ear l ie s t  s ign of the di sease , but 
d i sorders of  language ( e spec ial ly anomia)  and visuospat ial di sorders 
can a l so occur ear ly . The di sease is progre s s ive , eventual ly involving 
mos t  or al l intel lec tua l  func t ions . I t  typ ically deve lops over a 
pe riod o f  5 to 1 0  years . At present , the diagnosis  o f  Alzhe imer ' s  
d i sease cannot be made de f init ive ly without neuropatho logical dat a .  
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Accordingly , a primary ques t ion for the neuropsycho logis t concerns the 
extent to which the disease  can be detec t ed early and d i fferent iat ed 
from the b enign forget fulnes s o f  norma l aging ( Kra l , 1 9 7 8 ) , from 
depres s ion or pseudodementia (McAl l i s t er ,  1 983 ; Wel l s , 1 9 79 ) , and from 
other somet imes treatab l e  forms of dementia . 

There i s  not yet suffic i ent informat ion to permit Alzheimer ' s  
dis eas e to  b e  ident i fied cons i s t ent ly on the bas i s  o f  neuropsycho logica l 
reviews , s ee Fuld , 1 9 78 ; Kaplan , 1 9 79 ; Mi l l er ,  1 981 ; Corkin � a l . , 
1982 ) . I� many respec t s , the memory los s exhib ited by pat ients 
diagnosed as having Alzheimer ' s  disease  s eems to resemb l e  the memory 
los s exhib i t ed by pat i ent s with more  c ircumscribed amnesias . Th is 
conc lus ion i s  cons i s t ent with the finding that neuropathologica l  
changes i n  Alzheimer ' s disease are prominent i n  the medial  t empora l 
region ( Cors el lis , 1 9 70 ) . However , two features of  memory dys func t ion 
in Alzheimer ' s  d i s ease  have been ident ified that are not obs erved in 
the c irc umscrib ed amnes ias . F irs t , pat ients with even mi ld Alzheimer ' s 
disease  have poor digit span scores , but amnes ic pat ient s usua l ly have 
norma l scores on digit span tasks ( Corkin , 1 982 ) . Second , pat ients  
with Alzheimer ' s  disease  have been reported to exhib i t  an ext ens ive 
defic it  in remote memory without any s ign of  a tempora l grad ient 
(Wi lson et a l . , 198 1 ) . With add i t iona l work , it  should be pos s ib l e  to 
det ermine; for dif ferent stages of the dis eas e ,  whether the memory 
defic it  more c los ely res embles  dienc epha l ic or b i t empora l amnes ia and 
the ext ent to which the memory los s , perhaps because of super impos ed 
cognit ive  defic i t s , has a charact er i s t ic and ident i f iab l e  form . 

SELECTION OF RECOMMENDED MEMORY TESTS 

The prec eding s ec t ions cons idered some o f  the i s sues involved in 
undertaking a c l inica l neuropsycho logica l evaluat ion of memory 
func t ions . Spec ial  t echniques are avai lab le  for assess ing memory 
dys func t ion , and thes e can be used to d i s t inguish func t iona l from 
organic disorders , to ident i fy mat erial-spec i f ic d isord ers , to a s s es s  
both ant erograde and retrograde amnes ia , to  assess  ski l l  l earning , and 
to exp lore pat ient s ' sel f-report s of memory func t ions . Tab le 1 l i s t s  a 
minima l s e lec t ion of  tests  that should s erve mos t  c l inic a l  needs . More 
than one test of  each type can be us ed i f  the find ings in any one area 
are amb iguous . Add it iona l t es t s  can be  us ed as needed , once the 
c l inic ian becomes famil iar with the s tatus of  the pat i ent ' s  memory 
func t ions . 

Neuropsycho logica l test ing o f  memory is  mos t informat ive when 
memory t e s t s  are supplement ed with some add it iona l t es t s . Add it iona l 
t es t s  can estab l ish va luab le  referenc e points  that help in int erpret ing 
memory t e s t  scores . They can also  ident i fy or rule out other kinds o f  
impairment which i f  present wou ld inf luenc e memory t es t  scores . The 
Wechs l er Adul t  Intel l igenc e Sca l e  is  probab ly the mos t  helpfu l , as  i t  
can define the genera l t es t-taking ab i l ity of the pat ient and , in 
conj unc t ion with the WMS , can give a rough indicat ion of  whether memory 
prob l ems are present . A naming t es t  ( Goodglass and Kaplan , 1 9 7 2 )  can 
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also  be va luab l e , becaus e pat ient s with anomia wi l l  perform poorly on 
some memory t es t s  ( e . g . , rec a l l  t es t s  of remote memory ) . Anomia i s  not 
always detec tab l e  by casua l  bed s id e  examinat ion . A forma l quant itat ive 
method that inc ludes many low-frequency obj ec t  names ( prot rac tor , 
t re l l i s , paddl e )  wi l l  often revea l impairment that i s  mis s ed by a 
briefer , more casua l  exam . F ina l ly ,  t es t s  of  fronta l  lob e  func t ion are 
often helpful , s inc e fronta l lob e dys func t ion can influenc e scores on 
many memory tes t s  (Moscovitch , 1 982 ; Squire , 1 982b ) . 

TABLE 1 .  Recommended tests  for neuropsycho logical  
assessment of  memory 

Tes t References 

Cons truc t ion of t ime-l ine 

Immed iat e reca l l  of pros e pas sage 
Copy of Rey-Os t erri eth figure 
Paired-as soc ia t e  l earning 
Delayed recal l of prose  passage 
Delayed recons truc t ion of 

Rey-Os t errieth figure 
Remot e memory for famous fac es 
Cued reca l l  of autob iographica l  memory 
Sel f-rat ing scale 

CONCLUSION 

Barbizet , 1 9 70 ; Squire and 
S later , 1983  

Mi lner , 1958 
Mi lner and Teuber , 1 968 
Jones , 1 974 

Albert et  al . ,  1 9 79 
Crovitz-an�Schi f fman , 1 9 74 
Squire � a l . ,  1 9 79 

A review o f  the avai lab l e  methods for test ing memory and various 
c l inic a l  sett ings in which thes e methods can be  useful ly appl i ed ,  
ind icat es that much progres s has been pos s ib l e  b ecaus e of  bas ic 
res earc h .  An enormous amount has b een learned i n  rec ent years about 
how the brain accomp l i shes memory s torage , and an inventory o f  memory 
tests  has b een one of  the fruit s  o f  this enterpris e .  

The neuropsycho logica l s tudy o f  memory is  part of  a broader program 
of res earch a imed at unders tand ing the bio logy of memory at a l l  l evel s 
of  ana lys i s --from c e l lular and synapt ic event s to  the whol e  b ehavior of 
complex anima ls  l ike humans . It seems c ertain that a broad , bas ic 
research approach to  prob lems of  memory and the brain wi l l  cont inue to 
inform us about mechanism and organizat ion and at the same t ime wi l l  
produc e improved methods for neuropsycho logica l a s s es sment of  pat ients 
with memory dys func t ion . U l t imately , perhaps , these  res earch effort s 
may l ead to  methods for the t reatment of  memory dys func t ion. 
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NEUROPSYCHOLOGICAL EVALUATION 

Youngj a i  Kim 

This  presentat ion has a twofold purpose : to  brie fly out l ine and 
discuss what a comprehens ive neuropsycholog ical assessment is and to  
discuss ways in  which subt le neuropsycho logical  de fic it s are to be 
asses sed . 

Neuropsychological evaluat ion can be de fined as a procedure in 
which the nature and extent of behavioral de f ic i ts  that resu l t  from 
central nervous system dys func t ions are obj ec t ive ly measured . Thi s  
procedure is pred ic ated upon what we know of brain-behavior 
re lat ionships . As new informat ion about this re lat ionship cont inue s to 
emerge , it is reasonab le to as sume that the assessment procedures wi l l  
undergo cons iderable change and re finement in years t o  come . 

Neuropsychological assessment has been used in diagnos is , in 
research , and in making real i s t ic pat ient management and rehab i l i t at ion 
plans . While the spec i f ic nature and scope of a neuropsychological 
test wi l l  be determined by the purpose for which it  is used , any 
init ial asse s sment of an individual or group of sub j ec t s  mus t  be 
comprehens ive . Although the impairment of cognit ive abi l i t ie s  wi l l  
provide the mo s t  c r i t ical informat ion in neuropsychological asse s sment , 
this  index of impairment mus t  be interpreted not in isolation ,  but 
within the context of an overa ll p ic ture of cognit ive abi l ity . This 
comprehens ive informat ion is part icularly import ant when the assessment 
is used in d iagnos i s ,  in which pro f i le analys is plays an important 
ro le , and in making pat ient management plans , for which del ineat ing the 
pat ient ' s  s trengths and weaknes ses  is e ssent ial to making rea l i s t ic and 
effec t ive plans . Comprehens ive evaluat ion , in this  context , does not 
refer to the depth of evalua t ion , but to its  width,  in the sense that a 
number of essent ial cognit ive ab i l i t ie s  that cons t itute an overa l l  
neuropsycholog ical picture must b e  covered b y  the assessment procedure . 

In any neuropsycho logical  as sessment , two frames of referenc e are 
kept in mind s imultaneous ly . One pertains to behavioral representat ion 
of  higher cort ical func t ions from a neurological  perspec t ive , and the 
other pertains to our knowledge of human inte l l igenc e  from a 
psychological  perspec t ive . Studies  have shown that there is a 
func t ional asymmetry between the two hemi spheres of the brain : verbal 
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materials tend to be processed in the left hemi sphere , nonverba l 
materials in the right hemisphere . Within each hemisphere , different 
lobes are , in turn , known to process different types of cognit ive 
tasks . Crudely , the frontal lobe s process  conceptual and abs t ract ion 
tasks , the temporal lobes process memory and auditory material s ,  the 
parietal lobes process vi suocons truct iona l tasks , and the occ ipital 
lobes process vi suoperceptual tasks . 

Para l l e l  to this cort icobehavioral frame of re ference is  the 
psycholog ical  frame of reference . In any comprehens ive assessment , a 
number of maj or cognit ive func t ions mus t  be evaluated . These func t ions 
inc lude verbal ab i l ity , visuospat ial ab i l ity , memory , attent ion and 
concentrat ion abi l i t ies , and higher-leve l conceptual abi l i t ie s .  

VERBAL ABILITY 

As sessment of verbal ab i l i ty ent ai l s  evaluat ion of tw� somewhat 
discrete aspects  of verbal ski l l s : bas ic language ski l ls and verbal 
int e l l igence . Tes t s  of aphasia  re flec t the bas ic language ski l l s  that 
should be eva luated , and tests  such as the verbal subtests  of the 
Wechs ler Adul t  Int e l l igence Scale (WAIS ) are used to as sess verbal 
inte l l igence . Materials obt ained during the interview and the 
adminis trat ion of the verbal subtests  of the WAIS provide the examiner 
with informat ion on the subj ec t ' s  audi tory comprehens ion , verbal 
express ion ,  and some naming ski l l s ; however ,  they do no t provide 
informat ion on the sub j ec t ' s  reading , writ ing, and repe t i t ion skil l s , 
which play important role s in making a diagnos i s  of aphasia . 
Repe t i t ion , in part icular , p lays a s ignificant ro le in the d i fferent ial 
diagnosis  of subtypes of aphas ia . In conduc t ion aphas ia , for ins tance , 
the subj ect manifests  severe repe t i t ion deficits  in the presence of  
re lat ive ly intac t speech output ( Goodglass and Kaplan , 197 2 ) , and 
without a test o f  repet i t ion , this aphas ic problem is not l ike ly to be 
d iagnosed . 

The cor t ical areas assoc iated with language disturbance have been 
extens ively examined and wi ll  not be e laborated on here . For a 
right-handed person , various language problems are assoc iated with a 
left-hemi sphere les ion ranging from Broc a ' s  area anteriorly to  
Wernicke ' s  area posteriorly . 

VISUOSPATIAL ABILITY 

At leas t three aspec t s  of visuospat ial abi l i ty should be examined 
separate ly . If a subj ect is  unab le to perfona a visuoconst ruct ional 
task such as the block des ign subtest  of the WAIS , it is not c lear 
whether the defic it l ies in his defic ient vi suoperceptual abi l ity , in 
his inab i l i ty to ment ally manipulate the required task , or in his 
inab i l i ty to hand le the motor aspect of the task.  
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Vi suospat ial de f ic i t s  are as soc iated with fronto-temporo
pariet o-occ ipital lobe invo lvement . Whereas a right-hemisphere les ion ,  
espec ially in the pos t-Ro landic fissure , produces the most pronounced 
visuospat ial de fic i t s , le ft parietal lobe les ions also produce 
visuocons truc t ional de f ic it s .  Some inve s t igators ( Hecaen and Assal , 
1970)  c laim that there are qua l i t at ive d i f ferences in the types of 
errors commit ted on cons truct ional tasks between pat ients with left or 
right parietal lobe les ions . 

ATTENTION AND CONCENTRATION 

Attent ion is  one of the cognit ive func t ions sens i t ive ly af fec ted by 
any central nervous system ( CNS ) dys func t ion. Also , in the context of 
a neuropsychological asse s sment , selec t ive impairment of verbal and 
nonverbal attent ion has been seen in as soc iat ion with left- and 
right-hemisphere lesions , respec t ive ly ( Di l ler  and Weinberg , 1972 ; Kim 
et al . ,  1980 ) .  

The anatomical  s tructure respons ible for maintaining at tent ion is  
the diencepha l ic extens ion of the ret icular format ion (Magoun , 1966 ) .  
As attent ion represent s a complex interac t ion of the limb ic , 
neocort ical , and ascending act ivat ing sys tems , attent ional defic it 
could occur with damage in many areas of the brain.  

Memory 

Dis turbances  in memory often are the most  common init ial  symptoms 
and comp laints seen in early phases o f  CNS dys func t ions . In a 
neuropsychological as sessment , verbal memory and nonverbal  memory are 
asse s s ed separate ly ,  as they frequent ly re flect lateralized CNS 
invo lvement . It is not uncommon to see a pat ient with s igni f ic ant ly 
impaired nonverbal memory yet wel l-preserved verbal  memory .  

Temporal lobe les ions , left for verbal  memory and right for 
nonverbal memory , are general ly as soc iated with memory defic it s .  
However ,  subcort ical  struc tures such as the hippocampus , dorsomed ial 
nuc leus of the tha lamus , and mammi l lary bod ies are al so impl icated in 
memory func t ions . 

Conceptual and Abs trac t ion Ab i l i t ie s  

As the ab i l i ty t o  perform these higher-order cognit ive t asks 
entails  an intac t abi l ity to process  bas ic at tent ion , memory , and 
language ski l l s , it is high ly susceptible to the e f fec ts  of  
neuro logical  dys func t ions . At  t ime s , def ic i t s  in these higher-leve l 
func t ions are detected before def ic it s  in other bas ic ski l l s , and the se 
tasks are sens i t ive in identi fying subt le neurological invo lvement or 
an early phase of a neurologic al di sease proce s s . 
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The higher c ogni t ive func t ions , although locali zed in  the cortex , 
are not as focused as language func t ions , but are considered wide ly 
represented throughout the cortex . This  diffuse representat ion makes 
this func t ion part icular ly vulnerable to dys func t ions in various parts 
of  the cortex . 

Given the resu l t s  of thi s  ini t ial comprehens ive neuropsycholog ical 
tes t s , a neuropsycho logist  asks the fol lowing set of que s t ions . 

What are the nature and the extent of cognit ive de fic i t s ?  
Are there ind icat ions o f  e ither focal  o r  d i ffuse CNS involvement ? 
I f  the les ion is focal , what  is the locus of the les ion? 
Is the neuropsycholog ical profi le cons i s tent with any of the known 

profile s  assoc iated wi th a spec ific neuro logical syndrome ? 
Are there any indicat ions for further test ing of certain spec i f ic 

cogni t ive func t ions ? 

A number of cons iderat ions should be kept in mind in interpre t ing the 
answers to these que s t ions . Few of the focal defic its occur in pure 
form ; rather , they tend to occur in a background of some degree of 
general psycholog ical impairment . On the other hand , an absence of  
psycholog ical de ficit  doe s not necessar i ly imply an absence of neuro
log ical  involvement . Very mi ld neurolog ical problems or les ions located 
in re lat ive ly si lent areas of the brain might not produce measurable 
behavioral changes .  Certain conf igurat ions or c lus ters of psycholog ical 
defic i t s  might signal spec ific neuro logical  dys func t ions . When thi s  is  
suspec ted and the avai lable tes t  data are not comp lete , add it ional tes t s  
should b e  used t o  check the hypothe s i s . This  aspec t o f  the procedure 
high l ights the competence of a neuropsycholog i s t . The quickne ss with 
which the examiner c an formulate a number of pos s ib le hypotheses  on the 
bas is of minimum test  data and the ingenuity with which he or she 
proceed s to at tain mis s ing informat ion would vary from one examiner to 
another . Let us examine a hypothet ical case of an as soc iat ive visual  
agnosia .  Pat ients with this  syndrome have adequate visual percept ion 
and an adequate abi l i ty to recognize obj ec t s  and demons trate their use , 
but they are unable to name these obj ec t s . Left  occ ipital  lobe and 
pos terior corpus cal losum infarc t ions are as soc iated with this syndrome . 
When avai lab le test  data pre sent a pat tern in which severe naming 
de f ic it is seen in the presence of otherwi se adequate language ski l l s  
and visuoperc eptual  abi l i ty ,  a neuropsycho log i s t  should  b e  alerted and 
carry out further evaluat ion to tes t  the hypothes is and as soc iat ive 
visual agnosia . The pat ient should  be asked to demons trate ac tual use 
of obj ec t s , and the disc repancy between his abi l i ty to name vi sual ly 
presented and verbal ly described obj ec t s  should be tes ted . As these 
pat ients also frequent ly mani fes t  alexia without agraphia,  this pat tern 
of ski l l s  should also be examined . 

In this sense , a comprehens ive neuropsychological as sessment bat tery 
such as I have described , cumbersome as it already i s ,  is just a bas is  
from which further evaluat ion may proceed . 
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To a certain extent , there i s  a bui l t-in sys t em o f  validat ion for 
neuropsychological assessment when used as an individual diagno s t ic 
procedure . The resu l t s  of the tes t interpre tat ion are val idated agains t 
c l in ical neurolog ical examinat ion findings or neurorad iological 
find ings , such as computerized tomography ( CT)  scans . The majority of 
sys tema t ic , we l l -control led s tudies in which the va lidity of neuro
psychological tes t s  is examined tended to invo lve a sing le tes t  or 
c luster of tests  des igned to eva luate a part icular cognit ive func t ion . 
However ,  a few studies  evaluated the val id i ty of a comprehens ive neuro
psychological asses sment battery .  Reitan ( 1962 ) attempted to infer the 
locus , extent , and et io logy of les ions on the bas i s  of the Hal s t ead
Re itan Bat tery . He found general ly high agreement between the inferences  
made on the bas i s  of tes t  resu l t s  and independent ly der ived neurolog ical 
rat ings . In another s tudy ( Kim et a l . , 1 9 79 ) , the e ff icacy of another 
comprehens ive neuropsychological-ee&t battery was examined . 

In that s t udy , my col leagues and I examined the re lat ionship between 
neuropsychological tes t resu l t s  and CT scan find ings for 20 s troke 
pat ient s .  The paradigm used was as fol lows . A comprehens ive tes t  
bat tery and CT scans , both with and without the contras t  material , were 
adminis tered to each sub j ec t .  Two neuropsycho logist&  were independent ly 
ass igned the fol lowing tasks : to ident i fy the locus and extent of 
cerebral les ions based on the pat ient ' s  test  re sult s ,  age , and level of 
educat ion , and to spec ify the extent of psycho logical de fic i t s  on the 
bas is of the CT scan readings provided by a neuroradiologi s t . The age 
and leve l of educ at ion of each pat ient were also provided . The tes t s  
of verbal ab i l i ty used were the WAIS ( informat ion, comprehens ion , 
s imlar i t ie s , vocabulary subtes t s ) , the Boston diagnos t ic aphas ia 
examinat ion, and the Wingfield obj ec t-naming tes t . Te s t s  of nonverbal 
abi l ity inc luded general ( WAIS performance scale ) , vi sual ( Rey-Os terrieth 
f igure te s t ,  Hooper vi sual organizat ion tes t , Royer-Hol land block 
rotat ion tes t ) , aud itory ( seashore rhy thm tes t ) , and tac t ile 
( s tereognos is tes t ,  Seguin formboard tes t )  component s .  For attent ion 
and concentrat ion , the digit sequenc ing tes t , word sequenc ing tes t , 
Knox cube te s t , 4 X 4 block sequenc ing tes t ,  WAIS ( d ig it span and 
mental ari thmet ic subtes t s ) , and WMS (mental control subtes t )  were 
used . Tes t s  of memory inc luded verba l ( WMS ) , visua l  ( Benton vi sual 
retent ion tes t , Rey-Os terrieth figure test [ reca l l ] ) ,  aud itory 
( seashore tonal memory ) , and tac t i le ( Seguin formboard tes t )  component s .  
Abs t ract ion and conceptua l izat ion were assessed wi th the Port eus maze 
tes t ,  Wi scons in card-sort ing tes t , proverbs ,  and trai l-making tes t .  
Other tests  inc luded color naming and matching , drawing geometric 
f igure s , c lock drawing and sett ing , finger agno s ia tes t ,  left-righ t  
orient at ion test , wri t ten ari thmet ic tes t , word fluency tes t , and the 
Minnesota Mul t iphas ic Persona l i ty Inventory . 

The psychologis t s ' tes t  scores were trans formed into de fic it  scores 
( Tab le 1 ) . The CT scan readings were a l so scored ( Tab le 2 ) . The locus 
of les ion to be spec i f ied was the frontal , temporal , pariet al , or 
occ ip ital lobe for both the left and right hemi sphere s .  In add i t ion , 
ventricular and sulcal  enlargement and other categories were avai lab le 
for use . Brie fly ,  the find ings indicated that ident i f icat ion of the 
latera l i ty of the les ion based on the test  resu l t s  was accurate on 80% 
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TABLE 1 .  De f ic i t s  as scored by psycholog i s t s  

Tes t  Score! 

WAIS : Verbal IQ 1 l 

Informat ion X 

Comprehens ion X 

S imi lar i t ies  X 

Vocabulary X 

Rey-Os terrieth copy 

Hooper vi sual organization 

� Scores ranged from 1 ( no de fic i t )  to 4 ( severe de fic it ) .  

TABLE 2 .  CT les ions as scored by radiologists  

S i te and size of  les ion 
S i te of le s ion Le ft hemisphere Right hemisphere 

Frontal lobe 4 

Temporal lobe 3 

Par ietal lobe 3 

Occ ipital lobe 

Ventr icular enlargement 

Sulcal enlargment 

Other 

� Scores ranged from 1 ( no les ion ) to 4 ( severe les ion) . 

3 4 

X 

X 
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o f  the sub j ec t s ; spec i f icat ion of psychological de f ic its  based on CT 
scan read ings was more accurate than ident i ficat ion of les ion s ites  
based on tes t result s  was ; agreement on the le s ion s i te between the two 
neuropsychologis t &  was greater than that between the neuroradiolog i s t  
and the psychologis t ; and genera lly ,  the larger the s i ze of the les ion , 
the more severe the psycho logical de f ic it s .  

On the whole , neuropsychological asses sment o f  focal les ions tend s  
to  b e  re lat ive ly straight forward and its  re liab i l ity and val id ity are 
genera l ly adequate . 

Meier ( 19 70 ) ,  in hi s d i scuss ion of as sess ing sub t le psycholog ical 
de f ic its  as soc iated with cardiovascular disease , stated that such 
defic it s  require e laborate , t ime-consuming , and complicated behavioral 
tes ting devices . 

When a pat ient with unequivocal neuro log ical symptoms fai l s  to show 
behavioral de f ic its  on psycholog ical tes t s ,  it could be due to s i ther a 
t rue absence  of behavioral changes accompanying the neuro log ical 
symptoms or the insens i t ivity of the tes t s  used . 

The areas of cogni t ive func t ion shown to be sens i t ive ly affected by 
known or suspec ted di ffuse CBS dys func t ion provide c lues about where t o  
begin . At tent ion and concentra t ion , new learning and short -term 
memory , speed o f  reac t ion, and ab i l ity to hand le higher-level cognit ive 
tasks appear to be more sens it ive in re f lec t ing diffuse and sub t le CBS 
invo lvement than other tasks . Goodglass and Kaplan ( 19 7 2 )  and Lezak 
( 19 7 7 )  descr ibe impairment in conceptual thinking , slowing of 
ideat ional processes , reduc ed attent ion , s t imu lus boundne s s , and memory 
impairment as de f ic i t s  assoc iated with nonspec i f ic neuro logical 
de fic i t s  among brain-damaged pat ient s .  Spieth ( 1962 ,  1967 ) and Szafron 
( 1963 , 1965 ) , on the other hand , demons trated that among those wi th 
cardiovascular insuffic iency ,  impairment in s peed of  reac t ion, dec i s ion 
t ime in complex judgment s ,  and short-term memory under cond it ions of 
interference are the mo s t  frequent ly seen cognit ive defic it s . 

When very mi ldly impaired , equivocal  performance is  noted on many 
of these sens i t ive tasks against a background of intact performance on 
others , sub t le CBS dys func t ion should be sus pec ted . 

Certain comp lex tasks have been shown to be sens i t ive in re flect ing 
sub t le defic it s .  Wit t  et al . ( 1984 ) adminis t ered psycholog ical tes t s  
t o  1 6  anorec t ic s ,  1 6  age-matched depre s s ed pat ient s , 1 6  j uveni le-onset 
d iabe t ic s , and 16  normal controls . The tes t s  adminis tered were the 
informat ion and digit span sub te s ts of the WAIS , the trai lmaking and 
vi sual reproduc t ion test s  of the Wechs ler  Memory Scale ( WMS ) , and the 
symbol-digit  learning tes t ( SDLT) . Their f indings indicated that SDLT 
was the only test that  discriminated the anorec t ic s  from the other 
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groups a nd  was a l so found t o  corre late with durat ion o f  i l lne s s . In 
this tes t , seven symbo ls  were paired with seven digi t s . After be ing 
shown a pair ,  the sub j ect  was shown one of the symbols alone and asked 
to  supply the digit that was paired wi th it . 

The digit-symbol subtes t  of the WAIS , which is s imi lar to the above 
tes t , was also shown to be sens it ive to generalized CNS involvement 
among brain-damaged pat ient s . In the WAIS test , nine digits are paired 
wi th nine symbo ls . A series of digits  is pre sented , and the sub j ec t  is 
asked to wr ite in the ma tching symbols as fas t as pos s ible . When the 
nature of these tasks is  ana lyzed , they are found to entai l sustained 
at tention, memory , scanning , trans format ion of symbols into d igit s ,  and 
speed . It is poss ible that some of these component s play greater roles 
in enhanc ing the sens i t iv i ty of the task than others . For instance , 
the trans format ion of the materials from one s t imulus modality into 
another ,  such as digits to symbol s ,  might involve rap id shifting , 
ac t ivat ion , and integrat ion of different parts  of the brain. 

Examining the qua l itat ive aspect of subj ect s '  performance strategy 
could also provide import ant c lue s to the leve l of difficul ty the 
subj ects  exper ience . The two performances of the copying task shown in 
Fig . 1 scored for accuracy alone would yie ld the same score . However ,  
if  the different s trateg ies used in arriving at the same score are 
examined , the two performances appear quite  d i fferent and may represent 
different leve ls of CNS integrity . 

• • • • F i rst two mi nutes 

-- Second two mi nutes :-..
.. • • • 

• 
I I'' I I ,.,. I I ,.,. 

······ Th i rd two mi nutes 

• 
• 

I I .. .. • • • • • .... #, 
__ .... . . . ' . . . ,, . . . ,, 

. �,l--, • • • ,,' L .. J . . . . . , . . . . . . ,, 

rsr-=+. � 
FIGURE 1 .  Rey-Osterrieth f igure copying tes t . Two different 

sequences in copying s trategy . Symbols : • • • •  , first  
2 min ; ---- , second 2 min ; - - - - ,  third 2 min . 

The tests  that have been shown to be sens it ive to subt le defic its  
are comp lex tasks that cal l for manipulat ing mult iple fac tors with 
speed or that require e f f ic ient s trategy to carry out . 
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The problem o f  val idat ing the ass e s sment o f  sub t le de fic i t s  i s  more 
complex than it is for focal defic it s . This  aspect of as se s sment is  j u s t  
beginning t o  receive more at tent ion . Systema t ic and rigorous examinat ion 
of some of the i s sues described ear l ier , such as compari son of conven
t iona l ly and quali tat ive ly scored tes t  resul t s , may provide a s tart ing 
point for further explorat ion . 

Finally , a brief  comment is in order with re ference to two prevail ing 
approaches to neuropsychological evaluation. One is a f ixed test  battery 
approach and the other is  a flexible tes t bat tery approach . The 
Hal s tead-Re itan battery and the Luria-Nebraska neuropsycho logical bat tery 
are examp les of the former . In thi s  approach , the same tes t  bat tery is 
adminis tered to all  candidates for neuropsycholog ic al assessment in as 
uni form a manner as pos s ible . Each candidate ' s  tes t  score pat tern is 
interpreted agains t the prototyp ic patterns for various diagno s t ic 
categories . The advantage of this approach is  that the batteries can be 
admini s tered by trained , competent technic ians . This is  an economical way 
of at taining neuropsychological informat ion . The standard ized test  score 
interpretat ion a l so enab les someone with less than expert knowledge of  
neuropsychological as sessment to  interpret a given pat ient ' s  neuro
psycho log ical test dat a .  The disadvantages of this approach are that i t  
i s  d i f f icult  t o  as sess  and spec ify the prec ise nature and extent of 
neuropsycholog ic al defic its  of a given pat ient in sat i s fac tory det ail  and 
that de fic i t s  in certain idiosyncrat ic cognit ive parameters that are not 
inc luded in the battery might remain unas sessed . In the flexible test  
approach , the major emphas i s  is placed on the uniquenes s  of the ind ividual 
behavioral manife s t a t ions that result  from neurological dys funct ions . 
Thus , the se lec t ion and adminis trat ion of the tes t s  depend on the given 
pat ient ' s  spec i f ic pattern of de f ic i t s . Concentrated a s se s sment of areas 
of  de fic i t  enab les the neuropsycholog i s t  to exp l icate the spec ific nature 
of the de f ic it as we ll  as the degree of defic it in detai l .  The drawback 
of thi s  approach , however , is that the qua l i ty of the neuropsycho logical  
assessment grea t ly depends on the competence of a given neuropsychologi s t . 
There are , thus , advantages and disadvantages in both approaches .  The 
choice to subscribe to e ither approach is  a personal matter . Some of the 
important charac terist ic s  of a neuropsycho logi s t ,  regard les s  of the 
spec i f ic approach one adheres t o ,  are open-minded curio s i ty and an abi l i ty 
to observe and ass e s s  behavior in a systemat ic and creat ive manner .  
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SESSION I I  

INTRODUCTION--EFFECTS O F  SELECTED PHYSIOLOGICAL AND 
ENVIRONMENTAL VARIABLES ON COGNITION 

The number o f  s tud ies done spec i f ica l ly to eva luate the e f fec t s  o f  nutrit ional 
variab les on cognit ive performance i s  rather sma l l , espec ial ly for s tud ies 
done recent ly with state-o f-the-art cognit ive asses sment techniques . 
Nevertheles s , .cogni t ive test ing methods have been shown to be useful in 
assess ing the e ffec t s  o f  a variety o f  fac tors on mental performance . The 
purpose o f  this sess ion was to review four areas in wh ich c ognit ive performance 
tests have been used . The f irs t paper reviews what is known about the e ffect s  
o f  nutrit ion o n  cognit ion ; these results  come largely from s tud ies done prior 
to 1960 . Later chapters review the cognit ive e ffec t s  o f  cho l inerg ic drugs , 
noise , heat , and other stressors , and neurotoxic agent s .  In each area the 
authors emphas ize  the test ing methods that have been mos t  use fu l .  
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NUTRITIONAL DEFICIENCIES AND COGNITION 

David A .  Levitsky and Barbara J . Strupp 

The quest ion of  whether nutrit ion , or , perhaps more important ly , 
poor nutrit ion , affects  human cognit ion is  as o ld as c ivil izat ion. 
Certainly every culture had ideas about the relat ionship between foods 
or the lack of certain foods and the mind . Even today , such d iverse 
behavioral pathologies as schizophrenia , depress ion , anxiety , criminal 
behavior ,  hyperkinet ic syndrome , memory disorders , premenstrual 
tens ion , and many others have been l inked to  food intake . 

Despite the keen interest  in the e ffec t s  of  nutrit ion on the mind 
and behavior , relat ively little  research has been done . The reason for 
this dearth of  research is not c lear . This relat ionship bridges two 
disc iplines , nutrit ion and psychology , which have a number of  
overlapping research areas , such as obes ity and feeding behavior , 
soc ial and cul tural determinants of  food intake , neurotransmitter 
metabolism ,  etc . In addit ion , the part icular problems involved in 
determining the effec t of  nutrit ion on behavior do not require unusual 
or cost ly techniques for solut ion . Why then has research not proceeded 
in this area of sc ience at the same rate that it has in other areas 
that interface nutrit ion and psychology? The answer , we bel ieve , is 
that sc ient ists  in general don ' t real ly believe that food can affec t 
their minds and their behavior . 

The reason mos t  sc ient ists don ' t  bel ieve nutrit ion can affect the 
mind is twofold . First , most  of the research publ ished so far has 
shown that even severe nutrit ional defic ienc ies produce only a minimal 
alterat ion in commonly measured aspec ts  of  cognit ive func t ion . Second , 
and perhaps more important , people ( inc luding sc ientists )  are not 
general ly concerned about subtle influences on cognit ion . They know 
from personal experience that going without breakfast doesn ' t  have much 
of an effec t on their own thinking , except perhaps that they may be 
preoccupied with food . It  is difficult , therefore , to convince people , 
part icularly sc ient ists , to study a phenomenon that they intuit ively 
don ' t believe and moreover appears to be weak at bes t .  Tenure is not 
obtained by trying to publ ish studies c laiming "no effect . "  

One major except ion to this lack o f  interest in the possib le subtle 
effec ts  of  nutrit ion on behavior is the mil itary . They are very 
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concerned with the need to understand the condit ions that wi l l  opt Lmize 
the performance of their personnel .  I t  i s  therefore not surpris ing 
that the mos t  enl ightening research that has been or possibly ever will  
be done in  this area was sponsored by  the U . S .  Army . Most  of  what we 
know today about the effects  of calorie and vitamin restrict ion on 
adult behavior and phys ical performance was obtained through research 
sponsored by the military . 

However , before discuss ing these and other data about the effects 
of malnutrition on adult  behavior , we would l ike to review briefly the 
effec ts of dietary restric t ion on the cognit ive development of  
children . More is known about the effects  o f  malnutrit ion on  the 
cognit ion of children than of adults , and in fac t many s trong 
s imilarit ies exis t between the findings for these two groups . 

NUTRITION AND THE COGNITION OF CHILDREN 

The reason that the effec ts of  nutrit ion on cognit ion have been 
studied much more intensely in chi ldren than in adults is  that adult 
cognit ion is great ly influenced by the cond it ions that exis ted during 
childhood . Event s during childhood that interfere with the development 
of intelligence may permanent ly l imit the potent ial produc t ivity of the 
adult--a link that therefore has important ramificat ions not only for 
the individual ,  but for soc iety as we l l .  

Perhaps the mo s t  serious quest ion relat ing the effec ts  of nutrition 
to  cognit ion in chi ldren is whether malnutrit ion suffered early in l ife 
permanent ly l imit s  adult intell igence ( see Levitsky and Strupp , 1985 , 
for a comprehensive review) . The quest ion was raised because c l inical 
observations reported in the early 1 960s suggested that malnourished 
children in certain parts of  the world were showing s igns of  delayed 
intellectual  deve lopment . These observat ions were coupled with the 
results of laboratory research demons trat ing that much of the decrease 
in brain size  caused by malnutrit ion was not reversed with nutrit ional 
therapy . It  was not difficult for many to jump to the conc lus ion , 
therefore , that the deve lopmenta l lags observed in malnour ished 
children would be permanent .  

Does malnutrit ion cause permanent mental retardat ion? The answer 
seems to depend on the kind of  environment in which the chi ldren are 
raised . Malnourished children raised in impoverished environments in 
which there is a pauc ity of  intel lec tua l s t imulat ion and educat ional 
encouragement show subs tant ial defic its in IQ . In contras t ,  previously 
malnourished chi ldren raised in environments in which educat ional 
achievement is highly valued show almost  no permanent effects  of  the 
poor nutrit ion on intelligence . 

Unders tanding how the child ' s  environment can modulate the effects  
of malnutrit ion on  intelligence can teach us  a great deal about how 
poor nutrit ion may be expected to affect adult cognit ion . There is  
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very l itt le evidence from studies on either animals  or humans that even 
very severe malnutrit ion impairs the ability to learn or remember 
important environmental informat ion . Apparently , the brain mechanisms 
respons ible for these cognit ive processes are wel l  protected agains t 
the destruct ive effec t s  of malnutrit ion . 

Rather than impairing the abi lity to learn and retain informat ion , 
malnutrit ion seems to cause a defic it  in the propens ity of  a child or 
animal to ac t ive ly acquire and proces s new informat ion . Chi ldren , and 
indeed al l young mammals , accrue most informat ion about their 
environment on their own by being curious and exploring . In 
educat iona l ly enriched environment s , the child is cons tant ly surrounded 
by informat ion that is important for intellec tual development .  
Unfortunate ly , in educat iona l ly impoverished environment s ,  relevant 
informat ion and encouragement are not readily availab le and mus t  be 
ac t ively sought by the child . 

The major effec t of malnutrit ion is to suppres s the young mammal ' s  
normal tendency to explore and acquire informat ion about its  
environment . This defic it in endogenous ly mot ivated learning would be 
expec ted to have a greater effec t on the development of inte l l igence in 
children raised in educat ionally impoverished environments than in 
educat iona l ly enriched environment s s imply because the acquis it ion of 
educat ional ly relevant informat ion is  left to the child to  a much 
greater degree in les s-advantaged environment s .  Not only is the 
environment of soc ial ly advantaged children more saturated with 
educat iona l ly re levant material , but the acquis it ion of  that 
informat ion is  more apt to be required by the parents .  Thus , in an 
educat iona l ly enriched environment , although the effec ts  o f  
malnutrit ion may impair the child ' s  endogenous mechanisms for acquiring 
informat ion to the same degree as those of a malnour ished child l iving 
in an impoverished environment , the de fic it in the curios ity to acquire 
informat ion is  compensated for by the increased amount of  avai lable 
informat ion and by the parent s '  encouragement and demands . 

Bes ides inhibit ing the chi ld ' s curios ity to learn , malnutrit ion 
a lso seems to impair the degree to which informat ion is proces sed and 
encoded . Chi ldren as we l l  as adults  sort , c las s ify ,  and categorize 
informat ion be fore encoding it into memory . This degree of informat ion 
process ing ,  which occurs spontaneous ly in wel l-fed chi ldren , appears to 
be suppressed by ma lnutrit ion. It mus t  be emphasized , however ,  that 
malnourished chi ldren are ful ly capab le of this  degree of process ing if  
it is  required by the tes t ing s ituat ion ; they s imply don ' t engage in 
the same depth of  informat ion process ing when not forced to do so . 

The conc lus ion that has emerged from the study of malnutrit ion and 
cognit ion in chi ldren is that although malnourished chi ldren are ful ly 
capable of learning and process ing environmental informat ion , the normal 
endogenous mot ivat ion for acquiring and process ing that informat ion is  
inh ibited by poor nutrit ion , but their basic  abi l ity to  acquire and 
process informat ion seems to be unaf fected . 

· 
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OBSERVATIONS OF COGNITION DURING FAMINE 

In an excel lent review of the literature on the behavior of humans 
during famines , Keys et al . ( 1 950 ) po int out a common observat ion : no 
matter what the cause of  malnutrit ion , the response is a reduct ion of 
spontaneous ac t ivity , apathy , irritabil ity , and depression . B lanton 
( 1 91 9 )  made as tute observat ions of  German schoolchi ldren whose food 
rat ion was l i�ited during World War I .  He observed no deteriorat ion in 
intell igence or schoo l performance in chi ldren "of good breeding s tock , "  
or upper c lass , but the children o f  lower c lass  showed rather marked 
dec l ines in schoo l performance . The teachers complained that a l l  the 
children were frequently fall ing as leep in c lass , had difficulty 
sus taining at tent ion and working for long periods , and were more 
rest less  and harder to disc ip l ine . 

Fl iederbaum et  a l .  ( 1 946 ) observed the effec t  of  food restric t ion 
on the Jewish populat ion of the Warsaw Ghetto during World War I I .  
They emphas ized the apathy and lack of  interest  these people had in 
their surroundings . Chernorutski i ( 1 943 )  also noted apathy , dul l ing of 
emot ions , and narrowing of  intel lectual interests  among the inhab itants 
of  Leningrad during a famine caused by the German blockade in World War 
II . Dols and van Arcken ( 1 946 ) commented on the behavior of the Dutch 
people during food shortages of World War II : "The mos t  striking 
symptom of starving persons is their total apathy , in sp ite o f  the fac t 
that they often had los t their se l f  control and were mos t  irritable . "  
Sorokin ( 1 942 ) , in reviewing the data from a number o f  famines ,  spoke 
of food restrict ion as caus ing an impairment in creat ive thinking . 

In almost  every one of the 29 observat ions of a natural famine , 
this same pattern of  response had been observed : dominat ion of  al l 
thoughts by food , severe ly decreased ac t ivity , lack of interest  in 
anything ( inc luding sex )  except food , and increased irritab i l ity .  In 
no s ituat ion was impairment in cognit ive abi l ity ment ioned . 

EXPERIMENTAL CALORIC RESTRICTION AND COGNITION 

The first  sys temat ic invest igat ion of the effec t s  of  dietary 
res tric t ion on mental func t ioning was done by Weygandt ( 1 904 ) . Despite 
the universally reported changes in the behavior of  people dur ing a 
natural famine , Weygandt found that fas t ing for 24 to 72  h had no 
effec t on perceptua l speed ( the length of  t ime necessary to recognize 
words ) ,  word assoc iat ion reac t ion t ime , or learning abi l ity . Benedict  
( 1915 ) , in one of  his c las s ic s tud ies of the effec t of  a 31-day fast  on 
a "profess ional" fas ter , noted that although the subjec t s tarted the 
fas t  "cheerful , "  he became progres s ive ly more "depressed . "  Benedic t 
noted ,  however ,  that his intel lec tual capac ity and expressive powers , 
as judged in conversat ions , d id not seem to be affec ted . 

Marsh ( 1 916 )  measured the effec ts  of  a 1-week fast  on himsel f and 
his  wife . He noted that his memory deteriorated with prolonged fast ing 
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whi le his wife ' s improved . Unfortunately , the lack of a contro l 
prac t ice period and the absence of  s tatis t ics  prevent any definit ive 
conc lusion from being made . Glaze ( 1928 ) subjec ted himsel f ,  his  wife , 
and a profes s ional faster to a 10-day fast and l ike the others before 
him was unable to detec t any deteriorat ion in cognit ion as measured by 
the abil ity to do mental arithmetic , name colors , and read letters 
backwards .  

The first a s  well  as the mos t  careful and comprehens ive 
quant itat ive s tudy of the cognit ive and behaviora l effec t s  of caloric 
restric t ion ever done was performed by Ancel Keys and Jose f Brozek and 
their assoc iates at the Univers ity of  Minnesota (Keys et al . , 1950 ) . 
Brozek , a we ll-trained and methodical experimental psychologist , knew 
a l l  the prob lems of test ing humans for long periods of  t ime : pract ice 
e ffects , dec lining ambit ion , monotony , and many others that plague and 
could possibly confound long-term studies of  behavior.  

Following a 12-week control period during which 32  subjec ts were 
trained on various test s  of phys ical and mental performance , their diet 
was reduced from 3 , 492 to 1 , 658 kcal /day ,  a reduc tion of  52 . 5% .  This 
period of caloric restric t ion cont inued for 24 weeks and resulted in a 
24 . 2% reduc t ion in body weight . The subjects  were then s tudied for 
another 12 weeks during the recovery period . Al l the performance tes ts 
used were highly s tandard ized and wel l  accepted as sound tests of  
cognit ive and physical  performance . Table 1 shows the tests  that were 
used . 

Al l the subjects  were wel l  trained on each of  the tests be fore they 
s tarted the semis tarvat ion part of the s tudy . The tests  were also 
administered during the rehabil itat ion period . In e ffec t ,  the 
experiment inc luded basel ine , treatment , and recovery period s .  

Cons idering first the tests o f  sensory func tion , i t  was c lear that 
no change in visua l acuity was observed during any part of the 
experiment .  The visual threshold at 100 and 1 fc ( 1 , 076 and 10 . 76  lx) 
was not a ltered by semis tarvation . Fluc tuat ions in percept ion of the 
Necker cube also d id not prove to be sens it ive to the effec ts  of  
semistarvat ion . 

Flicker fus ion frequency thresholds were s tatistical ly affec ted . 
The threshold dropped from 36 . 3  + 3 . 2  ( SD ) during the control period to 
35 . 3  + 3 . 6  by the end of  the starvat ion period . A within-subjec t  
comparison yie lded a highly s tat ist ica lly s ignificant effec t  
( F  • 1 9 . 41 ; P > 0 . 01 ) . Unfortunately , the biological  meaning of  this 
d;crease is not known . The thresho ld does decrease with age ( Brozek 
and Keys , 1 945 ; Simonson et a l . , 1 941 ) and stress ( Brozek and Keys , 
1944 ) . The authors , unco;;i�ed of the bio logical  importance of this 
difference , calculated a displacement rat io by divid ing the mean 
within-subjec t  dif ference in threshold by the between-subjec t  SD 
obtained during the control period . The value they calculated , -0 . 31 ,  
they cons idered "not impressive . "  They conc luded that "changes in the 
visual func t ions during the period of semi-s tarvat ion were either 
absent or negl igible . "  
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TABLE 1 .  Performance tes t s  used by the Minnesota study 

Func t ion Tests  used 

Sensory funct ion Auditory acuity (manual audiometer) ;  visual 
(determined by the diameter of the smal lest 
c irc le that can be seen at  1 5 ft . ) ;  fl icker 
fusion frequency 

Perceptual f luctuat ions 

Motor performance 

Strength 

Speed 

Coord inat ion 

Intell igence 

Learning 

Personality 

Necker cube fluc tuat ion 

Psychomotor test bat tery ( Brozek � al . ,  
1 946b) 

Standard handgrip and back�l ift dynometer 

Penc i l  tapping 

Pattern-trac ing task 

Army Genera l Classificat ion Tes t ; CAVD scale ; 
Repeatable Test  Bat tery (Guetzkow and Brozek , 
1947 ) 

Cross ing-out 4 ' s ( cross ing out the number 4 
from a long series of  numbers ) 

Interviews by three psychologis ts ; diaries ; 
MMPI ; inventory of temperamental traits 
(Guil ford and Mart in , 1 943 ) ; sel f-rat ings ; 
complaint questionnaire ; man-to-man rat ing 
( subj ects  rated each other) ; drive rat ings 
( food , sex ,  ac t ivity) 

The effec t of semistarvat ion on hearing acuity was quite different . 
Not only was the effec t stat i s t ical ly s ignificant , but contrary to 
expec tat ion , semis tarvat ion ac tually caused an improvement in hearing . 
This increase in hearing acuity occurred at almost every sound 
frequency tested , inc luding 1 28 ,  5 1 2 , 2 , 048 , and 4 , 096 cyc les /a , 
al though the effec t was not stat ist ically s ignificant at the highes t 
frequency , 8 , 192 cyc les /a . Hearing acuity returned to basel ine a fter 
nutrit iona l rehabil itat ion . Tab le 2 shows the results  for one test ing 
frequency , 2 , 048 cyc les /a . The authors reported that the subjec ts 
frequent ly complained that the ir tolerance for loud noise , mus ic , or 
speech was lowered during semis tarvat ion . 

One of  the mos t  striking effec t s  o f  semis tarvat ion is the decrease 
in muscular strength and endurance . Statist ically s ignif icant decreases 
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TABLE 2 .  Hearing los s� during Minnesota study 

Period 

Contro l 

Semistarvat ion 

Chang� 

Change during 
recovery£ 

Hearing loss ( dB ) , 
Mean ! SD (� • 3 2 )  

0 . 58 + 5 . 89 

-4 . 36 + 4 . 92 

-4 . 94 + 4 . 05 

5 . 75 + 4 . 42 

t 

7 . 36 

6 . 90 

�Hearing loss as  measured by a Maico D-5 audiometer at a 
frequency of 2 , 048 cyc les /a . 

�Individual-change scores from end of control period to  
end of  semistarvat ion per iod . 

£Individual-change scores from end of semistarvat ion 
period to end of recovery period . 

p 

0 . 01 

o . o1 

due to semistarvat ion were found in hand dynometer , back dynometer , leg 
reac t ion t ime , gros s body react ion t ime , manual speed , tapping speed , 
and pattern trac ing measurements . 

Although all  the behavioral measures described so far involve neural 
systems , the major quest ion we want to address is  whether semis tarvat ion 
a ffect s cognit ion . As indicated in Table 1 ,  the Minnesota s tudies used 
three different assessment s of cognit ive performance ; the Army General 
Classificat ion Test , the Complet ions , Arithmetic , Vocabulary , and 
Direct ions ( CAVD) scales , and the Repeatable Tes t  Pattern , al though only 
the latter two were used during the period of semistarvat ion and 
recovery . In add it ion , a cross ing-out test was used to analyze the 
rate of learning . Al l subjec t s  were well  prac t iced during the control 
period . 

Before d iscuss ing the scales , it  may be ins truc t ive to obtain a 
gl impse of  the researchers ' impress ion of  whether semis tarvat ion 
affec ts intellec t and cognit ion. The authors (Keys !! a l . , 1 950 , pp . 
859-860 ) s tate : 

Accord ing to our c l inical impress ions , the intellec t ive 
capac ity was essent ial ly unchanged . Throughout the stres s the 
subj ects  talked intell igent ly , though with decreas ing speed , 
and appeared to think c lear ly . Memory dis turbances  and a 
decrease in express ive power were only rarely encountered and 
did not seem to go beyond the range of normal ity . Quant itat ive 
tests  of inte llec t ive performance were used to supplement the 
c l inical judgment . 
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Indeed , a lmost  none of the tes t s  of menta l funct ion taken during 
the period of semistarvat ion showed a stat is t ically s igni f icant change 
from the contro l period . The Repeatab le Test  Battery o f  inte l lec t ive 
func t ions is made up of s ix subscales , none of which show an effec t of 
starvat ion .  These scales inc lude flags (a tes t  of the percept ion of  
spat ial relat ions ) , firs t letter ( examines word fluency) ,  word-number 
recal l  (measures memory) , mult ipl icat ion (measures number fac i l ity) , 
letter series ( examines induc t ive reasoning) , and number checking 
( examines perceptual speed) .  

The results  of  the CAVD tes t of  intel lec t ive funct ions , however , 
were a b it different (Tab le 3 ) . The CAVD scale was developed by E . L. 
Thornd ike , the famous psychometric ian at the Ins t itute of  Educat ional 
Research of Co lumbia Univers ity , and contains severa l different forms .  
To control for any prac t ice effec t , different forms were used a t  each 
of the three tes t periods : control , after 12 weeks of semistarvation , 
and after 24 weeks of semis tarvat ion . The only scale that was not 
affected by starvat ion was the complet ion scale . In the complet ion 
test , the subjec t  was required to supply words to a sentence to make it  
true or false . 

The arithmet ic scale required logical reasoning and computat ion. 
The vocabulary scale tested the abil ity of  the subjec t s  to choose among 
various synonyms of a given word . The d irec t ions scale examined the 
"ability to unders tand corrected d iscourse . "  

TABLE 3 .  CAVD tes t o f  intel lect ive function! 

Scores (mean .!. SD) 

Test c Sl2  F 824 F 

Complet ions 3 2 . 6  + 7 . 7 3 2 . 9 + 7 . 3  0 . 1 7  32 . 6  + 7 . 6  o. oo 

Arithmetic 3 2 . 9 + 10 . 4  36 . 7 + 1 1 . 3  1 5 . 0� 35 . 9 + u . o 21 . 6� 

Vocabulary 29 . 8  + 8 . 3  32 . 1  + 7 . 1  8 . 59k 32 . 1  + 6 . 8  8 . o2k 
Direct ions 35 . 6  + 5 . 0  43 . 1  + 7 . 4  1 . 93 32 . 9 + 6 . 2  1 5 . 63!!. 

!scores for subtests and total raw scores were calculated during the 
control ( C )  and after 12 and 24 weeks of semistarvat ion ( S l 2  and 824 , 
respec t ively) .  F was calculated on the bas is of within-subjec t  effec t .  

kP < o . o1 . 
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Thus , contrary to the rather definit ive conc lus ion that the 
Minnesota researchers reached , their data contain suggest ions that at 
least  some aspec t s  of  cognit ion may be affected by semis tarvation. 
However , the cognit ive effects  they did observe , a lthough s tatis t ical ly 
s ignificant , were very smal l--approximate ly a 7% decrease after 24 
weeks of semistarvat ion. Moreover , performance on one of  three scales , 
the vocabulary scale , ac tually improved rather than deteriorated with 
starvat ion. 

One f inal cognit ive test was performed by the Minnesota 
researchers--the tes t of cross ing-out 4 ' s .  This  test examined the 
learning of a number cancel lat ion prob lem and was given at the end of 
the 24 weeks of s tarvat ion and again at the end of 18 weeks of  
rehabil itat ion. No differences were observed in the rate of  learning 
this task .  The researchers conc luded that "this fits  in with the other 
test results  and with the c linical observat ions and increases our 
confidence that ' inte l l igence ' was not adverse ly affec ted by the 
reduc t ion of food intake and the consecut ive dec rease in body weight . "  

Although neither the c l inica l psychologis ts  nor the cognit ive tests 
could detec t any evidence of deteriorat ion in mental abi l ity ,  the 
subj ec ts  a l l  be l ieved that they were worse off . "As semi-s tarvat ion 
progressed in the Minnesota Experiment , complaints of inab i l ity to 
concentrate for any period of t ime and of difficulty in deve loping 
thought s became numerous . By the end of the semi-s tarvat ion period a 
large proport ion of the men fe lt  that their judgment had been 
impaired . They reported further that their general a lertness  and 
comprehens ion had dec lined . "  

Moreover , contrary to the tes ts  o f  " intellec t ive func t ions , "  tests 
of personality ,  part icular ly the Minnesota Mult iphas ic Persona l ity 
Inventory (MMPI) , cons istently showed s tat is t ical ly s ignificant changes 
in the personal ity o f  subj ec t s  during the period of  caloric 
restric t ion . The major changes in MMPI measures can be seen in Table 4 .  

Of the scores , the greatest  changes were found with the scales o f  
hyperchondrias is , depress ion , and hys teria.  These scales place a great 
dea l of weight on phys ical complaint s ,  bodi ly preoccupat ion , 
hypersens itivity , emot ional shallowness , and lethargy ( Dahlstrom and 
We lsh,  1960 ) , a l l  of which are undoubtedly increased during the 
extended period of semis tarvat ion . 

Two other personality tes t s  were administered , the Rosenzweig 
picture-frus trat ion tes t and the Rorschach test . Neither test detec ted 
any s ignificant effec t of calor ic res trict ion ( Franklin and Brozek,  
1949 ) .  
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TABLE 4 .  Scores on MMPI.! 

Scores (mean ! SD) 

Scale Control S l 2  S24 F 8.1 2 

Hyperchondrias is  45 . 7 + 3 . 4 58 . 2  + 7 . 1 63 . 0 + 6 . 7 uo. lk 54 . 1 

Depress ion 54 . 2  + 6 . 5 64 . 8  + 7 . 2  73 . 9  + 8 . 2  109 . 6!!. 65 . 7 

Hys teria 59 . 0  + 6 . 1 65 . 8 + 7 . 1  70 . 0  + 8 . 2  52 . � 64 . 9 

Psychopathic 52 . 2  + 7 . 5  53 . 0  52 . 9 ! 6 . 5  0 . 3 53 . 0  
deprivat ion 

Masculinity- 69 . 8 + 10 . 3  68 . 0 66 . 9 + 8 . 1  6 . 4£.  66. 9 
femininity 

Paranoia 53 . 5  + s . o 53 . 4  54 . 1 ! 5 . 9  o . 3 53 . 2  

Psychastenia 45 . 7  + 7 . 4  46 . 8  51 . 9  + 7 . 7 2 l . ik 49. 1  

Schizophrenia 4 7 . 5 + 7 . 5  49 . 2  5 5 . 1 + 8 . 9 43 . � 48. 5 

Hypomania 51 . 0  + 7 . 1 50 . 2  5 1 . 4  + 8 . 7 0 . 1 

!scores were obtained during the control  period 1 after 1 2  and 24 weeks 
of semistarvat ion ( S l 2 and S24 1 respect ively) . and after 1 1  6 1  and 1 2  
weeks (8.12 )  of  recovery . 

� < 0 . 01  
� < o . os 

Although it was not measured d irec t ly .  the Minnesota researchers 
remarked throughout their monograph that during the period of  
semistarvat ion the subjects  became extremely depressed 1 apathetic . and 
irritable . As ment ioned earl ier 1 others have noted this kind of 
behavioral change during natural famines : Markowski ( 1 945 ) in 
semistarved prisoners of war and Dol s  and van Arcken ( 1 946 )  in the 
semistarved vic t �s of the Dutch famine during World War II . The 
Minnesota researchers were so impres sed by the changes induced by the 
semistarvat ion that they stated 1 "Perhaps the outstanding feature in 
both famine and the Minnesota experiment is depress ion and apathy" 
(Keys !! al • •  1 950 1 p . 907 ) . 

VITAMIN DEFICIENCY AND COGNITION 

A profile  remarkably s imilar to that observed with ca loric 
restric t ion has been seen with vitamin defic ienc ies . Spies !! al . 

50 . 6  
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( 1 943 )  noted that pat ients suffering from pe l legra complained about 
d i fficulty in concentrat ion , memory , and comprehens ion. A s imilar 
observat ion was made by Wi lder ( 1 944 ) . 

In one of the first experimental s tudies of the effec ts  of vitamin 
B complex restric t ion on cognit ion in humans , O ' Shea et a l .  ( 1 942)  
observed a deteriorat ion in  the rate of learning variouslmaze tasks 
after vitamin def ic iency and a recovery in the maze-learning rate after 
vitamin res torat ion . Sebrel l  ( 1 943)  also noted disturbances in 
cognit ion with experimentally induced vitamin B defic ienc ies . He 
reported that advanced defic iency led to disturbances in memory , 
c louding of consc iousness , and disorientat ion . Unfortunately ,  these 
f ind ings were based on c l inical impress ions rather than quant itat ive 
measurement s .  

The firs t study o f  vitamin defic iency and behavior by the Minnesota 
group examined the effec t of riboflavin . The period of def ic iency 
lasted only 12 days , and no effec t  was observed in perceptual-motor 
tasks , visual percept ion , or strength measures (Keys � a l . , 1944 ) . 
More recent ly , Sterner and Price ( 1 973)  s tudied the effec t s  of a d iet 
low in riboflavin by us ing a battery of psychomotor and cognit ive 
tests . The s tudy used a 14-day control period , a 56-day deplet ion 
period ( 0 . 07  mg of ribof lavin per day ) , and a 14-day recovery period . 
The behavioral tasks inc luded a brightness  discriminat ion task and an 
Ortho-Rater task to measure visua l percept ion and acuity , the Crawford 
Smal l  Parts Dexterity Test  ( CSPDT) , a hand dynometer , a pursuit motor 
task, a tes t of react ion t ime , the Wechs ler Adult  Intel l igence Scale , 
the MMPI ,  and the Rorschach inkb lot test . These researchers were 
unab le to observe any effec t of riboflavin defic iency on any of the 
measures of psychomotor performance or in any of the inte l l igence 
scales . However ,  they did find large changes in the MMPI , but not the 
Rorschach test : increases in hyperchondrias is , depress ion , 
psychopathological  deviancy , and hypomania . Not ice the increase in the 
scale of depress ion (Table 4) . 

In a study of the effec ts  of a diet low but not defic ient in total 
B vitamins on psychomotor and cognit ive performance , Keys et  a l .  ( 1945 )  
also could not find any detec tab le effec t on the speed of  repetit ive 
motor responses , whole-body reac t ion t ime , pattern trac ing , speed and 
accuracy of a motor coord inat ion task,  crit ical fl icker fus ion 
frequency , or perceptua l thresho lds for pres sure or vibrat ion. 
Moreover ,  no e ffec t of the restric t ion in B vitamins could be found in 
tests  of cognit ion with the Porteus maze or in personality as  measured 
by the MMP I  and Cattell  Curs ive Miniature S ituat ion Personal ity Test . 

The effec t s  o f  an acute defic iency were a bit different . Although 
no effec t of an acute defic iency in B vitamins was observed on any of 
the tes t s  of  strength , a c lear deteriorat ion in psychomotor 
coord inat ion was found , which recovered after 10 days of rehab i l itat ion 
( Brozek et a l . , 1 946b ) . Bes ides a sharp increase  in complaint s by the 
subjec t s�ue-primarily to the appearance of anorexia and nausea after 
10 days on the defic ient diet , s ignif icant increases  in MMPI scores 
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were observed on the scales for hyperchondrias is , depres s ion ,  and 
hysteria , the same three scales that were affected by semistarvat ion 
(Keys � a l . , 1950 ) . 

Berryman et  al . ( 1 94 7 )  performed a s tudy s imilar to that of  Brozek 
et a l .  ( 1946br-i;-which they examined the effec t of a diet restricted 
In �vitamins on performance . Unl ike the Minnesota group , Berryman et 
al . could not find any evidence of deteriorat ion in psychomotor 

-

performance even after 18  weeks on the restric ted rat ion . However , 
they d id note a decrease in phys ica l performance as we l l  as  an increase 
in hys teria , depress ion, and hyperchondrias is on the MMPI (Henderson et 
a l . , 1947 ) .  

--

Brozek � al . ( 1946a ) observed that the increase in hys teria , 
depression , and hyperchondrias is scores brought about by an acute 
defic iency of the B vitamins could be almost total ly reversed by 
administering thiamine . This find ing suggests  that the "neurot ic 
triad" is caused by thiamine deplet ion and not by lack of the other B 
vitamins . This  suggest ion is supported by the observat ion of  Wi l l iams 
� a l .  ( 1 940 ) that depress ion and emot ional ins tabil ity were quite 
evident in subjec t s  made thiamine defic ient . 

B vitamins are not the only nutrients that seem to  affec t 
behavior .  Wi lter e t  al . ( 1946 ) observed pat ients suffering from 
c l inical scurvy . They-reported that many of  the pat ients were 
d isoriented and depressed . Cut forth ( 1958)  observed a s imi lar p ic ture 
in pat ients  suffering from scurvy , but was most  s t ruck by their 
profound lethargy , apathy , and depression. 

The first  and only attempt to quant ify the behavioral changes that 
accompany experimentally produced vitamin C defic iency was reported by 
Kinsman and Hood ( 1 971 ) . They observed that · a fter a prolonged 
defic iency of ascorb ic ac id , physical  performance decreased as measured 
by the Fleshman Phys ical Fitnes s  test  battery , but there was no 
deteriorat ion in cognit ion as measured by several tes t s . However ,  like 
semistarvat ion and B vitamin de fic iency , a vitamin C de fic iency 
produces increases in the neurot ic triad scores , as ind icated by an 
inc rease in hyperchondrias is , depress ion , and hys teria in the MMPI . 

DEPRES SION AND COGNITION 

The results  of the studies described so far seem to suggest  that 
prolonged nut rit ional def icienc ies have very l i t t le effec t on 
inte l lec tual abi l it ies . Therefore , can we conc lude that cognit ive 
funct ion is not impaired even i f  an ind ividua l is poorly nourished?  
Based on  several l ines of indirec t evidence , it  seems that the answer 
is no . 

At the out set it is important to dist inguish be tween cognit ive 
abil ity , as asses sed under laboratory condit ions , and the spontaneous 
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mental ac t ivity that charac terizes an ind ividual in dai ly l ife . The 
d is t inc t ion was emphas ized by Keys et al . ( 1950 ) to explain the marked 
contras t between the unimpaired tes�performance of the men during 
s tarvat ion and their s triking apathy and the dec rement in their 
" se l f-init iated mental act ivit ie s"  scores . Although these s tarved men 
were general ly capable of normal intel lec tual funct ioning when they 
were in the test ing s i tuat ion and encouraged to perform we l l ,  they 
seemed totally uninteres ted in the intel lec tual ac t ivit ies that had 
previous ly been important to them.  

In animal studies , too , it  seems c lear that malnutrit ion may 
different ial ly affec t an anima l ' s abil ity to learn and its  propens ity 
to acquire informat ion ( Strupp and Levitsky , 1 983 ) . Spec ifically , 
malnourished animals show unimpaired learning abi l ity when learning is 
required to meet bas ic needs while showing profound defic its  in 
learning when informat ion is  avai lable but unnecessary for immediate 
survival or comfort . They seem capab le of  learning when they are 
forced to do so , but do not spontaneous ly acquire informat ion to the 
same extent as do well-nourished animals when not forced . 

It  seems fair to  conc lude that even i f  nutrit ionally defic ient 
subjects  are able to perform adequately on s truc tured tests  in a formal 
tes t ing s i tuat ion , they may no t be funct ioning opt imally in their 
day-to-day l ife . This poss ibil ity is also  sugges ted by the profound 
mood changes that have universally been found to accompany pro longed 
nutrit ional defic ienc ies --in part icular , depress ion. In fac t , many o f  
the subt le but cons istent cognit ive changes that have been reported in 
exper�ental def ic iency studies are qual itat ively very s imilar to those 
that are charac ter ist ic of c l inica l ly depressed pat ient s ,  although 
perhaps less  severe . 

Overal l there does  seem to be a corre lat ion between severity of 
depress ion and degree of cognit ive impairment in hospital ized depressed 
pat ients ( e . g . , Stromgren , 1 9 77 ) . However ,  s imi lar to poorly nourished 
ind ividuals , depressed pat ient s are ab le to perform norma l ly on the 
majority of cognit ive tes ts  in formal tes t ing s i tuat ions . In fac t ,  
many invest igators have commented on the striking d isparity between the 
profound affec t ive changes seen in these pat ients and their relat ively 
minor cognit ive def icits  ( Friedman , 1964 ; Kendrick and Pos t , 1967 ) . 

However , it  has also been noted that the performance of  depressed 
pat ients  in these test ing s ituat ions may not be a good pred ic tor of 
their cognit ive funct ioning in l ife outs ide the test ing s i tuat ion . For 
example , Colbert and Harrow ( 196 7 )  observed that although a group of 
depressed pat ients  demons trated no psychomotor retardat ion when tested 
after the ir admiss ion to the hospital ,  there had been profound 
cognit ive retardat ion ( e . g . , impairment of init iat ive , reduc t ion in 
concentrat ion , retardat ion in thinking) for 2 two weeks preced ing 
hospital izat ion . The authors s tress that except for severely depressed 
pat ient s , mos t  can "mobilize themselves"  in these struc tured test ing 
s ituat ions . Other studies of depressed pat ients have also emphasized 
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that under the cond it ions of act ive support and encouragement usua l ly 
present in these s ituat ions , these pat ients can achieve normal  
cognit ive performance , often in contras t to  the leve l of cognit ive 
funct ioning in their daily l i fe ( e . g . , Stromgren , 1 9 7 7 ) . In l ight of  
the depression that seems to accompany nutrit iona l defic ienc ies ( a lbeit 
minor in comparison to the depress ion suffered by many of  these 
pat ient s ) , it  seems l ike ly that here too there may be a disparity 
between the test performance of these ind ividuals and their cognit ive 
funct ioning under les s struc tured cond it ions . 

As noted above , although the cognit ive defic its  observed in 
c l inical ly depres sed pat ient s are minor in comparison to the severity 
of their affec t ive d isorder , these pat ients do seem to be impaired 
cognit ively compared with both norma l  controls  and with themselves in a 
nondepressed state ( e . g . , Henry et a l . , 1973 ; Stromgren , 1 97 7 ;  
Weingartner e t  a l . , 1981) . Howe;er:-s tud ies that have tried to spec ify 
the type of cognit ive impairment as soc iated with depress ion have 
revealed that the de fic it is rather spec ific and does not show up on 
all  cognit ive tasks . 

The parameter that seems to be important in predict ing the 
cognit ive performance of depres sed pat ient s is the amount of effort 
required to perform opt imally on the tasks . Scores on cognit ive tasks 
that can be accomp l ished re lat ive ly automat ica l ly do not dist inguish 
between control subjects  and depressed pat ients .  In contras t ,  tasks 
that require sus tained effort and elaborate encod ing for opt imal 
performance do  reveal cognit ive defic its  in  these pat ients .  

For example , in one recent s tudy , depressed pat ient s were asked to 
l isten to and remember different word l ists  that differed both in the 
relatedness  of the words in the l i s t  and in the c lustering of the 
related words . Specifically , there were seven different 32-word 
lists : one l i st  of  random ( unre lated ) words ; two lists  that each 
contained two sets of 16 re lated words ( e . g . , 16 fruits and 1 6  
vegetables ) ; two lists  that each contained words belonging t o  four 
categories ; and two eight-category word l ists . One of  the two-category 
lists  c lustered each category together (AAA • • • •  BBB) , while  the other 
was unc lustered (ABBABA • • •  ) .  S imilarly , there was both a c lustered and 
an unc lus tered vers ion of the four- and eight-category word list s .  

The depres sed pat ients d id not differ from the control subjects  in 
recal l ing the l ists  that were highly organized and in which the 
organizat ion was shown by obvious c lustering . However , these depressed 
pat ients recal led s ignificant ly fewer words when the organizat ion of  
the words was not obvious ( unc lustered l ists ) . The results  ind icated 
that even if  the related words were not c lustered together ,  the 
controls  were ab le to take advantage of the re latedness  of the words 
and impose organizat ion on the l ist s . In contras t ,  the depressed 
pat ients seemed to be forming nontrans formed copies of the l ists  
presented and therefore were only ab le to take advantage of the 
relatedness of  the words in the c lustered l is t s . 
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This task and others l ike it ( Cohen � a l . , 1982 ; Weingartner !! 
a l . ,  1 981 ) sugges t  that when subjects  mus t impose struc ture or use 
e laborate encod ing strategies to perform we l l , depressed pat ient s  
perform more poorly than contro l s . 

In addition ,  depressed pat ients have been found to be impaired in 
cognit ive tasks that require sus tained concentrat ion ( e . g . , Friedman,  
1964 ) . For example , in  two different tasks ( reac t ion t ime to a l ight 
s ignal and a task requiring a response shift ) , Friedman found that the 
depressed subjects  were only impaired on the last trial of  each test , 
s trongly sugges t ing a fat igue or sus tained-attent ion effec t .  Test s  
that primari ly assess psychomotor speed , such a s  react ion t ime tests  
and the d igit-symbol test , have also revealed defic i t s  in depres sed 
subj ects .  

That fat igue and psychomotor retardat ion are assoc iated with 
depress ion does not seem surpris ing . These findings are cons istent 
with those of Cohen and his col leagues ( 1982 ) that a s ignif icant 
corre lat ion exis ted between the performance of depressed pat ient s on 
certain cognit ive tes ts  and their muscular s trength as  assessed with a 
dynomete r .  These authors interpreted the results  as indicat ing a 
defic it in e ffortful process ing . The reduced dynometer performance 
generally  found in subjec t s  with nutrit ional deficienc ies  might also be 
assoc iated with this type of cognit ive defic it .  

In summary , the cognit ive func t ions that seem to be spec ifical ly 
altered in the depressed s tate inc lude the init iat ion of  inte l lectual 
act ivities in dai ly l ife , effort ful and elaborate encod ing strategies 
( informat ion seems to be only superf ic ially processed) , and psychomotor 
speed and sustained concentrat ion . Severa l point s , however ,  should be 
s t ressed about the cognit ive alterat ions assoc iated with depress ion. 
First , although s ignificant , the reported def ic its  are genera l ly 
small .  For example , even in one study that found highly s ignificant 
corre lat ions between the scores on severa l psychological  tests  and the 
severity of  depress ion , the correlat ion coeffic ients ranged from 0 . 15 
to 0 . 46 .  Only 2 to 21% of the variat ion in test  performance could be 
attributed to the severity of the depress ion ( Stromgren , 1 9 7 7 ) . 
Second , the cognit ive defic its seem to be rather spec ific and only show 
up on a minority of cognit ive tasks . For example , in one invest igat ion 
in which 82 tes t  scores were reported ( 33 cognit ive , perceptua l ,  and 
psychomotor tasks ) , only 8 revealed s ignificant differences between the 
psychot ica l ly depressed pat ient s and norma l contro ls  ( Friedman,  1964) . 
As noted above , these latter scores primari ly reflec ted defic its  in 
sustained concentrat ion , effortfu l  proces s ing ,  and psychomotor speed . 
Many invest igators have found that depressed pat ients are not impaired 
on typical inte l l igence test s .  S ince most  of the exper imenta l 
def ic iency s tud ies have used such tests  rather than those that have 
been shown to be sens it ive to depress ion , our content ion that 
nutrit iona l ly defic ient subjects  may not be cognit ive ly normal despite 
the apparent lack of  defic i t s  has some support . 
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If  depress ion does alter spec ific cognit ive processes , it  might be 
asked why the subjects  who experienced nutrit ional defic ienc ies ( and 
who were depressed )  were not genera l ly found to be cognit ive ly 
impaired . There are several pos s ible contribut ing fac tors . F irs t ,  as  
noted above , perhaps the mos t  appropriate tes t s  were not used . This 
comment pertains to both the type of  formal tests  chosen and the 
pos s ible fa l lacy in extrapolat ing from cognit ive performance in 
structured test s ituat ions to cognit ive func t ioning in daily l ife . 
This last aspect may be part icularly pert inent in l ight of the act ive 
encouragement during the test ing in the experimental defic iency 
s tudies . This factor may part ly explain why these subjec t s  were not as 
�paired as some c l inically depressed pat ients ( for whom the degree of 
tester involvement seemed to vary great ly from study to study ) . 
Certainly this fac tor may also exp lain Brozek ' s distinc t ion between 
mental abil ity and mental act ivity . 

Second , in the experimental defic iency studies the subjec ts  were 
highly prac t iced on the cognit ive tes t battery spec ifica l ly to abol ish 
prac t ice effects . This procedure may wel l  have overcome the cognit ive 
effects  of the depress ion and certainly is in marked contrast  to the 
methodology of the depres s ion s tud ies , in which subjec t s  were not 
general ly prac t iced at all . 

Final ly , these experimental subjects  were surely not as severely 
depressed as the pat ient s who part ic ipated in the depress ion s tudies . 
However , even if  the cognit ive changes assoc iated with depress ion would 
therefore be expected to be les s severe under cond it ions of  nutrit iona l 
defic iency , these types of cognit ive changes would be expec ted to 
result .  
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COGNITIVE EFFECTS OF CHOLINERGIC DRUGS 

Myron F .  Weiner and Kenneth L .  Davis 

Recent invest igat ions of chol inerg ic pathways and func tion in the 
central nervous system have shed much l ight on the phys iological bas is 
of learning and memory and have also i lluminated certain aspec ts of 
Alzheimer ' s  d isease . 

Acetylchol ine (ACh ) , the neurotransmitter of the chol inergic 
system ,  is  found in both central and peripheral nervous system t issue . 
Its muscarinic effec ts are due to its  ac t ion at postgangl ionic 
parasympathetic nerve end ings on smooth musc le , card iac musc le , and 
endocrine glands . I t  is the chemical mediator at a l l  autonomic 
ganglion synapses , at  the motor fiber terminals  at ske leta l  musc le 
neuromuscular junc t ions ( its nicot inic effec t ) , and at various s i tes 
within the central nervous sys tem (Goth , 1984) . 

Cho linerg ic pathways have been wel l  del ineated in rat brain ( F ig .  
1 ) , but are les s we l l  known in humans because ACh i s  rapid ly hydrolyzed 
and is therefore not readily detec table in human pos tmortem spec imens . 
In humans , ACh ac t ivity is usua l ly inferred by choline 
acety ltrans ferase ( CAT ) ac tivity ( Davies , 1978) . 

SYNTHE SIS AND DEGRADATION 

ACh is synthesized by nerve cell  bod ies and terminals  in a reac t ion 
catalyzed by CAT ( Cooper !£ a l . , 1982 ) , as shown : 

acety l coenzyme A + chol ine : ACh + coenzyme A 

At nerve terminal s ,  about hal f  the ACh is found in synapt ic 
ves ic les and half  is found in the synaptosomal cytoplasm .  It  has been 
suggested that as nerve cel l s  are depolarized , ves ic les near their 
terminals  fuse with the presynapt ic cell membrane and ACh is released 
into the synapt ic c left , where i t  changes the ion permeabil ity of the 
postsynapt ic receptor . In the synapt ic c le ft ,  ACh is rapid ly 
hydrolyzed by the membrane-bound enzyme acetylchol inesterase , as 
indicated be low.  

ACh + acetate + chol ine 

101  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

C o g n i t i v e  T e s t i n g  M e t h o d o l o g y :   P r o c e e d i n g s  o f  a  W o r k s h o p  H e l d  o n  J u n e  1 1 - 1 2 ,  1 9 8 4
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 2 4 3

http://www.nap.edu/catalog.php?record_id=19243


� 
BM 
Cu 
DbH 

DBv 

Ha 
H i  

amygda l a 
nuc l eu s ba s a l i s  ma gnocel l u l a r i s  
nuc l eu s  c u n e i form i s 

102 

hor i zonta l l i mb of the nuc l eu s  of 
the d i a gona l band 

vert i ca l  l i mb of the nuc l eu s  of 
the d i agonal band 

habenu l a r nuc l e i  
h i ppocampu s 

l PN 
L h  
L OT 
Ma PO 
08 
PB 
Th 
VTA 

i nterped u nc u l a r  nuc l eu s  
l a tera l hypotha l amus 
l a terodors a l  tegmenta l  nuc l eu s  
ma gnocel l u l a r preopt i c  nuc l eu s  
ol fac tory bu l b  
parabra ch i a l  nuc l eu s  
tha l amu s 
ventra l  tegmenta l a rea 

FIGURE 1 .  Cho l inergic central nervous system trac t s . ( From 
Cooper � a l . , 1 982 ; adapted from Fibiger , 1 982 . ) 

The cho line produced by this  proces s i s  avai lable for reuptake into the 
presynaptic neuron ( Seiden and Dyks tra , 197 7 ) , as indic ted in Fig .  2 ,  which 
i l lustrates a hypothet ical  cholinergic termina l .  The rate-l imit ing step in 
ACh synthesis  is the transport of chol ine into chol inergic terminals by a 
high-affinity uptake system ( S imon and Kuhar ,  1975 ) .  

Release of ACh from the presynaptic neuron is  b locked by botul inum 
toxin and Mg2+ .  Central muscarinic receptors are blocked by atropine , 
scopolamine , and quinuc l idinyl benzylate , whose tert iary amine struc ture 
al lows them to penetrate the blood-brain barrier . Other s imilarly ac t ing 
ant ichol inergic&  do not pass  the b lood-brain barrier . Acetylchol inesterase 
is inhibited centra l ly by physos t igmine ( revers ibly) or irrevers ib ly by 
d i isopropyl fluorophosphate ( Cooper et a l . , 1982 ) . 

AUGMENTATION OF CHOLINERGIC FUNCTION 

Chol inerg ic transmiss ion can be affec ted presynaptically , 
postsynapt ica l ly , or in the synapt ic c left itse l f .  The synthes is and 
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FIGURE 2 .  Chol inergic nerve termina l .  Depict s  the synthesis , 
s torage , and release of ACh , hydrolys is by 
chol inesterase ,  and act ion on effec tor ce l l  and 
presynapt ic chol inergic receptors . ( From Go th , 1 984 . ) 

release of ACh may be fac ilitated presynapt ically under certain 
condit ions by supplying precursors , such as choline and phosphat idyl 
chol ine ( lec ithin) ( Cohen and Wurtman , 1976 ; Wecker et  a l . , 1978) , and 
releasers , such as aminopyrid ine (Glover , 1982) . PoStsynapt ical ly ,  
direc t receptor antagonis t s  such a s  arecol ine and oxotremorine can be 
employed . The mos t effec t ive mechanism is b inding of  chol ines terase , 
which b locks enzymat ic degradat ion of  ACh . Physost igmine and 
tetrahydroaminoacrid ine ( THA) are used for this purpose . Physos t igmine 
has an affinity for chol inesterase& that may be 10 , 000 t imes greater 
than that of ACh (Goth , 1 984) . After combining with these enzymes , it 
gradual ly becomes d issoc iated and is  inac t ivated . 

The effec t s  of physost igmine on mental funct ioning are complex .  
They are strongly dose re lated and are influenced by effec t s  on other 
organ sys tems . To b lock the peripheral effec t s  of physot igmine , 
methscopolamine bromide (wh ich does not cross  the b lood-brain barrier )  
is  usual ly administered in a dose of 0 . 5 t o  1 . 0  mg subcutaneous ly 
before physost igmine is administered ( Davis !! a l . , 1976 ) . 

Administered s lowly intravenously or given intramuscularly , 
physost igmine is a spec ific ant idote for the central and peripheral 
effec ts  of ant ichol inergic intoxicat ion ( Duvois in and Katz , 1968 ) . The 
experiments of  Ketchum et  a l .  ( 1973 ) sugges t  doses of  about 1 mg for 
every 3 mg of atropine or �33 mg of  scopolamine . THA is a lso 
effec t ive in doses of  0 . 5 to 1 . 5  mg/kg intramuscularly or intravenous ly 
(Granacher and Baldes sarini , 1975 ) . 
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ANTICHOLINERGIC DRUGS AND MEMORY 

Anticholinerg ic drugs have been known for centuries to produce 
delirium, whether taken acc idental ly (Morton , 1939 ) , as part of 
re ligious rites ( Bened ict , 1959 ) , or recreat ional ly (Goldfrank and 
Mel iek , 1979 ) . In the early years of this century , the spec ific 
effec ts of centra l ly ac t ing ant ichol inergic& on memory were noted , and 
in 1906 scopo lamine was combined with morphine to produce the twi l ight 
s leep of obs tetrical anes thesia (Gauss , 1906 ) . More recent ly ,  c loser 
attent ion has been paid to the effec t s  of  scopolamine on different 
aspects of memory that seem distinc t from delirium or general ized 
amnes ia . In genera l ,  the findings (which are supported by s tudies in 
nonhuman primates [ Bartus , 1979 ] )  are spec ific impairment of memory by 
low doses , with impairment of many aspec t s  of cognitive funct ion at  
higher doses . 

Scopolamine impairs mild ly the retent ion of new informat ion ( d igit 
span) but marked ly impairs de layed ( 20-s ) reca l l , even after two 
rehearsals , at  a dose of lO p g/kg ( Safer and Al len , 1 97 1 ) . The effec t 
was not a func t ion of  drows iness , which occurred at  low doses , and was 
supervened by exc itement at  higher doses . Visual halluc inat ions 
occurred in these subjects , who were healthy young men , at total doses 
as low as 0 . 5 3  mg . At a total dose of 0 . 89 mg ,  more than hal f  the 
subjects  were hal luc inat ing . 

It  was later found that small  doses of scopo lamine ( beginning at 5 
pg/kg ) and atropine (beginning at  32  pg/kg)  impaired immed iate recal l 
and s l ight ly delayed recall  (Ketchum � al . ,  1973 ) . Many subjec t s  in 
this later s tudy could not repeat short sentences or number sequences .  
The authors a lso noted impaired attent ion , loss of abs trac t ing ab il ity , 
a tendency to lose track of t ime , and l it t le awareness  by subjec t s  of  
their degree of impairment . Instead of acknowledging their defic its , 
the subjec t s  found excuses for their poor performance . Hal luc inat ions , 
disorientat ion ,  and incoherence appeared at a 152-pg/kg dose of atropine 
and a 20- pg/kg dose of scopolamine . There was a regular progress ion of 
effec ts at  these doses . At first , tachycard ia and dry mouth were mos t  
conspicuous . Late r ,  there was somnolence , rest lessness , ataxia , 
incoord ina t ion , hyperreflexia , hyperthermia , and hypertens ion. 
Overlapping this s tage were d isrupt ion of awareness  and inab i l i ty to 
pay at tent ion , to carry out ins truc t ions , to speak coherently ,  or to 
interpret s t imul i  real ist ically . These effects  lasted 6 to 8 h after 
scopolamine and 10 to 12  h after atropine adminis trat ion. 

Other s tud ies have cons istent ly shown that immediate recal l  is  
l itt le impaired (Atkinson and Shiffrin ,  1971 ; Ghoneim and Mewa ldt , 
1975 ) , but when new materia l exceed ing the capac ity of short-term memory 
is to be learned , performance is markedly impaired ( Drachman and 
Leavit t , 1974 ; Ghoneim and Mewaldt , 1975 ) . Therefore , the abi l i ty to 
s tore new informat ion in long-term memory is most disturbed by a 
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decrease in chol inergic act ivity (Mobs and Davis ,  1983 ) . Us ing large 
doses of scopolamine ( 1  mg subcutaneous ly) accompanied by equal doses 
of subcutaneous ly administered methscopolamine , Drachman and Leavitt 
( 1 974) also demons trated that the memory impairment produced in healthy 
young adults resemb les  that of  mi ldly memory-impaired e lderly subjec ts : 
a reduced abi lity to s tore new material in long-term memory , with 
relat ive sparing of reca l l  and retrieva l from long-term memory . 
Drachman ( 1978 ) later showed that drug effec ts were not due to sedat ion 
and were relat ively spec ific to chol inergic transmiss ion . They were 
reversed by physos t igmine , but not by D-amphetamine . 

RELATIONSHIP TO ALZHEIMER ' S  DISEASE 

Alzheimer ' s disease is a dement ing i l lness of unknown etiology , 
which may occur as early as the fifth decade of  l i fe .  It  does not 
appear with great frequency unt i l  the seventh or eighth decade , during 
which t ime the overal l  risk of dement ia is about 1% per year of age 
(Mort imer et a l . , 198la) . It  is est imated that a person l iving to 85 
years of age has a 1-in-5 risk of severe dement ia (Mort imer et a l . , 
198lb) . Alzheimer ' s disease accounts for at leas t ha l f  of ali cases of  
dement ia in the latter years ( Toml inson !! al . ,  1970) . 

Although Alzheimer ' s disease was formerly thought to be a 
concomitant of normal aging , it  bas become apparent that the dementia 
of this d isease is not the result  of generalized brain deteriorat ion , 
but of the loss of spec i fic neurons and neurotransmitters , espec ial ly 
cholinergic transmitters ( Bowen and Davison ,  1974 ) . 

Postmortem studies have shown that Alzheimer ' s  d isease pat ients have 
greatly reduced CAT ac t ivity in the hippocampus and cortex compared with 
age-matched controls  ( Davies and Maloney , 1976 ) . A correlat ion be tween 
decreased CAT ac t ivity , number of seni le plaques , and severity of 
dement ia has a lso been established ( Perry et  al . , 1 9 78 ) . Reduced spinal 
fluid ACh has also  been demonstrated in Alzheimer ' s disease pat ients , 
the reduc t ion in ACh corresponding to the degree of dement ia ( Davis !! 
a l . , 1982b ) . 

An important breakthrough came with the discovery that there is 
substant ial loss of chol inergic ce l l s  in the nuc leus basa l is of Meynert , 
a c lus ter of cells  in the subs tant ia innominata of  the forebrain that 
proj ec ts  fibers diffuse ly to the neocortex and hippocampus (Whitehouse 
!! a l . , 1 981 ) . In addit ion , it has been found that brain receptors for 
ACh are norma l  (White et a l . , 19 7 7 )  or only s l ight ly reduced (Reisine 
!! al . ,  1978 ) in number7 �e find ing of a dramat ic and selec t ive loss 
of chol inergic cel l s  in pat ients with Alzheimer ' s  disease together with 
the known effec ts  of ant ichol inerg ic drugs on memory have prompted 
inves tigat ions of the extent to which ant ichol inergic drugs mimic in 
humans a l l  of the symptoms of Alzheimer ' s  d iseas e .  One recent s tudy 
(Mobs e t  a l . , in pres s )  ind icates that , a lthough 0 . 43 mg of scopo lamine 
subs tant ia l ly impairs storage of informat ion into long-term memory , it 
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has no effec t on word-finding abi l ity or construct iona l praxis , two 
aspec t s  of cognit ion known to be impaired in early Alzheimer ' s  disease 
(Rosen, 1980 ) . 

The superf ic ial resemb lance of chol inergic dys func tion in 
Alzheimer ' s  d isease to dopaminer$ic dys funct ion in Parkinson ' s disease 
led to the suggest ion that Alzhe1mer ' s  d isease might be treated by 
replac ing the miss ing neurotransmitter or its precursor . Although 
stud ies have shown that increases in d ietary chol ine or lec ith in 
increase ACh leve l s  in the brain (Haubrich et  a l . , 1975 ) , chol ine or 
lec ithin administrat ion does not affec t memory-rn young adults , 
nondemented e lders , or persons with Alzhe imer ' s d isease ( Johns et  a l . , 
1 983 ) . However , pretreatment with 8 g of chol ine oral ly caused-a small 
dec-rease of  scopolamine-induced impairment of a verba l learning task 
when 0 . 43  mg of  scopolamine was adminis tered subcutaneous ly (Mobs et 
a l . , 1981 ) . 

-

Reasoning that precursors might only increase ACh in presynaptic 
neurons , it was thought that chol ine might be more helpful  i f  i t  was 
added to a substance that fac i l itates ACh release , such as p iracetam 
(Wurtman et  al . , 1981 ) . When lec ithin was comb ined with piracetam, 
neglib le improvement in memory occurred ( Fr iedman �  al . , 1 981 ) . 

MEMORY ENHANCEMENT BY CHOLINESTERASE INHIBITION 

The chol inomimet ic drug physost igmine , in add it ion to revers ing the 
memory impairment produced by ant icho l inergic& (Granacher and 
Baldessarini , 1975 ) , also affec ts  memory func t ion in drug-free humans 
and laboratory animals . The effec ts are not l inear , however , and have 
been shown in rats to depend on the interva l between learning and drug 
administrat ion and retrieval (Deutsch , 197 1 )  and on finding an opt imal 
dose within a very narrow range ( Bartus , 1979 ) . 

When normal human subjects were adminis tered doses of 1 . 5  to 2 . 0  mg 
of physost igmine intravenous ly over 20 min , they became lethargic and 
express ionless , had decreased spontaneous movements  and speech , and 
experienced d ifficulty in thinking ( Davis et  a l . , 1976 ) . On test ing , 
impairment of short-term memory (measured by digit span forward and 
backward) was evident c ompared with that of sal ine-infused contro l s . 
These effec ts  disappeared 90 to 120 min after cessat ion of physos t igmine 
infus ion . No d ifference was observed between the physost igmine-treated 
group and the controls  on tests  of conso l idat ion of short-term memory . 
In spite of having received prophy lac t ic methscopo lamine , almost  a l l  
subjects  became nauseated , and several vomited . Davis e t  al . ( 1982a) 
found that methscopolamine b locked the response of growth hormone to 
this genera l ized stress  response ,  but did not block cort isol  or 
vasopres s in responses . Of add it iona l interes t  is that two of the 
subjects  also became depressed and tearful . 
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Risch !! a l .  ( 1981 )  administered 0 . 022 �g of  physost igmine per kg 
( 1 . 5  mg/ 70 kg after preliminary methscopolamine treatment ) by 
intravenous infus ion over 10 min and found that the dose produced 
profound dysphoria in hospital ized depres s ives . Doses of 0 . 033 p;g/kg 
( 2 . 3  mg per 70-kg subjec t )  s imi larly administered to normals also 
produced dysphoria ,  but it was less intense than that experienced by 
the depress ives . 

When Davis et al . ( 1978 )  reduced the test dose of physost igmine to 
1 . 0  mg infused intravenous ly over 30 min ( after pretreatment with 
methscopolamine , 0 . 5 mg) , the outcome was quite d i fferent . 
Physost igmine s ignificant ly enhanced performance on a learning task 
( recal l  of words presented 30 min after the infus ion began) that 
involved s toring informat ion in long-term memory , margina l ly increased 
retrieval from long-term memory ( recal l  of words presented 30 min 
before infus ion) , and had no effec t on short-term memory ( d igit  span 
and memory-s canning task) . Al though no subject showed decreased 
performance after receiving physos t igmine , there was great variab i l i ty 
of response between subjec ts . Thus , in humans , enhancement of memory 
by physost igmine occurs at low doses but is not uniform. 

S itaram et  a l . ( 1 978 ) found a s imilar response to the muscar1n1c 
antagonis t ar;co l ine in healthy young adult s .  Us ing a 4-mg 
intramuscular dose after pretreatment with methscopolamine , they found 
improvement in categorized serial learning ( learning a fixed sequence 
of 10 words belonging to a famil iar category such as vegetab les or 
fruit s ) . The improvement was mos t  marked in persons who had previous ly 
shown the poores t  performance . This group was also the mos t  sens it ive 
to impairment by scopolamine . It  was found that 6 mg of  arecol ine was 
required to reverse the effects  of 0 . 5 mg of  scopolamine , suggest ing 
that arecoline is about one-fourth as potent as physos t igmine in 
revers ing the cent ral ant imuscarinic effec ts of scopo lamine . 

There are s ignificant prob lems with adminis tering physostigmine and 
arecol ine . They are so rapid ly metabol ized that at present they must  
be  given by  intravenous infusion or  in  frequent doses  by  mouth.  In 
add it ion , the memory-enhanc ing dose is  very c lose to the dose at which 
confus ion and lethargy appear . 

SUMMARY AND CONCLUSIONS 

The chol inerg ic system is but one of many transmit ter systems in 
the central nervous sys tem .  Stud ies of central nervous sys tem 
cholinergic b lockade suggest that the cho l inergic sys tem may be 
important in the regulat ion of  mood , in attent ion , and in learning and 
remember ing . Cholinomimetic drugs b lock the central effec ts  of 
ant icho l inergic s . In normal persons , they enhance memory at low doses , 
and at high doses le thargy , dysphoria ,  and impaired memory occur . 
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Because of the finding of reduced chol inergic func t ion in 
Alzhe�er ' s  diseas e ,  various strategies have been used to increase 
chol inergic func t ion , inc luding the use of ACh precursors ,  muscarinic 
antagonists , acety lcho l ins terase inhib itors , and metabol ic enhancers . 
Some pos it ive effec t s  have been noted with acety lchol inesterase 
inhibitors . 

It  seems c lear that the chol inergic system is not the only sys tem 
involved in the encoding , storage , and recall  of informat ion . For 
example , vasopress in may have s l ight amel iorat ing effec ts on the memory 
o� Alzheimer ' s d isease patients (Legros !! al . , 1978 ) . On the other 
s 1de of the coin , Solomon et al . ( 1983 ) have shown that memory 
impairment occurs with the-use-of methy ldopa and propanolol in the 
treatment of essential hypertens ion. In that study , there was 
impairment of immediate and delayed reca l l  of verbal memory items , but 
visual memory was relative ly unaffec ted . Thus , there are c lear s igns 
that systems other than the chol inergic sys tem wi l l  require 
invest igat ion if we are to better understand the mechanisms underlying 
learning and memory .  
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COGNITIVE EFFECTS OF NOISE , HEAT , AND OTHER STRESSORS 

Andrew Smith 

One way of approaching the topic of  the cognit ive effec ts  of  noise , 
heat , and other stressors would be to draw up a lis t of  s tudies that 
have examined the effects  of various s tressors on d i fferent aspec ts of 
cognit ive performance and try to de fine the safe leve l of exposure to 
each s t ressor . Th is atheoretical approach has typif ied the s tudy of 
some s tres sors , and many of the early results  have been summarized by 
Poulton ( 1 970 ) . This approach wi l l  now be i l lus trated by cons idering 
the effec ts  of heat on cognit ive performance . 

HEAT AND COGNITIVE PERFORMANCE 

Be fore describing s ome experimental results , I must  point out a few 
obvious prob lems . What should be cons idered cognit ive performance?  It  
is  often difficult to separate cognit ive process ing from other types of 
process ing . This  problem often arises in examining the effec t s  of  heat 
on performance .  A general conc lus ion from early heat research is  that 
extremes of hot or cold have a large influence on motor performance . 
This in turn leads to an effec t of these condit ions on cognit ive 
performance , due to the subjec t s ' making motor responses in the 
cognit ive tasks . 

. 
Several s tudies have been concerned with defining tolerable 

temperatures for performing cognit ive tasks . Sharma et a l .  ( 1983 ) found 
that above 32 °C , mental a lertness , assoc iative learning ,-;easoning , and 
dua l-task effic iency were impaired . However ,  some s tud ies have shown 
that different tasks often show maximum impairment at different 
temperatures (Wyon et a l . , 1 9 79 ) . Defining tolerable l imit s  is of  
obvious prac t ical va lue; but it  is  d ifficult to  compare different 
stressors because we do not know what leve l of one s tressor is 
equiva lent to a certain level of  another ( e . g . , how many dec ibels  are 
equiva lent to 32°C? ) , and this  means that comparison wi l l  always be 
imprec ise . 

We a lso know that spec ific features of a s tressor are likely to be 
cruc ia l .  Researchers have tried to determine whether the dry air 
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temperature o r  the humidi ty leve l i s  more important . Experiment s  have 
produced confl ic t ing resu l t s  on this issue , with Wing and Touchstone 
( 1965 ) showing that a change in dry air  temperature alone can impair 
recal l  and Al len and Fischer ( 19 78 )  f inding that an inc rease in humid i ty 
is neces sary to  impair paired-assoc iate learning . 

The length o f  exposure to  heat has a lso been shown to be important 
in determining performance effec t s . Short exposures to  hot cond i t ions 
have often been cons idered arous ing , whereas longer exposures decrease 
arousa l .  Hancock ( 1982 ) showed that there was an ear lier heat  
s t ress-related decrement in  tasks that  required a greater response 
complexity . However ,  many o f  the e ffec t s  o f  moderate hea t  s tres s have 
been shown to  be variab le , and this has made i t  d i fficult  to  define 
tolerab le l imi t s .  Wyon e t  a l .  ( 1979 ) have also  shown that heat-induced 
impairment can often be counterac ted by consc ious ef fort . 

This  bri e f  description o f  s ome o f  the e f fec t s  o f  heat shows that 
there are prob lems with the atheore t ical  approach.  In the next sec t ion 
I wi l l  t ry to provide a detai led pro f i le of the e f fec t s  of another 
s t ressor , noise , and show that th is approach has more to o f fer than one 
that mere ly a ims to de fine the boundaries within which a part icular 
s t ressor has l i t t le e f fec t on performance . 

EFFECTS OF MODERATE-INTENSITY NOISE ON PERFORMANCE 

This review is l imited to the e f fec ts of moderate-intens ity noise  
( 70 to 90 dBA) on  cognit ive performance .  Regular exposure to  intense 
noise should be avo ided becaus e  of  the r isk to hearing , and there i s  
l i t t le point i n  cons ider ing the effec t s  of  these high leve l s  on 
performance . In genera l ,  moderat e- intens i ty noise has l i t t le effec t on 
sensory-motor tasks ( see Broadbent ,  1 9 79 ) , and interes t  has recen t ly 
focused on the effec t s  of  this noise leve l on cognit ive performance . 
Mos t  of  the s tudies I wil l  mention were laboratory s tudies o f  short 
durat ion . However ,  the e f fec t s  of  pro longed exposure have been s tudi ed 
in real-l i fe set t ings , and an excel lent example of  th is approach is  the 
s tudy by Cohen !! a l .  ( 1980 ) on the e f fec t s  of  aircra f t  noise on 
schoolchildren . 

The maj or ity of  these exper iments  have used cont inuous white  noise . 
The nature of  the noise is  obvious ly very important , as can be seen in a 
s tudy comparing the e f fec ts  of  d i f ferent types of  noise on working memory 
and s emant ic memory tasks ( Smi th , 1985a) . Conglomerate , meaningfu l noise  
impaired both tasks , intermittent white  noise impaired the  s emantic 
memory task but not the working memory tas k ,  and cont inuous white  noi s e  
had no e f fec t on ei ther task . It  has also  been shown that speech sounds  
produce much greater impa irment o f  reca l l  of  v isual ly pres ented words 
than meaningless  white no ise does  ( Sa lame and Badde ley ,  1 982 ) . This 
effect does not depend on the meaning of  the speech , and it occurs even 
when speech sounds in another language are used (Colle , 1980 ) . 
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One o f  the obvious effec t s  o f  noise  is  that i t  masks aud itory 
s igna l s . In cogni t ive tasks sub j ec t s  often use subvoca l  rehearsa l ,  and 
it has been sugges ted that nois e may influence performance by 
interfer ing with this subvocal  art iculat ion. However , resu l t s  from 
exper iment s  by Wi lding and Mohindra ( 1980 ) argue agains t the idea that 
noise interferes with interna l speech . They required sub j ec ts to  
memorize a l i s t  o f  let ters and found that noise improved reca l l , but 
only if the let ter s were acous t ical ly s imilar and only if interna l 
speech was a l lowed ( in one cond i t ion , subvocal  art iculat ion was 
suppres sed by having the subjec t  repeat the word " the" over and over ) . 
I f  noise had masked interna l speec h ,  a harmful e f fec t on memory wou ld 
have been expec ted , and this should then have d isappeared when 
art iculatory suppres sion was added . Mi l lar ( 19 7 9 )  a lso  s tud ied the 
e f fec ts  of  noise  and art iculatory suppres s ion ,  and his resu l t s  do not 
support the idea that noise masks internal  speec h .  

Jones !! a l .  ( 1 9 79 )  s tudied the e f fec ts  of  noise o n  the Bakan 
vigi lance task .  In this  task s ingle digits  are presented on a screen , 
and subjects  have to detec t  part icular s equences , such as  three 
success ive odd d igit s . It has been shown that subjec t s  say the d igits  
to themse lves ,  and i f  noise masks interna l speech , th is task  should be 
impaired by no ise . Such a resu l t  was obtained . However , the exac t 
nature o f  the noise e f fec t depended on spec i f ic features of  the 
experiment , and this made it di fficul t  to interpre t the resu l t s  sole ly 
in terms of  masking . In other exper iments with the Bakan task , no 
di fferent ia l effec t s  o f  noise  were found for items that were rehearsed 
either together or in separate groups . This a l so shows that noi s e  doe s  
not interfere with subvoc a l  art iculation .  Thes e  resu l t s  may be 
summarized by saying that a lthough tasks involving interna l speech are 
suscep t ib le to the e f fec t s  of noise , there are often improvements rather 
than deteriorat ions , and the exac t pattern of resu l t s  appears to depend 
on the spec i f ic features of the exper iment . 

There i s  evidence that noise may impair comprehens ion. Hockey ( 1 979 )  
found that persons subj ec ted to loud noise had be t ter reca l l  o f  names 
from a passage they had just  read but poorer comprehens ion . Smi th 
( c ited in We iskrantz , 1 98 2 )  gave sub j ec t s  the cognit ive fai lure s 
que s t ionnaire ( Broadbent e t  a l . ,  1 982)  and asked them whe ther any 
cognit ive fai lures were l ike ly to inc rease in frequency in the pres ence 
o f  noise . E ighty-two percent of  the sub j ec t s  reported that "reading 
something but fai l ing to retain the meaning" was a cognit ive fai lure 
that was increased by noise . · This result received support from an 
exper imental  s tudy o f  proofread ing under no isy condit ions ( Jone s  and 
Broadbent ,  1 9 79 ) . They found that subjects  read ing a mes sage out loud 
in the presence o f  noise had d i f f icul ty unders tanding and recal l ing the 
text . There is other evidence that semant ic proces s ing may be impaired 
by noise .  S tudies  of c lustering in free recal l have shown that persons 
subjec ted to  noise  of ten make less  use of s emant ic re lat ionships to a id 
reca l l  than do subjec t s  in quiet  condi t ions ( Daee and Wi ld ing , 19 7 7 ; 
Hormann and Os terkamp , 1 966 ; Smith e t  al . ,  1 981 ) . 
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Daee and Wild ing ( 19 7 7 )  found that subjec t s  in noisy cond it ions 
often rel ied more on order informat ion as an a id to  recal l  than on 
s emant ic re lat ionships . Hami l t on ( 1 9 7 2 )  also  found that noise  a ided 
recal l  involving order informat ion , and Dornic ( 1 9 7 5 )  sugges ted that 
noise leads to increased use of  a lower-leve l s torage mechanism that 
depends on order informat ion . Schwart z ( personal communicat ion) found 
tha t  noise improved reca l l  o f  phonemica l ly re lated words but had no 
effect on recal l  of s emant ical ly related material . In another 
experiment he found that noi s e  had a greater detrimenta l  e f fec t on the 
recall  of norma l sentences ( assumed to contain a large amount of s emantic 
informa t ion) than on the reca l l  of anoma lous s t r ings , random words , and 
anagram s trings . Weins tein ( 1 974)  found that sub j ec ts checking v isua l  
text for spe l l ing and grammat ic a l  errors  were as good at  detec t ing 
spe l l ing errors in noise as in quie t , but deter iorated on the grammat ical 
errors in no ise . 

This  leve l s -o f-process ing view o f  the e f fec ts  of  noise  on memory can 
be c r i t ic ized on three po int s .  Firs t , d irec t tes t s  involving manipula
t ion of the encoding processes have shown no interac t ion between noi s e  
and encod ing cond i t ions ( Smith and Broadbent , 198 1 ) . Second , there are 
s tud ies showing that noise  has no e f fec t in d irec t tes t s  of s emant ic 
proces s ing ( Eysenck and Eys enck , 1979 ; Smith , 198 5a ; Wi lding and 
Mohindra , 1 983 ) , and other s tudies have shown that noi s e  produces 
more-organized rec a l l  of  categorized l i s t s  ( Smith e t  a l . , 1 9 8 1 ) .  Third , 
there are resu l t s  showing that rec a l l  o f  order informa�ion is  not a lways 
better in noise  than in quie t ( e . g . , Smith , 198 3a ; Wi ld ing and Mohindra , 
1 980 ) . Overa l l , these results  argue that noise  e f fec t s  cannot be 
genera l ly exp lained in terms of  a pass ive shi ft  in the leve l of 
process ing . 

Broadbent ( 1 9 7 1 )  suggested that noise  increases the probab i l ity of  
samp l ing informat ion from dominant or high-probabi l ity sources  a t  the 
expense of nondominant ones . Th is enhanced se lec t ivity has been 
demonstrated us ing memory tasks . Hockey and Hami lton ( 1 970)  examined 
the effec ts  of noise  on intent ional and inc identa l learning . Noi s e  
improved rec a l l  of  order informat ion ( the intent iona l tas k) but impaired 
recal l  of locat ion ( the inc identa l task) . Smith ( 1 982 ) has shown that a 
s imi lar effec t  can be ob tained by us ing high- and low-prior i ty tasks 
rather than intent iona l and inc identa l learning . Eysenck ( 1 9 7 5 )  found 
that noise fac i l i tated retrieva l of dominant ins tances of categories but 
increased the d i f f icul ty of retrieving nondominant ins tances .  

Unfortunately , the e f fec t s  o f  noise on s e lec t ivity in memory and 
a ttent ion have a l so been shown to be variable ( Smith , 1 982 ; Smith and 
Broadbent , 1982 ) and to depend on spec i fic features of the exper iment .  
How can this var iab i l ity in the e f fec ts  of  noise on cogni t ive 
performance be exp lained ? One pos s ib i l ity is that noise e f fec t s  are 
eas i ly mod i f ied by fac tors such as the t ime of test ing or the 
pers ona l i ty of the sub j ec t .  Loeb et a l .  ( 1 982)  examined the e f fec ts  o f  
noise  on the speed of  s e l f-paced mental arithme t ic . In male  sub j ec ts , 

Copyright © National Academy of Sciences. All rights reserved.

Cognitive Testing Methodology:  Proceedings of a Workshop Held on June 11-12, 1984
http://www.nap.edu/catalog.php?record_id=19243

http://www.nap.edu/catalog.php?record_id=19243


118  

the speed of work was reduced by noise in  the morning , but  this  effec t 
was reversed in the afternoon. When the data for female subjects  were 
added to the analys is , the c lear effec t of noise found with the men was 
e l iminated . Smith ( in press )  has shown that such interac t ions between 
noise , t ime of day , and sex of subj ec t occur but that the exac t pattern 
depends on the tasks used , and the interac tions are also unrel iable . 

Many of the tasks that have shown effec ts of  moderate-intens ity 
noise used verbal materials , and it  was therefore initially at trac t ive to 
think in terms of  an effec t of noise on internal speech . However ,  verbal 
tasks often present the subject  with several methods of performing them. 

If  noise influences  spec ific processes or s tages of processes ,  
certain results  will  be obta ined when these proces ses are used a great 
deal and others wi l l  be obtained when they are not used or are used to a 
lesser extent . Hence , noise effec ts may be thought of as hidden defects 
that are revealed by some experimenta l techniques but not others .  This 
view will  be supported by cons idering the effects of noise and memory 
load on running memory. 

Hamilton et  a l .  ( 1 977 ) sugges ted that informat ion is processed 
faster but short=term s torage is reduced under condit ions of  noise . 
This v iew was supported by the re sul ts  of a running memory experiment in 
which it was found that noise improved recal l  of the mos t recent items 
but impaired recal l  of  items earl ier in the l is t .  In the running memory 
task the noise-induced defec t is  reduced s torage capac ity . This 
suggests  that the effects of noise on running memory wi l l  depend on the 
number of items that have to be recal led , and indeed , Smith ( 1983b ) has 
shown that the results  of Hami lton et al . ( 197 7 )  are only ob tained in 
high-memory-load condit ions . 

Smith ( 1 982 ) has put forward an a lternative view of the effec ts of 
noise on performance . When subjec t s  carry out a task that can be 
performed in several different ways , noise may lead to the adopt ion of 
certain strategies in preference to others . Daee and Wilding ( 19 7 7 )  
showed that subjects in noisy condit ions may adopt a ma intenance 
rehearsal s trategy rather than an e laborat ion strategy . There is also  
evidence that subjects  in  noise may adopt different recall  strategies 
than subjec t s  in quiet . Smith e t  a l .  ( 1981 )  found that in certain 
experiments noise  reduced the amount of c lus tering in free recall  due to 
recall  under cond it ions of noise cons is t ing of fewer words in init ial 
c lusters and greater subsequent recall  of individual words . Smith 
( 1985b) has shown that noise may influence which aspec ts  of complex 
s t imul i  are success fully recal led . In quiet , subjects  showed a bias in 
favor of recal l ing globa l feature s ,  whereas subjec t s  in no ise showed a 
preference for local detail . 

In many tasks it is obvious that one strategy shou ld be used in 
pre ference to others . Recent work by Smith ( 1982 ) and Wi ld ing � a l .  
( 1982 )  has shown that noise  may reinforce the use o f  the dominant 
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strategy . Smi th ( 1982 ) has argued that i n  noise the al locat ion o f  
effort  moves towards  the operat ion that appears t o  best  repay the 
inves tment of more e ffort . Verba l memory tasks are part icularly 
sens it ive to noise  e f fec ts  because they offer a varie ty of  s trategies , 
and shi f t s  of dominance or pre ference can occur more eas i ly than in 
perceptual motor tasks . 

Other e f fec ts  of  noise may be due to changes in the e f fic iency o f  
contro l . Rabb i t t  ( 19 7 9 )  has shown that the e f fec t s  of  high-intens i ty 
nois e  on the f ive-choice ser ia l reac t ion t ime task ( an increase in 
errors or gaps but l it t le e f fec t on the average reac t ion t ime ) can be 
explained in t erms of  the noise  produc ing ineffic ient control of the 
speed-error trade-of f  func t ion . Ine f fic ient contro l can a l s o  be seen in 
the noise-induced bias in resource a l loca t ion .  Smith ( 1 983c ) examined 
resource a l location under cond it ions of noi s e  by s tudying performance on 
pairs of tasks . The d i fficulty of each task was var ied , as were the 
priority and probab i l i ty of having to perform the task . In one 
exper iment , a cognit ive vigi lance task and a running memory task were 
used . When there were no pr ior ity ins t ruc t ions , noise impaired the 
vigi lance task . However ,  when the vigilance task was given high 
priority , the impairment d isappeared . Other noise e f fec t s  were a l s o  
a ltered b y  c hanges i n  task parameters . However , th is resu l t  was only 
found when the 2 tasks competed for common resources and it  d id no t 
occur when one of  the tasks cou ld be per formed in a pas s ive , automat ic 
way . 

The e f fec t s  of  noise on the ef fic iency of  the control proces ses may 
re flec t  init ial coping with the task and d isappear when prac t ice shows 
the be s t  me thod . However , the effec t s  of noise may be long las t ing and 
may cont inue even when the noise is s topped ( see Cohen ,  1 980 ) . Studies  
by Dornic and Fernaeus ( 1981 ) and Smith ( 1985c ) have shown that once a 
s t ra tegy is chosen , sub j ec t s  in noise  may cont inue with this  mode of 
response even though i t  is not always appropriate . Th is sugge s t s  that 
sub j ec t s  in no ise can be  cons idered rather inflexib le , and further 
studies are required to s ee how noise influences their ab i l i ty to adapt 
to rapidly changing tasks . 

A major e f fec t of  noise  that has not yet  been ment ioned is on 
mo t ivat ion . Noise  reduces  sub j ec t s ' tolerance for frus trat ion ( Glas s 
and Singer , 1 9 7 2 ) , reduces  their leve l of  aspirat ion (Krenauer and 
Schonp flug , 1 980 ) , regu lates the ir e f fort ( Schulz  and Schonp f lug , 1982 )  
and influences  their percept ion o f  competence (Jones , 1 983 ) . The reader 
is referred to Schonpflug ( 1983 )  for an exce l lent account of the 
relat ionship be tween cognit ion , mot ivat ion ,  task demands ,  and 
performance . 

The length of  the noise  exposure often changes the e f fec ts  of  noise . 
For example , Smi th ( 1983a) showed that recal l of  order informat ion was 
init ia l ly bet ter in noise than in quiet , but this e f fec t was reversed in 
the second ha l f  of the exper iment . Smi th and Broadbent ( 1985 )  exposed 
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sub j ec t s  to  noise for 20 min and then required them to  name co lors and 
read color names printed in b lack ink . The noise exposure changed the 
color /word rat io , with sub j ec t s  being relat ive ly quicker at naming the 
colors than at read ing words a fter being exposed to nois e . This e ffect 
d id not occur when the color-word tes t was carried out a t  the beginning 
of  the noise exposure . Smith and Broadbent have explained their resul t s  
i n  terms o f  a n  e f fec t o f  noise on the focus ing of at tention . Sub j ec t s  
carry out the word-reading task us ing some of  the e s tab l i shed techniques 
of  reading , whereas such s t rategies are not used in naming co lors . In 
read ing , the eyes are often focus ing on word s that are wel l  ahead o f  the 
word that is  spoken . I f  noise produces a focus ing o f  attent ion , the 
reading of words will  be s lowed down , and the narrowed at tent ion might 
a l so bene f i t  the naming of s ingle items , such as color patche s . These 
results  are , therefore , s imilar to the " funne l vis ion" e f fec t s  described 
in detail  by Broadbent ( 19 7 9 ) . Many of these s tudies ( e . g . , Hockey , 
1970)  showed that funne l ing of  at tent ion does not occur unt i l  the 
subjec t  has been in no ise for some t ime , and this f it s  in with the 
absence of  an init ial  e f fec t of noise  on the naming of co lors and 
read ing o f  words . 

The e f fec ts  of  noise  on cognit ive per formance may be summar ized in 
the fo l lowing way . 

We now have performance tes t s  that are sens it ive to leve l s  
of  noise frequently encountered i n  everyday l i fe .  

The nature of the nois e  is  very important , and speech 
sounds seem to be part icular ly disrupt ive even when the task 
involves read ing rather than l is tening . 

There are e f fec t s  o f  no ise re lated to  interna l speech , but 
these are complex and c annot be accounted for by a s imp le 
masking theory .  

Noise  often a l ters the mot ivat ion o f  the subjec t s , and 
there is a need to s tudy the re lat ionship between mot ivat ion 
and cognit ive performance . 

Many noi se e f fec t s  are variab le and can be changed by 
a l tering feature s of the tasks . However , some genera l e f fec t s  
have been iso lated and these are l is ted be low.  

Noise  may lead to the cho ice o f  certain s t rategies in 
preference to others . 

Noise o ften re inforces the use o f  the dominant 
s trategy . 

Noise  produces biases in the a l locat ion of  process ing 
resources . 

Noise influences the e f f ic iency of  the contro l 
processes  that track and change performance . 
Sub j ec t s  in noise are often rather inf lexible and 
unab le to change s t rategy as eas i ly as sub j ec t s  in 
quie t . 

Noise  may produce focused at tent ion , but th is e f fec t 
appears to  depend on the sub j ec t ' s  be ing in noise 
for some t ime . 
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Th e  variab i l ity o f  the e f fec t s  o f  noise can be explained b y  the 
h idden-defec t  and s t rategy choice approaches . At the moment i t  is 
unc lear whether the e ffec t s  of noise on cognit ive performance are due 
to changes in s tate , such as changes in the level of arousal , or are 
produced by changes in cognit ive mot ivat ion ( s ee Jone s , 1984 ; 
Schonp f lug , 1 983 ) . 

COMPARI SON OF THE EFFECTS OF VARIOUS STRESSORS ON COGNITIVE PERFORMANCE 

Hockey and Hami lton ( 1 983 ) have described two s t rategies for s t ress  
researc h .  The firs t , which they have cal led the  narrowband approach , 
compares the e f fects  of  a number of  s tress ors on a sin�le task . An 
example o f  this can be seen in the Cambridge s tudies w1 th the 
f ive-choice serial  reac t ion t ime task . It is d i f ficu l t  to apply this 
approach to  the e ffec t s  of s tressors on cognit ive performance because 
no s ingle task has been used in the same way to s tudy many d i fferent 
s tressor s . It  can be done in a very l imited way , and thi s  wi l l  be 
i l lus t rated by c ons ider ing the e f fec ts  of  d i f ferent variab les on 
syntac t ic reasoning .  

Badde ley ( 1 968 ) deve loped a syntac t ic reasoning tes t for use in 
s tress research . Subj ec t s  score d i f ferent ly on this tes t after 
breathing nitrogen under pres sure ( Badde ley et al . , 1968 ) , a t  d i f ferent 
t imes of day ( Fo lkard , 1 9 75 ) , and under conditions of cong lomerate 
noise ( Smith , l 985a ) . Intere s t ingly , test  resu l t s  are not a f fected by 
alcoho l ( Badde ley , 198 1 ) , cont inuous or intermittent whi t e  no ise 
( Smith , l 985a ) , or breath ing oxygen-hel ium mixtures ( Lewis and 
Baddeley , 198 1 ) . However , it is no t known whe ther the d i f ferent ia l 
sens it iv i ty o f the tes t re flec ts  some general property of  the variab les 
or the spec i f ic l eve l s  of  the var iables  us ed in the exper iment s .  

Many d i f ferent var iab les have been compared as  ei ther dec reas ing or 
inc reas ing arousa l level ( or both , depend ing on exposure or dos e ) . 
Performance has been re lated t o  arousa l  by an inverted-U func t ion , and 
more-complex tasks are as sumed to show a performance peak at lower 
levels  of  arousal  than more s imple tasks do . However , it  is mis lead ing 
to cons ider variab les  such as noise , s leep loss , t ime of day , and use 
of amphetamines and alcoho l in terms of a s ingle dimens ion of  arousa l .  
Broadbent ( 19 7 1 )  showed that the variab les mus t  be subd ivided into at 
least  two groups . He c lass i fied var iab les by the e f fec ts  they had on 
the f ive-choice seria l  reac t ion t ime task .  Some variab les ( e . g . , 
a lcoho l use , t ime of day , barb iturate use , and the persona l ity 
dimens ion of  int rovers ion or extrovers ion) influenced the average speed 
of  respons e , whereas others primari ly a f fec ted the proport ion of errors 
or b locks in performance ( e . g . , s leep los s , no is e , and amphe tamine and 
chloropromaz ine use) . In each group there were var iab les that might be 
cons idered s t imulat ing and depress ing . The former reduce or canc e l  the 
e f fec t of the latter , provided they are from the same group ( e . g . , the 
effec t of s leep los s is reduced by no is e ) . A variab le from one c las s 
has no cons i s tent e f fec t on var iab les  in the other ( e . g . , there wi l l  be 
few interac t ions between noise  and t ime o f  day ) . Thus , ins tead of  a 
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s ingle d imens ion o f  arousa l ,  Broadbent proposed two mechanisms . One , 
the lower leve l , corresponded to  the tradi t ional concept o f  arousa l ,  
and the othe r , the upper leve l ,  monitored and control led the sys tem 
that at temp ted to compensate for the departure of arousa l  from the 
optimum leve l .  I f  the upper leve l i s  in good shape , the s tate o f  the 
lower leve l has l it t le e f fec t on per formance , but when the upper level 
is  ine ffec t ive , performance is  affec ted by over- or underarousa l .  Thi s  
theory has not been s er ious ly tes ted and i s  probab ly wrong i n  de ta i l ; 
the point is  that a theory at leas t this complex is required . 

Hockey and Hami l ton ( 1983 ) contras t  the narrow-band research 
s t ra tegy with the broad band s trategy , which is concerned with pro f i les 
of  indiv idual s t ressors , and the previous account of  the e f fec ts  of  
noise is  an  example of  this approach .  At the moment i t  is  d i f ficu l t  to 
compare the profiles of  o ther s t ressors with that of noise  because 
the ir e f fec t s  have not been s tudied in the same deta i l .  To compare 
d i f ferent s t res sors , one has to look a t  general indicators rather than 
spec i f ic tasks . A weaknes s  of this  approach is that the var iat ion that 
occurs within a s t ressor or cond i t ion is  o ften neg lec ted in order to 
make between-s t ressor comparisons . For example , Hockey ( 1 983 )  argues 
that noise inc reases alertness  and selec t ivity and has l i t t le e f fec t on 
speed , but impairs  accuracy and short-term memory . However , pro longed 
noise exposure can decrease alertnes s  ( see Hart ley , 1 9 7 3 ) , and s tud ies 
of  the Stroop task have shown that the e f fec t s  of noise  on se lec t iv i ty 
vary ( see Smi th and Broadbent , 1 985 , for a review o f this area ) . As 
a lready pointed out , the e ffec t s  of noise  on short-term memory depend 
on fac tors such as the memory load ( Smith , 1 983b ) , the nature of the 
materia l to be remembered (Wi ld ing and Mohindra , 1980 ) , and the nature 
of the noise ( Salame and Baddeley , 1 982 ) . Smith ( 1 985c ) has shown that 
moderate-intens i ty noise  does not inc rease errors in a seria l react ion 
t ime task , in agreement with Broadbent ' s  ( 1 979 )  conc lus ion that the 
no ise intens i ty mus t be greater than 95 dB to get such effec t s . 
Al though i t  is  agreed tha t  it  is va luab le to compare the e f fec t s  o f  
d i f ferent s tres s or s , i t  i s  argued that th is  should not b e  carried out 
a t  the expens e of  detai led informat ion about ind ividual s tressors . To 
obtain detai led profiles  o f  performanc e , the mic ros t ruc ture o f  
respond ing mus t  b e  examined ; for example , the s t rategies used t o  
perform the tas k ,  not j us t  gross  ind icators such as  mean react ion t ime 
or number of errors . Suppose ,  for example , that subjects  in one 
cond i tion responded l ike the tortoise ( s lowly but s tead i ly ) , whereas in 
another they were l ike the hare ( quick bursts  fol lowed by long res ts ) . 
I f  only the average response t imes are examined , the two cond i t ions 
might seem equiva lent , whereas a detailed examinat ion o f  the s t rategies 
used would revea l d i f ferences  between the two . I would recommend 
Hockey ' s  approach o f  drawing up profiles of performance for each 
s tres sor . However ,  these profi les mus t be at leas t as de tai led as  the 
one a lready out l ined for noise , and the profi les of  performance should 
be accompanied by detai led profiles  of phys io logica l  changes and 
sub j ec t ive protocol s .  
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There is a great need to  examine the interac t ion of s t ressor& in 
detai l .  Many of the early s tudies examining interac t ions used 
perceptual-motor tasks ( e . g . , the f ive-choice serial reac t ion t ime 
task) , and there are few data on the e f fec t s  of combined variab les on 
cogn i t ive tasks . The rat ionale behind interac t ion s tudies now has to 
be cons idered in more deta i l . When variab l P s  were l inked together in 
terms of  a s ingle dimens ion o f  arousa l ,  predic t ing when an interac t ion 
would occur was s t raight forward . When the sub j ec t  had a low leve l of  
arousa l ( e . g . , when in  a s leep-deprived s tate) , the add it ion o f  an 
arous ing s t imulus ( such as noise)  would improve performance because the 
sub j ec t  was brought nearer to the opt imum arousal leve l .  Broadbent ' s 
( 1 9 7 1 )  c lass i f icat ion sugges ted that variab les wil l  only interac t 
cons is tent ly i f  they a f fec t the same leve l . It  is  quite  l ike ly that 
the comb ined e f fec ts  of  two variab les wi l l  also  depend on the nature of  
the task .  However , i t  is  s t i l l  unc lear whe ther variab les only interac t 
i f  they have oppos ite e f fec ts  on a task or whether some more 
compl icated pat tern may be found . 

CONCLUS IONS 

This  account has shown that the e f fec ts  of s tres sor& on cognit ive 
performance can be s tudied in severa l different way s . The empirical 
approach , wh ich has typ i f ied the s tudy o f  s tres sor& such as heat , has 
been shown to  be  o f  prac t ical  importance but of  l it t le use for 
comparing s t ressors . Interpretat ions of  the ef fec ts  of  s tres s ors 
with in a s ingle  framework , such as  arousal  theory , have a l s o  been shown 
to be inadequate . It is sugge s ted that detai led profiles  o f  the 
e f fec t s  of each s t res sor be produced and comparisons made on the bas i s  
of  such pro f i les rather than on more genera l ind icator s . An exampl e  o f  
a detai led performance pro f i l e  showed that the microstruc ture o f  
respond ing mus t  be analyzed and mot ivat ional and s trategic changes mus t  
b e  examined . To make compar isons on the bas is  o f  more genera l 
ind icators is  to neglect  the variety of  d i f ferent e f fec t s  produced by 
each s t ressor and also  to ignore the importance of spec i f ic parameters 
o f  the s t ressor . Even with detai led per formance profi les  for each 
s tressor , comparisons wil l  s t i l l  be d i f f icult  because equiva lent level s  
o f  d i f ferent variab les are not known. 
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COGNITIVE EFFECTS OF NEUROTOXIC AGENTS 

David A.  Eckerman 

Neurotoxicology seeks to charac terize and remedy the de leterious 
e f fec ts  of chemica l s  and other agents brought into the body . 
Neurotoxic e f fec ts  may wel l  mimic the e f fec ts  o f  inappropriate d i e t , 
one reason to review toxic e f fec t s  on cognition in the context o f  this  
conference . A s econd reason is  perhaps more urgent . Al though e f fec t s  
resu l t ing from dietary deficienc ies  are typica l ly highl ighted i n  the 
nutrit ion l iterature , food is  a l so a major source of toxicants . The 
fields of neurotoxico logy and nutrit ion are thus unfortunate ly 
int imate . In the present report , I wil l  review s everal is sues 
addressed in the neurotoxic i ty l iterature and approaches that have been 
taken to  eva luate  the e f fect s  of  neurotoxicants ,  in hopes that our 
s t ruggles wi l l  be informat ive to those  seeking to evaluate the re lated 
que s t ion of  the e f fec ts  o f  nutr i t ion. Cognit ion is  interpreted here in 
the broades t s ense of acquiring and us ing informat ion about the 
environment and thus is a topic quite compat ible  with various accounts  
of the  human cond i t ion , inc luding radical  behav iorism .  The e f fec t s  of  
neurotoxicants on other aspec t s  of  behavior wi l l  also be noted in 
pass ing , but the focus wi l l  be on impairment of cognition by 
toxicants .  The report is d iv ided into three sec t ions : a review o f  
is sues that seem common t o  both endeavors ,  then a review o f  s evera l 
approaches to  eva luat ing neurotoxic e f fec t s , and las t ly a review o f  
some exemplary data from our field . In preparing this  review , I have 
relied heav i ly on several recent reviews : Anger ( 1 985) , Anger and 
Johnson ( 1 984 ) , Bornsche in e t  a l .  ( 1980 ) , Fe ldman e t  a l .  ( 1980) , 
Johnson and Anger ( 1 983 ) , and Weiss  ( 1 98 3 ) . 

-- --

ISSUES COMMON TO NEUROTOXICITY AND NUTRITIONAL ASSESSMENT 

Our Prob lems Are Large ly Man-Made and Are Increas ing 

Some of the toxic agents  we inges t are not man-made . Were these  
our only toxins , our j ob would be rela t ive ly s imp l e .  We  have evo lved 
defenses agains t many of them , through natura l avoidance , rapid 
condi t ionab i l i ty ,  and lore . Furthermore , at tent ion can o ften minimize 
any permanent damage . Unfortunate ly , mos t  o f  the toxic agent s we 
inge s t , absorb , or inhal e  are very much man-made , and we are unprepared 
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by evolut ion or soc i a l  his tory to  detec t  and dea l  with their s equelae .  
That carbon monoxide from incomplete  combust ion and l ead from 
indust ria l produc t s  had been ident i f i ed as highly toxic more than 2 , 000 
years ago and are s t i l l  maj or sourc es of  toxic ity demons trates our 
inab i l i ty to  resolve thes e i s sues (Anger , 1982 ) . We have not solved 
old prob l ems , and new ones are accumulat ing at  an inc rea s ing pac e .  New 
chemical s  are developed at a dramatic rat e .  That mos t  of  the 
indus trial chemica ls known by 1 9 7 7  to  be  neurotoxic were ident i f i ed as 
such only after 1 960 (Anger , 1 982 ) shows the danger . Each year we 
introduc e hundreds of chemicals  with no strat egy for eva luat ing their 
long-term toxic effec t s . Many of  thes e agent s f ind their way into our 
food . The recent det erminat ions that ethy lene d ibromide leve l s  in 
grains have grown unexpec t edly and that import ed frui ts  and vegetab les 
come to to us with pes t ic ides banned for use in this country ,  a lthough 
they are produced here , emphasize  our inab i l i ty to keep thes e chemica ls  
out  of our food . And we  purposely introduc e relat ive ly untri ed 
chemica l s  into our food . Weis s  ( 1 983 ) point s out that food addi t ives 
are "probab ly the mos t  ubiquitous produc ts  of  modern chemis try . "  How 
these addi t ives int eract with the unint ended ones i s  another threat . 

Many of our ear ly warnings o f  toxic i ty have come from indus try , 
where opportunit i es for exposure are many and often pro longed . Of the 
1 00 , 000-plus chemicals  found in the workp lac e ,  850 are now known to be  
neurotoxic (Anger and Johnson , 1 984 ) . Thus , there are many toxicant s 
in the workp lac e even though they are but a smal l  proport ion ( about 1%)  
of the chemica l s  present . The preva l ence of  exposure worsens the 
s ituat ion .  Of the 1 9 7  indus trial  chemicals  to which over 1 mi l lion 
workers are expos ed in u . s .  works ites , 65 (33%)  are known 
neurotoxicant s .  An est �ated 7 . 7 mi l l ion U . S .  workers are expos ed 
ful l-t �e to thes e neurotoxic agent s (Anger , in pres s ) . Since works i t e  
prac t ic es i n  other countries are s eldom bet ter than those in the Unit ed 
States , the prob l em  i s  magni f i ed when viewed worldwide . When extended 
to the populat ion at larg e ,  the prob lem of toxic exposure comes to i t s  
ful l account . Individual s  are expos ed through air , food , and drinking 
wat er .  In 1 982 , I attended a conferenc e on eva luat ion of  hazardous 
waste  effec t s  at which it was noted that  research on toxic effec t s  was 
l imited by our inab i l i ty to f ind a truly unexpos ed contro l populat ion 
in the Unit ed Stat es . 

Ass es sment of  Impairment Is Very D i f f icult  

Neurotoxic effec t s  are  often sub t l e ,  as  are the effec t s  o f  
inadequate  nut r i t ion . Bornschein et  a l .  ( 1 980 ) , whi le eva luat ing the 
neurotox ic effec t s  of  lead poi soning ,�owever , not ed tha t  sub t l e  does 
not in this cas e mean sma l l .  Large but hard to  eva lua t e  effec t s  and 
effec t s  for which i t  i s  d i fficult  t o  f ind a cause are a l so charac terized 
as  subt l e .  Xintaras and Burg ( 1 980 ) not e  that for organophosphate 
pes t ic id e  poisoning , " the ons et of  some effec t s ,  in fac t probab ly mos t  
of the effec t s , i s  s o  ins idious that the worker may not rea l i z e  that 
any change i s  taking p lac e . " Cogni t ive impairment i s  one such sub t l e  
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kind of toxic impairment .  D i fficul ty in remembering and concentrat ing 
is  one of the mos t  common neurotoxic complaints ( e . g . , Anger and 
Johnson , 1984) . 

Because toxic e f fec t s  other than those involving cognit ion are 
eas ier to measure , the mos t  documented neuro toxic impa irment is in the 
sensory-motor func t ions ( see Johnson and Anger , in pres s ; Shaumburg e t  
a l . , 1981 ) . In his  evaluation o f  indus tria l  chemical s , Anger ( 1984 )

-

l is t s  the 36  mos t  common categories o f  documented neurotoxic impairment 
( Tab le 1 ) . To these ,  I have added four categories  from Anger and 
Johnson ( 1 984 ) . Only 7 of  these 40 are cognit ive d i f f icu l t ies , and 
s ensory-motor d i fficu l t ies  make up the majority , 1 7 . General 
complaints and emot iona l and persona l i ty effec t s  cons t i tute an 
add i tional category o f  1 6  e f fec t s .  What les son might nutrit ion 
researchers  l earn from Table 1? One is  that they should s tudy the 
e f fec t s  of nutr i t ion on sensory and motor func t ions as we l l  as on 
cognit ive func t ions , because determining impairment in these func t ions 
may be somewhat eas ie r .  A second lesson might be to evaluate genera l ,  
emot ional , and persona l i ty e f fec ts  as wel l ,  even though documentat ion 
on these effec t s  wi l l  be even more d i fficult  than on cognit ive 
e ffec ts .  A last  les son is  that e f fec ts  on learning , memory , and 
at tention proces ses seem to be the mos t  common cognit ive e f fec t s .  
Nutri t iona l  de ficits  and d ietary toxicants  might b e  expec ted t o  take 
their to l l  on these processes as we l l .  

I t  may b e  ins truc t ive that the cognit ive e f fec ts  found with 
neurotoxicants often involve a s l ight but genera l s lowing or "dul l ing" 
of performance . Neurotoxicants seem to be b lunt ins trument s  o f  
impairment i n  contras t to  the sharp , transmitter-spec i f ic a l terat ions 
in per formance produced by pharmacological agents . Neurotoxicants , 
after al l ,  are not se lec ted on the bas is of  a narrow effec t on 
behavior . Their e f fec ts  are d iscovered as s ide e f fec t s , usua l ly long 
after the subs tance is in common use . 

Pharmaco logical agents ,  on the other hand , are selec ted expre s s ly 
for a spec i f ic e f fec t on part icular func t ions , re lat ive freedom from 
s ide e f fec t s  being a necessary precondi t ion to their release . 
There fore , a l though we should be on the a lert for func t ion-spec i fic 
toxic e f fec t s , we are l ike ly to iden t i fy an agent as toxic on the bas is  
o f  a genera l ized , sub t l e  decrement in performance . The goa l of  
neurotoxic asses sment is  to ensure that such sub t le ef fec t s  are 
detec ted . Nut r i t iona l assessment seems s imi la r .  Perhaps both fields  
should model the ir eva luat ions a fter those demons trat ing the e f fec ts  of  
age on performance ( e . g . , Hunt and Hertzog , 1981 ) , s ince aging also 
seems to exac t a genera l ,  sub t l e , and often denied tol l .  

Common Methodo logica l  Issues  

What Subj ec t s  t o  Use ?  T o  carry out a planned s tudy with human 
sub j ec t s , much mus t already be known about the effec t s !  Th e  e f fec t s  
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TABLE 1 .  Symptoms reported for neurotoxic i ty 

Func t ion 

Motor 

S ensory 

Cogn i t ive 

General 

Af fec t / 
Personal i ty 

Anger ( 1 984 ) , Anger 
and Johnson ( 1984 ) 

Ac t ivity changes 
Incoord inat ion 
Paralysis  
Pupil  s ize change 
Re f lex abnorma l 
Weaknes s  
Ataxia 
Convul s ions 
Tremor/ twitching 

Audi tory disorder 
Irr i tab i l i ty 
Equi l ibrium change 
O l fact ion disorder 
Pain d i sorder 
Pa in ,  fee lings 
Tac t i l e  disorder 
Vis ion disorder 

Confus ion 
Memory prob lems 
Speech/read ing impai�ent 
Alertness /concentrat ion 

problem 
Mental retardat ion 
Indec i s ivenes s / judgment 
Learning impairment 

Anorexia 
Autonomic dys func t ion 
Chol ine s teras e increas e 
Central nervous sys tem 

depres s ion 
Narcos i s / s tupor 
Peripheral neuropathy 
Fat igue / lethargy 

Apathy 
Del irium 
Depress ion 
Exc i tab i l i ty 
Ha l luc inat ions 
Irritab i l i ty 
Nervou s / t ense 
Res t less 
S leep dis turbances 

Wei s s  0 983 ) 

X 
X 

X 

X 
X 

X 
X 

X 
X 
X 

X 

X 

X 

X 
X 
X 

Headache 

X 

X 
X 

X 

Va lcuikas 
( 19 7 9 )  

X 

X 

X 

X 
X 

X 

X 

X 

X 

Psychiatr ic s igns 

et al . - -

. -
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mus t be demons t rab ly revers ib le . Furthermore , s ince cons iderab l e 
resources are required to carry out an adequate s tudy of  sub t le e f fec ts  
on human sub j ec t s , great urgency mus t  be fe l t  in obtaining the result .  
Studies with nonhuman sub j ec t s  may we l l  be needed to answer que s t ions 
about rever s ib i l i ty and importance .  As noted by Wei s s  ( 1 983 ) , "The 
di fficul t ies posed by s tudies of  human popul a t ions make we l l-des igned 
anima l  experiments that much more cruc ia l . "  A review is provided by 
Cabe and Eckerman ( 1 982 ) ( see Mil ler and Eckerman , in pres s , for an 
updated review) for much of the work on toxic e f fec t s  on the complex 
behav ior of  nonhumans . S tudy of  nonhuman mode l  sytems is ins truc t ive 
even though they are only ana logous to human processe s . As an example , 
the radial-arm maze provides a rapid ly learned complex rodent 
performance .  In this  maze , the ra t avoids a l leys i t  has a lready 
entered that  day , showing good accuracy even for de lays of 4 to 6 h 
( Beat ty and Shava l i a ,  1980 ) . The ir performance is analogous to l is t  
learning and spa t ial  or ientat ion in humans and i s  s ens i t ive t o  toxic 
impairment ( e . g . , Mi l ler et a l . , 1 982 ) and sub j ec t  to pharmacological 
enhancement , a s  had been found in recent work with humans ( e . g . , 
Gallagher e t  a l . , 1983 ) . The ir performance is  not , however , d irec t ly 
analogous to human memory tasks , as  shown by its  lack o f  disrup t ib i l i ty 
by retroac t ive interference (Maki e t  a l . , 1 9 79 ) . The effec t s  o f  
cho l inergic manipulat ions seem to be  �a logous to those seen i n  humans 
(Godd ing e t  a l . , 1982 ) . 

For both sc ient i fic and pol i t ical reasons , the greates t  impac t on 
dec is ion making is made by a care ful s tudy with human subj ec t s . 
Que s t ions of  general iza t ion and relevance to human prob l ems are 
s imp l i fied somewhat when the sub j ec t s  are . humans . Studies seeking t o  
charac terize cognit ive e f fec t s  mus t be even more caut ious when 
genera l iz ing ac ros s spec ies , a l though humans are not , I wou ld  hazard , 
as unique in prob lem-solv ing processes  as some proc laim .  We mus t 
interpret work with nonhuman sub j ec t s  caut ious ly , s ince we wi l l  
ul t imate ly s low progress  b y  too quickly accept ing a n  analogous nonhuman 
system as homo logous . We should  a l s o  caut ious ly interpret work in · 
human sub j ec t s , s ince the is sue of genera l izat ion is  not s imp l i f ied 
j us t  because the sub j ec t s  are human . General izat ion from one 
subpopulat ion of humans to another should also be made caut ious ly 
( e . g . , from a l lergic to  nonal lergic , ma l e  to fema le , young to old , 
cul ture A to culture B ,  e tc . ) .  

Indiv idua l or Group Analyses ? We iss  ( 1980 ) advised skep t ic ism in 
convent iona l ana lyses : 

The enormous variat ion in suscept ib i l ity to toxic sub s tances , 
inc luding lead , that preva i l s  in the human populat ion is 
wide ly recognized . The extraord inary po lymorphism of our 
spec ies guarantees that the ideal  Gauss ian distribut ion of 
responses to such subs tances wi l l  a lmos t never be obs erved in 
prac t ice . Ins tead , we are l ike ly to s ee skewed distribut ions , 
of ten marked by mul t iple modes as  we l l .  The dis tribut ions 
derived from ac tua l rather than hypothet ical  populat ions 
probab ly a l so reflect  mu l t iple mechanisms of suscept ib i l i ty 
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rather than variat ions aris ing from different degrees o f  
susceptib i l ity to a s ingle mechanism. We are a l l  flawed in 
different ways . Even if one grants only moderate credibil ity 
to this proposit ion , i t  s t il l  contributes enough dis tort ion to 
most s tat is t ica l as sumptions that convent iona l analyses based 
on group des igns have to be regarded with some skept icism. 

What impl icat ions has this s tatement for an evaluation o f  the 
effec ts  of toxicants ?  It is sugges ted that al lergy is a good mode l for 
toxic effec ts--some individuals  may be pecul iar ly sens it ive to 

· 

al lergens while the group average may sugges t they have no e f fec t . For 
a pract ic ing c l inic ian , an individua l analysis  is c learly ca l led for . 
But the usual goal o f  a neurotoxic ity assessment is to determine health 
risk for the population .  Are ind ividual analyses cal led for ? It  would 
appear that we mus t  at least look beyond the group mean, measuring 
increases in variability ,  number of out l iers , or inc idence of 
subcriterion performance . In an exemplary ser ies of s tudies , Brown et  
al . ( 1981 )  ( see be low) determined the number of  individua ls  tested who 
fe ll  be low the 15th percent ile . Th is approach may represent the bes t  
way t o  answer population-oriented quest ions while acknowledging 
individual sens i t ivities . 

Role of  Retrospec t ive Studies . Although planned s tudies have great 
power , they are l imited even when ethical ly defens ib le . General ization 
from planned s tudies to s ituat ions about which dec is ions must  be made 
may be l imited by severa l fac tors : selec t ion fac tors (vo lunteers are 
seldom representative) , l imited durat ion of exposure ( acute and 
long-term effec t s  may we l l  di ffer ) , and spec ial condit ions of the 
laboratory ( e . g . , attent ion given the subjects , eagerness  to comply 
with experimenter and to "meet the cha l lenge" of  the tes t s , etc . ) .  
With disturbing frequency , we are provided with populat ions o f  
individuals  acc identally exposed to toxicant s ( and inadequate diet ) . 
Such s ituat ions are almost  always direc tly connec ted to  problems that 
dec ision makers are cal led on to solve and thus are direc t ly relevant . 
Were there a way to evaluate these unfortunate "natural experiments , "  
our research power would be mult ipl ied cons iderably .  Such field 
s tudies cons t i tute much of  the toxic i ty assessment l iterature and wil l  
b e  pointed out be low . The many potent ial ly confound ing fac tors in such 
s tudies are , however , very difficult to control . 

An instruc t ive example of  the dangers found in fie ld s tudies can be 
found in the thorough fol low-up on the acc idental introduc t ion of 
polybrominated biphenyls  (PBB) into the food chain in Michigan in 
1973 . An extens ive field study was undertaken by the Mount Sinai 
Environmenta l Sc iences Laboratory ( Valcuikas !! a l . , 1 9 78b ) . The 
approach inc luded extens ive biological and environmental measurement of  
PBB and other indicators , eva luat ion o f  neurological  symptoms , and 
performance measures that had been found to be sens it ive in prior work 
in evaluat ing lead toxic ity ( Valcuikas et a l . , 1978a ) . Evidence of 
neurological  impairment was found by comparing measures for Michigan 

Copyright © National Academy of Sciences. All rights reserved.

Cognitive Testing Methodology:  Proceedings of a Workshop Held on June 11-12, 1984
http://www.nap.edu/catalog.php?record_id=19243

http://www.nap.edu/catalog.php?record_id=19243


1 35 

farm res idents with those for Wiscons in farm res ident s .  Symptoms 
inc luded nervousnes s ,  parasthes ias , somnolence , dizziness ,  loss  of 
balance , and headaches ( Valcuikas et  a l . , 1978b ) . In fol lowing up on 
these evaluat ions , Brown and Nixon-rl 97 9 )  evaluated memory prob lems 
reported by severa l of the exposed individuals , finding impairments in 
prose recal l  and in short-term retent ion of words . They were caut ious 
in interpret ing these differences ,  however ,  because the memory 
impairment was correlated with measures of  anxiety and depress ion on 
the Minnesota Multiphas ic Personality Inventory (MMPI ) but was not 
correlated with PBB concentrat ions . They therefore undertook a 
laboratory evaluat ion with chemical  workers who had been exposed to 
higher leve ls  of  PBB ( Brown et al . , 1981 ) . Whereas farm residents had 
a mean PBB concentrat ion of 379-ppm , the chemical workers had a mean 
concentrat ion of 9 . 3  ppm. Although the chemical  workers s tudied did 
not differ in educat ional , occupat ional , or cultura l variables , their 
performance on s ix memory tests  was equal to or better than that of the 
farm res ident s .  Brown et al . conc luded that depress ion and other 
" factors affec t ing psychological func t ioning may be more important 
causes of memory complaint s and low scores on obj ec t ive tes t s  of memory 
than the level of  PBB contamination . " It is c lear from this 
progress ion that field evaluat ions are fraught with potent ial 
confoundments . The bes t research s trategy would undoub tedly u t i l ize 
fie ld s tudies , but would provide cons iderable laboratory backup to 
support the interpretat ion of findings . 

S ingle or Repeated Measures ?  In some s ituat ions only one test ing 
session can be arranged for a subjec t .  This sess ion is unl ikely to 
produce opt ima l performance , s ince severa l things are s imultaneously 
being learned--the laboratory s i tuat ion , the responses required , the 
range of s t imul i  that can be expec ted , the d imens ions that dist inguish 
alternat ive s t imul i ,  the feedback provided , and , finally ,  the task 
itse l f .  O f  course , performance at any point during this prac t ice  might 
be used to evaluate the effec t of  a treatment . Performance may even be 
more subjec t  to impairment during early learning s tages and thus 
provide more interes t ing results . Yet performance early in prac t ice 
will vary more between as  we l l  as within subjec t s , making measurements 
less prec ise . Al so , it  is l ike ly that preexperiment differences 
between subjec t s  ( prac t ice , educational leve l , etc . )  wil l  confound 
treatment effec ts  to a greater extent early in prac t ice . Despite these 
drawbacks o f  brie f tes t ing , we have been deve loping a battery of  tasks 
to offer a brief field test  of neurotoxic ity (Eckerman et a l . , 1 985 ) , 
s ince there are s i tuations in which only one test ing sessi� can be 
hoped for . To opt imize our measurements , we have worked very hard to 
make the instruc t ions and tasks compatible and to sequence the tasks so 
as to minimize prac t ice effec ts  on individual tasks . I wi l l  describe 
our battery more ful ly below.  

Repeated tests  offer greater s tabil ity of  measurement , a lthough not 
al l  materia l is appropriate for repeated tes t ing . For example , i f 
words are to be learned , different forms must be used from day to day 
and comparab il ity of forms mus t  be ensured , a difficul t matter.  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

C o g n i t i v e  T e s t i n g  M e t h o d o l o g y :   P r o c e e d i n g s  o f  a  W o r k s h o p  H e l d  o n  J u n e  1 1 - 1 2 ,  1 9 8 4
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 2 4 3

http://www.nap.edu/catalog.php?record_id=19243


136 

Furthermore , repeated test ing di ffers from s ingle test ing in a number of 
ways . Several aspect s  of  task performance may change due to prac t ice . 
A thorough s tudy o f  task stabil ity has been made by the Office o f  Naval 
Research Performance Evaluat ion Test ing for Environmenta l Research 
(PETER) program . This  projec t  cons idered over 140 performance tes t s . 
Tasks that did not quickly show good corre lat ion across days were 
exc luded . For a bibl iography of pub l ished work from this  program ,  see 
Harbeson !! al . ,  1983 . Only 30% of the tasks have been found to be 
s tab le enough for inc lus ion in a repeated tes t battery (a proposed 
battery is described by Kennedy !! a l . , 1 984 , and Bittner !! al . ,  1 984 ) . 

Des jardins et  a l .  ( 1982 ) offer an interes t ing repeated measure o f  
learning that derives from the operant condit ioning tradit ion and 
includes themes from paired-assoc iate learning . One task inc luded in 
the test ing sess ions required learning a new sequence of  
s t imulus-response assoc iations each session , whereas the other task 
required learning the same chain of  assoc iat ions each day . Tasks were 
alternated each 15 min throughout each session.  Typical ly ,  the 
acquis it ion task was more sens itive to drug impairment than the 
performance ( same day to day ) task .  This procedure sets  an  excel lent 
s tandard for s tab i l i ty of  measurement in a cont inuous learning task for 
both human and nonhuman subjec t s . Ye t caut ion seems appropriate in 
interpret ing results  from this and perhaps many other repeated 
acquisit ion procedures .  What is learned each day? In the Des jardins 
!! al . procedure , the subjec t  learns which sequence is appropriate . 
Such learning may be quite unl ike the init ia l acquis it ion o f  s t imulus 
control  or other ways of  learning what  to do . 

Laboratory or Field Studie s ?  Greater contro l of  condit ions and 
measurements  is often afforded when we bring subjects  into our domain ,  
the laboratory , c l inic , or hospita l .  But we are more l ike ly t o  obtain 
a representat ive sample o f  subjec t s  and ob tain important addit ional 
information i f  we go to the works ite , the home , etc . Thus , Milar et  
al . ( 1 980 ) and Hawk and Schroeder ( 1 983 ) were ab le to make greater-

sense of  the complex effec ts  o f  lead on inte l l igence scores when they 
visited and charac terized home environments .  We can at tempt to 
represent the field s i tuation by obtaining survey data through the 
mail ,  yet it is rare for such a survey to produce quick and unbiased 
data . Sterman and Varma ( 1983 ) bemoan the fac t that they had only 
mail-in survey responses and not door-to-door interview data when 
charac teriz ing the incidence o f  neuro logical complaint result ing from 
invas ion of  the pes t ic ide aldicarb into the water supply o f  Suffolk 
County , Long Is land . Their 3-year effort to obtain data through the 
mail  produced only 204 usab le quest ionnaires from 1 , 500 househo lds 
surveyed . These results  sugges ted that a t ime ly door-to-door survey 
would have provided c lear evidence of impairments . Of course , field 
research has spec ia l requirement s  for which the laboratory sc ient ist 
might be unprepared . Anger ( 1 985b ) , for example , reviews spec ia l needs 
that mus t be met when recruit ing subjec t s  for and fo l lowing up on 
works ite evaluat ions . 
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Survey or Performance Measures ?  We do not evaluate our own 
cognitive ab i l i t ies wel l .  It  is  good counsel  t o  suggest  that a spouse 
or other c lose as soc iate confirm the ind ividual ' s  sel f-descript ion when 
assess ing dement ia .  Objec t ive measurement i s  preferred over mere 
report . Sunderland et  a l .  ( 1983 ) had head-injured , former ly 
head-injured ,  and control pat ients  complete memory complaint 
ques t ionnaires , keep checkl ists  of memory fai lures for 7 days , and also 
complete a battery o f  nine cognitive tes t s . Relat ives a lso completed 
the memory fai lure quest ionnaire and kept a checklist . Head-injured 
pat ients showed s igni ficant memory loss in all  but one of the ob jec t ive 
tests  ( �ediate word recognit ion) and in relat ives ' evaluat ions and 
checklists . Memory complaint quest ionnaires fil led out by the pat ients 
themselves , however ,  did not dist inguish head-injured from control 
pat ients ( and pat ients ' checklists  were only marginally different ) .  
The importance o f  obj ec t ive measurement is thus confirmed . Yet it 
should be s t ressed that the objec t ive measurements  were not a l l  
ind icat ive o f  the relat ives ' view o f  the individua l ' s  d is tres s .  When 
object ive test scores were corre lated with relat ives ' assessments ,  
cont inuous recognition , face recognit ion , and immediate word 
recognit ion were unrelated to the es t imated memory prob lem.  S tory 
recall  and paired-assoc iate recal l  were bes t re lated ( r  • 0 . 3 5 to 
0 . 7 2 ) . Objec t ive tes t measures thus do not all capture the aspect s  of  
memory loss that are believed to be  problems . 

There is  a place for subjec t ive measurement in toxic evaluat ion , 
emphas ized by the need to asses s the personal ity changes commonly 
reported in cases of toxic exposure ( irritabil ity , depress ion , loss of 
l ib ido) . These shifts  are di fficult  to document except through 
sel f-report .  Proper cons truc t ion makes symptom surveys less  subjec t  to 
mis informat ion given by mal ingerers ( e . g . , inc lus ion of lie  scales and 
faking scales , as on the MMPI ) . I know of no ins trument other than the 
arduous MMPI , however , that uses such an approach and is appropriate 
for neurotoxic evaluat ions . 

Test  for Crysta ll ized as wel l  as Fluid Inte ll igence ? The 
acquis it ion and retrieva l o f  new material , requiring what has been 
cal led fluid inte l l igence , is  more l ikely to show impairment than is 
retrieva l of  very wel l-learned semant ic and cultural informat ion and 
problem-solving s trategies , said to  require crysta l l ized inte l l igence 
(Horn , 1976 ) . Thus , verbal subtest s  from the Wechs ler Adul t  
Intell igence Scale (WAIS ) ,  espec ially vocabulary , might b e  less  
sens it ive to toxic impairment occurring during adulthood than the other 
subtes ts  are . Also , the performance IQ might decrease in response to 
toxic impairment be fore the verba l IQ does . Such a shift  is found for 
brain-damaged ( a l l  but le ft-brain-damaged subjec t s  in Russe l l , 1 979 , 
1980 ) and for normally aging subjec t s  ( see Hunt and Hertzog , 1981 ) . It  
is ins truct ive that a different pattern is seen for the long-term 
nutritiona l and toxic condit ions represented in Korsakoff  pat ient s .  
These individuals appear to lose much crystall ized intel l igence as wel l  
and thus are dist inguishab le from dement ia pat ient s  (Weingartner !! 
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�· · 1983 ) . For tes t ing subc l inical  toxic ity , measuring crys tal lized 
inte ll igence might be a useful way o f  matching exposed and nonexposed 
populations for premorb id inte l lec tua l capac ity . Of  course , such a 
difference would not be expected when impairment began in childhood . 

Obj ec t ive Scoring or Clinical  Judgment ? Administering 
psychological  tes ts  requires es tab l ishing rapport . Many tes t s ,  
however ,  require cons iderab le c l inical training and judgment in scoring 
as wel l . For example , drawing abi l ity , handwriting , and other measures 
of visual-motor coordinat ion have been found to be sens it ive to toxic 
impairment ( Johnson and Anger , 1983 ) . But scoring these performances 
is difficult  and may not be rel iab le among all  judges . To "go to 
court" with such data , then , requires that the person who scored the 
tes ts  be present to tes t i fy and face potent ial ly aggressive 
cross-examinat ion , perhaps years after the tes t was administered . We 
have chosen obj ec t ive measures for our test  battery to s impl i fy the 
evaluation of tes t results , realiz ing that we may be los ing some 
sens itivity in doing so . 

Complex or Simple Tasks ? S imple reac t ion t �e may be s lowed when 
an individua l is exposed to certain toxicants ( e . g . , carbon disul fide 
[ Tutt le et a l . , 1 976 ] and fue l mixtures [ Knave et a l . , 1 9 78 ] ) .  I t  is 
frequent ly ;;commended , however ,  that complex tasks-are more sens i t ive 
to the effec t of toxicants than are s imple tasks . Why wou ld that be ? 
Simple tasks would seem to have the advantage in ease of  training and 
stability o f  performance . Al so , they would seem to be more eas ily 
aligned with part icular component ski l l s  and thus offer better 
diagnost ic informat ion . One account of  the advantage of  us ing complex 
tasks is that subjec t s  who have fewer process ing resources are less 
able to s imultaneous ly coordinate and execute a sequence of  s imple 
act ivities even though they are capab le of  execut ing each of  the 
component tasks . Thus , in a dual-task arrangement ,  less  at tent ion can 
be assigned to a secondary task o f  periphera l visua l s igna l monitoring 
by an impaired subject whose primary task is to keep a dot pos it ioned 
over a moving target . Such a dua l task has in fac t been found to  be a 
good indicator of  carbon monoxide impairment in the laboratory (Putz , 
1979 )  and in exposed to l l  booth operators ( Johnson !£ a l . , 1974 ) . 

A second account of  the advantage o f  complex over s imple tasks is 
that more skills  mus t  be s imultaneously intac t to al low good 
performance--impairment of any o f  the component abilit ies would y ield a 
decrement in performance . A performance that requires that several 
component ski l l s  be intact is cal led an apical tes t (Cabe and Eckerman,  
1982 ) . The hope when seeking an  apical tes t is  expressed in the 
left-hand panel of Fig .  1 .  Were any element in this chain broken , the 
performance would fal l .  An alternat ive arrangement of abi l it ies is 
poss ib le whenever a number of e lements are brought together--when a 
task can be carried out in a number o f  ways , the los s  of  one abi l i ty 
may be compensated for by a shift in the solving s t rategy , and the 
impairment may thereby be min�ized . Inasmuch as a complex task can be 
solved in severa l ways , the individual can use availab le process ing 
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Ill. HOPE OfF TI-E N>ICI'Il TEST 

B. l'fAR Of THE N'ICAl TEST 

FIGURE 1 .  Global measures ( apica l tes t s )  o f  behavior would 
be more sens itive as indicators of  toxic ity if 
process ing were serial (A) but not if proces s ing 
were parallel  and redundant (B ) . 

resources to make up for decreased abi l i ty .  This poss ibility is 
reflec ted in the right-hand panel of Fig.  1 .  For example , Hunt and 
Davidson ( c ited in Hunt , 198 3 )  detec ted an age-related dec rease in the 
abil ity to visual ize only by c losely measuring s t rategy . Subjec t s  over 
40 years old shi fted to the less effic ient verbal izat ion s trategy when 
asked to solve a picture-sentence verificat ion task. S imply looking at 
task accuracy and roughly es t imat ing performance t ime would not have 
revealed this difference ; c lose attent ion was required to de tec t the 
shift and determine its  source .  Thus ,  Ekel conc ludes ( p .  435 ) that 
"only [ by ]  invest igat ing relat ively bas ic , elementary components  of 
complex behavior • • •  is one like ly to detec t smal l ,  toxin-induced 
impa irments . "  Smith and Langol f  ( 1981 ) suggest  ( p .  701 ) that " the need 
for prec ise , ab il ity-spec ific tes t s  arises because gross performance 
measures may not pose a suf fic ient ly severe tes t to detec t the impaired 
system. " Are there good apical tes t s  of cognit ive abil ity? Although 
complex tasks may be sens it ive , it is not c lear that their sens i t ivity 
is derived from an interdependence of  func t ions . 

Can Recognit ion Be Used Instead of  Recal l ?  More is  required of  
subjec ts  when they are asked to produce the correc t word , drawing , 
melody , etc . , rather than merely recognize which alternat ive is  
correct . One might then expec t that recal l  would be  a more sens itive 
indicator of impairment than recognit ion .  A number of  s tudies have 
found this to be true ( e . g . , in detec t ing memory changes with normal 
aging [ Branconnier , 1 985 ] ; in detec t ing the effec ts of  amitriptyl ine on 
memory [ Branconnier et  a l . , 1985 ] ) .  This  great sens it ivity is obtained 
at some cos t , for it-rs-ai fficult  to automate the recording and scoring 
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of extended responses such as spoken words or drawn pic tures . Is there 
a way to get as much sens i t ivity by us ing recognition ins tead of  
recal l ?  If  registering or  encoding information is  impaired , then 
recognit ion would seem to be as good a test as recal l .  Williams and 
Rundel l ( 1983 ) found that secobarbi tal  impaired subsequent recognit ion 
as well  as recal l  of nouns when no spec ial encoding aids were given at 
word presentation .  When spec ial care was taken to ensure that the 
subject  adequately encoded the word , recognit ion was less affected than 
recal l .  Birnbaum and Parker ( 19 7 7 ) and Jones and Jones ( 1 977 )  a lso 
found that recognit ion as we ll  as reca l l  was affec ted . In their 
s tudies , alcohol intoxicat ion prevented adequate encod ing of the 
st imul i .  Bruce and Co fer ( 1965 ) point out that recognit ion may b e  made 
more difficult  by the presentat ion o f  highly s imi lar alternat ives 
( e . g . , s imi lar in meaning) .  When the subject was required to choose 
between s imi lar alternat ives , memory impairment was more eas i ly 
demons trated . By us ing recognit ion procedures , the power of  s ignal 
detec t ion analyses to revea l response bias versus true los s of 
informat ion ( sens itivity )  becomes available ( e . g . , Mi l ler and Lewis , 
19 7 7 ; Ferris et  a l . , 1980 ) . With these demonstrations of  sens itivity 
and the addit ional power of  analysis , we have used recognit ion measures 
in our screening battery ( described in Tab le 2 ,  be low) . Were we 
required to sort out types of  memory impairment that recognit ion 
procedures do not dist inguish , sophist icated analyses of recal l  versus 
recognit ion are available that provide cons iderable power ( e . g . , Block 
and Berchou , 1984 ; Gonheim et a l . , 1984a , 1984b) , but we ant ic ipate 
that such analyses might be-made after an impairment is indicated 
through screening . 

CONSTRUCTING A BATTERY OF TASKS TO EVALUATE NEUROTOXIC IMPAIRMENT 

Battery Used at  the Inst i tute of  Occupat ional Health ,  He lsinki , Finland 

Hannenin and colleagues have been evaluat ing the effec ts  of  
occupationa l exposure to  toxins s ince 1964 . On the bas is of  their 
cons iderab le experience , they have selec ted a battery of  tests  that 
they find sens it ive and informat ive . These tes t s  are l is ted in column 
1 of  Table 2 ,  with tasks organized by the funct ion they primar ily 
measure . It should be noted that severa l o f  these  tes t s  require 
cons iderab le training in adminis trat ion and scoring , skil ls  that are 
readily learned in the context of  the ins t itute . Reference to the 
extens ive s tudies of this group may be found in Johnson and Anger 
( 1983 ) . 

The WHO Core Bat tery 

In May 1983 , the Nat ional Ins t itute for Occupat ional Safety and 
Health (NIOSH) and the Wor ld Health Organizat ion (WHO) jointly 
sponsored a conference of internat ional expert s  to recommend an 
approach to neurotoxic ity test ing that might be taken by Third World 
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countries .  The recommended core battery of tasks is  l is t ed in the 
s econd column of Tab le 2 .  It was the goal of that conference to 
provide a brie f (40 to 45 min)  tes t battery that offered a 
comprehens ive and evenly d i s tr ibuted asses sment for a broad range o f  
ab i l ities . They a l s o  sought to provide a bat tery that could  be 
adminis tered without highly spec ial ized equipment or training , s ince 
their recommendat ions were espec ial ly d irec ted to deve loping nat ions . 
These tes t s  are appropriate for individuals  with a broad range o f  
educat ional backgrounds .  The tasks inc luded i n  the core battery were 
felt  to be "var iab le enough to keep the subject  interes ted and 
mot ivated to cooperate . "  A pr inc ipa l  reason for inc luding a task was 
that in prior fie ld s tudies , i t  had "proven to be sens i t ive to a 
variety o f  neurotoxic agent s "  ( Seppa lainen e t  a l . , in pres s ) . The 
authors note , however , that " the re l iab i l i ty-and sens i t iv i ty o f  s ome of  
thes e  short tes t s  are  not opt ima l , and so th is minimum bat tery may be  
unab le to detec t sub t le changes i f  the assessed groups are  sma l l . "  
Add i t iona l tes t s  were ind icated , which could be added to the evaluat ion 
to increase s ens it iv ity or as fol low-up eva luat ion for individuals  who 
appeared to be impaired on the bas is o f  c ore test  performanc e . Some o f  
these addit ional t e s t s  require spec ial equipment . The authors a l so 
note the fol lowing cognit ive fac tors as  mis s ing from the ir bat tery but 
of intere s t : word fluency , reasoning , spat ial visual izat ion , and 
tac t ile s ens i t ivity . They also recommended word knowledge as a usefu l  
measure t o  indicate preexposure capac ity .  

Batteries o f  Tes t s  Used in U . S .  Fie ld Eva luations o f  Neurotoxic ity 

Johnson and Anger ( 1983 ) review the many fie ld eva luat ions o f  
neurotoxic ity c arr ied out in the United S tates , for the mos t  part  under 
the direc t ion of NIOSH . Table 2 ,  co lumn 3 ,  l is t s  the tes t s  that were 
inc luded in these s tudies . In genera l ,  these  tes t s  show s omewhat more 
influence from the psycho logical  laboratory and less  influence from the 
neuropsycho logical c l inic . The t e s t s  are typica l ly s impler and more 
given to obj ec t ive scor ing , but e ffec t s  have not been as cons is tently 
found in these s tudies as  in those carried out in other countries . 

Automated Tes t  Bat teries S t i l l  in Deve lopment 

In Oc tober 1983 , a workshop was he ld by the Environmenta l  
Protec t ion Agency ( EPA) i n  Rougemont ,  N . C . , o n  approaches to the field 
test ing o f  neurotoxic impairment in human populat ions . A number o f  
invest igators  demons t rated bat teries of  tes t s  they had implemented on 
microcomputer sys tems . Co lumns 4 and 5 of Tab le 2 show tasks under 
evaluat ion for inc lus ion in two of the fie ld t e s t  batteries being 
deve loped spec i fica l ly to aid in neurotoxic ity asses sment s .  The 
battery being developed by Baker and c o l leagues at the Harvard School 
o f  Pub l ic Heal th i s  influenced heavily  by the fie ld s tudy trad it ion 
represented in co lumns 1 and 2 of  Tab le 2 .  The bat tery being developed 
at the Univers ity of North Carol ina by Eckerman and col leagues is 
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somewhat more influenc ed by the laboratory t radit ions that  have 
inf luenc ed other u . s .  field eva luat ions . J . B .  Carro l l , a c o l laborator 
in the North Caro l ina-EPA batt e ry , had propos ed a typo logy of 
elementary c ognit ive task parad igms . This  analysi s  has s t rong ly 
inf luenc ed the s e l ec t ion of tasks for that bat t e ry ,  and the paradigm 
that the tasks inc luded represent is ind icat ed in parentheses . 
Carro l l ' s task paradigms are shown in column 1 of  Tab l e  3 ,  with 
representat ive tasks for each o f  these parad igms ind icat ed in c o lumn 
2 .  By fac tor-ana lyzing data f rom s evera l studies that inc luded 
representat ive tasks from two or more of these parad igms , Carro l l  
determined that  individua l d i f ferences  i n  cognit ive task performance 
can be  fairly wel l  account ed for by assuming that there are 10  
ident i f iab le cognit ive fac tors that d i f fer among individual s .  
Desc ript ions of the fac tors h e  found are l is t ed i n  c o lumn 3 o f  Table 
3 .  Note that the map between tasks ( co lumns 1 and 2) and factors 
( co lumn 3) is  not c learly drawn--each task rea l ly requires that several 
fac tors be  ut i l iz ed .  Yet by j ud icious select ion of  tasks , it  would 
appear that  the various fac tors could be charac t erized for an 
ind ividua l .  The tasks that Carro l l  sugges t s  for assessment of the 
various fac tors are under l ined in column 2 .  

The North Carol ina-EPA ef fort repres ent s a first  s t ep in an at tempt 
to  selec t a bat t ery of  tes t s  to assess  component func t ions ind icat ed by 
a thorough theory of human cognit ive proc es ses . Cand idat e theories 
might be  found in the develop ing l i t erature on the nature o f  
int e l l igenc e ( e . g . , Carro l l , 1 980 ; Hunt , 1 983) . Thi s  approach seeks to 
find c lust ers  of related t es t s  ( e . g . , through fac tor ana ly s i s )  and then 
to inc lude  marker t es t s  for the s e  fac tors .  Hunt proposes  that one such 
fac tor i s  language use ( vocabulary , paragraph comprehens ion) , a second 
is  visua l i zat ion ( examination and menta l manipulat ion of  visua l  
pat t erns ) ,  a third is  l exical  acc ess  ( recognizing that a s e t  o f  letters 
is  a word , that two s t �uli belong to the same concept ) ,  and another is  
reasoning or f luid int e l l igenc e ( ana logica l  reasoning , s eries  
complet ion , det ec t ion o f  pat terns in visua l  display s ) , which does not 
corre lat e  with the visualizat ion or l exical acc es s  fac tors . 
Int errelat ing thes e fac tors with tho s e  propos ed by Carro l l  and others 
( e . g . , S ternberg , 1 97 7 )  would occupy more spac e than appropriate here .  

E lect rophysio logica l Measures o f  Cognit ion 

E lect rophysio logical measures of cognit ive proc e s s es have been found 
to be s ens it ive in det ec t ing toxic impairment ( e . g . , Otto , 1 983 ; 
S eppa lainen et a l . , 1 980 ; Seppa lainen , in pres s) . A portab l e  field
test ing bat t ery-ror elec t rophy s iologica l assessment is  b eing developed 
by EPA . This  batt ery inc ludes  mea sures of cognit ive a s  wel l  a s  s ensory 
func t ioning ( Ot to !! a l . , 1 985 ) .  

Bat t eries Developed for Assess ing Drug Effec t s  

The d rug eva luat ion l it erature should provide good counsel for both 
n eurotoxic and nutrit iona l a s s e s sment . In Tab le  4,  I l i s t  those tasks 
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TAliE 3.  carroll 's  elenentary cognitive tasks ar¥1 cognitive factors! 

ParadiiJII F.xqlle � 

1. Perceptual apprehension Recognizing objects 
Single letter threshold 
Visual duration threshold 

2 .  Reaction time an:i movenent Simple reaction time 
Choice reaction time 
Pitt ' s  tapping task 

3. Evaluation/decision Word or 1¥DJ0rd 
Dichotic order judgnent 
Picture or noapicture 

4. Stim.Jlus matchifW'cOllpllri.son Letter search 
Letter matching 
Letter rotation 
Saoe/different pictures 

5. Naning/readuwassociation Stroop task 
Word naning 
� pictures 

6. Episodic msaory read-out Ma!my span 
ProbEd l1181DtY scanni.l¥ 
� recogni.tion 

1. Analogical � Pmple piece analogy 
Miller analogies test 

a. Altf>ritlmic manipulation Mental arithnetic 
&n::lay + '1\Jesday 
Raven 1 s matrices 

�ta fran Carroll,  1980. 

Factor 

1. Monitor process ( e.g. , instructions, 
strategies) 

2. Attention process ( focus, stilluli 
expectEd) 

3. Apprehension (sensory buffer repre
sentation) 

4. Perceptual integration (matching 
with prior buffer representations) 

5. Encoding process ( fom���tion of a 
mental representation, abstraction) 

6. Qmparison of mental representations 

7. Corepresentation fom111tion (a new 
representation of a pair of 
representations) 

8. Corepresentation retrieval frau 
l1181Dty 

9. Transfom���tion of representation 
(e.g. , rotation, transposition) 

10. Response execution p� 
(cognitive process p� the 
overt response) 

�linEd tasks are :in:ludei in Carroll ' s  proposEd experiments to estimate process paraoeters 
(Carroll, 1980, pp. 71-73) . 
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that f ive notab le  research groups have inc luded in  the ir drug 
evaluat ions . The work of We ingartner , Sitram, and c o l leagues ( S itram 
e t  a l . , 1 9 7 7 ,  1 9 7 8 ; We ingartner et  a l . , 1 9 7 9 ,  1 9 8 1 , 1 983 ) o ffers an 
e spec ial ly thorough coverage o f  memory e f fec t s ( column 1 ) , and the work 
o f  Davis ,  Mohs , and col league s (Davis  et al . ,  1 9 7 6 ,  1 9 7 8 ; Mohs et a l . , 
1 9 7 8a ,  b ,  1 980 ) ( co lumn 2 )  provides assessment o f  a somewhat broader 
range of func t ions . Thi s  group also  focused on the memory-scanning 
tasks , which provide a measure o f  memory process ing speed rather than 
mere c apac i ty . For another ins t ruc t ive use of this  task in drug 
tox ic ity evaluat ion , see MacC l eod et a l . ( 1 982 ) . The set  o f  tasks used 
by Branconnie r  et a l . ( 1 985 ) are notab le because they are commerc ial ly 
ava i lab le as a portab le hardware-s oftware package . The tasks se lec ted 
by Ferri s  and Crook ( see also  Mc Carthy � al . ,  1 9 8 1 ) are notable , as 
they represent t asks that derive from common laboratory measure s o f  
cognit ive proc e s s ing and y e t  have high face val id i ty for both young and 
old sub j ec t s  from a broad range of the populat ion . By arrang ing the 
learning of grocery l is t s , phone numbers , faces , and names , they are 
able to rec ru i t  sub j ec t  cooperat ion and mot ivat ion more read i ly than by 
us ing nonsense sy l lab les . Las t ly ,  the study of Squire et a l . ( 1 980 ) 
broad ly samples  cogni t ive performanc e .  

As ses s ing Unusua l  Working Environment s and Condit ions 

Tab le 5 l i s t s  tasks selec t ed for inc lus ion in several batter ie s 
deve loped to  assess  the e f fec ts  o f  work environment s and condit ions on 
behavior . These inc lude tasks se lec ted to be sens it ive to work cyc le  
and shi f t  durat ion variab les (Walter Reed Performance As ses sment 
Battery , column 1 ) , tasks current ly inc luded in the automated battery 
be ing evaluated by the Navy for test ing unusual work env ironments 
( column 2) ( see Harbeson e t  a l . , 1 983 , for a b ib l iography o f  the 
evaluat ion s tud ies of thi;-g;;up ) , a bat tery under deve lopment by the 
Air Forc e for use in se lec t ing rec rui t s  with good potent ial  for 
h igh-leve l t raining ( column 3 ) , and las t ly the c la s s ic bat tery o f  
Alluis i e t  a l . ( 1 9 7 3 ) , here referred t o  through a s tudy o n  the "tox ic "  
e f fec t s  of  viral  d isease on performance ( co lumn 4 ) . In  general , these 
tasks have been chosen to tap more comp lex ski l l s  than those 
represented in the t oxic ity and drug eva luat ion l iterature s . 

EXAMPLES OF NEUROTOXICITY EFFECTS 

A Psychometric Approach to Measur ing Lead Poisoning 

One of  the relat ive ly f irm resu l t s  in what has become a comp lex 
l it erature on the e f fec ts  o f  low leve ls o f  lead on behavior i s  found in 
a Sc ience report of  an eva luat ion o f  90 secondary-lead sme l ter workers 
by inve s t igators from the Mount S inai Environmenta l  Sc iences  Laboratory 
{ Va lcuikas e t  a l . , 1 9 7 8a ) . I t  i s  o f t en d i f f icult  to adequate ly 
charac ter ize the body burden o f  lead . The leve l o f  lead in b lood may 
merely re f l ec t  current leve l s  and not the history o f  exposure . The 
conc ent rat ion o f  lead in other t i s sues , e . g . , bone , wou ld be a bet ter 
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ind icator o f  long-term accumulat ion ,  but measurement is inappropriate ly 
invas ive . In some c ases , lead in baby teeth has been measured to  
represent the exposure his tory o f  young chi ldren , but  such a measurement 
is general ly not pos s ible  with o lder ind ividuals . Valcuikas et  a l . 
( 19 7 8a )  determined body burden by us ing a re l at ive ly long-term- -
measure--z inc protoporphyrin ( ZPP)  leve ls  in the b lood . This  measure 
repre sents a 4-month averaging of lead burden . 

Taking the age and educat iona l background of  the sub j ec t s  into 
account is necessary to make an adequate  evaluat ion . As mos t  cognit ive 
func t ions show a shi f t  dur ing the working years ( see Hunt and Hert zog , 
1981 ) , age is an important var iab le  to  control . Educat ional leve l and 
mood ( e . g . , depre s s ion , irritab i l ity)  are also  important . Valcuikas et  
a l . ( 1 9 7 8a )  determined and correc ted for  an age e f fec t by us ing control 
as we l l  as exposed group data . They then determined the corre lat ion 
between ZPP leve l and age-correc ted score on each of f ive measures --the 
WAI S  b lock des ign subtes t ,  the WAI S  digit-symbo l subtes t ,  an embedded 
f igures t e s t  deve loped by Valcuikas , and the dominant hand and both 
hands on the Santa Ana dexteri ty tes t .  The tests  t aken from the WAIS 
are all from the performance IQ , wh ich is  more s ens i t ive t o  brain 
insu l t . A l l  t e s t s  are from the c l inical tes t ing tradit ion and are 
use fu l  in making c l inic a l  dec is ions . S igni f icant corre lat ions were 
found for the first  three measures ( see Fig . 2 ) . Ins pec t ion of the 
data shows that there was cons iderab le ind ividual var iab i l ity and that 
the low value s  for ind ividual s  with ext reme ly high leve l s  o f  lead in 
the blood were an important determinant o f  the corre lat ions . As 
Valcuikas et a l . ( 1 9 78a ) po int out , " the scatter of scores due to 
ind ividual-variab i l i ty grea t ly exc eeds the e f fec t that ZPP levels  have 
on scores for the populat ion s tudied here . I t  is  then impo s s ible to 
draw conc lus ions about an ind ividual ' s  ZPP leve l or lead intoxicat ion 
from his test  score s alone . "  Yet the relat ion between ZPP level and 
per formance is c lear , represent ing an observab le  corre lat ion that  
pers is ted to ZPP leve l s  o f  less  than 1 70 pg/d l .  

An Exper imental  Laboratory Approach to Measur ing Mercury Po isoning 

Smith and Lango l f  ( 1 981 ) used a task with a long-s tand ing 
l aboratory tradit ion and a growing c l inical evaluat ion tradit ion in 
evaluat ing the e ffec t s  o f  mercury on short-term memory . An assessment 
was made of 26 workers in two mercury c e l l  chlor-alka l i  p l ants . Their 
s tudy showed that mercury s lows memory-scanning e f f ic iency . In their 
b inary c las s if icat ion task , subjects  were asked to memorize a short 
l i s t  of  digits  ( two , three , or f ive d igit s  long ) . A t e s t  digit  was 
then shown . The sub j ec t  ind icated as quickly as pos s ib l e  whether the 
t e s t  digit  had or had not been inc luded in the previous ly memorized 
l i s t . The t ime required for this dec is ion was the primary measure , as 
accuracy is genera l ly quite  high . This  reac t ion t ime typically 
inc reases in a l inear fashion as a func t ion of  set  s ize , with the s lope 
of the func t ion taken to represent e f f ic iency of memory scanning and 
the extrapolated reac t ion t ime for a l i s t  o f  zero length be ing taken as 
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F IGURE 2 .  Age-corrected scores 
for 90 lead sme l ter workers on 
three per formance tes t s  ( BD ,  DS , 
and EF ) as func t ions o f  the ir 
individual ZPP leve l s . Sol id 
curve , exponent ial  ( Eq .  2 )  f i t ted 
to these  point s . Dashed curves , 
exponent ia l s  f i tted to the 
uncorrec ted scores ; they show 
that the correc t ion is  not large . 
Hatched histograms give the 
d i s t r ibut ion of ZPP leve l s  for 
the tes t populat ion and the 
blood lead leve l s  corresponding 
to 50-pg/dl  concentrat ions o f  
ZPP . ( Figure taken from 
Va lcuikas e t  a l . , 1 9 7 8 . See 
that  re ference-for an exp lanat ion 
of equat ion 2 and s tat i s t ical  
parameters . )  

an index of  s t imulus reg is trat ion and response output t ime . A 
d i f ferenc e in the func t ion for trials  in which the test  probe had not 
been inc luded in the set  is  taken to measure response bias . To 
estab l ish mercury leve l s , mercury in the ur ine was measured rout ine ly 
every 3 months , and an average of  severa l measurements  was taken . Data 
were analyzed by forward , stepwi se regre s s ion , with mercury level , the 
three performance measures ( s lope , intercept , and b ias ) , and 
b iographical indexes entered . Mercury leve l s  and b iographical indexes 
were not s igni f icantly corre lated , reduc ing the l ike l ihood o f  
confound ing var iables . Scanning t ime and mercury leve l were found to 
be related ( see Fig . 3 ) . The intercept was not related to mercury 
leve l , and response type was only marg ina l ly related , an e f fec t that 
the authors did not cons ider interpretable . The e f fec t o f  a smal l  
increase in mercury in the ur ine was not only s tat i s t ica l ly but also  
c l inica l ly s igni ficant , an  inc rease in scanning t ime o f  1 2  ms per item 
for an increase  o f  0 . 1 mg/ l iter . Th is is roughly equ ivalent to 9 years 
of aging . Thi s  decrease is a l s o  accompanied by a decrease in d igit  span 
( Smith � a l . ,  1985 ) . 
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FIGURE 3 .  Relat ionship between memory-scanning t ime and 

mercury leve l s  in ur ine . { Figure taken from 
Smith and Langol f ,  1981 . ) 

Two Approaches to Tes t ing the E f fects  of Food Add i t ives 

Consecut ive art ic l es in a 1 9 80 is sue o f  Sc ience dea l t  with the 
e f fec t s  of food add it ives on chi ldren . In the f irs t s tudy { Swanson and 
Kinsbourne , 1 9 80 ) , 40 chi ldren were s tud ied dur ing a 5-day s tay in a 
hospital c l inic . Al l sub j ec t s  had been re ferred with behavioral 
symptoms sugge s t ing hyperac t ivity ; hal f  had h igh Conner ' s Rat ing Scale 
scores { average , 1 6 . 2 )  and had previously shown a favorab le response to 
s t imulant med icat ion { these were des ignated hyperac t ive chi ldren) , and 
hal f  had lower Conner ' s scores { average , 12 . 3 ) and had shown an adverse 
response to s t imulant med icat ion { des ignated nonhyperac t ive children) . 
The day before hospital izat ion and for the firs t 3 day s o f  the ir 
hospital  s tay ,  any medicat ion was s topped and an add it ive- free 
{ Fe ingold ) diet  was s t r ic t ly maintained . "On days 4 and 5 ,  the 
chi ldren rece ived , oral ly at 1 0 : 00 a . m. , capsules that contained either 
a b lend of nine food dye s  [ e ither 100 or 1 5 0  mg ]  or placebo { sugar ) , 
with dye and placebo order counterbalanced across sub j ec t s "  { Swanson 
and Kinsbourne , 1 980) . Pa ired-as soc iate learning tests  were 
adminis tered on each o f  the 5 days at  9 : 30 ,  1 0 : 30 ,  and 1 1 : 30 a . m .  In 
this tes t , p ic tures o f  anima l s  { d i f ferent each day ) were used as 
s t imul i ,  and numbers were used as res ponses . The s t imul i  were 
presented sequent ial ly unt i l  a per fec t rec itat ion was ob tained { 10 s 
was allowed for a response , order was d i f ferent in each presentat ion) . 
The l is t  length was adjus ted over days 1 to 3 for each chi ld , to a 
leve l which produced about 20 errors per tes t .  The measure taken was 
the total  number o f  errors made . For hyperac t ive chi ldren , there was a 
c lear inc rease in errors after dye chal lenge { see F ig .  4 ) . The e f fec t 
reached a maximum at  1 . 5  h ,  cons i s t ent with the not ion of  a 
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pharmacological  or toxic mechanism .  For nonhyperact ive chi ldren , no 
c l ear e f fect  o f  the dye cha l l enge was seen , and errors were 
cons is tent ly at or be low the leve l s  seen for the hyperac t ive children. 
The apparent inc rease in errors ac ross t ime o f  t es t ing in this group 
was not commented on , except to  note  that cha l l enge and test ing t ime 
d id not interac t .  The data thus demons trate a tox ic e f fec t o f  food 
add i t ives for some children , here ident i f iab le  by the ir common 
hyperac t ivity and reac t ion to s t imulant therapy . 
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FIGURE 4 .  Responses of 20 hyperac t ive chi ldren ( a )  and 20 
nonhyperac t ive children { b )  chal lenged with a food 
dye blend or a placebo . { F igure taken from Swanson 
and Kinsbourne , 1 980 . ) 

We i s s  !! a l . { 1980 )  evaluated 22  chi ldren who were enro lled in the 
Kaiser-Permanente Hea l th Maintenance Organizat ion . None o f  these 
chi ldren had been diagnosed a s  hyperkinet ic , and none had c l inical ly 
s igni f icant medical or psychiatr ic prob lems . Each , however , had been 
reported as improved in behavior "when kept on a diet  that exc luded 
art i f ic ial colors and flavors for at leas t the 3-month per iod preceding 
the s tudy . "  The s tudy was carr ied out over 7 7  observat i on day s , us ing 
a highly s t ruc tured observat ion schedule  that was highly ind ividual ized 
for each child . Two 1 5-min obs ervat ion periods were conduc ted by a 
parent each day , with any occurrence of  several targe t behaviors chosen 
for the child be ing recorded . A global es t imate o f  the frequency and 
severity o f  each target behavior and severa l  other general reac t ions to 
the day were also ob tained . Dai ly telephone interviews with a parent 
and weekly home vis its  he l ped ma intain s tab le c r i ter ia for 
observat ions . The chi ldren were kept on the add it ive-free diet  
throughout the s tudy . At a spec i f ied t ime on each day , however , the 
child  consumed a bot t l e  of soft  dr ink conta ining e i ther carame l or 
c ranberry coloring { plac ebo ) or a freeze-dried monob lend of seven dye s 
plus the cranberry color ing { cha l lenge ) . The cha l l enge dr ink was g iven 
on 8 days , with both child and parent bl ind to which day s . Whereas 20 
of the 22 chi ldren "displayed no convinc ing evidence of sens it ivity to 
the color cha l lenge" {We i s s  e t  a l . , 1 980 , p .  1488 ) , two children 
demons t rated convinc ing sens i t ivi ty . One 34-month-o ld  g ir l  showed 
espec ial ly c lear e f fects  ac ros s  several target behaviors ( Fig . 5 ) ,  with 
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t h e  cons istency o f  the e f fec t s  s tr ikingly confirmed through s tat istical  
tes ts . I t  is  c l ear that ind ividua l sens i t ivit ies need to be taken into 
account to adequately charac terize the e f fec t s  of food add i t ives . 
Group mean s tat i s t ic s  dras t ical ly underes t imate the e f fec ts  for 
s ens i t ive ind ividua l s . 
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FIGURE 5 .  Mean total day rat ings on target behaviors for one 
subject  p lus correspond ing globa l scores . Open bars , 
mean % SE for placebo days ; hatched bar s , mean % SE 
for chal lenge days . The 1 5-min tal l ie s  recorded c a .  
3 h after drink c onsumpt ion were s igni f icant ly 
h igher on cha l lenge than on contro l days for 
behaviors 2 (p = 0 . 003 ) and 3 (p = 0 . 0 1 6 ) . ( Figure 
taken from weis s  et al . , 1 980 . )-
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SES SION I l l  

INTRODUCTION--METHODS OF ASSESSING MILITARY PERFORMANCE 

The purpose of this se ss ion was to pre sent an overview of the 
pr inc ipal methods current ly used to as sess  the performanc e of mi l i tary 
personne l . The methods reviewed are the use of s imulator s ,  task ana lys i s  
o f  mi l i tary jobs , fie ld stud ies , field  exerc ises , and cognit ive test  
bat terie s .  Speakers with f irs t-hand knowledge of each of these method s 
d iscussed how they are current ly used by the mi litary . Fac tors that 
might affect the suitab i l ity of  each method for study ing nutrit iona l 
variables  are reviewed ; these inc lude cos t , comp lexity , abi l ity to control 
extraneous variable s ,  prec i s ion of measurement , and va l idity . Severa l 
cognit ive test  bat teries are now being deve loped to assess  mi litary 
personne l ,  and a program to deve lop a battery for assess ing drug e f fec t s  
i s  pre sented . Three o f  the batteries  previously deve loped for the 
mi litary are reviewed s ince many of the prob lems encountered in deve loping 
and val idat ing these bat teries are like ly to be enc ountered in a program 
o f  re sea rch to assess  nutrit ional e f fect s .  

1 6 2  
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THE USE OF S IMULATORS IN THE MILITARY 

Kent A .  Kimba l l  

A review o f  the large volume o f  l iterature on s imulators and 
s imulat ion appl icat ions in mi l i t ary sett ings reveal s that s imulat ion 
techniques have been used in the mi l itary training environment for many 
years . In fac t , mi l i tary s imulat ion has been used at leas t s inc e 
feudal t ime s ,  as evidenced by the war games that became popular in 
Europe about A . D .  1200 . Jous t s  were he ld to hone combat ski l l s  and in 
e f fect were s imulat ions of combat .  There were a l so j oust s imulator s . 
Th i s  device , cal led a quintain , provided ins tant feedback to the 
trainee . If it was not s truck appropriate ly , the device rotated 
quickly to de l iver a blow to the head of  it s unwary assa i lant ( Tuni s ,  
1954) . A more recent but s t i l l  his toric examp le of s imu lat ion wou ld b e  
the photogun deve loped by Eas tman Kodak t o  train ae rial  gunners during 
Wor ld War I .  This device was a spring-wound , motorized camera mounted 
on the Lewi s mach ine gun . When the gunne r pul led the trigger , f i lm was 
exposed and a cons tant record of  a im-point was obtained . Mock ae rial  
bat t les  could  be accomp l i shed , and "ki l l s "  c ould be recorded sa fe ly and 
prov ided to s tudent aviators for ins truct ive purpose s ( Stockbridge , 
1920 ) . 

S inc e the use of  s imulat ion varies wide ly in the mi l i tary set t ing , 
it is nece s sary to narrow the scope . Firs t I wi l l  focus on a common 
definit ion o f  what is meant by simula t ion , and · then I wi l l  review some 
uses of s imu lat ion as app l ied to man-machine sy s t ems . After thi s 
d i scuss ion , the focus wi l l  narrow again to fl ight s imulat ion , a brie f 
his tory of  its  deve lopment , and some examp les of sys t ems that have 
served to enhanc e aircrew training . Fina l ly , I w i l l  review the Army ' s 
present f l ight s imu lat ion and training program and di scuss the 
potent ia l for s imi lar systems in biomed ical  human performanc e researc h .  

A number of years ago , McCormick ( 1964) prov ided a working 
de f init ion of s imulat ion . He stated that s imulat ion cons i s t s  of some 
type o f  reproduc t ion or representat ion of an actual or conceptua l 
phy s ical  obj ect , system , process , or situat ion or o f  a theoret ic a l  
cons truc t . This de f i n i t ion i l lus trates that the process  of s imulat ion 
is not l imited to deve lop ing large , comp lex sy stems , but can be mere ly 
a line drawing or f low diagram of  a process or a mathemat ical model  of 
a concept . 
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McCo rmick ( 19 64) de l i neated five areas �n which s imulat ion is  
app l ied in the deve lopment and func t ion of  man-machine sys t ems . Many 
o f  us are or have been engaged in human performance researc h .  In the 
laboratory and the f ield , examp les o f  how an experimental  parad igm 
invo lve s some s imulat ion o f  a real -world se t t ing are found read i ly .  
The re search interest  may be human behavior , but how it genera l izes t o  
the operat iona l environment is a l s o  of  intere s t . Some examp les of thi s  
type o f  exper imentat ion would be a s imp le tracking task,  a tracking 
task with audi tory distrac t ion , or a psycho log ical as sessment battery . 
In each case , we are assess ing pe rformance in the laboratory ,  i . e . , the 
s imulat ion , with the ul t imate obj ect of  pred ic t ing human behavior in 
the real -wor ld s e t t i ng .  

I n  the second category , s imulat ion can be app l ied t o  the 
deve lopment and de s ign phase of spec i f ic hardware systems . Again ,  
depending on the des ign requi rement s ,  various leve ls of  s imulat ion can 
be used . Some examp les of  the se app l icat ions are s imple l ine drawings , 
software mock-ups , and comp lex prototype s .  The app l icat ion of  
s imulat ion in this area a l lows des igners to evaluate new sy s t ems and 
hardware be fore making final des i gns for produc t ion.  Thi s  approach has 
o ften served to decrease de s ign costs  and improve u l t imate sy s t em 
capab i l i ty .  

The use o f  s imulat ion in operat ional problem solving invo lve s  
s ituat ions i n  which var ious proc edure s ,  scenario s ,  and organi zat iona l 
s truc ture s are manipulated to deve lop opt ima l performanc e strategie s . 
This  app l icat ion is  typ ica l ly oriented to the idea of gaming . 
McCo rmick ( 1964 ) point s to war game s imulat ions as an examp le of thi s  
app l ic at ion.  

As sys tems proc eed through the deve lopment cyc le to  complet ion , 
there are numerous s t ages at which s imu lat ion techniques can be used . 
When such sy stems reach maturity , they are norma lly tested again for 
re l iabi l i ty ,  maintainab i l i ty ,  and e f fect ivene s s . S imulat ion norma l ly 
p lay s  a ro le in the se performance evaluat ions . Some examp les of how 
s imu lat ion has p layed a part in deve lopmental test ing are operat iona l 
tes t s  of  eng ine longevity , such as those conduc ted by the Army ' s  Tes t  
Act iv i ty ,  and the f l y-o ff for the Army ' s  UH60 Blackhawk . In each case , 
airc raft  are f lown agains t miss ion pro f i le s  normally ant ic ipated during 
actua l  operat ions . 

Cert ainly the mos t  wide ly acknowledged area in which simulat ion is 
u sed has been the f ie ld of training . Al though there are tremendous 
variat ions in the degree of  s imulat ion used , most man-machine sys t ems 
of subs tan t ial comp lex ity have s imu lator or procedural traine r  
counterpart s t o  ass i s t  operators i n  ac quiring and prac tic ing the ir 
ski l ls under contro l led cond i t ions . The most obvious examp les of the 
app l icat ion of s imu lat ion to training are a f l ight s imulator and a 
mis s ion s imu lator that wou ld emulate the performance characteri s t ic s  of 
a mi l i tary airc ra f t . 
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According t o  Smith ( 19 8 1 ) , the f irst  f l i ght trainer used i n  the 
United States was deve loped by Ed Link in 1929 . Mr . Link ' s trainer was 
the f irst  sys t em used to reduce the number of  f l i ght hours required to 
train c iv i l ian p i lo t s . Mr . Link apparent ly had cons iderab le success  
with his  sys t em, for  by 1941 he  had de l ivered hi s Link Trainers to the 
U . S .  Army as we l l  as to 3 5 o the r count ries . As one might suspec t ,  
Wor ld War I I  saw a rap id expans ion of the use of  trainers fo r p i l o t  
pro fic iency . Smith s tates that there were some 3 0  d i f fe rent type s  o f  
device i n  u s e  by 1 94 5 . 

By 1 9 50 ,  mos t  major aviat ion weapons sys tems were provided with 
counte rpart e lectronic s imulators . These devices we re typ ica l ly 
without visual displays , but we re used for tra ining in sys t ems 
operat ions , emergency proc edure s ,  ins trument f l i ght , and f i re contro l .  
Updates  and improvement s in aircraft  were not made in their  simu lator 
counterparts during this period . As a re su l t , the use of  s imulat ion 
for p i lot  training was not vigorous ly pursued . 

The fue l cris is  in the 1 9 7 0s increased intere s t  1n s imu lat ion for 
p i lo t  evalua t ion and training . Increas ing fue l cost s ,  the increas ing 
comp lex ity of  mi l i tary weapons sys t ems , and the potent ial for enhanced 
visua l f l ight s imu lat ion as demons trated by c ivi l ian airl ine s  a l l  
served t o  p lace increased emphas i s  o n  s imu lators f o r  f l i ght-training 
programs for the armed service s .  Th i s  emphas i s  created a burgeoning 
s imulator indus t ry to meet both c ivi l ian and mi l i tary requirements 
( La tour , 19 78 ) . As  o f  the date of his  report , the re were no le s s  than 
2 2 2  s imu lators of c iv i l  ai rcraft in use in the We s tern wor ld , most  of 
which were owned by c ivi l ian airl ine s . Al though f igures are not 
avai lable , it can be assumed that most  mi l itary services are us ing 
s imulators . 

I woul d  l ike now to narrow the focus to the U . S .  Army ' s flight 
s imu lat ion program,  part icularly as it re lates to training . Al though 
s imulat ion is be ing used elsewhere within the Army for both research 
and training , I wi ll  confine my d i scus s ions to f l i ght s imulat ion 
deve lopment s at the Army Aviat ion Center . 

In a recent paper det a i l i ng progre ss in Army he l icopter  f l ight 
s imu la t ion,  Siering ( 1 983 ) point s  out that the Army placed a unique 
requirement on the s imu lat ion indus try in that it requ i red advanc ed 
rotary wing s imu lators for tra ining purposes . Spe c i f ic a l ly , in 1967  
the  Army required that it be  prov ided s imu lators to support f ive maj or 
he l icopter systems : t he UHl ( Huey ) , the CH47 ( Ch inook) , the AHl 
( Cobra) , the UH60 ( B lackhawk) , and the AH64 ( Apache) ( U . S .  Army 
Aviat ion Center , 1981 ) .  

The first  system provided under this  plan was the UHl f l ight 
s imu lator ( FS ) . This  device was a ful ly ins trumented mot ion base  
system with  no out s ide vi sua l disp lay . This  sys tem permi t s  four 
cockp it s  to be used s imul t aneous ly whi le a central control  pane l 
provide s pro f i le programming and in- f l ight performance dat a . The main 
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use of this device is  for training current aviators . Al though the s e  
systems al low pos it ive trans fer of training ( Caro et al . ,  19 75 ) and 
ski l ls ma intenanc e (We i t zman et a l . , 1 9 7 6 ) , p i lot pe rformanc e  
measurement was not cons idere�opt imum. 

The second s imulator to be prov ided to the center was the CH47 FS . 
Thi s  device was equipped with p lat form mot ion and an on-board visual 
system .  After cons iderab le on-s ite prototype deve lopment , this sys t em 
was introduced as a training device in the CH47 aviat ion qual i f icat ion 
course and provides trans it ion pi lots with high-f ide l ity vi sual cockp i t  
training . 

Soon after the CH47  FS was imp lemented as a tra ining device , the 
next s imulato r ,  the AHl FS ,  s imu lat ing the Army ' s attack he l icopte r ,  
was provided to the center .  The AHl F S  compri sed a motion system and 
an on-board camera sys tem s imi lar to the CH4 7 FS te rrain board , exc ept 
that it inc luded a system to permit weapons use . Two mode l board 
disp lays were prov ided . This a l lowed separate vi sual scenarios for the 
p i lot and the cop i lot  gunner .  Th is  device is now be ing used for both 
ai rcra ft qua l i f ic a t ion training and weapons currency training . 

Mos t  recent ly , the UH60 FS has become operat iona l at the center . 
This s imulator was del ive red with two cockpits  having separate but 
equ iva lent mot ion systems . The cockp i t s  had two di f ferent vi sual 
sy stems : one a computer-generated image system and the other a c amera 
model system .  Both c ockp i t s  have been shown to be e ffec t ive , providing 
good trans fer of training for the UH60 aviator qua l i f ic a t ion cours e 
( Luckey e! a l . , 1982) . 

The las t airc raft  sys t em that is to have a counterpart s imulator is  
the  YAH64 ,  the  Army ' s advanc ed attack he l icopter ; the prototype is  
pre sent ly be ing cons truc ted . I t  is ant ic ipated that it  wi l l  be 
del ivered to the Aviat ion Center in 198 5 .  

The f l ight s imu lat ion training program a t  the Army Aviat ion Center 
has achieved subs tant ial success  in enhanc ing pro f ic iency and reduc ing 
a i rc ra f t  qua l i f icat ion t ime for the Army aviator . Co st  savings have 
been rea l ized by us ing these devic e s  ( Dracke tt  e t  a l . , 1982 ; Hopkins , 
1 9 79 ) . How we l l  do the se devices as sess  fl ight-pr�f ic iency or , more 
spec i f ic a l ly ,  overal l  avia tor pe rformanc e ?  The se devices were 
primari ly de s igned to as s i st  in tra ining ; as a consequenc e , emphas i s  
was p l ac ed on f ide l i ty a s  viewed by the ins truc tor pi lot and student . 
Thus , the data co l lect ion and ana ly s i s  packages att ached to the output 
s ide of  the se sy stems are somewhat cons trained by both avai lable  
hardware and so f tware f lex ib i l ity . However ,  the se devices can be  used 
e ffect ive ly for crew performance studie s .  At pre sent , the 
accomp l i shment of thi s  obj ec t ive in a cos t-e ffect ive manner would  
requ ire a "s trap-on" data c o l l ec t ion and management system .  

For a number of  years , personne l at the U . S .  Army Aeromedical  
Re search Laboratory have been c o l lect ing in-f l i ght data  with the UHl 
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he l icopter  ( Hu f fman et  a l . , 1 9 7 2 ; Jone s et  a l . , 1983 ) . A s imi lar 
system has been deve loped and interfaced-with a low- f idel ity he licopter 
trainer in the laboratory . This system permits  certain parameters to be 
measured in real t ime . Although the s imulat ion device doe s not provide 
the f ide l ity des ired for crew pe rformance s tudie s ,  we are present ly 
using it for extended studies  on aviator performance under the 
influence of ant idotes and pre treatment therap ies for chemical  
de fense . Our future plans inc lude the acqu i s i t ion of  a UH60 FS for 
the se crew performance s tudie s .  We hope that the les sons we have 
learned in deve lop ing our more mode st  performance as sessment procedure s 
wi ll  permit us to provide comprehens ive and e f fect ive performanc e  
assessment systems for the future . 
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HOW DOES NUTRITION RESEARCH IMPROVE MILITARY READINESS?  

Stanley F.  Bo l in 

A general o f f icer opened the workshop on cognit ive test ing 
me thodo logy for nutr i t ion research by asking for he lp . He asked the 
par t ic i pants to he lp de fend the nutrit ion resea rch budget by looking 
for ways to show how nut r i t ion made a prac t ical  dif ferenc e  in mil itary 
readine s s . This cha l lenge was not made l i ght ly . In the cont inuing 
pol i t ical  strugg les over the de fense budget , many people may eas i ly be 
convinc ed that nut r i t ion research funds might better be spent on 
weapons or not spent at al l .  

The cha l lenge was not met during the workshop . The gene ra l  o f f icer  
d id not expect to be  sa t i s f ied immed iate ly , and the part ic ipant s were 
not prepared to addre ss  such a large issue . Thi s  paper was prepared 
after the workshop with some appreciat ion of the concerns of  nut r i t ion 
re search sc ient i s t s  and a be la ted understand ing o f  why it had been 
invited in the f irst  p lace . This  paper wi l l  a l so fail  to sat i s fy the 
challenge , but it wi l l  provide some informat ion and sugges t  some s teps 
that may be he lpful in doing so . 

Task analysis  performed by the Army in support o f  training may 
serve nut r i t ion research as a s tart ing point for further analys is t o  
ident i fy sens it ive measure s organized by some theory o f  nutr i t ion and 
behavior . Spec i f ic a l ly , the tasks de scr ibed in Army so ldier ' s  manual s  
c an sat i s fy the need to document mi l i tary importance ,  but cons iderable 
further research is needed to estab l i sh sens it ive measures re levant to 
nut r i t ion theory . 

A d irec t e ffort to show an emp irical  connect ion between nut r i t ion 
or any other behavioral va riab le and read iness t raining pe rformance i s  
not recommended . "Stee l -on-target" and combat exchange ratios are 
inf luenced by too many var iab le s , and there are too many controvers ies 
about the meaning of  combat f ie l d  exerc ises . Mi l i t ary history is too 
ful l  of ins tances when i l l-fed armies prevai led over we l l-fed opponent s .  
Cons ider the American Revo lut ion and the Korean ac t ion and the argument s 
sugge s ted by such examp le s .  

An al ternat ive t o  direc t �pac t eva luat ion in the real world  i s  the 
demons trat ion of theoret ical consequences that make a plaus ible 
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d i f ferenc e  agains t real i s t ic cont ingenc ie s i n  combat scenarios . 
the hubris o f  one innocent of  exper ience in nutrit ion research , 
sugges t  theory bui ld ing and re search to show that we l l -nourished 
so ldiers fight better and longer than they would if less  we l l  
nouri shed . The outcome o f  the bat t le is another story and quite  
intractab le from a research viewpoint . 

SYSTEMS APPROACH TO TRAINING 

With 
I 

A systems approach to training ( SAT) was adop ted by the Army 
( TRADOC , 1982) to ensure that a l l  mi litary training can be cons idered 
re levant and cri t ical  for miss ion accomp l ishment . SAT is  based on the 
Interservice Procedures for Ins truc t iona l S s t ems Deve lo ent ( TRADOC , 
1 9 7 5  , a five-vo lume manua l on the appl icat ion o f  ins truc t ional sy stem 
des ign ( ISD) to mi litary training . The ISD mode l is wide ly used in 
training techno logy ( Gagn' and Br iggs , 19 74 ; Kears ley , 1984 ) . ISD moves 
through f ive phases :  analyze , des ign ,  deve lop , imp lement , and evaluate . 
Each phase feed s informat ion to every other phase in a network o f  system 
loops so that the whole sys tem should be se l f-correct ing and demons trate  
progre s s ive improvement and e f f ic iency . 

The first  phase begins with task ana lys is oriented to support ing 
the ent ire process  o f  ISD .  The import ance o f  task performance in unit  
mi s s ions and individual duty pos it ions is examined . Training need s 
analysis  is conduc ted , and the feas ib i l ity o f  training is cons idered . 
The pos s ib i l it ies o f  deve loping j ob aids to prec lude training are 
exp l i c i t ly recognized and programmed for the deve lopment phase . The 
produc ts  of task ana lysis  are performance spec i f icat ions and measure s 
and termina l learning obj ec t ives for c r i t ical  tasks . The se produc t s  
are pub l ished in so ldier ' s  manuals for a lmost a l l  mi litary occupat iona l  
spec ial t ie s . 

The task ana ly s i s  methods deve loped in and for the Army are 
remarkab ly thorough in document ing the j udgments involved . The Job and 
Task Analy s i s  Handbook ( TRADOC , 19 79 ) supplement s the ISD vo lumes with 
how-to-do-it f lowchart s ,  forms , and det ai led guide l ine s , but there are 
several miss ing chap ters . The se miss ing element s are "So f t  Ski l l  
Ana ly i s , "  "Co l lect ive/ Ind ividua l Analys i s  Interface , "  and "Li fe Cyc le 
Systems Management /Training Deve lopment s Interface . "  The se top ics need 
not be covered in detail to support the current SAT regulat ion because 
the ISD mode l is nonregulatory . These seeming ho le s in the task ana l y s i s  
methods are being sa t i s f ied b y  delegat ion to  Army schoo ls and re s ponsible 
c ommander s .  The imp l icat ion for research based on so ldier ' s  manual 
informa t ion is  that the task l i sts  may not inc lude some complex and 
d i f f icult  to ana lyze tasks , or i f  listed , such tasks may be treated 
summari ly . 

The s igni f ic ant feature of  SAT task analysis  for nut r i t ion research 
is the nature of  the c r it ical  task information . The SAT regulation 
( TRADOC , 1982 , p. 2 9 )  descr ibes it we l l : 
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Cr i t ical  task ident i f icat ion . Thi s  ac t ivity enta i l s  
ident i fying c o l le c t ive and individual tasks that are 
cons ide red es sent ial to the acc omp l i shment of a miss ion or 
duty , and then determining those which require training , 
i . e . , cr i t ical  tasks for training . The produc t s  of 
c r i t ical task ident i f icat ion are c r i t ical  task l i s t s  
accompanied by report s  on the methodo logy ut i l i zed . 

Cr i t ical  task analys i s . This ana lys is cons i s t s  of the 
fo l lowing two act ivit ies : 

Deve lop task performance spec i f icat ions ( TPS) . TPS 
are deve loped by analysts  with the ass i stance of  subj ec t 
matter expert s .  The spec i f icat ions cons i s t  of detai led 
des c r ipt ions of the overa l l  ac t iv i t ie s  ( to inc lude cue s  
and performance e lement s and steps ) , the cond it ions of 
col lec t ive and individual task pe rformance in a mi s s ion 
environment or duty pos i t ion , and the de s i red resu l t s  and 
s tandard s .  TPS enab le the deve lopment of task pe rfo rmance 
measure s .  

Deve lop task performance measures ( TPM) . In many 
cases and for a number o f  reasons , it is not pos s ib le to  
reproduce in  the training situat ion the ac tua l  cond it ions 
of task pe rformance in a mi s s ion environment or duty 
pos i t ion . To overcome thi s  problem ,  TPM are deve loped . A 
TPM is an analys t ' s  prescript ion of mos t  fea s ible  
performance measure • • • •  There is  no requirement to 
deve lop TPM for those tasks for which the actua l  
performance and cond i t ions i n  the miss ion envi ronment or 
duty pos i t ion can be rep l icated in the training 
s i tuat ion . In those case s , the termina l  learning 
obj ec t ive s  ( TLO) , deve loped during the ' des ign '  phase , can 
be de rived d irec t ly from the TPS .  

SOLDIER ' S  MANUALS AND DATA SOURCES 

So ldier ' s  manua l s  can be obtained through mi l i t ary publ icat ion 
channe l s  or from the Government Print ing Office . They are l i s ted as 
f ie ld manua l s  ( FM) with number series spec i f ic to each mi l i t ary 
occupat ional spec ia l ty . S ince SAT is nonregulatory and decentra l ized , 
there are variat ions in prac t ice by the various Army school commands 
respons ib le for produc ing and updat ing these manua ls and re lated 
read ing material s . Some so ld ier ' s  manua ls  are very recent ly pub l i shed ; 
some are several years old . All cont ain tasks , cond i t ions , and 
standards of performance pre sented to enl i s ted personne l and the i r  
supe riors t o  guide sel f-s tudy and training . 

The idea of  ordering a complete set of  all  sol d ier ' s  manua ls  i s  
impract ical unless  one i s  prepared t o  hand le a library . There are 
about 400 mi l i tary occupat iona l spec ia l t ie s  (MOS ) , and many MOS have 
two or three soldier ' s  manuals to cover ski l l  leve l s . The soldier ' s  
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manual of  common tasks , generic t o  al l sold iers , and a sma l l  set o f  MOS 
in f ie lds of research intere st are sugge s ted to gain fami liarity with 
this source . 

Each of  some 26 Army school s  has a direc tor of  training deve lopment s  
and s t a f f  re spons ible for pursuing SAT . Task ana lysis  details  and 
eva luat ion re su l t s  are not centra l l y  aggregated , to my knowledge , so 
inquiry to part icular schools  may be necessary . Fie ld visits  wi l l  
probab ly be necessary s ince SAT was adopted to reduce the burden o f  
paperwork required by ISD . 

The Individual Training Evaluat ion Direc torate , Army Training 
Support Center , Ft . Eus t i s , Va . ,  is a use ful source of informat ion 
about ski l l  qua l i f icat ion test ing ( SQT ) . Wr i tten SQTs are now used to 
support per sonne l management and evaluate individual training inso far 
as it  can be evaluated with written tes t s .  Although SQT no longer 
inc ludes hands -on pe rformance tes t ing , the se tests  of e s sent ial task 
knowledge have been val idated , and the score s are moderate ly corre lated 
with soldier qua l i ty measures such as mental category and c ivilian 
educat ion. This  direc torate can also  provide current informat ion on 
the nature of score distribut ions and their re l iab i l ity ( Bolin !! a l . , 
1981 ) . 

When the SQT inc luded hands-on performance tes t ing and job s ite  
performance measure s (before SAT) , score d i s tribut ions for the se two 
kinds  of measures were commonly observed to be highly skewed in the 
d irec t ion o f  high to very high success  rate s . The se observat ions were 
expec ted because cri terion-re ferenced test ing for training promotes 
mastery and because j ob s ite measures are sub j ect to the inf lat ion o f  
superv i sory rat ings . The wri tten tes t s  o f  SQT then provided the most 
var iance ( Bolin ,  1981 ; Harman , 1981 ) . 

FURTHER TASK ANALYSIS NEEDS 

Task ana ly s i s  in the context of ISD is never f ini shed ; it is mere ly 
s topped or frozen temporar i ly to get on wi th the other phases of ISD . 
The processes  o f  training and evaluat ion are expec ted to inform the 
task analysts  o f  init ial errors . Correct ions in de s ign and deve lopment 
phases then lead to another run through implementat ion , training , and 
eva luat ion . Iterat ion through the system cont inues unt il  some point o f  
d iminishing returns is  reached . That ISD was ever attempted on a ful l 
scale by a mi litary organi zat ion is  s imply amazing . That the neces sary 
i terat ions could not be accomp l i shed because of personne l turnover and 
other  factors is a common observat ion among partic ipants in the 
e f fort . Yet the resu l t ing sol d ier ' s  manua l s  and the concepts  of SAT 
provide a s tart ing point and framework for further research . The first  
need is  for more and bet ter task analys i s . 

Task ana lys is  for ISD i s  ad hoc ; it serves the purposes of training 
and ins truc t ion . There i s  no-;eal techno logy of task analys i s  as a 
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separate disc ipl ine or  genera l i zed procedure because every kind o f  task 
analysis  is t a i lored to its purpose and its audienc e ( Fine and Wi ley , 
1 9 7 1 ; Mager , 1 9 7 2 ; McCo rmick , 1979 ; Paj e r ,  19 79 ) . Task ana lys i s  for 
wage and salary adminis trat ion works at the level of j ob de s cript ions 
to  deve lop rat ing fac tors for c lus ters of duty pos it ions s imilar  enough 
to be c a l led a job ; the object ive is to ensure that s imi lar jobs get 
s imi lar pay and that a linear re lat ionship ho lds be tween pay and job 
leve ls within an o rganizat ion . Task ana lys is  for training requ ires 
what Gagn' ( 1 9 7 7 )  cal l s  learning ana ly s i s  to ident i fy the domains of 
human capab i l i ty :  int e l lec tual ski l l ,  cognit ive s trategy , verba l 
informat ion , motor ski l l , and at t i tudes . Gagn, ' s  concept of  cumulat ive 
learning sugge s t s  that cognit ive s trategies are learned by bui lding on 
the othe r four doma ins in problem solving given unique or unusua l  
cond i t ions . 

I f  mi l i t ary commanders want so ldiers who fight smart , in the sense 
o f  adapt ing doc tr ine and weapons sys t ems to the c ircums tances o f  
miss ion , enemy , and terra in , then cognit ive s trategies for t ac t ical  
prob lem solving are high-va lue training goa l s . 

Prob lem solving of thi s  kind is no t l ike ly to be found in sold ier ' s  
manuals bec ause by definit ion prob lem solving under unique cond i t ions 
c anno t be broken down into set s teps . Comp lex tasks with large 
variat ions in cond it ions and solving steps were generical ly ca l led s o f t  
ski l l s  dur ing the deve lopment of  the j o b  and task handbook f o r  ISD . 
Inc luded among these neg lected ski l ls were leadership and inte rpersona l 
relat ions (making judgment and problem solving seem even sof ter t o  some 
mind s ) . Behavioral ana lys is  was proposed and deve loped as a potent ial  
t echnique for  c oping with the se nonprocedural tasks , but  task ana ly s t s  
rejected the approach on the grounds of  c omplexity . 

An extended task analys i s  procedure ( ETAP ) was deve loped 
spec i f ic a l ly to deal with this prob lem ( Re ige luth and Merr i l l ,  1980) . 
ETAP i s  des igned to provide a learning ana lys is  for the who le range of  
tasks . It begins with procedural analys is and moves to knowledge 
analys i s . So f t  ski l l s  are hand led by introduc ing two kind s  of  trans fer 
of  training ideas as cogn it ive s trategie s ,  c a l led fac tor trans fer and 
pr inc iple trans fer . Prob lems pre sent ing variat ions in cond it ions and 
cons traints on performance may be solved by weight ing fac tors 
d i f ferent ly in di f ferent s ituat ions . Prob lems requiring variat ions in 
general procedures or unusual app l icat ions of  o ld princ iples may be 
so lved by pr inc iple trans fer . Fina l ly , ETAP sugge s t s  that mixed case s 
require combining procedural analys is with factor and princ iple 
t rans fer . The method has not been tes ted beyond the deve lopmental 
work , but it seems promi s ing and was acceptable to task ana lysts  at  
TRADOC . 

I f  further t ask ana lys i s  is  conduc ted in support o f  nut ri t ion 
research,  it  would be natural to t a i lor the work to spec i f i c  research 
intere s t s .  A theory o f  the re la t ionship between nut r i t ion and behavior 
wou ld guide select ion of  MOS and tasks within that MOS . Phys ica l 
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fitne ss and endurance might we ll be important . In view o f  the e f fort s 
be ing made in selec t ion , training , and human eng ineering to reduce the 
ski l l  demands of new weapon sys tems , the most important task of future 
soldiers  may be dec is ion making or t ac t ical  problem solving . From thi s  
opt imi s t ic perspect ive on the deve lopment of  smart weapons ,  I sugge s t  
that nutrit ion re search might seek to show that  we l l - fed so ldiers  f ight 
smarter and longer in the phys ical sense than le ss  we l l  fed so ldier s .  
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FIELD EXERCISES 

Terry Michae l Rauch 

Mi lita ry f ie ld exerc i ses general ly provide large-sc a le test ing and 
training of soldiers  and Army systems by simulat ing combat 
environment s .  The mi s s ion obj ect ives of such exerc ises are based on 
convent ional and unconvent iona l warfare scenarios like ly to be employed 
by u . s .  force s .  Operat ional and environmental components of field  
exerc ises p lace real i s t ic demands on the so ld ier-materiel  system 
interface that are unpara l le led by laboratory or f ie ld experiments for 
real i sm and thus provide a unique tes t  of mi l i tary performanc e .  The 
primacy accorded f ie ld data in soc ial-behavioral resea rch is mos t  
s igni f icant and based on the unvary ing tes t imony o f  proponent s with 
diverse methodolog ical views . Al though there is  l i t t le unanimity about 
the analys i s  and interpre tat ion of fie ld data , there is a consensus 
about the need to examine and unders tand the assumpt ions of f ie ld data 
and the ir imp l icat ions in det ermining the performance of  the ind ividual  
so ldier,  the mi litary unit , and the interfac ing materiel systems . I 
wi l l  discuss methodo logical perspect ives of  measuring so ld ier 
pe rformanc e ,  focus ing on the s trengths and weakne sses of research 
des igns . 

Me thod s of  re search on sold ier performance may be organized into 
three major technique categories : laboratory experiment s ,  
f ie ld-chamber experiment s ,  and field studie s .  Clas s i ficat ion depend s 
on d i s t inc t ions between exper imental ver sus nonexperimental approache s 
and between laboratory versus field set t ings . The charac ter i s t ic s  and 
criteria of laboratory exper iment s ,  field-chamber exper iment s ,  and 
f ie ld studies  ( field exerc ises are synonymous with f ie ld studie s )  
des igned to measure mi l itary performance need to be compared for the ir 
re lat ive merits . Operat ional ly de fined , mi litary performance is  viewed 
as a func t ion of  the ind ividual soldier or unit interfac ing with a 
dependent materie l system ;  hence , individua l so ldier or unit  
pe rformance is  perceived as a func t ional  ent i ty deserving independent 
measurement and ana lys i s . Emphas i s  is on the performance parameters of  
the individual soldier or unit . However ,  inferences may be app l ied to 
the sold ier-machine-environment interface , al though such des igns become 
complex and it becomes d i f f icult to generalize from them. 

Laboratory exper iment s of so ldier performance are characteri zed by 
criteria in which the variance of al l (or near ly a l l )  the influent ial 
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independent var iab les not relevant to a dependent measure ( s )  i s  
purpose ful ly minimi zed . Thi s  type of varianc e i s  reduced by iso lat ing 
research in a phys ical environment away from rout ine processes and by 
systema t ic a l ly manipulat ing one or more independent variables  under 
rigorous ly contro l led cond it ions . Hence , laboratory exper iment des igns 
have the inherent virtue of relat ive ly comp lete cont ro l of  ext raneous 
fac tor s , reduc ing error variance on dependent measure s . Laboratory 
des igns use random as s ignment and manipulat ion of  one or more 
independent var iables to minimize error varianc e . Moreover ,  prec ise , 
accurate , unamb iguous experimental  procedure s resu l t  in le ss  error 
variance . With exact spec i f ica t ion of materials  and method s ,  the risk 
that sub j ec t s  may respond equivocal ly and introduce random varianc e is  
lessened . However ,  the most s igni f icant weakness of laboratory tes t s  
o f  soldie r  and uni t  performanc e i s  that independent variables  have 
l i t t le e f fect on dependent variab le s ,  an attribute of the art i f ic ia l i ty 
o f  such des igns . Ye t when experiment al des igns are deve loped to 
exc lude (contro l )  environmental noise , implying systemat ic manipulat ion 
of  one or few independent variables , it become s very d i f f ic u l t  to 
re late the re sults  to the real wor ld . Laboratory des igns incorporate 
high interna l  va l id i ty at the expense of  externa l  va l id i ty . 
Character i s t ical ly , internal va l id i ty imp l ies a c ausa l X-Y re lat ionship . 
For examp le , the re la t ionship between X ,  a pharmacological agent , and 
Y ,  heart rate , is a s imp le parad igm .  Let us assume that the re lat ion
ship is linear , so that  increases  in dose X resu l t  in s igni f icant 
increases in heart rate Y .  Howeve r,  extraneous fac tors de l iberate ly 
exc luded or c ontro l led for wi l l  affec t heart rate in a simi lar way in 
the real environment . Hence , many extraneous variables such as fea r ,  
no ise , v ibra t ion , dus t , wind , or any stre ssor affec t ing autonomic 
out f lows wi l l  confound the princ i pal independent variab le .  Obvious ly , 
external val id ity is l imited in laboratory des igns of  so ldier  or uni t  
performance parameter s . A s igni f icant va lue of laboratory re search i s  
det erminat ion of the re la t ionships and mechani sms under ly ing X-Y to 
derive a func t iona l  form , Y • ( f ) X ,  so that empirical va lues can be 
seen to agree with or deviate from predicted va lue s .  The bas ic logic 
o f  research p lanning shou ld use the re lat ionships derived in the 
laboratory for va l idat ion in field  situat ions . 

Fie ld exper iments inc lude chamber ,  obstac le course ,  c lass room, and , 
to a cert ain extent , open- field set t ings . Their primary purpose is to 
s imu late a l imited mi l itary opera t ion in which one or more independent 
variables  are systema t ica l ly manipulated and ext raneous noise is 
contro l led as much as the phys ical re sources permi t . Whereas 
laboratory experimentat ion has maximum contro l , fie ld experiment s 
operate with less  control as a trade-o ff for rea l ism .  Chamber s tud ies  
permit the manipula t ion of  a wide spec trum of environmental variables  
and s imu late the operat ional mi l itary environment to  a l imited degree , 
the pr imary cons t ra int being phy s ical  re sourc e parameters . For 
examp le , in an environment al chamber subjects  may be eva luated on 
several card iopu lmonary parameters as a func t ion of workload , induced 
by a treadmi l l ,  at a spec i fied temperature , humid ity , amount of l ight , 
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and windspeed , whi le wearing var ious c lothing ensemble s .  Because 
independent variables  can be  varied and randomizat ion used , the 
cr iterion of control is sat i s f ied within l imit s .  Cont rol of the 
exper imental  fie ld is rare ly as t ight as in the laboratory ; 
neverthe les s ,  intrins ic propert ies of the phys ical exper iment al  
s i tuat ion generally  give independent var iables  a stronger e f fec t , so  
that the more rea l i s t ic the research environment , the s t ronger the 
variables . Real i sm not only increase s  the strength of variables  but 
a l so cont ributes to external va l id ity . Rea l i s t ic field experiment s 
o f fer more va l id genera l izat ions to the real mi l i t ary operat ional 
environment . 

Des igns deve loped in f ie ld experiment s are appropr iate for 
inve s t igating phy s iolog ical  parameters , but are a l so e s sent ial to 
understand ing complex soc ial inf luences , process e s , and dynamic s in 
mi l itary unit cohes iveness and psychological performance . The 
princ ipa l weakness  of  fie ld experiment s is the awkwardness  of c learly 
quant i fying and manipulat ing independent variab les in add i t ion to the 
use of randomizat ion. Although there is no theoret ical  reason why 
randomizat ion c annot be used in many open-f ie ld des igns , d i f f icu l t ie s  
such a s  unwi l l ingne ss  t o  break up uni t s  or al low sol d iers  i n  sma l l  
e l ite o r  spec ial units  t o  be as s igned t o  exper imental and contro l 
groups at random occur frequent ly . Random ass ignment may be emp loyed 
in such des igns , but the independent variab le may s t i l l  be confounded 
because the e ffec t of treatment s cannot be isolated from other e f fec t s . 

Another weakness  inherent in des igns of this nature is lack o f  
prec is ion , resu l t ing in sys tema t ic and random noi se . Henc e ,  t o  measure 
the e f fect  o f  X-Y in a f ie ld experiment , it bec omes necessary to  
maximize variance attr ibuted not only to  the manipu la ted or  as s igned 
variable s ,  but a l so to quant i fy and measure the dependent variab le 
prec ise ly . Yet , al l things cons idered , in the mi l i tary field situat ion 
extraneous independent var iables are numerous and measures of dependent 
variab l e s  may not be sens it ive enough to detect  varianc e resu l t ing from 
the e f fects of  independent var iab le s .  

Field s tud ies are � pos t  fac to e f fort s charac teri zed by an 
inab i l i ty to gain direct control of independent variab les because the i r  
e f fec t s  have already been mani fested i n  some varianc e format o r  because 
they are inherent ly not manipu lab le . Inferences about re lat ions 
between variables  are disc erned , without direc t intervent ion , from 
concomitant var iat ion of independent and dependent var iables . The 
experimenter works on the premi se that X i s  quant i f ied and varied to 
observe Y and determine whether concomitant variat ion expected or 
pred ic ted from manipulat ion of  X occurs . Henc e , to achieve contro l , 
randomizat ion and manipulat ion of X can lead to the assumpt ion that 

! • . ( f )! • In � pos t  fac to re search , ! i s  observed and ! • o r  several 
X ' s ,  is  a l so observed , either be fore , after , or concomitant with 
observa t ions of  Y.  The logical val id i ty of  the struc ture of 
exper imental and

-
ex pos t  fac to des igns i s  the same : to e s tab l i sh the 

empirical  val idity of a fundamental  cond it iona l statement , i . e . , 
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Y = ( f ) X .  However ,  the bas ic di f ferenc e is that of direc t contro l by 
;anipul;t ion o f  X and secondari ly the use o f  randomizat ion in 
experimental  as opposed to � pos t  fac to des igns . Fie ld s tud ies 
incorporate a real mi litary operat ional s ituat ion or exe rc ise to study 
re lat ionships among performance fac tors , both psycho log ical and 
phys iologic a l , of ind ividual soldiers and the ir units  in a true sense 
of  real ism .  Norma l ly , independent variables  are not manipulated . 
Fie ld de s igns of this type have trad it iona l ly focused on s igni ficant 
fac tors in the fie ld , re lat ionships among fac tors , and estab l i shing a 
framework for hypothes is testing .  

Research effort s with mi litary field exerc ises are strong in 
rea l i sm ,  s igni f icance , s trength o f  variab le s ,  and heurism .  Variab les 
used in field  des igns exhibit  a large degree of varianc e compared with 
laboratory de s igns . Cons ider the re lat ive s trength of cohe s iveness  as  
a dependent variable in  the laboratory where subj ec t s  are asked about 
the ir des ire to remain in a group dependent on some reward versus a 
s imi lar measure of  unit cohe s ion for sol d iers deployed in a simu lated 
combat f ie ld exe rc ise operat ing toward a maj or obj ect ive . Al though the 
s trength of  fie ld variables  is great , fie ld des igns are plagued by the 
noi se of extraneous variable s ,  add ing to the d i f f ic u l ty of separating 
confound ing var iables  from independent variable s .  The most serious 
weakness  of f ie ld studies is the ir  � po s t  fac to charac ter . Henc e , 
s tatement s  of  re lat ionships are weaker than in experimental  stud ie s , in 
add it ion to the inherent plethora of confound ing variab les and varianc e .  

Indeed , measurement methods for sol d ier performanc e ,  as ide from 
f ie ld va l idat ions of fundamental re lat ionships derived in the 
laboratory , invo lve a trade-o ff  between how much internal va l id ity is 
sacr i f ic ed for external va l id i ty and what degree of control the 
invest igator is  wi l l ing to exerc ise as a func tion of the re lat ive 
merits  of laboratory , chambe r,  and f ie ld de s igns . 
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COGNITIVE TESTING IN MILITARY PERFORMANCE RESEARCH 

Jared B .  Jobe and Loui s E .  Bandere t 

Cognit ive performance tes t ing in the mi li tary has been a cha l lenge 
for mi l itary psychologists  for many year s . Psychologists  in many 
d i f ferent laboratories have as ses sed cognit ive performance with many 
d i fferent test  batterie s ; there seems to be l it t le agreement on the 
bes t  approach . 

Thi s  paper wi l l  review some varied approaches to the as sessment of 
cognit ive performance in the mi l itary under s tre s s ful cond i t ions . A 
comprehens ive review of  al l cognit ive performance bat teries is beyond 
the scope of  this paper ; ins tead , a few representat ive approaches are 
covered . 

MULTIPLE-TASK PERFORMANCE BATTERY 

The mul t iple-task performance bat tery ( MTPB) was deve loped pr imari ly 
under Air Force contract to assess  the performance of aerospace crews 
operat ing under d i f ferent work-re s t  schedules  and period s of part ial and 
total s leep deprivat ion ( c f .  Chi l e s  et a l . , 1968) . Criteria were that 
the task mus t  measure func t ions performed by the operator in advanced 
systems ; the task must measure , from the subjec t ' s  viewpoint , something 
va l id and import ant ; the tes t-retest  and mechanical re l iab i l i t ie s  of the 
tasks must be sat i s fac tory ; the task measures must be orthogona l ;  the 
task must be sens i t ive to various manipula t ions ; and asymptot ic perfor
mance must be achievab le within reasonab le training t ime . Five tasks 
were selec ted by these cri teria . ( 1 ) Monitoring static processes  
cons i s t ing of warning lights and auditory vigi lanc e : the operator i s  
required t o  scan dial s , l ight s ,  or d isp lays wh i le looking o r  l i s tening 
for a discrete binary change in the system.  ( 2) Monitoring dynamic 
processes - cons i s t ing of monitoring dia l s  or disp lays that cont inua l ly 
change and determining whether a pre s cribed range was maintained . ( 3 ) 
S t imu lus discriminat ion or target ident i f ication : the operator makes 
s imul taneous or success ive compari sons of s t imuli  in order to render 
some judgment accord ing to one or more parameters of  the s t imu l i . 
Targets cons i s ted of a 6 x 6 matrix of l i ghts used to pre sent contoured 
f igure s .  ( 4 ) Ari thmetic  computat ion : the operator add s two three-digit 
numbers and then subtrac ts a third three-d igit numbe r from the sum .  
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The problems are pre sented at a rate of three per minute . ( 5 )  Proc e
dural performanc e : group prob lem-solving tasks that  require d i scover
ing the sequenc e in which f ive buttons mus t  be pushed to so lve a code
lock prob lem (Al lui s i ,  196 7 ,  1 9 69 ; Al lui s i  et  a l . , 1964 ; Chiles  e t  a l . , 
1968 ; Morgan and Al lu i s i ,  19 7 2 ) . 

-- -- -- --

An important feature of the MTPB was that the tasks were performed 
on a t ime-sharing bas i s . Tasks were presented for 2-h blocks cons is t
ing of monitoring alone or a combinat ion of two or three tasks for 15-
to 30-min period s . In a l l  s tudies sub j ec t s  were conf ined to the 
experimental crew compartment s for the durat ion of the study . 

Regarding prac t ice e f fec t s , the tasks e ither took extens ive 
prac t ic e  to reach asymptote or were at high leve ls ini t ia l ly . 
Asymptot ic levels  took longer to attain if  t ime-sharing demands were 
high . For the perc entage of correct  arithme t ic problems index , 
performance was asymptot ic from the beginning . In terms of speed , 1 5  h 
of  prac t ice was es t imated as the t ime requ ired to reach asymptote for 
the arithme t ic prob lems . For pattern discriminat ion, improvement 
occurred across 45 h of prac t ic e  ( Adams and Chi le s , 1961 ) , and the tes t  
was replac ed with a target ident i f icat ion task that required 9 t o  1 2  h 
o f  prac t ice  to achieve asymptote ( Al lu i s i  et a l . , 1963 ) . Performance 
on the c ode-lock task reached asymptote after-only 3 h of  prac t ic e  
( Chi les et a l . , 1968 ) . Probab i l ity-monitoring performance was 
ini t ial ly-high for both pe rcent correct and detec t ion t ime . Code-lock 
solving did not achieve asymptote for a cons iderable period of t ime , 
espec ia l ly when t ime-sharing demands were high . Pe rformance on the 
aud itory vigi lance task showed almost  no learning effec t , s tart ing and 
remaining at  80 to  9 0% correct detect ions . 

Re liab i l i ty coe f f ic ient s for the test bat tery were genera l ly quite 
high ( 0 . 674 to 0 . 968 ) , except for target ident i f icat ion ( 0 . 27 5  to  
0 . 28 3 ) . Intercorre lat ions among tasks were gene ra l ly low ( 0 . 003 to  
0 . 534 ) , except for auditory vigi lance , which correlated with arithmet ic 
performanc e .  The reason for this was hypothe s i zed to be a fac tor 
c ommon to both tasks , i . e . , a lertness  or mot ivat ion.  

Performanc e on the MTPB has genera l ly been shown to be sens i t ive to 
a var iety of cond i t ions . Thirteen s tudies inve s t igat ing c i rcad ian 
rhy thms , s leep los s , and work-rest  schedules were summarized by Chi les  
et  a l .  ( 1968) . S igni f icant c i rc ad ian variation was found on 
probab i l i ty moni toring , ari thme t ic performance , and warning-l ight 
monitoring . Comparing 6-h-on , 2-h-o ff ( 6/ 2 )  and 4/ 2 work-res t  
schedules for 4 day s  yie lded inconc lus ive resul t s . Performance on a 
4/4 schedule for 30  days was supe rior to that on a 4/ 2  schedule for a l l  
but the ari thme t ic task . I n  a subsequent s tudy , a 4 /4/4 / 1 2  s chedule 
resul ted in per formance equal to that for the 4/ 4  schedule of the 
ear l ier study on a l l  tasks . Further  stud ie s  were conduc ted in which 
periods of s leep deprivat ion were superimposed on the work-res t  
schedule s .  Resu l t s  showed that  performance on the 4 / 2  schedule was 
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superior to  that on the 4/4 schedule , except for the target 
ident ificat ion task , both be fore and during sleep deprivat ion. 

The MTPB was used in a s tudy assessing the effec ts of  36 h of s leep 
deprivat ion superimposed on a 4/4/4 / 1 2  schedule ( Coates et al . ,  1974 ) .  
Performance decrements ranged from 11  to 33% depending on-the t ime of  
day the sleep los s period began ( data from ind ividual tasks were not 
presented ) .  Similar data were presented by Morgan and Coates ( 1974)  
and Morgan et al . ( 1974) ; s leep los s and circadian effects  were found 
after 36 to�8� of s leep los s . 

The effects  of infec t ious disease s  on MTPB performance were also 
assessed (Al luis i ,  1969 ; Alluisi  et a l . ,  19 7 1 ; Thurmond et al . ,  1968 , 
1971 ) . In one experiment (Alluisr-ee-al . ,  197 1 ) , eight subj ec ts  
infected with Pas teure l la tularens is-( rabb it fever ) and two uninfec ted 
controls worked a 4/4/4 / 1 2  schedule for 1 2  success ive days , with 
exposure to the di sease occurring on day 5. Average effic iency fel l  
about 25% during the illness and was s t i l l 1 0  to 15% be low that o f  the 
controls after recovery . Performance on act ive tasks was worse than on 
watch-keeping tasks , but recovery was less  nearly complete on the 
watch-keeping tasks . The s tudy was rep licated during an extended 
15-day study , and performance and recovery on the watch-keeping tasks 
were better than on the act ive tasks ( Thurmond et al . , 1968) . The 
effec ts  of a simi lar disease , sand fly fever , have also been s tud ied 
(Al luis i !! a l . , 1973 ) . 

PERFORMANCE EVALUATION TESTS FOR ENVIRONMENTAL RESEARCH 

Another test bat tery , Performance Evalua tion Tests  for 
Environmental Research ( PETER) , was deve loped in the late 19 70s at the 
Naval Biodynamic s Laboratory in New Or leans , La . This ongoing program 
has been guided by theoret ical and s tat i s t ical issue s assoc iated with 
repeated performance assessment and represents approximately 7 years of  
deve lopment . A 90-c itat ion bibl iography (Harbeson et al . , 1983 ) 
summarized the program ' s  effort s . 

-- --

This  program has made many contribut ions . Init ial ly , a 
bibl iography of tes t s  from environmental , informat ion processing ,  and 
neuropsychological bat teries that were affec ted by various 
environmental stressor& was compi led (Dixon et a l . , 1978) . Nex t ,  the 
PETER program s tud ies varied tes t media and testS ( Bit tner et al . , 
1983 , 1984a ,  1984b ; carter and Sbisa , 1 982 ; Jones et  a l . , 1981;-Kennedy 
et al . , 198la , 198lb , 1982 ; Smith et al . ,  1983 ) .  Paper-and-penc il  
tests, video game s ,  computer-adminis t�ed test s ,  and tests  as diverse 
as contrast  sens i t ivity ,  the Stroop tes t , reac t ion time , spoke tes t , 
t ime estimat ion , Badde ley ' s  grammat ical reasoning ( Badde ley , 1968 ) , and 
pattern comparison were evaluated . Methods and stat ist ical procedures 
were spec i fied or ident i fied for descript ion and quant ificat ion of test  
s tab i lity and re liabi lity ( Bittner and Carter , 1981 ; Krause and 
Woldstad ,  1983 ) . These methods provide informat ion on prac t ice 
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requirement s ,  number of sub j ects  required , testing dura t ion,  and the 
re lat ive s tab i l ity and re liabil ity of various test a  and test  media . 
Papers desc ribing the advantages o f  repeated-measures des igns and 
s tab le te s t s  have also been wri t t en ( Bi ttner  and Carter , 1981 ) . A 
trans it ion to automated tes t ing was evident when e lec tronic and video 
games were demons trated as a viab le  off-the-she l f  tes t  medium ( Jones et 
a l . ,  1981 ; Kennedy et  a l . , 198la , 198lb , 1982) . Short ly thereafter ,  a
pub l ic at ion l i s t ing:FORTRAN programs showed exp l ic i t ly how eight 
paper-and-penc il  tes t s  and their a l ternat ive forms could be c reated by 
computer ( Carter and Sb i sa , 1982 ) . Such programs could also generate 
tes t s  for computer administration . 

Many different tes t a  and measurement indexes ( e . g . , number correc t ,  
proport ion correc t ,  percent change ) have a l so been eva luated ( B it tner  
et  a l . , l984a ) . Each test  or  measurement index was examined for the 
t ime-required to achieve total stab i l ity of  means , variance s ,  and 
intertrial corre lat ions ; the t ime required for d i fferent ial stab i l i ty 
of intertrial corre lat ions ; and the e s t imated re l iabi l i ty for a 3-min 
administration . Each of the 1 1 2  measures in the report was given one 
of four rat ings ; only 30 were recommended , 1 5  were acceptab le but 
redundant , 35 were marg ina l , and 32  were unacceptable . The 30 
recommended measures and other descriptive informat ion are summarized 
in Table 1. It is interest ing that a tes t ' s  stat i s t ical  propert ies are 
inf luenced by the measurement index chosen . For example , the manikin 
test , us ing log latency measure s , is a recommended tea t , whereas if 
accuracy measures are used , it is a marginal te s t . Al so , Sternberg 
item recognit ion for either pos it ive target se t l or 4 is a recommended 
tes t .  When s lope or inte rcept measures are used , the Sternberg tes t  i s  
rated unacceptable . I t  i s  also noteworthy that the prac t ice  t imes to 
achieve total test s tab i l i ty ( l  to 1 3 5  min)  are much shorter than those  
required with the MTPB described earl ier . I t  is like ly that the 
t ime-sharing charac teris t ic s  and the greater comp lex i ty of some of the 
MTPB tasks produce the marked ly different prac t ice  requirements . 

Such procedures a l so make it pos s ible to compare mod i fied vers ions 
of a tes t and to compare paper-and-penc il  tes t s  with the ir automated 
equiva lent s ( Bittner et  a l . ,  l984b ; Smith et  a l . , 1983 ) . The last work 
is espec ial ly provocat ive; s ince it suggests that tes t a  should be 
automated caut ious ly . Unfortunate ly ,  the stat i s t ical properties  of  
automated tes t s  are often inferior to  those of the ir paper-and-penc il  
counterpart s ( Bittner et  a l . ,  l984a , l984b ; Krause , persona l  
communicat ion ; Smith e t  a l . ,  1983 ) . 

One of  the mos t  recent contr ibut ions from the PETER program was the 
imp lementat ion of an automated portable tes t  sys tem ( Bit tner et a l . , 
l984b ) . The hardware selec ted was a notebook-s ized computer , NEC 
PC8 201A, which c an be operated from batteries and is very portable . To 
date , three ques t ionnaires and 1 5  performance tes t s  have been 
computeri zed , and the adaptat ion of 30 or more tests  is ant ic ipated . 
The test  system is  be ing used in a wide range of studies  that  inc lude 
vibrat ion , s imu lator aftere f fec t s ,  f l ight tes t s , hypoxia,  and drug 
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TAILI 1 .  thirty ree-ded ta.ta fr1111 the PITD proar� 

Tlee in ednutea for 
Tea t Factor!!. Dillie in.!:. Adalnlatratlon total atablll ty 3-t�ln 

flee (iiln) type! (differential atabillty) rellabUit:r!. 

Alatna Alaina a fine aye-hand coordination ' · " 2 . 0  G 30 (30) 0 .87 

Arl theetlc : Yer tlcal add i t ion Nuaber facUlty c 4 . 0 G 48 ( 8 )  0 . 90 

Aaaoc lat lve eeaory : nuaber correct "" c 2 . 5  G 20 ( 20) 0 . 65 
Uat 1 

Atarl • Air CCIIIbat Maneuvedn& Purault tradtin& '· " 2 . 25 I 135 ( 135 ) 0 . 63 

Atart • Antiaircraft Unknown ' · " 2 . 25 I 126 (126 ) 0 . 67 

Choice reaction tlee :  

On e  choice Staple reaction tlee p 5 . 0  I 35 (35)  0 . 58 

Pour choice Choice reaction tlee p 5 . 0  I 50 ( 50 )  0 . 80 
...... 

Code aubat ltutlon MA , PS c, p 2 .0 G 16 ( 16 )  0 . 84 Q) VI 
PleKiblllty of cloaure cr p 3 . 0  G 9 (9) 0 .88 

Cra..o tical reaaonlna RL c 1 . 5  G 18 ( 18)  0 . 93 

Graph ic and phonealc analyalal Readina apeed c 8 . 0  G 16 ( 16 )  0 . 66 
aenae/nonaenae 

Le t te r  claaalf lca tlon : nat�e Retrieval fr1111 LTM and .. tchin& c 12 .0 G 84 (84 ) 0 . 55 

Le t ter claaal flcatlon: cateaory Retrieval fr1111 LTM and .. tchin& c 11 . 0  G 121 ( 121) 0 . 69 

Hanlk in tea t :  loa latency Spatial tranafor .. tlon p 7 .0 I 14 ( 14 ) 0 . 79 

Hlnneaota ra te of .. nlpulatlona turn in& Manual de•tarlty " 2 . o-4 .0 I 10 ( 10 )  0 . 64 

Pat tern c011parlaon : no. correct Spat ial ability p 2 . 0 G 18 ( 18 )  0 . 93 
ainua no . incorrec t 

PerceptuAl apeed PS p 2 . 5  G 23 (15) 0 .86 

(TAILI 1 contlnuaa) 
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Tea t 

Search for typoa ln proae l .edian 
detect ion ti.e 

Spoke con trol taak 

Sternbera it.- recoanition: 

Poa l t lve ae t 1 

Poa i t ive ae t 4 

Stroop color vorda 

Track lna : 

Cr itical 

Dual crit ical 

Vlaual con trast aena l t lvityl  .ethod 
of lncreaalna contraat 

Word fluency 

TABLE 1 . 

rac to� 

Readin& apeed 

Speed , ar. .,..,_nt 

STM acaa 

STM acan 

Milled 

Trackina , critical 

Trackina , critical • dual factor 

Cont raat aenaitiYity functioa : 

1 cpd 

2 cpd 

4 cpd 

8 cpd 

16 cpd 

Word fluency 

Coa ' t .  

DoMini Ad.lalatratloa 
Tt.. (ilia) Type! 

p 6 . 0  I 

" 0 . 67 G 

c 3 .0 I 

c 3 . 0  I 

c, p 0 . 5  G 

P, M 1 .0 I 

P ,  M 1 . 0  I 

p 3 .0 I 

p 3 . 0  I 

p 3 .0 I 

p 3 . 0  I 

p 3 .0 I 

c 3 .0 G 

•rro. Bi t t ner et al . ,  1984a . �Abbrevi a t lonal MA:, -ry , aaaocla the ; PS ,  perceptual apeed ; cr ,  fledblllty of cloaure ; lL, loaical reaaonln& ; 
LTM and STM, loaa- and ahort-ter. -ry ; cpd , cydea per dearee . 

�bbrevla tlona:  P ,  perceptua l ;  M, .otor ; C ,  coanltlve . �Abbrevlat lona : G ,  aroup; I ,  ladiYldual.  
!Eat l  .. ted l-•ln ad•lnlatratlon. 

Ti.e ia •iautea for 
total atabillty 3-ttiD 

(differeatlal atabili ty) rellabill ty!. 

54 ( 54 )  0 .65 

1 (1)  0 . 95 

18 ( 18 )  0 . 70 

15 (9)  0 . 80  

1 . 5  ( 1 . 5 )  0 .97 

100 ( 100 ) 0 . 60 
..... 

100 ( 100) 0 . 50  00 
"' 

c 1 (c 1)  0 . 51 

< 1 (< 1) 0 . 52 

c 1 (< 1) 0 . 74 

c 1 (< 1) 0 . 75 

< 1 (< 1)  0 . 53 

< 1  (< 1) 0 . 79 
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e f fec t s . Over 1 , 000 
environment s such as 
hyperbar ic chambers . 
automated tes t s  have 

1 8 7  

subjects  have been studied with the sys t em  i n  
vibrat ion p lat forms , ships , and hypobaric and 

Sugges ted procedures and formu las to evaluate 
also been · described ( Bittner  e! al . ,  1984b ) . 

Selected methods from the PETER program have been appl ied at the 
u . s .  Army Research Ins t itute of  Environmental  Medic ine ( USARIEM) in 
Nat ick,  Mass . S ix of the eight te sts  described ( Carter and Sbi sa , 
198 2 )  were computer generated and printed on an off-l ine laser 
copie r .  Mos t  tests  were adapted and made more d i f f icul t ,  e . g . , pattern 
comparison discriminat ions were made les s  obvious and two new verbs 
were added to Badde ley ' s  ( 1968 )  grammat ical reasoning te s t . In 
add i t ion , three new paper-and-penc i l  tes t s  with al ternat ive forms were 
deve loped at USARIEM. The Tower o f  Hano i ,  a popular puzzle and test  o f  
logic al  reasoning ( Anzai and S imon , 1979 ) , was adapted a s  a 
paper-and-penc i l  te st with d i scret e ,  forced-choice re sponse s  ( Banderet 
et  al . ,  1984 ) . The computer interac t ion tes t  ( Bandere t  et al . ,  1984 )  
requires ac t ions s imi lar t o  those of  mi l itary personnel who�se 
computer keyboard and disp lay systems . I t  evaluates a person ' s  globa l 
transac t ions with a computer sys tem, a 1 2-d igit  desk-top ca lculator . 
The map-compas s  orientat ion tes t  is a paper-and-penc il  test  with word 
prob lems to test  app licat ion of map , compa s s , and re lated spatial  
concepts .  

D i f ferent environmental  cond it ions have been studied with tes t s  
adapted from PETER o r  new tes t s  deve loped a t  USARIEM . In a 
double-b l ind study ( Banderet and Jobe , 1984 ) , 0 . 5- to 2 . 0-mg doses o f  
atropine were tes ted . Pat tern c ompari son errors inc reas ed the first  
t ime atrop ine ( 0 . 5  mg) was given.  Decreased performance rates on  the 
c oding and gramma t ical  reasoning tests  approached stat i s t ical  
s igni f icance during rep l icat ion o f  the 2-mg dose . I t  is  l ike ly that 
the dose regimen and the sma l l  number of  subjects  ( 7 )  caused an 
undere s t imate of the ac tual drug effec t s . 

In a study o f  hypoxia and acute mountain s ickne s s , seven tests  were 
admini s tered to 23 subjec t s  at a s imula ted high ( 4 , 600 m) a l t itude 
( Banderet and Burse , 1984 ) . Performance on a l l  tes t s  was most impaired 
on the f irs t adminis t rat ion at high alt itude ( 1  or 6 h) and was 72 to  
88% o f  base line . After 38  and 43 h at high a l t itud e ,  performance bad 
recovered ful ly on a l l  but two of the tes t s . 

In a study of dehydrat ion ( room temperature ) and cold exposure with 
res t r ic ted f luid intake ( Banderet et al . ,  in pres s ) ,  five tes t s  were 
given to 18 sub j ec t s  dehydrated 2 . 5% by body weight at room 
temperature . The dehydrated subj ect s ' performance on a l l  tes t s  except 
grammat ical reasoning was s igni f icant ly lower than that of the control 
sub j ec t s . Performance on all  tes t s  except grammat ical reasoning was 
impaired when the control subjects  wore the protec t ive Arc t ic uni form 
in -25°C ( 4  km/h winds ) condit ions . Also , dehydrat ion produced 
impairments c omparab le to those observed during the c o ld exposure . 
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Resul t s  from these environmental s tudies ind icate that the tes t s  
adapted from the PETER program are sens it ive . I n  add it ion , these 
re sults show that methods from the PETER program can aid in the 
deve lopment and evaluat ion of  new tes t s  ( Banderet et al . ,  1984 ) . 

WALTER REED PERFORMANCE ASSESSMENT BATTERY 

The Walter Reed Per formance As sessment Bat tery ( PAB) is a primari ly 
cognit ive te st  battery deve loped for computer presentat ion and control  
and for sens it ivity to ul tradian and circad ian variat ions . The PAB 
uses a 48K Apple II  or Apple I I+ mic rocomputer with a s ing le disk drive 
and requires a Ca l i fornia Computer Sys tem t imer c ard as we l l  as minor 
video c i rcuit mod i f ications . Programs are wri tten in Applesoft BASIC 
under DOS 3 . 3 ( Thorne !! al . ,  1985 ) . The microcomputer sys tem al lows 
ease of  presentat ion , subject  feedback ,  scoring , and stat i s t ic s .  
Current ly , the bat tery cons i s t s  o f  the fol lowing 1 1  tasks ( Thorne et  
a l . ,  1985 ) . ( 1 ) Two-let ter search,  a vi sual search and rec ognit ion
task . Two target letters are presented at the top of the sc reen , 
fo l lowed by a s tring of  20 let ters in the midd le of the screen . The 
subj ect  mus t determine whether both target let ters are in the string .  
( 2 ) S ix-let ter search cons i s ts o f  a s ix-letter targe t , otherwi se i t  i s  
ident ical to the two-letter search . ( 3 )  Encoding-dec oding cons i s t s  of 
trans lat ing a series of let ters into numerical map coordinate s ,  or vice 
versa , us ing a double set of code keys . ( 4 )  Two-column add it ion 
cons ists  of adding five two-d ig it numbers which are presented 
s imul taneously in column format . The column disappears with the firs t 
ent ry ,  and no aids for the carried-over numbers are a l lowed . This  
addi t ion task requires  a d i f ferent strategy than the add it ion task from 
the PETER battery and is  more d i ff icul t .  ( 5 )  Log ical reasoning , 
s imilar to the PETER task , cons i s t s  of  the presentat ion of  the let ter 
pair AB or BA along with a s tatement that correc t ly or incorrect ly 
describes the order o f  the let ters in the pair .  ( 6 )  Dig it reca l l , a 
short-term memory task,  cons i s t s  of the presentat ion of a row of nine 
digits  for 1 s .  Fo l lowing a retent ion interval of  3 s ,  eight of the 
nine d igits  are redisplayed in a d i fferent random order ,  and the 
subj ec t enters the mis s ing digit ( no digit appears more than twic e ) . 
( 7 ) Serial addit ion or subtrac t ion cons i s ts of the 50-ms pre sentat ion 
of two random d igits  and either a plus or a minus s ign . The subj ect  
pe rforms the operat ion and enters the least  s ignif icant d igit  of the 
re su l t , add ing 10 i f  the resu l t  is  negat ive . ( 8 )  Pattern rec ognit ion 
I, a spatial  memory task,  cons i s ts of the presentat ion for 1 . 5  s of a 
random pattern of  as terisks in a 14 x 14 matrix , in which each column 
and row contains a s ing le dot and 1 3  b lanks . After a 3 . 5-s retent ion 
interva l , a second pattern is presented , either ident ical  or with three 
dots in d i fferent pos it ions . The sub j ect  determines whether the two 
pat terns are ident ic al . ( 9 )  Pat tern recognit ion II is a more d i f f icul t 
vers ion , with a 1 6  x 1 6  matrix in which e i ther two or no dots change 
pos i t ion . The pat tern is presented success ive ly , add ing a memory 
component , whereas in the PETER the two pat terns are presented 
s imul taneous ly . ( 10 )  Mood-ac t ivat ion scale cons i s t s  of the 
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presentat ion of  65 adj ec t ives represent ing pos it ive or negat ive e f fect 
or act ivation . ( 1 1 )  Four-choice react ion t ime uses a box containing 
four light-emit t ing diodes in a square array mounted above four 
corresponding pushbutton& . Single l ights  are i l luminated randomly , and 
the subj ec t pre s se s  the correspond ing button as quickly as pos s ible . 

Like the two performance bat teries reviewed previous ly , the PAB i s  
des igned for use in repeated-measures experiments with subj ect s  be ing 
trained to asymptot ic leve l s . In several vers ions , the battery has 
been used to study the e f fect s  of s leep deprivat ion ( Thorne et al . ,  
1983 ) , sustained performance , j et lag , heat s t re s s , phys ical�at igue , 
hypoxia , and s ickle ce l l  disorders ( c f .  Thorne et al . ,  1985 ) . Eight 
PAB tasks ( except encoding-decoding , mood , and reaction t ime ) were used 
in a study assess ing the e f fec t s  of a 7 2-h s leep deprivat ion ( Thorne et 
a l . ,  1983 ) . The tasks were performed at asymptot ic leve ls before the

--

7 2-h period for the two female and s ix ma le subj ect s .  Each subj ect 
spent a minimum o f  30 min each hour on tes t ing , with the PAB given 
eve ry other hour . Other tests  were also given ,  and subj ec t s  were 
a l lowed free t ime . All eight tasks showed s imi lar dec l ines after s leep 
deprivat ion and showed c ircadian effec t s  of  approximately 10% of 
base line as we l l . Substant ial recovery was demons trated on a l l  e ight 
tasks after a 4-h nap .  Performance was 26% of  base l ine at 7 2  h and 77%  
of base line after  the 4-h nap . 

SUMMARY 

Three d i fferent tes t batteries , primari ly cognit ive , were reviewed . 
The batteries were chosen to represent three d i fferent serv ices , Air 
Force , Navy , and Army , and three d i fferent approache s .  The MTPB was 
des igned to model  real-world , complex operator tasks ; the PETER was 
deve loped for methodological and stat i s t ical properties to be used in a 
variety of s ituat ions ; and the PAB was deve loped for tes t ing ultradian 
and circadian variat ions and for ease of presentat ion and scoring via 
computer . These batterie s , des igned to assess d i f ferent mi litary 
performance and ski l l s , have a l l  been success ful in be ing sens i t ive to 
a wide range of experimental  manipulat ions , inc luding s leep deprivat ion , 
environmental  extreme s , infec t ious disease , drugs , and restric ted f luid 
intake . 
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WORKING GROUP DI SCUSSION SUMMARIE S 

The Workshop on Cogn i t ive Tes t ing Me thodo logy in Mi l itary Nutrit ion 
Research was des igned to accompl ish three aims : f irs t , to  review the 
s tate of the art in test ing cognit ive func t ions ; second , to deve lop 
guide l ines for s e lec t ing tes t s  that migh t be used to eva luate the 
cogn i t ive performance of  mi l itary personne l and to make recommendat ions 
about the ut i l i ty of spec i f ic tests ; and f ina l ly ,  to ident i fy areas in 
wh ich research proj ec ts  might improve our ab i l ity to evaluate the e f fec t s  
of nutrit ion on cognit ive performance i n  mi l itary personne l .  The papers 
presented in the f irs t three sess ions of  the workshop and inc luded in 
this volume prov ide an excel lent background for d iscus s ion of these three 
is sues . The f inal ses s ion of the workshop was devoted to d iscus s ions of  
the three a ims of  the workshop in  l ight of  th is  background material . 
Speakers and other part ic ipants in the workshop were formed into three 
groups , each with i t s  own discuss ion leader .  Ind ividua ls  were as s igned 
so that each group would inc lude a mixture of inve s t igators from bas ic 
and appl ied areas of  cognit ive tes t ing , inves t igators from mi l itary 
laboratories , and members o f  the Nat ional Research Counc i l  Commit tee on 
Mi l i tary Nutrit ion Research . Each discuss ion group was to give spec ial 
at tent ion to one of the three aims of  the workshop , al though , as  the 
results  o f  the working group discuss ions indicate , the three a ims are so 
intricate ly connected tha t one cannot be addres sed in isolat ion from the 
others . 

Be low are summaries of  the d iscuss ions for each of  the working 
groups . Fol lowing these are the general conc lus ions and recommendat ions 
deve loped in these working groups regard ing the three aims of  the 
workshop . 

GROUP 1 :  DI SCUSSION SUMMARY 

Th i s  group was to give spec ial attent ion to the f irs t aim ,  the 
current s tate of the art in test ing cognit ive func t ions . 

Discuss ion in the working group ident i f ied four major areas that need  
to  be  brought together for mi l itary nutrit ion researc h .  The four areas 
are : 
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current ly exi s t ing mi l i tary tes t s  and batter ies ; 
mi l itary tasks that should be measured by the above-ment ioned tes ts ; 
important nutrit iona l variab les that  need to  be inves t igated as 

independent var iab les ; and 
important modulat ing variab les that should be e i ther co independent 

with nutr i t ion variab les  or control led var iab le s , or have known 
va lues to minimize confound ing . 

I t  was agreed that the s tate of  the art is  such that  performance 
relevant to important mi l itary tasks can be tes ted by us ing cognit ive 
tes t s  together with s imulators and group-as s es sment me thod s .  Fo l lowing 
i s  a l i s t  of  exist ing cognit ive te s t s  used by the mi l itary and a l i s t  of  
mi l itary tasks . These are reviewed in  Ses s ion II . 

Mi l i tary tes t s : s imulators , field s tud ies , field exerc ises , 
Wa l ter Reed performance asses sment battery , Performance 
Evaluat ion Tes ts  for Env ironmental Research ( PETER) battery , 
Department of  Defense Jo int Working Group on Drugs Battery , 
Al lui s i  Battery , FDC Evaluat ion Me thods , embedded 
per formance , Strupp task.  

Mi l itary tasks and behav ior : f lexib i l i ty ,  leader dec i s ion 
making , driven behaviors ,  s e l f-paced behav iors , 
s ensory-motor tasks , smal l-group performance , 
sel f-evaluat ion o f  performance , risk taking , visua l 
scanning , a f fec t . 

Nutrit ional var iables : caloric deprivat ion , water su f f ic iency , 
prote1n-carbohydrate rat io , e lectrolyte balance , v itamin 
suffic iency , performance modu lators . 

Modulat ing variab les : mis s ion demands , age , gende r ,  race , heat , 
cold , al t i tude , noise , act ivat ion , repe t i t ion , s leep 
depr ivat ion , c ircad ian disrupt ion , psycho logical s tres s ,  
pol lutants ,  drugs /alcoho l ,  phys ical f i tnes s ,  fat igue , 
nuc lear , b io logica l ,  chemical  s tatus . 

I t  was also  agreed that the abi l ity exis ts to measure , manipulate , 
or control many of  the modulat ing variab les  of  importance . However ,  the 
sens i t iv i ty of exi s t ing tes ts  to pos s ibly subtle  e f fec t s  of nutrit ional 
var iab les is  not known . The l is t s  inc lude nut r i t iona l var iables  that  
might affect  cognit ive performance and var iab les  that  might modulate or 
covary with the nutrit ional variables . 

Other conc lus ions of  the working group are as fol lows : 

No s ingl e  tes t battery for asses s ing cogn i t ive func t ion exis t s , 
and such a battery i s  inconceivab le . The deve lopment  o f  a s ingle 
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al l-purpose ,  cognit ive bat tery is  not a reasonab le  research 
ob j ec t ive . 

A f inite set  of  mi l itary tasks with heavy cognit ive loads need 
to be ident i f ied and submit ted to psychometric analys i s  to ident i fy 
component ski l l s .  

A number o f  bat teries for asses s ing mi l itary performance have 
been deve loped , and the fac torial  compos i t ion o f  thes e  tasks needs 
to be eva luated in the context of the preced ing i tem. 

Independent de terminat ion of  the sens i t iv i ty of  the tasks in the 
bat teries needs to be done . Pharmacological and env ironmental 
variables  should be used as pos i t ive contro l s . 

Systema t ic s tud ies with animals  and humans should  now proceed to  
isolate appropriate parameters for future f ie l d  tes t ing .  

GROUP I I :  DISCUSSION SUMMARY 

Th i s  group d iscus sed the second aim ,  to recommend spec i fic tests  that 
may be used to assess  the pos s ible  cogn i t ive e f fec t s  of nut r i t ional 
defic i t s  on mi l itary performance . The discus s ion centered on three 
issues : whe ther there is  any bas i s  for bel iev ing that nutrit ion 
de fic i t s  can inf luence cognit ive measures , the need for a variety of  
tes t s  that measure cogn i t ive performance that are appl icab l e  to mil itary 
performance , and the recommendat ion of spec i fic cognit ive processes that  
should be examined . 

Al though i t  was argued by some that the demands and the s truc ture 
that are imposed on mi l itary personne l may prec lude any sub t le influence 
of  a nutrit ional de f ic i t , the ma j or i ty of  the discussants  agreed that 
the e f fec t s  o f  nutrit iona l de f ic its  may be equiva lent to those produced 
by fat igue , s leep deprivat ion , or j e t  lag . Moreover ,  it was pointed out 
that poor nutrit ion may interac t with fat igue , s leep depr ivat ion , and j e t  
lag and exaggerate the ir dele ter ious e f fec t s  on mi l itary performance . 

The d iscus s ion then shi fted to the task of  iden t i fy ing spec i f ic tes t s  
o f  cogni t ive func t ion that the mi l itary may u s e  to s tudy the pos s ible  
influence o f  nutrit iona l defic it s . I t  was conc luded that this  task was 
impos s ib le to complete at present because of  the pauc i ty o f  informat ion 
on the cognit ive proces ses that are important for opt imal mi l itary 
performance . The d iscuss ion emphas ized that research to ident i fy these 
cognit ive processes  is  c r i t ical to asses s the degree to wh ich nut r i t ional 
de f ic i t s  may impair mi l itary performance . 

F ina l ly ,  the di scuss ion centered on the ident i f icat ion o f  spec i f ic 
cognit ive processes  that were thought to be mos t  vulnerab le to 
nut rit iona l inf luences . These processes  inc lude : 

Attent ion . A bat tery of  tests  des igned to measure at tent ion should  
inc lude tes t s  o f  focused , selec t ive , div ided , and sustained at tent ion . 
Again , it  was emphas i zed that these tes t s  of  attent ion mus t  be 
field-tes ted , and only those that measure the kinds of  attent ional 
processes  required for opt imal mi l itary performance should be used . 
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Memory • Many d i fferent kind s of  tasks and tes t s  of  memory for 
d i f ferent kinds of  informat ion relevant to the performance o f  mi l itary 
tasks shou ld be inc luded . 

Sel f-Monitoring Behav ior . These tasks should be d irec ted towards 
evaluat ing the ind ividua l s ' percept ion of  their own ab i l ity to complete 
a part icular mi l i tary task. 

Read ing Ab i l ity . Tes t s  o f  read ing ab i l ity are import an t  because 
they incorporate the asses sment and integrat ion of  memory , reasoning , 
and verbal comprehens ion. 

Tes ts of  Affec t and Mora le . I t  was fe l t  that  food may play a very 
large , a l though indirec t ,  role on mi l itary performance by a f fec t ing 
mood and mora le . 

Cognit ive Strategies . Several discussants  recommended that not 
only cognit ive abi l i t ies  should be as ses sed , but also  cognit ive 
s t rategies . It is pos s ib le to arrive at the same answer to a prob lem 
by us ing very d i f ferent s t rategie s . Knowing how nutrit iona l de f ic i t s  
may a f fect  the s t rategies that mi litary personne l use ma y  h e l p  predict  
the kinds of  errors they wou ld make in new s i tuat ions . 

Se l f- Init iated Cognit ive Act ivit ies . Although it is current ly 
di fficu l t  to measure , severa l di scus sants  fe l t  that  th i s  kind of 
cogn i t ive measure may be part icular ly sens i t ive to the e f fec t s  of  poor 
nutr i t ion . I t s  importance in mi l itary performance mus t  be determined 
before it is inc luded in any tes t bat tery . 

Speed-Accuracy Trade-Off . Fina l ly , it was fe l t  tha t  s peed-accuracy 
t rade-off  func tions are a cognit ive d imens ion that may be s ens i t ive to 
nutr i t ional def ic i t s  and woul d  be of  cons iderab le mi l itary importance . 

GROUP III : DISCUSSION SUMMARY 

Th is group was to  give s pecial  at tent ion to the th ird a im ,  
ident i fy ing research areas that  should  b e  pursued to enhance our 
abi l i ty to t e s t  the cogni t ive e f fec t s  of nutrit iona l var iables . The 
group began by cons ider ing how tes t s  had been se lected for the Mea l  
Ready- to-Eat (MRE) s tudy current ly be ing conduc ted on the is land o f  
Hawa i i . I t  was general ly agreed that the test ing procedures presented 
and discus sed at the current workshop would be very he l p fu l  in p lanning 
future s tud ies of the e f fec t s  of nutr i t iona l variab les  on performance . 
The subsequent discus s ions of  the group were concerned with f ive topic s : 

Are there enough cognit ive tes t ing procedures curren t ly ·· 
avai lab le to begin a program of  research inves t igat ing the e f fec t s  
o f  nut r i t ional variab les  o n  cognit ive performanc e ?  

What should b e  the f irs t s tep i n  a program of  research 
inves t igat ing the cognit ive e f fects  of nutr i t ional var iab l e s ?  
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I f  a battery o f  cognit ive tes t s  were shown to be sens i t ive to 
the e f fects  of  nut rit ional var iables , how wou ld one then proceed to  
show that those tes t s  were pred ic t ive of  performance in real 
mi l i tary s ituat ions ? 

What kinds of  nutrit ional variables  might be used in ini t ial  
s tudies to ident i fy sens i t ive cognit ive tes t s ?  

What shou ld b e  the role o f  prec l inical animal  s tudies i n  a 
program o f  research on the role  of  nutr i t iona l var iables  in the 
cognit ive performance of mi l itary personne l?  

Each o f  these topic s was discussed at  some length , and examples 
re levant to  each topic were presented . I t  was recognized that the 
topics are not independent and that s pec ific  recommendat ions may be 
re levant to more than one topic . The general conc lus ions and 
recommendat ions of the group were as fol lows : 

There are current ly more than enough laboratory-based cognit ive 
tes t ing procedures avai lab le to begin a program o f  research on the 
e f fec t s  of nutrit ion on cognit ive performance . 

Since mos t  o f  the recent ly developed cognit ive tes t s  have not 
been used to evaluate the e f fec ts of  nutrit iona l var iables , there 
is  a c r i t ical need to determine the sens i t iv i ty of  var ious tes t s  to 
changes in nutrit ional s tatus . 

Tes ts  thought mos t  l ike ly to be sens i t ive are those that involve 
sus tained alertne s s  and pos s ibly s torage of informat ion in memory . 
Neurophys iological ly , these kinds of  tasks require integrated 
func t ioning of large areas of the neocortex and hippocampus . 

Nutrit ional s tates that might have sub s tant ial e f fec ts  on 
cogn i t ion and that migh t ac tual ly be encountered in mi l itary 
s ituat ions inc lude acute calor ic deprivat ion and submaximum water 
depr iva t ion . These s tates migh t be used to determine wh ich 
cogni t ive parame ters are sens i t ive to nutrit ional s tatus . 

Once sens i t ive tes t s  have been ident i f ied and the nutrit ional 
s tatus mos t  l ike ly to impair performance on those tes t s  has been 
de termined , the ir predic t ive power would have to be measured . This  
would require tes t ing the e f fec t s  o f  ident i f ied nut r i t ional 
variab les in nonlaboratory s ituat ions , inc luding s imulators , field 
exerc ises , and measures of  crew interac t ion. 

Prec l inical  anima l mode l s  would be usefu l  for determining 
whether spec i f ic kinds of nut rient de f ic ienc ies might  a f fec t 
performance .  These nutr ient def ic ienc ies cou ld no t be induced in 
humans . 

The working group also agreed that several other is sues need to be 
cons idered if a v iab le research program is  to be developed , b�t had no 
spec i f ic conc lus ions or recommendat ions about how to addres s  them. The 
is sues were : 

Copyright © National Academy of Sciences. All rights reserved.

Cognitive Testing Methodology:  Proceedings of a Workshop Held on June 11-12, 1984
http://www.nap.edu/catalog.php?record_id=19243

http://www.nap.edu/catalog.php?record_id=19243


1 99 

Nutrit ional research ,  i f  i t  i s  to be re levant to mi l itary 
needs , mus t be incorporated into exis t ing programs . 

Attention mus t be paid to  the psychometric  propert ies o f  the 
t e s t s  incorporated into any bat tery . Is sues o f  reliab i l ity and 
sens i t ivity to change mus t be addres sed . 

For some purposes , normat ive test  data obtained from relevant 
mi l itary populat ions may be usefu l .  

\ 

Copyright © National Academy of Sciences. All rights reserved.

Cognitive Testing Methodology:  Proceedings of a Workshop Held on June 11-12, 1984
http://www.nap.edu/catalog.php?record_id=19243

http://www.nap.edu/catalog.php?record_id=19243


AUTHORS 

Louis E .  Banderet , Ph . D . 
Health and Performance D ivis ion 
u . s .  Army Research Ins t itute of Environmental Med ic ine 
Nat ick , MA 01 760 

Stanley F .  Bol in ,  Ph . D .  
Ch ie f ,  Spec ial Projec t s  
Training and S imulat ion Technical Area 
Training Research Laboratory 
Army Research Ins t itute ( PERI-I IA)  
5001  E isenhowner Avenue 
Alexandria , VA 22333-5600 

Kenneth L .  Davis , M . D . 
Professor o f  Psychiatry and Pharmacology 
Mount S inai School of Med ic ine 
Psychiat ry Service ( 1 16A) 
Ve terans Adminis trat ion Med ical Center 
Bronx , NY 1 0468 

David A. Eckerman , Ph . D .  
Psycho logy , Davie Ha l l  01 3A 
Univers ity of North Carol ina 
Chape l Hi l l , NC 2 7 514 

Earl Hunt , Ph . D .  
Psychology Department NI-25 
Univers ity of Washington 
Seat t le , WA 9 81 �5 

Jared B .  Jobe , Ph . D .  
Training Technology Agency 
P .O . Box 31 3 
Ft . Monroe 
Hampton , VA 23651 

Kent A .  Kimbal l , Ph . D .  
Box 7 7  
U . S .  Army Aeronaut ical Research Lab 
Ft . Rucker ,  AL 36362 

200 

Copyr igh t  ©  Nat iona l  Academy o f  Sc iences .  A l l  r i gh ts  reserved .

Cogn i t i ve  Tes t ing  Methodo logy :   P roceed ings  o f  a  Workshop He ld  on  June  11-12 ,  1984
ht tp : / /www.nap .edu /ca ta log .php?record_ id=19243

http://www.nap.edu/catalog.php?record_id=19243


201 

Youngjai  K im ,  Ph . D .  
Long Is land Jewish-Hi l l s ide Med ical Center 
7559  23rd Street 
Glen Oaks , NY 1 1 004 

David Levi tsky , Ph . D .  
D ivis ion of  Natural Sc iences 
118 Savage Ha l l  
Corne l l  Univers i ty 
I thaca , NY 1485 3 

Terry M .  Rauch , Ph . D .  
Captain , U . S .  Army 
Direc tor , Hea l th and Performance D ivis ion 
U . S .  Army Research Ins t i tute of Environmental  Med ic ine 
Nat ick , MA 01 760 

Andrew P .  Smith , Ph . D .  
Med ical Research Counc i l  Perc eptual and Cognit ive Performance Unit 
Laboratory of  Experimenta l  Psycho logy 
Univers ity of Sussex 
Br ighton , Sus sex BNl 9Q6 
United Kingdom 

Larry R .  Squire , Ph . D .  
Ve terans Adminis trat ion Med ical Center , V-1 16  
San D iego , CA  9 21 61 

Barbara Strupp , Ph . D .  
D ivis ion of  Nutr i t iona l Sc iences 
Corne l l  Univers ity 
Ithaca , NY 14850 

Myron F .  We iner , M . D .  
Pro fes sor of  Psych iatry 
Univers ity of Texas 
South Wes tern Med ical School 
Dal las , TX 7 5 202  

Chr is topher D .  Wickens , Ph . D .  
Department of  Psychology 
Univers ity of I l l inois  
Champaign , IL 61 820 

Copyright © National Academy of Sciences. All  r ights reserved.

Cognit ive Testing Methodology:  Proceedings of a Workshop Held on June 11-12, 1984
http://www.nap.edu/catalog.php?record_id=19243

http://www.nap.edu/catalog.php?record_id=19243


202 

PARTICIPANTS 

Richard c .  Mohs , Ph . D . ,  Chairman 
Psychiatry Serv ice { 1 1 6A) 
Veterans Administrat ion Med ical Center 
Bronx , NY 1 0436 

E l sworth R. Buskirk , Ph . D .  
1 1 9  Nol l  Laboratory 
The Pennsylvania State Univers ity 
Univers i ty Park , PA 1 6802 

Car l E .  Englund , Ph . D .  
Research Psycho logis t 
Naval Hea l th Research Center 
P .O .  Box 851 22 
San D iego , CA 9 21 38 

Murray Gl anzer , Ph . D .  
Department o f  Psychology 
New York Univers ity 
6 Wash ington Place 
New York , NY 1 0003 

R. Cur t i s  Graeber ,  Ph . D .  
MAJ {P ) , MSC 
Aeronaut ical Human Factors Research Office 
MS : 239-21  
Nat ional Aeronautics  and Space Adminis trat ion 
Ames Research Center 
Mof fe t t  F ie ld ,  CA 94035 

Freder ick w .  Hegge , Ph . D .  
Chairman , JWGD3 Mi l itary Performance 
SGRD-VWI-C 
Wal ter Reed Army Ins t itute of  Research 
Washing ton , DC 20307 

Ed Hirsch , Ph . D .  
u . s . Army Nat ick Research and Deve lopment Center 
STRNC-YBH 
Nat ick , MA 01 760 

Copyr ight  © Nat ional  Academy of  Sc iences.  A l l  r ights  reserved.

Cogni t ive Test ing Methodology:   Proceedings of  a  Workshop Held on June 11-12,  1984
ht tp: / /www.nap.edu/cata log.php?record_id=19243

http://www.nap.edu/catalog.php?record_id=19243


203 

Harr is  R .  Lieberman , Ph . D . 
Department of Psychology E l0-1 30d 
Massachuse t t s  Ins t i tute of Technology 
Cambridge , MA 021 39 

Mar ia G .  Mi l les , Ph . D . 
Divis ion of Nutrit ion , HFF-265 
Food and Drug Administrat ion 
Wash ington , DC 20204 

Richard D .  Popper ,  Ph . D .  
u. s. Army Nat ick Research and Deve lopment Command 
Nat ick , MA 01 760 

Paul Rambaut , Ph . D .  
Code EBM 
Nat ional Aeronaut ics and Space Administrat ion Headquarters 
Washington , DC 20546 

Roger Remington , Ph . D .  
Nat ional Aeronaut ics  and Space Adminis trat ion 
MS 239-3 
Ames Research Center 
Moffe t t  F ield , CA 94035 

David Schnakenberg , Ph . D . 
Lieutenant Co lone l , u. s. Army 
u . s. Army Research Ins t i tute of  Environmental Med ic ine 
Nat ick , MA 01 760 

Thomas J .  Sobotpa , Ph . D . 
Leader ,  Neurobehavioral Toxicology Team 
Divis ion of Toxicology HFF-1 62 
Center for Food and Safety and Appl ied Nutrit ion 
Food and Drug Adminis trat ion 
Wash ington , DC 20204 

Bonnie Spring , Ph . D .  
Department o f  Psychology and Soc ial Relat ions 
Harvard Univers ity 
Cambridge , MA 021 38 

John M. Talbot , Ph . D .  
Li fe Sc iences Research Offices 
Federat ion of  Amer ican Soc iet ies  for Experimental Biology 
9650 Rockvi l le Pike 
Be thesda , MD 20814 

Copyr ight  © Nat ional  Academy of  Sc iences.  A l l  r ights  reserved.

Cogni t ive Test ing Methodology:   Proceedings of  a  Workshop Held on June 11-12,  1984
ht tp : / /www.nap.edu/cata log.php?record_id=19243

http://www.nap.edu/catalog.php?record_id=19243


204 

Nat ional Research Counc i l  Cognitive Tes t ing Workshop Staff  

Samue l B .  McKee 
Commit tee on Mi l itary Nutrit ion Research 

John Wagner 
Board of Army Sc ience and Technology 

Alexander Wigdor 
Commit tee on Performance o f  Mi l itary Personne l 

Copyright © National Academy of Sciences. All rights reserved.

Cognitive Testing Methodology:  Proceedings of a Workshop Held on June 11-12, 1984
http://www.nap.edu/catalog.php?record_id=19243

http://www.nap.edu/catalog.php?record_id=19243

	Front Matter
	OVERVIEW: COGNITIVE TESTING WORKSHOP
	Introduction--Current Methods of Assessing Cognitive Performance
	Introduction--Effects of Selected Physiological and Environmental Variables on Cognition
	Introduction--Methods of Assessing Military Performance
	WORKING GROUP DISCUSSION SUMMARIES
	AUTHORS
	PARTICIPANTS
	NATIONAL RESEARCH COUNCIL COGNITIVE TESTING WORKSHOP STAFF

