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A Proposal for the Evaluation of Biological

Influences upon Cognition.

Earl Hunt  2

The Un ivers ity of Wash ington

I. Introduction

One of my sons has the challenging, if unnerving, habit of

prefacing his quest ions by the wor ds “~~at , exactly,  does...” I

dread the day when he wants to know about the effect. of marijuana

upo n thinking. I would feel the same sense of humi l i ty  if he asked

about alcohol , valium , or the axn phetanines . My worry is not just

limited to drug effects. Aging, hy pertension , inadequate nutrition ,

fever , and even continued lack of sleep are all biological events

that we are sure affect our thinking. It is not clear how or why.

Psychologists should not let this situation continue. Major

advances are being made in our understanding of human physiology,

neurology, and bioch~ nistry . If we can sinultaneously develop pre—

else descriptions of the effects of various biological agents upo n
I,cognition , then we are likely to make a major advance in our under-

standing of the physiology of thought . Such advances could have

incalculable scientific and practical consequences. Consider the

case in pharn~ cology, which is particularly acute. There are now

in use a number of therapeutic drugs that have cognitive side effects.

Indeed , in some cases the primery reason for giving a drug may be

to obtain a particular psychological effect , although the desired

effect is seldom on the reasoning processes thenselves. A total

picture of the efficacy of drug therapy can onl y be obtained if one

monitors the components of rational thought . The use of prescription
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drugs is onl y part of the problem . Recreational drugs are a fact

of l i fe . We need to be able to monitor their effects upo n cognition

for diagnosis and therapy in cases of drug abuse , and in order to

provide advice to policy makers who are charged with developing

pol icies concerning the regulation of drug use.

We do not need to consider only those biological agents that

we introduce.  Natural biological processes also affect cognition .

Aging , for instance, is associated with marked changes in cognition.

Shifts in cognitive capacity from age 20 to age 60 are well docu-

mented. We have little idea when and how such changes occur . Which

cognitive functions change gradually, and which change suddenly?

Are changes the natural concomitant of aging or are they associated

with either critical problems , such as febr ile infect ions , or chronic

problems such as hypertension or int~ sperate ( but social ly acceptable)

levels of alcohol use? The answers to such quest ions w ill become

increasingly important to those who are charged with maintaining

the health of an aging population. The questions will be similarly

important to those who wish to utilize the talents of an older work

force.

Saying tha t  a biological event •~affects  th inking” is inadequate.

What we require is a way of dissect ing such a general stat~ nent into

statenents tying specific events to quantifiable influences on specific

aspects of thought , memory , perception , etc. Furthermore, we must

be able to measure such influences at the level of the individual ,

because there are marked individual differences both in thinking

and in physiologIcal reactions to almost every event. The gist of

r
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this paper is that it is time to begin development of a standard

set of assessment procedures that were developed specifically to

measure biological and cognitive interactions, and are not simply

procedures borrowed from the methods used in other assessment proce-

dures in education and medicine. There will certainly be analogies

between the methods proposed here and methods used in other cognitive

areas. Perhaps the closest analogy is to the use of behavioral

measures to assess neurological damage through the procedures developed

by Haistead , Reitan , and thei r col laborators (Russell , Neuringer ,

and Goldstein 1970). As was the case in the development of cognitive

measures in neurology, the special characteristics of different

assessment problems requires careful evaluation of the appropriate-

ness of the procedures to be used. The proposition that there is

ever going to be a general , all purpose method of measuring cognition

seams dubious .

The immediately following section discusses the problem of

psychological measurement in a “public health — preventive medicine”

setting in somewhat more detail. For convenience, the study of drug

effects will often be used as an illustration. I believe that the

seme general concerns are applicable to any combining of medical

and physical examination procedures. I will discuss the restrictions

that must be placed upon cognitive assessment, and questions whether

many “standard, clinical” tests of intellectual functioning cannot

satisfy these restrictions. The third section of the pape r provides

a plan for choosing tests of cognitive functioning. The fourth

section describes some illustrative procedures that might find their

way into a test battery . The fifth section outlines the steps that

mus t be executed before such a battery become s a reality. I ’

____
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II. THE REQUIRE MENTS TO BE MET

Cognition can be evaluated in a number of ways. Day to day

cognitive capacity is defined by how smart we seem to be to ourselves

and to our associates. Indeed , peer rat ings could be used to evaluate

a person ’s mental state. These would be face—valid assessments of

a person ’s global functioning in both the cognitive and social realm ,

and might , indeed , be useful predictors of subsequent performance.

At the other extreme , Jensen (1978) has proposed the use of a specific

technique for measuring choice reaction time as an index of general

intelligence. If we regard these two proposals as extremes along

a cont in u iin of possible test procedures , we will find some procedure

at almost every point in between. Following a useful technique in

mathema tical problem solving, let us consider what rest rict ions on

measurement are inherent in most medical settings . These restric-

tions may limit our possible sets of measurements to some manageable

set of candidate procedures. The restrictions that are to be imposed

fall into two broad categories; conceptual restrictions forced upon

us by the nature of biomedical research, an d pract ical restrict ions

that are dictated by the logistics of health care del ivery . Each

category will be considered separately.

What is it that we are trying to measure? Cognitive competence

is a blend of what a person knows and how well she or he is able

to manipulate that knowledge . In only slightly more formal terms ,

we can distthguish between the information a person has in their

memory and the capaci ty that the same person has for processing

info rmation in general . Physical agents, such as drugs, hy per t ens ion ,

• or fever , must act upon information processing capacity rather than

_  _____r1
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upon information per se. Thus any test of the effects of a biological

agent should be a test of cognitive processing, and not a test of

knowledge possession. Note that there is a qui te different situation

in education , where testing for knowledge is appropriate.

It is probably impossible to construct a test that is completely

knowledge free. It is possible , however , to construct a test such

that , in appropriate populations , variations in individual perform-

ance are not due to variations in the possession of knowledge. Some

examples are given in the appendices . The criterion that test perform-

ance should not be a function of knowledge is far from a vacuous

one . Most “intelligence tests” developed for use in an educational

setting do test knowledge , and for perfectly appropriatr reasons.

If we wish to predict perfo rmance at an absolute level , then global

assessments of overall competence are our best ways of doing so

(Wechsler , 1975). This is a different goal from the goal of evalua-

ting changes in cognitive competence due to changes in physical status.

“Information processing capacity ” is a global concept . There

is substantia l argument that it is an appropriate one, because there

may be a general “facility in information processing ” factor that

underl ies cognition (Jensen , 1978). Without going into any detai l ,

I simply state that this is not my view. I regard cognition as being
‘ ‘-

composed of a set of rather specific skills; short term memory , control

of’ attention , ability to manipulate visual images, etc. I shall

go into more detail concerning the nature of these skills subsequently.

A specific skills approach appears to me to be more compatible with

our theories of psychopharmacology than does a theory of general

Intelligence. We do not think of drugs as “influencing the brain ” ,

we think of them as influencing particular chemical systems that

~~~~~~~~~~~~~~~~~~~~~~ 
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are d i f f e r en t i a l l y  important in d i f fe ren t  structures of the brain.

Admit tedl y,  the in terac t ion  between the various systems and struc-

tures can be bewildering.  Nevertheless , I believe that it wil l  be

more profitable to examine biological effects upon specific informa-

tion processing capacities than it will be to examine effects upon

measures of’ general intellectual capacity , even when these measures

are relatively unaffected by knowledge.

Ruling out tests of general intellectual functioning is no more

vacuous than ruling out tests of knowledge. There are a variety

of “culture free” or “culture fair” tests , such as the Raven Matrix

test , that might conceivably be used as evaluation devices. I do

not believe that these tests are very useful as direct tests of

biological  e f f e cts , but I shal l describe an indirect use of such

tests subsequently.

Now let us move from conceptual to practical issues. From the

viewpoint of a health care practitioner , a measure of cognitive

behavior should be rapid , repeatable without concern for practice

effects , and should be adrninisterable in a highly objective way by

minimall y trained peop le. The more that the cognitive test looks

like the measurement of blood pressure , the better. No such cogni-

tive measurement procedure exists. There are some cognitive func-

tions that cannot , in principle , ever be tested in a way that will

meet these requirements. Thus we want to consider when and to what

extent issues of speed , repeatability , and objectivity are important .

Rapid merisurement is essentia l in any situation in which the

phenomenon to he studied is restricted to a relatively brief period

of t i me , such as a particular stage of drug intoxication . Speed

I.

___ ~~~~ S~~~~~$Ill I ,~
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of admin i s t r a t ion  is also a requirement if t e  ava i lab le  subject

time is limited either for administrative reasons , which can be a

major problem when dealing with non—institutionalized individuals ,

or because the patient can only stand so much testing before becoming

“mentally exhausted.” The latter problem is serious with the elderly .

Speed of administration is less of a factor in studies of chronic

effects. It should be noted , though , that very long batteries , such

as the Haistead—Reitan procedure , which requires hours to administer ,

are probably going to be of only restricted use in most health care

settings , simply because the patients cannot spare the time . In

generalthe approach that 1 advocate is to have an “armory” of tests

from which a small numbe r of tests are to be selected in each study,

rather than committing oneself to the computation of indices that

can only be calculated if an entire battery of tests is given to

each individual .

Repeatability of the measurement procedure is essential whenever

a withi n subjects design is used. There are three separate aspects

of repeatability . Some tests are inherentl y unrepeatable , in the

sense that they lose their validity on second administration. Measure—

ments of academic achievement are examp les; asking the question

sensitizes the person to a second query . This problem can be handled ,

in part , by the construction of parallel tests , but there are practi-

cal l i m i t s  to the number  of para l le l  tests tha t  or ~~ can have. A

more interesting issue in repeatability is the problem of’ practice

effects . The most obvious , and least interesting, issue is that

react ions to a medical event may be masked by the change of performance

level with practice. A somewhat more interesting issue is the fact

that some events may be dependent upo n the subject being at a particular
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ievel of’ skill. This is not just a nuisance, it is a phenomenon

worth of study. There is considerable e~. dence arguing that highly

overlearned , “automatic ” skills are much less susceptible to drug

effects than are tasks that require some allocation of the subject’s

attention. Such observations suggest that many drug effects can

be understood in terms of an effect upon attentional resources and

attention allocation , rather than by an effect upon specific cogni-

tive systems. This tnought has considerably influenced the selection

of tests that is proposed below. Finally, the oractice effect is

a form of learning, and learning is a cognitive p~o s s  of consider-

able impor tance  in itself. If a drug influences the learning process ,

th is  is an ex t r c m e ly  impor ta n t  f ind ing .

Repeatability effect:;, thus , touch on both theoret ical  and prac t ica l

concerns. Objectivity and economy of administration are strictly

logist ical concerns. In educational measurement objectivity and

economy are achieved by restricting the test format. This usually

means paper and pencil , machine scored tests. While this is a useful

for m a t  t h a t  should always be considered , it is r e s t r i c t ed  in an impor-

t ant way. Item by item measures of response speed are virtually

imposs ib le  to o b t a i n .  This  can become impor tan t  i f  one wishes 1
~o

t’ ::t a subject’s ability to allocate attention to one or more t~.sks ,

on a concurrent basis. Recent developments in microcomputer technology

have o f f e red  us ways to expand the format of ob jec t ive  tes t ing  and ,

in par t  icuI:~r , to measure response time s much more accu ra t e l y t han

we can u:: ing paper and penci l t~ sts. Here , however , we again en—

cou n te r  a l e a rn ing  prob lem . Mo st. people are not  p r o f i c i e n t  in the

op~ ra t io n of comp ut ~~r co ntrol led equi p m e n t .  I t  may be adv i sab le

to t r a in  :;;~t j t. s in the use of equipment  before  b e g i n n i n g  the expe r i—

ment , i t , :~~1f , in order to have  be t t e r  cont ro l  over the  prob lem as

the su hj r ~ct sees i t .
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Objec t i ve  mea::ure:; of In te l  lectual  performance imp l ici t ly  assume

subjec t  m’~t i v a t i o n. This  assumption may not always be valid in medical

settings , e spec ia l ly  when deal ing w i t h  i l l  persons or psychiatric

cases. No general guid~~1i nes can be g iv e n ;  in part  because there

i s l i t t l e  i r .t eg ra t i on  between theories  of m o t i v a t i o n  and of cogni-

t i o n .  Indeed , t b -  need to save  such an i n t e g r at i o n  in order to do

research on t h e  phys io log ica l  basis of c o g n i t i o n  h i g h l i g h t s  a serious

d e f i c i e n c y  in cogn i t i v e  psychology.  There is l i t t l e  tha t  we can

do to “ cont ro l ” for  mo t i v a t i o n a l  e f f ec t s .  I t  is h i g h l y  d e s i r ab l e

to obtai n some measure ~d’ not iva t ion and mood at  the same time tha t

one ob ta ins  a measure al c ) ~ n 1 t i on .

I I I .  A THEORETICAL PLAN FOR GENE RA TY ’I G TESTS OF COGNITION

The constrai n t : ;  J t s , c r i be d  in t h e  preceedir i g sect ion are serious

b ut not  i n su rmoun tab l e . In~j evI 1 , t h e  v t ~~Lemen t of c o n s t r a i n ts  may

dic t a t e  the  s o l u t.  ion.  T h i s  seet j v ~ pre ;; n t : ; a f ramew rk b r  genera-

t ing  procedures for  cogm t. i v~- me i surement  . A !‘~~~~ r ;m:u’k : :  i - an e ern ing

it : ;  tj it oret ical basis  :irv in r ; rd t r

The ha :; ic appr os  :t ; hr i s been t ,0 1 ~~~~ ~~ , a na l  I ~~ bet ~~ en hu~nan

t h i n k ing and the  i n f o r m a t i o n  proves si r i g i ’ o~~~vs in  d i g i t a l  com-

pu ter  sy stems.  Both h u m a n . : a n t  computer  syst -ns V t  ‘ O  n as sped Vie

• exa mples  of prob lem solvers  who opt ’r a t t  on t ; e  i n f o r m a t i o n  avai lable

to them in order to c r e a t e  new i n f o r m a t i o n .  This  v i e w  forces a sharp

dis t i n c t i o n  between problem so lv ing  capaci t  ies tha t  are due t o  the

poss ession of spec i f ic  i n f o r m a t i o n  and problem so lv ing  capac i t ies

tha t  are  due to a capab i l i t y  for m a n i p u l a t i n g  i n f o r m a t i o n  in general .

The l a t t e r  w i l l  be r e fe r red  to as mechan is t i c  processes. B i o l o g i —

cally  de r ived  e ff ec t s , bei ng due  to a m a n i p u l a t i o n  of the physical

s ta te  of the  i n f o r m a t i o n  processor , must exert  thei r ac t ion  d i rec t ly

_ _     
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up on mechanis t ic  processes. We do , however , have to real ize that

arty par t icu la r  problem solving activity depends on the interaction

between mechanistic and information—specific capacity. Alterations

of mechanistic nrocesses may change the relative efficiency with

which a per ’.on ca n deal with d i f fe ren t  types of’ information content ,

and thus bias cogni t ion  toward the use of content  tha t  can be handled

best , given the s t a t e  of the mechanics at the tJme . Thus it wi l l

be appropriate to consid ’r measurements both of the efficiency of

various mechanis t ic  processes under  d i f f e r e n t  p h ysical states and

of the probability of their use in problem solving. The existence

of qua l i tat i ve  changes in problem solving style during d i f f e r e n t

ph ysical states would not be evidence to cause us to reject the

in fo rma t ion  processing view in dealing with psychology in medicine .

Such f ind ings  would demand an explanat ion wi th in  the in format ion

processing f ramework .

The computer analogy has to be supplemented by two concepts

t ha t  do not have  clear analogs in physical in fo rma t ion  processing

systems . One of these is the concept of a t tent ional  resources.

This  is a “ power ” concept ; we assume that  cognit ive machinery draws

upon a pool of ra ther poorl y def ined a t tent ional  resources , and tha t

the machinery work s only to the extent  that  an appropriate amount

of a t t en t i on  can be suppl ied .  A t t en t ion , itsel f , is looked upon

• as a f i n i t e  resource.  Both the amount of a t ten t ion  avai lable and

a person ’s f l e x i b i l i t y  in  al locat ing i t  are impor tan t  processes in

the mechanics of cognition.

“Mood ” is a concept that  ce r t a in ly  has no analog in computer

processing of i n f o r m a t i o n , but it is important  in human processing.

~~~~~
_
~~~~~~~- i •
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Object ive measures of’ intellectual performance implicitly assume

subject motivation. This assumption may not always be valid in medical

settings , especially when dealing with ill persons or psychiatric

cases. No general guidel ines can be given; in part because there

is little integration between theories of motivation and of cogni-

tion. Indeed , the need to have such an integration in order to do

research on the physiological basis of cognition highlights a serious

deficiency in cognitive psychology. There is little that we can

do to “control ” for motivational effects. It is highly desirable

to obtain some measure of motivation and mood at the same time that

one obtains a measure of cognition.

I I I .  A THEORETI CAL PLAN FOR GENER ATING TESTS OF COGNITION

The constra ints  described in the preceediri g section are serious

but not insurmountable . Indeed , the statement of constraints  may

dictate the solution. This section presents a framework for genera-

t ing  proced ures for  cogni t ive  measurement .  A few remarks concerning

its theore t ical  basis are in order.

The basic approach has been to draw an analogy between human

t h i n k i n g  and the i n fo rma t ion  processing that  occurs in digi tal  corn—

• pu te r  systems . Both humans  and computer system s are seen as specific

examp les of problem solvers who operate n the i n f o r m a t i o n  avai lable

to them in order to create new i n f o r m a t i o n .  This view forces a sharp

d i s t i n c t i o n  between problem solving capacities tha t  are due to the

possession of specif ic  i n f o r m a t i o n  and problem solving capacities

tha t are due to a capabi l i ty  for manipu la t ing  i n f o r m a t i o n  in general .

The l a t t e r  wi l l  be referred to  as mechanis t ic  processes. Biologi-

cally derived e f f e c t s , being due to a manipu la t ion  of the physical

s ta te  of’ the  i n f o r m a t i o n  processor , must exert  thei r act ion d i rec t ly

____________ — -— --—---- --— — -. —~~ --.— 
- ..z ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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upon mechanistic processes. We do, however, have to real ize that

any particular prob lem solving activity depends on the interaction

between mechanistic and information—specific capacity . Alterations

of mechanistic processes may change the relative efficiency with

which a person can deal with different types of information content ,

and thus bias cognition toward the use of content that can be handled

best , given the s tate  of the mechanics at the time . Thus it will

be appropriate to consider measurements both of the eff ic iency of

various mechanist ic  processes under  d i f f e r e n t  physical states and

of the p robab i l i ty  of thei r use in problem solving. The existence

of qua l i t a t ive  changes in prob lem solving style during d i f f e r en t

physical  states would not be evidence to cause us to reject the

in format ion  processing view in dealing with psychology in medic ine .

Sich findings would demand an explanation wi th in  the i n f o r m a t i o n

processing framework .

The computer analogy has to be supplemented by two concepts

that do not have clear analogs in physical information processing

systems. One of these is the concept of attentional resources.

This is a “power” concept ; we assume that cognitive machinery draws

‘:pon a pool of rather poorly defined attentional resources , and that

the machinery works only to the extent that an appropriate amount

of attention can be supplied. Attention , itself , is looked upon

• as a finite resource. Both the amount of attention available and

a person ’s flexibility in al locating it are important processes in

the mechanics of cognition.

“Mood” is a concept that certainly has no analog in computer

process ing of informa tion , but it Is important in human processing.
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‘I
The concept of mood is difficulty to fit into a mechanistic approach

to thought . As a first approximation , I think of mood in two different

ways. One is as a biasing factor. Most of the in”ormation with

which we deal is ambiguous . It may be incomplete, or even when com-

plete , it may permit several different interpretations. In addition ,

v i r tua l ly  all  interpretations of information have some affective

load. One of the e f fec t s  of’ mood may be to bias the individual

toward i n t e rp re t a t i ons  that  have a part icular  a f fec t .  (Isn ’t this

the basis of our many opt imist—pessimist  jokes? ) Since there is

a powerful drive toward consistent interpretation of thoughts over

time , a person ’s mood could cause the interpretation of a key piece

of information in a way that could exert considerab le influence over

subsequent thoughts.

The second role of’ mood is as a stimulus in itself. Mood is

part of the information stored during a learning experience , and

hence a part of the scheme for retrieval of this information. At

the Belmont conference on drug abuse , H. Weingartner offered this

as a plausible explanat ion for much of the state—dependent  learning

phenomena. In addition , mood , as a stimulus , may have the capacity

to capture a substantia l amount of a person ’s attentional resources.

This could make it virtual ly impossible to execute cognitive acts

that themselves require attentional resources. A recent article

by Hasher and Zacks (1978) discusses this point in more detai l , with

special reference to depression.

We are wel l short of the goal of having an information process—

ing theory that integrates attention and mood . We do know that they

have to be integrate d into the theory , and that any measurement of

cogn it ion must , at a minimum , consider attentional effects. Mood

effects probably ought to be considered as well. r

• _ •II .11 . ~~~~~~~~~ ~~~~ _ _ _ _
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IV.  GENERATI ON OF A TEST BATTER Y

In order to generate specific tests within this theoretical

approach , some consideration has to be given to a classification

scheme for the possible cognitive funct ions . This c lass i f icat ion

scheme should be considered as a way of describing cognitive func-

tions from different points of view. To be specific , we shall con-

sider cognitive tasks that differ in the type of stimuli used , the

degree of involvement of memory , the demand for attentional resources,

and the extent to which “strategic choice” can be executed by a

person faced with solving a task. Although the term “dimension ”

will be used , for clarity , it is important to remember that a cross

classification scheme is not intended. Our approach is that there

are a number of different ways of’ looking at cognitive behavior,

and that an armo ry of tests of cognitive functioning must be wide

enough to allow us to take the appropriate view under the particular

circumstances. Commitment to a monolithic theory of “what intelli-

gence is” would put us far beyond the current state of psychological

knowledge .

Stimulus class: This dimension describes processes by the type of

information with which they deal . Within this dimension there are

two psychologically relevant schemes of subclassification. Physi-

cally, information may be presented through different sensory modal-

ities... visual , audi tory, tact ile , etc . We nee d con sider onl y

visual and auditory stimuli. Logically, stimuli should be classified

as being linguistic or non—linguistic , as this clearl y makes a differ—

ence in our behavior and , fu rther , this has resulted in the evolution

of diffe rent physical structures for dealing with language stimuli.

1L .
~~~~~~~~~~~~~~~~-
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At a more psychological level , Garner (1976) has proposed that

we distinguish between stimuli whose features are separable, integral,

or configural .  Loosely, separable dimens ions are at tr ib utes that

are clearly seen as distinct , independent characteristics , such as

color and size of geometric figures. Integral attributes are attrib—

utes tha t  fuse together , to form a global impression , even though

the d i m e n s i o n s  themselves can be distinguished with an e f fo r t .  An

example is the fusing of temperature and wind to produce an impression

of’ a ~o1d day. Finally , conf’igural stimuli are stimuli where the

overal l i rnpr : ; s ior i  is not. predictable from knowledge of the parts.

Our impressions of physical attractiveness , for instance, are not

pred ic t ab le  from knowledge of the size of a person ’s nose , shape

of ear , etc. These intuitive notions have been formalized by Garner

and his associates , and they have developed precise methods of measur-

ing s e p a r a b i l i t y ,  integral i ty , and configural i ty . The extent to

which t h i s  is an i m p o r t a n t  d imension of s t i m u l u s  c lass i f ica t ion in

medical research is simply not drug known . 
• 

It  may be quite important

when we deal wi th psychoac t ive  drugs . Informal reports of’ the effects

of t.~ e ha l luc inoge ns (.and m a r i j u a n a , in pa r t i cu l a r)  suggest tha t

one of the effects of these drugs may be an alteration in our tendency

to treat stimuli as being separable , integral or configural . There

are simila r , almost anecdotal , reports of changes in stimulus assess—

ment . associated with age and sex.

Involvement of memory : Memory has played a central role In theories

of cognition since Aristotle . A ni~ iber of ways of classifying memory

types and functions have been proposed. There are four logical classes b

of memory functions; speed of access to information in store, given

that it can be accessed , the probab i l i ty that  one can obta in access

~~~~~~~~~~~~~ ~~~~~~~ ~~~~
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to a particular piece of information at all , the storage process ,

and a rather more vaguely defined process that I shall call transformation.

In terms of structure, the distinction between sensory buffer memories,

short term memory for information presented within a minute , and

long term memory seems to be well established. I suggest reserving

the concept “long term memory” for records of events that have occurred

at least a day before , rather than for events that have occurred

within an hour. Each of the different memory funct ions may have

to be studied separately for each type of memory , as it is at least

plausible that we are dealing with physical ly different storage systems .

Some theoretical treatments of memory make a distinction between

episodic and semantic memory (Tulving, 1972). Episodic memory is

our memory for specific , time bound events , whereas semantic memory

is our memory for general , timeless knowledge. Note that this is

a logical distinction , rather than a psychological one, since any

information that is part of semantic memory must be obtained in a

particular episode. In this note I will not consider the implica-

tions of the episodic—semantic distinction , but it may be appropriate

to amplify upon this at a later time .

Now let us look somewhat more closely at the different memory

f u n c t i o n s .

Speed of access to i n f o rm at i o n  is of in terest  as a test of the

level of ultimate efficiency of our memory system . Highly automated

access to overlearned material , such as recogniz ing the le tters of

the alphabe t or the meaning of common words , or just that a parti-

cular configuration of letters is a common word , can be thought of 
•

as an exercise of our memory funct ions at their peak eff ic iency.

_ _  ~~~~~~~~~
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Speed ef •acor’:;:; t o  i n fo rma t ion in short term memory seems to

involve quite dit fer .-nt processes , which are attention demanding

r at h e r  than  a u t o r n a t o l .  R apid  access to in format ion  in short term

memory is an i m p o r t a n t  cogni t ive  funct ion becaus e it provides a m

mechanism for in tegra t ing  i n fo rma t ion  presented in discrete un i t s

over t ime . This  shou ld  be p a r t i c u l a r l y  important  in speech compre-

hension.

Pro~abi 1ity of r- - :aI l. Our ability to recall information that

we have acquire 1 is art important part of our cognitive functioning.

It is useful to  lo k ipo rl recal l as the construct ion of a retrieval

scheme , analo~ io t1l y similar to the scheme one uses to search for

r , r : r m a t i on  in a h r  try . The amount of cue ing  provided by the

si’oi~~t i c r ;  b e t e r m i n e s  t h e  ex t en t  to which the person must be respon-

s ib le  for d e v e l c t : n ’  the re t r ieval  scheme . The e f fec t s  of pr ior

a nd subsequent  1~ - t ’ ’ i i n~ ca n a lso i n f l uence  the need for an e laborate

‘ -mt . Repor t  . if -in i n te r a c t i o n  between the  drug s ta te  and amount

ot it~i ng nee l e l  t • pr ~~~b u o e  recal l suggest t h a t  t h i s  w i l l  be a parti-

c u l a r l y usef u l a r~~, of r - ’- ’,ea rch .  S i m i l a r  e f f e c t ; have been noted

:n research on tb. aging, fo r aged peop le also seem to have problems

in c -ons t r u c t  r~~7 r et r i e va l  schemes. This  may be due to general d e f i c i t s

in a t . t en t  t o  r i ,  I ‘ sour- sea , as di sc us S r i  below.

Storage. By this t , rm I mean the conso l ida t i on  of i n f o r m a t i o n

from one a t . ~ ’~ ot r n m - r y  to ano the r . The t r an s f e r of i n f o rm a t i o n

from :;t nsory b i r f e r memory t o  some form of short  term memory involves

a merg i n g s~’ a t : ’t u l u s— d r i v e n  i n f o r m a t i o n  w i t h  i n f o r m a t i o n  aroused

from long t e r m  memory . In the final stage i n f o r m a t i o n  from short

to -rm memory m ,- t h’ consolidat ed into long term memory . Norman and r
Bobrow (in press) hav’~ ma le the important point that the consolidation

S I
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of information must include consolidation of i n f o rm a t i o n  on which

a retrieval scheme can act. In essence, we store both a piece of

informat ion and some directions about the contexts wi th  which tha t

information is to be associated.

The various stages of’ memory transfer very probably involve

different physical processes , and thus may be affected differentially

by d i f f e r e n t  chemical agents and/or biological processes , such as

ag ing or brain in jury . In addi t ion , any physical agent , such as

a drug, which has important cue properties of its own w i l l  become

part of the context within which the in format ion  is consol idated.

Transfo rma t ion: “Transfo rmation” wi l l  be used to refe r to the pro-

cess by which we change a memory image into some more manageable

form. Since the term is vaguely defined , I w i l l  proceed by examples .

Shepard and his collaborators have developed techniques for studying

the rotat ion of visual images “i nside the head. ” T wo f igures  are

presented at d i f f e r e n t  or ienta t ions , and the subject  is asked to

determine whether  they are ac tual ly  views of d i f f e r e n t  p hy sical

objec ts , or of’ the same object viewed from a d i f f e r e n t  perspec t ive .

This would be an example of short term memory transformation of a

visual , non—linguistic stimuli. In sentence comprehension studies

the person being tested must determin e the meaning of sentences that

vary in surface form . An examp le would be the realization t h a t  the

sentences “A to the r ight  of B” and “B to the l e f t  of A ” mean t h e

same th ing.  In speech comprehension studies the subject may have

to ex t rac t  the gist  of meaning from long passages , or even from

books.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~
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From the  examples it is clear that  t ransformat ions  are varied ,

and may dep end upon d i f f e r e n t  physical  s t ructures  and processes .

The function of being able to transform stimuli is a crucial one

for cognition , as we seldom , if ever , have to react to exactly the

same stimuli that was presented before.

The involvement of attention: The simplest view of attention alloca-

tion is that there exists a pool of “attentional resources” which

is drawn up on in order to fuel  cogni t ive  processes. Rout ine , highl y

p rac t i ced processes (“ au tomat i c  processes”)  can be executed wi th

l i t t l e  a t t en t iona l  resources , whi l e more complex , n ov el t asks require

a l loca t ion  of a s u b s t a n t i a l  amount  of a t t e n t i o n .  Since the a t t e n t i o n

resource pool is l imi ted , there wi l l  be a l im i t  upo n the number of

tasks that  we can do at  once. The extent  of the l i m i t a t i o n  depends

upo n two th ing s ; the  ex t en t  to which  two tasks must use the same

physica l  structure  ( which  is not very i n t e r e s t i n g)  and the ex t en t

to wh ich  the tasks , sepa ra te ly ,  d r a w  upo n the a t t en t iona l  resource

pool . Becaus e of the pervas ive  need for a t t en t i ona l  resources , any-

t h ing  tha t  a f f e c t s  the amount  of such resources w i l l  have a profound

ef fec t  upo n cognit ion.

•Sim pl iu t .ic as this idea is , it proves to be a surprisingly accurate

summa ry of many facts about thinking (Kahneman , 1973). A technol ogy

for measuring attentional resource allocation has been developed. -•

This  is based up on the secondary task methodology.  In a secondary

task paradi~~n the subject is asked to do two th ings  at once. The

p r imary  task is t y p i c a l l y  a d i f f i c u l t , a t t e n t i o n  demanding one , such

as mental arithmetic. The  secondary ta sk is a s imple  one whose per —

formance  is bel leved to vary continuous l y as a function of’ the amount

_ _ _ _ __ _ _  - 
_ _  ~~~~~~~ ~~
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of attention devoted to it. A frequently used task is response to

a simple probe stimulus , either a light or a tone. Speed of respond-

ing is assumed to be an ordinal measure of the amount of’ attention

available for the secondary task. A reward schedule is established

such that the person should always perform as well as possible on

the primary task , and only then devote attentional resources to the

secondary task. Thus performance on the secondary task can be used

to compare the attentional demands of different types of prima ry

tasks. For instance, this technique can be used to show that mental

arithmetic is more demanding than simple counting.

The distinction between tasks that make large or small demands

up on a t t en t ion  is assuming increasing importance in our theories

of cognition. Some processes, such as the recognition of word meaning,

seem to be highl y automated and apparently require almost no attention .

Other tasks , such as the phras ing of sentences or text comprehension ,

are highly attention demanding. There are similar examples of atten-

tion free and attention demanding tasks dealing with non—verbal stimuli.

Since attentional resources availability may be a function of bio-

logical status , cognitive functions that depend upon attention re-

sources should be highly responsive to changes in age, Dhysical con-

dition , and drug state.

Just measuring “total attention ” is not enough , we are often

interested in a person ’s abilit y to control the al location of atten—

tion to different tasks . This includes both the ability to shi ft

attentio n from one task to another in serial fashion and the ability

• 
to perform one task whi le moni to r ing  s ignals  re levant  to a second

task .  A great deal of work on these problems has been done in the

4.

• - 
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Human Engineering field , especially in studies of the selection and

evaluation of aviators. Some of’ the human engineering techniques

may wel l be adaptable for biomedical research. The biggest drawback

to the measurement of split attention , however , is that the procedures

used typically require manipulation of fairly complex equipment.

Therefore it will often be necessary to pretrain experimental sub-

jects prior  to beg inn ing  the exper imen t  i t se l f .  This could be a

substantia l logistical problem .
4.

In addition to measuring peop le ’s ability to react to signals ,

we must also measure their ability to withhold reaction , since this

is the essence of ignoring distractors. Measurement of suscepti-

bility to distr’actors is generally accomplished using computer—con-

t rol led s t im u l u s  p resenta t ions  or o ther  ra ther  formidable  l abora tory

proced ures.  An example would be the use of the Brown —Peterson  pa rad igm

for study ing the effects of distractors during a short term memory

task. There are some paper and penci l procedures , such as the Sir o op

test , that are worth investigating.

Stra tegy  use In  c losing the sect ion on general cons idera t ions , I

shall introduce a concept that stands somewhat apart from the t .hr . e

dimensional classificat ion system shown in Figure 1 . There is a

pervasive , t hough  vag uely stated , be l ief that peop le diffe r in t b-

extent to which they use “verbal—analyt e” or “visual—wholistic ”

strategies in problem solving. Other dichotomies of style have also

been proposed (Goldstei n & Blackman , 1978). The whole issue of style

cannot be ignored , ic - l i s t -  there is good evidence that cognitive

• style doeo change with age (Horn and Donaldson , 1978) , and the very

considerable :iriesdotal evidence of drama t ic changes in cognitive

style with drug state. The extent to which cognitive style is transi-

tory , however , i s  of consider-able deba t• - . Some theor i s t s  regard

_
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style as pervading virtually everything the individual does , others

feel that different styles can be adopted , easily, in d i f f e r e n t

situations. In the remaining sections little will be said about

the measurement of strategy choice , but eventually this problem will

have to be considered .

V. SOME SAMPL E TASKS

This section describes procedures that seem to be worth explor-

ing as candidates for inclusion in a set of standard measurement

techniques. The choice has been strongly biased toward procedures

that I arid my colleagues have used , simply because these are proce—

dures with which I ant familiar . Three examples are offered of pape r

and penci l tests , and three of computer—presented tasks .

Paper and Penci l Format Tests

Identification of linguistic stimuli. Building upon experimental

studies by Posner and his associates , we col leagues have developed

a “paper and pencil” test that measures the speed with which peop l e

can id e n t i f y  the mean ing  of h i g h l y  overlearned symbols . Most  of

our work has centered on letter identification , although the technique

could be extended to word identification. Each test item consists

of a pair of letters . The task is to identify letter pair s as naming

the same or a different letter . For example , the letter pair A—A

is a “same pair. ” So is the pair A—a , although in this case the

physical symbols are not identical . Both pairs contras t with the

pair A— b , in which the  f i g u r e s  are associa ted  w i t h  d i f f e r e n t  name s .

There is considerable experimental support for the proposition that

rap id identification of letter identities (and similarly, of identities

in word—name associations) is associated with a facility in dealing

with verbal material. Presumabl y this is because good performance

_ _ _ _ _ _ _- . . -—--~~~~~ -—- -• .- . - 
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in this task indicates rapid access to the highly overlearned associa-

tion between the visual figure and its associated name (Hunt , 1978).

The mechanism by which this access occurs is not, clear (Posner , 1978).

Appendix A provides an example of the procedure we use.

Sen tence v e r i f i c a t i o n  The purpose of th is  test is to measur —

the speed w i t h  wh ich  people can de te rmine  whether or not a simple

sentence is an accura te  descr ip t ion  of a p i c t u r e .  Such a determina-

t ion  is clearl y a basic st•ep in the use of language . In the test

s i t u a t i o n  people are p re sen t ed  w i t h  sentences of the form PLUS ABOVE

STAR , STAB NOT ABOVE PLUS , e tc .  Each sen tence  is fo l lowed  by an

+ *appropriate picture ; either 
* 

or . The tes t  is t hus  a test  of the

speed of linguistic processing in short term memor y, it is an atten-

tion demanding t ask t ha t  does not depend upon knowledge about wor ds ,

p r o v i d i n g  t h a t  the  person be ing  tes ted  has on ly  a m i n i m a l  r e a d i n g

competency .  Thus whi le the tes t  would  not he a p p r o p r i a t e  in work

w i t h  t h e  r e t a r d e d , or in work w i t h  very young c h i l d r e n , i t  is an

- ip p r o p r i a t e  t est  for  v i r t u a l l y  a l l  l i t e r a t e  a d u l t s .  A p p e n d i x  B is

an example  of th e  test  t h a t  we have  used .

There  is a cons ide rab l e  l i t e r a t u r e  on sentence v e r i f i c a t i o n

and on sen tence  v e r i f i c a t i o n  tes t s . Several models for the  task

have been p r o p ose  1. Ba dde ley  ( 1 9 6 9 )  and L an s m an  ( 1 9 7 8)  h a V e  found

subs t ,n t . ia l  c or r e l a t i o n s  b e tween  sen tence  v e r i f i c a t i o n  speed and

pe r fo rmance  on var ious  rn easur~- : ; of ve rba l  a p t i t u d e .  I n t e r e s ti n g l y ,

i f  t h e  task is ch ange d  onl y s l i g h t l y ,  i t  is poss ib le  to r t i i n ~~ - a

p er son ’ s s tr  it egy  f r o m  a l i n g u i s t  ic to a n o n — i  ingu l  s ’ ic one ( MacLen i

H u n t , and M a t  lo ws , 197 8) .  Th i s  does not appear t o  be a problem when

L 

we i s -  t h e  f o r m  of p re str rt tat ion i h l u s t r a t e l  in i p p e r i l i  x R.

____________________  
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Visual rotation of’ images. This test has been derived from

the previously mentioned work of B . Shepard and his col leagues on

the mental manipulation of visual stimuli. The test items consist

of pairs of’ figures presented in different orientations. The task

is to determine whether the pairs represent the sam e figure seen

from different perspectives , or two different figures. Appendix

C shows an example test. The test is thought of’ as a test of the

a b i l i t y  to make a t r ans fo rma tion  of non—lin guis t ic  i n f o r m a t i o n  in

short tern memory . Thus it somewhat paral lels  the sentence ver i f ica-

t ion  task , which requires  a transformation of linguistic material

into its deep structure representation.

Computer control led procedures

Most of the computer—controlled procedures to he illustrated

involve the secondary task methodology , as they center on the evalua-

tion of attention and attention al locat ion .  Art exception is the

f i r s t  task , which is in tended  to measure access to i n f o r m a t i o n  in

short term memory . Althoug h computer controlled c~isplay equipment

is required for all these tasks , it appears that the cost of such

equipment can be kept under $5000 for a single testing station.

Memory scanning . This procedure was originally developed by

S. S ternberg  to test certai n theore t i ca l  ideas about  shor t  t e rm

memory f u n c t i o n , and has been the subject of a very large amount

of investigation since then. The person is shown a small numbe r

of stimuli (usually 2 to 5), followed by a probe stimulus . The task

• is to indicate whether or not the probe stimulus was contained in

the orig inal set of stimuli. Numerous studies have shown that the

time to make this identification is a linea r function of the numbe r

of stimu li being held in memory . The slope of this function can

be interpreted as a measure of the speed of accessing and comparing

one item in short term memory . (Note the analogy to the linguistic

_ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 
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stimulus identification task , where the access and comparison had

to be made on the basis of long term memory information.)

This task is typ ica l ly  done wi th  l inguis t ic  s t i m u l i ;  usual ly

le t ters  or words . We are cur rent ly  conduct ing a serie s of experi-

ments  in which  the procedure is executed with tones and v i sua l  f igures

to determin e whether one cart think of a general “access to short

term memory ” or whether one should consider tests of access to different

short term memories that. are modality specific. The task has been

shown to be sensitive to aging, brain damage , and barbiturate dose ,

ant thus is a reasonable candidate for inclusion in our measures .

Its principal d r a w b a c k  is that several t r a i n i n g  sessions may he

r e q u i r e d  b e f o r e  r e l i a b l e  dat -i can be obtained.

Ef fo rt  a n i  comprehens ion:  The purpose of th i s  tes t  is to m ea sur e

the attentional resources r e q u i re d  d u r i n g  the  comprehension of passages .

The task it-o-l f is an example of the secondary task methodology.

TF i - sub} -t. listens to prerecorded passages of vary ing comp lexity ,

knowing that q - i - s t i o n s  will be asked about  these passages .  This

is the pruT~iry t ask. The secondary task is a psychomotor tricking

tas k , in which a lever must be kept pos i t i oned  be tween  two poles .

A v i su a l  d i s p l a y  i n d i c a t e s  when  t he  l eve r  is out of p o s i t i o n .  T h i s

t isk was chosen becaus e i t  p rov ides  a c ont i n u ou s  measure  of attention

alloc ation on the  secondary  task .

We h ave  e x p e r i m e n t e d  w i t h  two o t h e r  v a r i e t i e s  of t h i s  task.

In one Lhe secondary task remain s the same (except that the feedback

is ai l i  tory ) , but th e prima ry task is solution of Raven Matrice s

problems . These problem s wore chosen because they have well est •ablishrd

norms for difficulty. We can thus measur e t he am oun t  of - it t e nt ional

r - s ) l lrc es  r e q u l  r i  to solve problems it  v a r y i n g  level s of d i f f i c u l t y .

~~~~~~~~~~~~~~~~~ -
.~~~~
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In the other variety of the paradigm the primary task is again listen-

ing for comprehension , but the secondary task is a more demanding

psychomotor task , somewhat simila r to a “shooting gallery ” game .

S must move a sight onto a target and then “shoot” the target within

a brief’ time period. While the sight is being moved the subject

also has to listen to spoken passages , which can then be tested for

comprehension. The analysis of this task is somewhat more complex ,

and is mentioned here largi ly to illustrate the potentia l for design

of tasks requiring simulta aus al locat ion of a t t e n t i o n  but not compet-

ing for particular structures , such as the visual or manual systems .

Spli t a t t en t ion :  The impact task The purpose of th is  procedure

is to me asure a person ’s a b i l i t y  to shift attention from one task

to a no the r .  Again , two tasks are to be performed.  One is a v isual

tracking task , whi le the other is a short term memory task i n v o l v i n g

verbal  ma te r i a l , s i m i l a r to the con t inuous  pa i red  associates task

analyzed by Atkinson and Schi ffrin (1968) . The sequence of trials

is di vided in to  blocks , and  w i t h i n  each b lock  t h e  p a y o f f s  are s h i f t e d

for reward of one t ask or ano ther .  Our in te res t  centers  on t h e  a b i l i t y

of the subject to shift attention with the reward structure.

i L l S task is a modification of a procedure that has been studied

extensively in the Human Engineering field . For ideal r e su l t s , t he

t ro t  should u t i l i z e  a computer  system capab le of l i m i t e d  speech recogni-

t i o n .

A t t e n t i o n  s w i t c h i n g:  The purpose of this procedure is to measure

how quickly a person can switch attention from one set of signals

to another. The ~I cedure is based upo n a d ichot ic  l i s t e n i n g  te chnique .

S t i m u l i  are presented , synchronously, to each ear , in two separate

str e~ iis . Thus the r igh t  ear migh t  receive the sequence A , R , Q ,

T while the left ear received K , Z, H, L. The listener is instructed

_ _ _ _ _  
__ _ _ _ _ _ _— 

.. 
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to repeat the sequence in one ear (“shadow” is the jargon of this

line of research” . ) Aperiodically a tone is sounded. If the tone

is high , the listener is to switch to shadowing the other ear. If

the tone is low , the listener is to continue shadowing in the same

ear. Thus we have a measure of how quickly shadowing cr-t n be changed

from ear to ear. Simila r procedures can be developed to investigate

switches from auditory to visual stimulus moni toring.

Again , tasks such as this hive attracted conside r-able a t . t - r r i t  ion

in Human Eng ineer ing a; predict ors of performance in the operat ion

of complex m a c h i n e r y .

V .  PROSPECTUS

The basic assumpt ion of this note is that the development of

a standardi zed set of measures for assessing biological influences

on cognition is both possible and desirable. Such an effort , if

successful , could greatly aid in systematizing what promises to he

an explosive area of research. There are three steps tha t must be

taken before such -i battery cart be offered as a r e c o m m e n d e d  set- f

procedures .

F i r s t , a sys temat ic  coverage of the present literature is re—

q u i r e•i . There needs to be a more thorough  c o n s i d e r a t i o n  of the

proc edures  tha t  have  been used a l ready in th is  f i e l d , and of tho se

ex p er i m e n t a l  p rocedures  t h a t  have  been developed w i t h i n  c o g n i t i v e

psy chology,  bu t have not been used. I t  would a lso be adv isab le  t o

make i more systematic survey of theore t ica l  p o s i t i o n s  t hat  migh t .

l v ~~t l  to a m a r k e d l y  different series of tests . Some co—ordination

with the  p s y c h o m e t r i c  to - i l i t i o n s  based on the  H o r n — C a t  t e l l l i s t  m e —

) t. ion t)etween fluid and crystal I ized  in t e l  ligence seems particularl y

appropriate. The literature survey should result in a forma l report.,
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assessing the literature for evidence of candidate tests , and to

point out research that may be required before candidate tests can

be developed in certain areas . Such a literature survey would be

a useful contribution to knowledge in itself.

In parallel with the literature search, it will be possible

to begin evaluation of some test procedures that are virtually cer-

tain to be candidates for the final set of’ measurements . The seven

procedures described in this report are examples; we alread y kri w

enough about these procedures to know that they may be appropriate

standard tasks. In order to evaluate the tasks , experiment s should

be run that include in their design tests for effects that are already

known to  e x i s t .  .eg. the e f fec t  of alcohol upon memory consolidation

or the effect of marijuana upon t ime percept ion .  An a t t empt  should

be made to see if particular biological effects , such as drugs , aging,

or specific types of i l lness have a charac te r i s t ic  pa t t e rn  across

tests. This provides a test of the entire approach , since one of

the uses of the measurement set is to be to differentiate one effect

from another in behavioral terms .

This phase of the research would probably best be carried out

in a col laborative arrangement with several laboratorie s, since the

experiments require familiarity with the study of a number of different

drugs , and other biological effects. It will probably be easier

to ensure common procedure across laboratories than to attempt to

assemble a grea t deal of expert ise  ( and  ensure access to a p p r o p r i a t e

p o p u l a t i o n s )  w i t h i n  a single labo ra tory .  As a p rac t i ca l  m a t t e r ,

i f  the test procedures described here are to be usefu l , a f i na l  phase

of the research wi ll be the establishment of appropriate reference

data for each of the procedures to be used in the set of measures.
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Where possible , common response scales should be established for

different tests designed to measure the same conceptual variable .

There are a number  of interesting measurement theory questions in-

volved. I shal l make no a t t empt  to answer them , as each could be

the topic of a separate paper.  The problems are d i f f i c u l t , bu t there

is no reason to bel ieve tha t  they cannot be solved.

Sta t ist ica l  norms can always be established for different reference

groups . Such norms are useful , providing that the reference groups

on which the norms are obtained can be related to the groups on which

the measurements will be made in later p.’actice. A more chal lenging

problem is to obtain data on the pract ica l  s ign i f icance  of scores

on the d i f f e r e n t  measurement procedures. In effect , this moves one

from “norm referenced” to “criterion referenced” testing. This would

be highl y advisable if clinical use of the measurement procedures

is  p roposed , as i t  sho uld be. If such research is to be a t tempted ,

the d i f f i c u l t  problem of ob ta in ing  “ real world” measures of performance

must  be faced. One approach to this  ques t ion  is to use as a u n i t

the mean d i f f e r e n c e  between two groups known to have s i g n i f i c a n t

pract ical differences on some cognitive ability . Examples of such

units might be the average difference be tween a 30 year old and a

60 year  old person on a spatia l ro ta t ion  task , or the average amoun t

of ’ dec r ement  in a recal l task tha t  would be associated w i t h  some

le vel of alcohol i n tox i ca t i on .  The u t i l i t y  of sel f reports as

criterion measures should not be overlooked , as people are qui te

s o p h i s t i c a t e d  mon i to r s  of changes in t he i r  own cogn i t ive  c a p a c i t i e s .

A research activity of this type can only be carried forward

by a team approach , as expertise in behavioral psychiatry, gerontology ,

pharmacology, experimental psychology, and psychometrics are all

required. Several laboratories will have to be involved , as no one

group could possibly have the expertise needed to do all the necessary

— ~~~~~ -- ~- ~~~r’L .... ~~~~~~~~~~~~~~~~~~
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studies. The next step is to assemble a group of investigators ,

in different laboratories , who will conduct trial research on the

procedures used here, in a variety of medical settings.

1

4

_ _ _  - -  - . ,
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Appendix A

LETTER MATCHINC TEST

I’ struct ions

(in this test , you will see pairs of letters. If the two letters
have  t h e  same name , put a mark throug h S (for same). If the two
l e t t e r s  have d i f f e r e n t  names , pu t  a mark through D (for different).
The fol lowing pairs are marked c o r r e c t l y :

Ab S~~
Rr  ~~ D

BB ~~D

NA S ø

there are some sample pairs for you t i m  m a r k :

1 .  ~~ S D

2. Br S D

3. nN S D
4.  ER S I)

You should have marked S for the first and third pairs , and D for
t he second and fourth pairs.

Work as fast as you can without making mistakes. But if you
should make a m i s t a k e  and mark the wrong letter , do not waste time
by erasing. Simp ly put a horizontal mark through your mistake and
mark the correct letter in the usual way. For examp le:

Mistake Correction

AA S ø  AA $+-

This test has five sections. Each section is printed on two
a d j m m l n i n g  pages. You will have 1½ minutes to work on each section .
lmmht r score for each section will be the number of pairs you mark
c o r r e c t l y  in 1½ minutes .

When t h e  experimenter says , “Begin ,” turn the page and start
work. Whe n the experimenter says , “Stop,” turn the page again and *

r e l a x .

* ‘~~~~~~~~~~~~~~~~~~~
_ ‘
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Appendix A

LETTER MATCH IN C TEST

Sect io n  1

1. aB S D 21. Nn S D 41. Rr S D

2. Re S D 22. rr S 0 42. nr S 0

3. bB S 0 21 . rA S 1) 43. rr S I)

4. bB S D 24. ba S D 4 4 .  Be S 0

5. ad S 0 25. ER S D 45. rR S 1)

6. aa S D 26. Bn S D 46. BE S I)

7. BA S 0 27. AA S 1) 47. RR S I)

8. kA S D 28. Nn S 0 48. bE S I)

9. aA S 0 29. rh S 1) 49. Ac S 0

10. AE S D 30. nB S I) 50. RE S 1)

11 . rN S D ‘11. aA S 1) 51 . hB S I)

12. Ar S D 32. nn S 0 52. RA S 0

13 . RE S 1) 33. nN S 0 53. Ce S 1)

14. rr S D 34. Ne S D 54. Ee S I)

15. nb S D 35. aa S 0 55. Ee S I)

16. Aa S D 36. EE S D 56. nr S 1)

1 1 .  RE S D 3 7 .  ar S 1) 5 7 .  BR

* 

- 18. EE S D 38. Nn S 0 58. bb S I)

19. Rh S D 39. RA S 0 59. nr S I)

20. n t-i S D 40. nB S D 60. n B S I)

_ _ _ _ _  _ _ _ _ _  
_ _ _ _ _ _  _ _ _ _  
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Appendix B

SENTENCE VERIFICATION TEST

Instructions

In this test you wi ll read a l is t  of sentences. Each semtence
has a plus and a star following it.

Examp le: S tar below p lus . + T F

You mus t read the sentence , then decide if the sentence is a true
descri ption of the plus and the star.

If the sentence is true , mark out the T. If it is false ,
mark out the F. Here are some practice items for you to try :

+1. Plus above star. 
* 

T F

*
2. Star below plus . + T F

*
3. Plus isn ’t above star.  + I F

You should have marked I for Item 1, F for  I t em 2 , and T for  Item 3.

This test has five sections. Each section is printed on two
adjoining pages . You will have 2 ½ minu tes to work on each
section . There will be short breaks between sections . Your score
for each section will be the number of items you mark correctly in
2 ~ min utes , so work as fas t as you cam without making mistakes.

When the experimen ter says , “Beg in ,” turn the page and start
work. When the experimenter says , “Stop, ” turn the page again
and relax.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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A p p e n d i x  B

Sl :N’1 - l 2 N c [  V E R I F I c A t I O N  TEST

Section 1
1. Plus below star. I F 17. Star isn ’ t above p lus. 1 F

2. Plus isn’t below star. + I F 18. Plus Isn ’t be low star . 1 F

3. Star above p lus . T F 19. Star below plus . + T F

+ *4. Plus isn ’t above star. 
* 

I F 20. Plus above star. + F

5. Star bel ow p lus. I F 21. Plus above star. ~ I-

+ *
6. Plus above star. 

* 
T F 22. Star isn ’t above plus . + I F

7. Plus isn ’t bel ow star. T F 23. Star isn ’t below plus . 1 I-

* *8. Plus isn ’t above star. + I F 24. Plus below star. + 7

* +9. Plus isn ’t above star. + T F 25. Pl us isn ’t below star. 
* 

I F

+ *
10. Plus above star. 

* 
I F 26. Star above plus . + I

* +
11. Star Isn ’t above p lus. + I F 27. Star bel ow p lus. 

* 
T F

12. Star below plus. I F 28. Plus isn ’t above star. + T ~

13. Star isn ’t below p lus . I F 29. Plus isn ’t above star. I t

* *14. Pl ua above star. + I F 30. Star below plus . + I F

+ *15. Pl us isn ’ t below star. 
* 

I F 31 . Plus above star. + r F

* *16. Star below p lus. + I F 32. Plus isn ’t below star. + I F

T

- 
~~~~~~ . - **l~~
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A p p e n d i x  C

MENTAL ROTATIONS TEST

Ins tructions

Figures A and B are two pictures of the same object seen
from different angles . Observe that you could rotate the
objec t in Figure 8 sO that it would be exactly the same as
the object in Figure A.

J~~~~~~% D

Figure A Fi gure b

Figures C and 0 are pictures of two different objects.
No matter how you rotated the object in Figure 0, it would never
match the object in Figure C.

EI1~ EP~~~~~
S #

Figure C Figure 0

This test is made up of pairs of figures similar to those
• above. For each pair you must decide if the two pictures are

: both of the same object , or if they are pictures of different
objects . If the pictures are of the same object , mark the S
next to the pair. If they are of different objects , mark the D.

Turn the page for some practice problems .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •
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A p p e n d i x  C

MENTAL ROTATIONS TES1

Section 1

1. 

S 0 S

2. 

S D 

8. 

S ~

3. 

~ 

9. 

S S ~
~ 

10. 

~dJ 
_____ 

s 0

s o S D

- 

6. ç 12. 

S D

‘I
1 ?
* Go on to the next pane.



• 
V 

-

I
1—

ONR D I S T R I B 1.TTION LIST

Na vv

Dr. Jack .1dams I Dr .  Pat Federico
Off Ice of Naval Research Branch Navy Personnel REID Center
223 Old >larvlebone Road San Diego , CA 92152
London , NW 15th ENGLAN D

I CDR John Ferguson , MSC , USN
Dr. Ed.  Aik t- n Naval M e d i c a l  R & D Command (Cod&- 44)
Na~~y P e r s o n n e l  R &D C e n t e r  Nat lonal  Naval Medical Center
San I)iego , CA 92152 Bethesda , MD 20014

D r .  J ack  R. Bors t i ng 1 Dr.  John Ford
P r o v o s t  & Academic  Dean Navy Pe rsonnel  R&D C e n t e r
U.S. Nava l Postgraduate School San Diego , CA 92152
Monter ey, CA 9 3940

I D r . Eugene  E . r . l oye
Dr. Robert Breaux ONR Branch Office
Cod e- N0 7 1  1030 East Gre en Street
N AV TR AE Q I IP C L~ Pasadena , CA 91101
O r l a n d o , Fl . 32813

1 Capt .  D . M .  G ragg , MC , U SN
Dr. Maurice Callahan Head , Section on M e d i c a l  E d u c a t i o n
Nodac (Cod e 7) Uniformed Services Univ. of the
Depa r t m e n t  of t h e  N a v y  Health Sciences
Bld g. 2 , Wa shington Navy Yard 6917 Arlington Road

( A n a c o s t i a )  Bethesda , MD 20014
W a s h i n g t o n , DC 2 03 7 4

1 Dr.  Steve H a r r i s
Department of the Niv v ‘ Code L52 2
CHNAVMAT (~ MAT 034) NARNRL
Wash in cton , D(~ 203 50 Pensaco la , FL 32508

C h i e f  of ~av~~1 l - d u c a t  ion and I CDR Rober t  S. Kenned y
Training Support )— (O1A) Nava l Aeorospace Medical and

Pensacola , Fl 32509 Research Lab
Box 29407 *

Dr.  C h a r l e s  E. D a v i s  New Orlea ns , LA 70189
ONR Brara-h Office
536 S. Clark Street 1 Dr. Norma l J. Kerr
Chicago , IL 60605 Chief of Naval Technical Training

Naval Air Station Memphis (75)
Mr . Ja~ c-s. Duva Millington , TN 38054

Chief  Human F a c t o r s  Labo r a t o r y
Nava l Training Equipment Center I Dr. Leonard Kroeker
(Code N—215) Navy Personnel R&D Center
Orlando , FL 32813 San Diego, CA 92152

5 Dr. Marshall J. Farr , Direc tor 1 Chairman , Leadership & Law Dept.
Personnel & Training REsc-arch Prograr’s Div. of Professional DEvelopment
Offic e of Naval Research (Code 458) U.S. Naval Academy
Arlington , VA 22217 AnnapolIs , MD 2lL~02

— 1—



~~~~~~~~~ V - - —

• I Dr ~~~~~~~~~ L e s ter  I O f f i c e  af  C i v i  N an  1’~~i so n n e l
ONR D r i n ~~h O f f i c e  (Code 26 )
49 5 Summe r St  r e et  D e p t .  of t h e  ~ avv
Boston , MA 02210 Wa s h i n ~~t o i -i , DC 2039 1)

Dr. ~-~i 11 jam l~ Malo\- John 01 s~-nP r i n c i p a l  C i v i l i a n  A d v i s o r  f o r  C h i e f  of  ~~i ’,- i l  E d t i c i t  i n
F d u c a  t i on and T r~i In  in  g Ira in  I n c  Support

Na ~~~~ I Tra in i n~ 
(~omrand , Cod e OOA P~~~~~- - ~ i a , 11 32 509

u l  a , FL 32 5 0 8
I O f f i c e  of N a v a l  Res& - trc h

• I Di . Jame~-; ~cBride Code 200
r ! e  301 Arlington , VA 2 2 2 1 7

N i  ~~
-; i c  s o u n t - I R&D (‘enter

Sni DI~~~o , CA 92157 1 Off ice of Nava l Rt-se;i rch
Cod e 441

2 Di . Jame~- McGrath 800 N. Quincv St.
I sui n~ I R&D Cen t e r Arlington , VA 2 2 2 1 7

( L -~~- 306
S~ n l ) l ~~~O , CA 92 1 5 2  1 Scientific Director

Offi ce of ‘ava l Resv~ir h
2 ~~ ~ (‘ratO Scient I fic L i a son  Gr o u p / T o ky o

R & D C e n t e r  A m e r i c a n  E mb a s sy
(: 11- C I II APO San Francisco , CA 96503
Son I~ I i  ‘ , CA 92 152

Scientific Advisor to t he  Ch it-I
Dr. t ’i ii ian Mc)ntague of Nava l Personnel
Navy Personnel REI[) Center Nava l Bureati of Personnel ()~e rs  Or)
San I) 1 ~~~~~~~ , CA 92152  - Rm 4410 , Arli ngton l n i i i - x

Wash incton , DC 2037 0
(mmiiid ing Officer
U.S. Naval Amphibiou s School I Dr. R i c h a r d  A .  Pol l i i .-
Coronado , CA 92 1 5 5  Academic Computing Cent er

• U.S. N av ; i l Academy
Commanding Officer Anni-ipolis , ~rn 21402
Na - ,’al ik~~ l t h  Research Center
Atto: Lio rar \- 1 Mr. Arnold , 1. Ruhin st t i n
Sat  in- j go , CA 92152  Hur~in Resources Progrir- ‘ anager

Naval  ~1ateriri I Command ( . 1 1 3  ~~4 )
CDR Paul Ne lson Room 1044, Crystal Plaza ~~
Nava l Me d ic - il R&D Cotimiand Washington , DC 70360
Code 44
National Na’.- nl M e d i c a l  Center  1 Dr. Worth Scanland
B t - t h e s d a , MD 2O0 1’~ C h i e f  of Nava l E d u c a t i o n  and i r - linin C

Code N—S
Librar- - NAS , P e n sa c o l a , FL 32508
Navy Personnel R&D Center

• San Diego , CA 92152  1 A . A. Sjoholm
lech Supp ort , Code 201

6 Conmianding Off icer Navy Personnel R&D Center
Naval Research Laboratory San Diego , CA 92152
Code 2 627
Washln~~ton , DC 20390 1 Mr. Rober t Smith

Office of Chief if Nava l Operations
OP—987E
Washington , DC 20350

—2 —



— — - - — ---—--— - -

I
1 l)r. Alfred F. Smode I Dr.  Ed Jo im soti

• Traini ng thal v sfs ~. Ev altii t ion Group Army Research I n s t i t u t e
(TA EC) 5001 F i s cnhc twer  B I v d .

Dept of t h e  N avy  Alexandria , VA 2 2 3 13
O r l a n d o , H. 328 13

I Dr. M ilton S. Katz
I CDR C h a r l . - s ~J. The isen , JR .  MS C , U SN I n d i v i d u a l  T r a i n i n g  & S k i l l

Head H t t r i a i t  t a c t  ors Engine ering Div. Evaluation Technical Area
N a v a l  A i r  l~~’~ c i  cp m t -n t  C en t e r  U.S. Army R e s e a r ch  Inst i t  u t  e
W . i r r In s t  ~-r  , PA 18974 5001 E i shnh c t w e r  Avenue

Alex andr i a , VA 2233 1
I W . Gary 1 h~ zicon

N a v a l  Ocean  Sy ste m s  Center 1 Dr. Haro ld  F. O ’ Nei l , J r .
Code 7132 ATTN : PERI—OK
San I)icgo , CA 92152 5001 Eisenhower Avenue

Alexandria , \‘A 22333
I Dr .  M a r t i n  F. W i s k o f f

Navy Per~;i ’nn -l FIt ) Center -t Director , Training Developm ent
San Diego , DA 921 52 U.S. Army Administration

ATTN : Dr . Sherrill
Ar~ y Ft. Benjamin Harrison , IN 4 (218

I AR ! Field Unit— I i-avenwort li .1 Dr. Josep h Ward
PC) Box 3122 U.S. Army Rese arch Institute
Ft. Leavenworth , KS 66027 5001 Eisenhowe r Avenut-

Alexandr ia , VA 2~i333
] HQ USAREUE & 7 th Arm y

ODCSOPS Air Force
-U SAA REUE D i r e c t o r  of GED
APO New York 09403 1 Air Force Human Resources Lab

AFHRL/PED
I Commandant Brooks AFB , TX 78235

U .  S. Arm y I n f a n t r y  School
Ft. Benning, GA 31905 1 A ir University L ibra ry
A tt o : ATSH — I—V—IT (Cpt. Hinton) AUL/LSE 76/443

• Maxwell AFB , AL 36112
I Dr. James Baker

U . S .  Arm y R e s e a r c h  In .titute 1 Dr. T. E. Cott e rman
5001 Eis enhower Avenue AFIIRL/ASR
A l e x a n d r ia , VA 22333 Wri ght Patterson AFB , O h i o  4 5 4 3 3

I Dr .  Ra l ph Canter 1 Dr. C. A.  E cks t rand
U.S. Army Research Institut e AFHRL/AS
5001 E i s e n h o we r Ave . Wri gh t — P a t t e r s o n  AFB , 011 4 5 4 3 3
Alexandria , VA 22333

I D r.  Al f red  R. F r e g ly
I Dr .  R a l ph Dusek AFOSR /NL , B l d g .  4 10

• U . S .  Ax-my Research Institut e BoIling AFB , DC 20332
5001 Eisenhower Avenue 

*
Alexandria , VA 22333 1 ~DR Mercer

Cnet Liaison Officer
1 Dr.  A. H yman AFHRL/Fly lng Training Dlv.

Army Research Institute Williams AFB , AZ 852 24
5001 Eisenhowe r Blvd .
Alexandria , VA 22333

• — 3—

_ _ _  _ _  

IT



Dr . Rok I. . - rt~aI) (A F P R L / A S R )  12 fli~ fense D o curner i  t a t  i o n  Ci i i  t i  r

W r i ght  — P i t  t t -r son AFl’~ Camer on  St a tion , lUdy . 5
Oh io  ~~~~~~ ~3 A l e x a n d r i a , VA 7 2 1 14

At tint i o n :  TC
Pci sonne I A n a l  vs i s  P iv  i s  ion
IIQ I — /PPc -:.\  1 D r .  D e x t e r  F l € - t c h e r

~-. t s h i n C t o l l , DC 20330 Advanced REsearch Pro ~ i-~ t s At
1400 Wil son Blvd.

Ct~~~t~~i ic h !ir-an~-h An i nr,t on , VA 2 2
Al ~1l C / I ) P M Y P
F i r i d o i p h  \FB , TX 7814 8  1 M i l i t a r y  Assistant f or  Onm i r i  F - ~~~- - i r  C t - S

O f f i - e  of t h e  D i r e c t o r  of flcfcns ,
Dr. Marts- Rockwav (AF }IRI /TT) Research and Engin &-~-r i i i

~
It ”~r y :\i B Room 3D1 29 , The Pent ;l5on
CoI r ado  502 10 W a s h i n g t o n , DC 2030 1

M aj i ~avnc S. Sd m a n  1 D i r e c t o r , Rest — a r c h  & J ) at
C h i t  , Pt - r s o n i i e  1 T e s t i n g  OSD / MRA& I.  ( R n .  3119 19
A ) 2 ) (  /D) 2~Y 5) The P e n t a g o n
F soil ph ACE , TX 78148 W a s h i n g t  t n , DC 2030 1

Brian C L i  1 t o  r s , Maj  . , U SAF I M r .  F’r e d er  i ck W . Suf  fa
C h i e f  i n s t r u c t i o n a l Tech.  Branch ~u ’ P ( A & R )
AF IIRI 2B269
Lowry AFB , COLORADO 80230 Pentagon

Washington , DC 20301
?-l i r tic s

Civi l Go v er n m e n t
D I r e  t or , Of f ice of Manpowe r Pt ilizat ion
HQ, M a r i n e  Corps  (M P h’ )  I D r .  Susan Chipm an
BCB , Bld g. 2009 Basic S F - i l l s  I r s - s Irs
Qu i nt j S - , VA 22134  Na t lo n a l  I s nt  i t u t e  of  E d u c a t  i on

1200 — 19th  S t r i c t  NV
Dr .  A. F . S l a f k o s k v  W a s h i n g t o n , DC 20208
Sc i t - n t  i f  i t -  A d v c spr  (Code RD—i) - •

0 0 , P.S. Marine Corps 1. Dr. Josep h Markovitz
Washii n~’t n , DC 20380 O f f i ce of R esea r c h  a n d  I t - v t - I  op r- cnt

C e n t r a l  I n t e l l ig e n c e  Ag I I ;
- - W a s h i n g t o n , DC 20205

( n i ’ -. t (ii i rd

- 1 Dr. Thomas C. Stjcht
Mr. T ( I 5 t ’ p h J. Cowan , Chie f

- - • Basic Sk ills Program
Ps~~c h o 1 o g i c a I  - c - - a r c h  ((—P 1/62) . . - -

- 
. 

- hational Institute of F d u ( - l t l o n
S ( ri~~t II  i r d  flfl• - I .  - - 

1200 1 9th Street NV
Wash1n~’t on , DI. 20590 .W a s h i n g t o n , DC 20208

( I t  h r  P P .
- - I Dr .  Josep h L. Y o u n g ,  D i r e c t o r

- - Memory & C o g n i t i v e  Pr  s - s - - i - ;
Dr. St el h t -T An driole Nat iona l Science F o u n d a t i o n
A dv . rc pd Pt’ -earch Projects Agency Wash ington , DC 20550

Ar  I i  r~~;i t i n  
* 

, A  22209

1 ~~~~~~~~~~~~~~ ~~~ 
~



—.,
~
.-w-

~~~~ -
_ . - -  —

Non Government

P r o f .  E a r l  A. A l l u i s i  1 Dr.  M i c h e l i n e  Chi
Dept  of P sy c h o l o gy  l .ea rn ing  R & D C e n t e r
Code 287 University of Pittsburgh
Old D o m i n i o n  U n i v e r s i t y  3939 O ’I la r a  S t .
Norfolk , V irg inia 2350S Pittsburgh , PA 15213

Dr.  John  Anderson 1 Dr. Kenneth  Clark
Departm ent of Psych ology College of Arts & Sciences
C a r n eg i c -  M e l l o n  U n i v e r s i ty  U n i v e r s i t y  of R o c h e s t e r
Pittsburgh , PA 15213 River Campus Station

Rochester , NY 14627
Dr. >~i c h a t - l Atwood
Scienc i- Applica tions Institute 1 Dr. Allan H. Collins
40 Denver  Tech.  C e n t e r  West Bolt  Beranek  & Newm an , Inc.
7935 E. Prentice Avenue 50 M o u l t o n  S t r e e t
E n g l e w oo d , CO. 80110 Cambrid ge , MA 02138

I Psy -h i o l o g i c a l  Research Unit 1 Dr. John J. Collins
I n - p t .  of D e f e n s e  (Army O f f i c e )  Essex Corporation
Campbell Park Offices 201 N. F a i r f a x  S t r e e t
C a i i h & - r r . i  ACT 2600 , AUSTRALIA A l e x a n d r i a , VA 22314

Mr. Samuel Ball 1 Dr. Me r e d i t h  Crawford
Educational Testing Service 5605 Montgomery Street
Princeton , New Jersey 08540 Chevy Chase, MD 20015

j  Dr. Nicholas A. Bond 1 Dr. Rene V. Dawis
Dept. of Psycho logy  Dep t .  of Psy ch o logy
Sacramento State College University of Minnesota
600 .)ay Street 75 E. River Rd.
Sacramento , CA 95819 Minneapolis , MN. 55455

D r .  Lyle Bourne 1 Dr. Rut h Day
Department of Psychology Center for Advanced Study
I tn i v e r s i t v  of Co lo rado  -in Behavioral Sciences
Boulder , CO 80302 202 Juni pero Serra Blvd.

Stanford , CA 94305
Dr.  John Seeley Brown -

Bol t  Beranek  & Newman , Inc . 1 Dr.  Hube r t  D r e y f u s
50 Moulton St. Department of Philosophy
Cambrid ge , MA 02318 University of California

Berkel y, CA 94720
Dr. John B. Carroll
Psychometric Lab 1 Major I. N. Evonic
Univ. Of No. Carolina Canadian Forces Pers. App lied Research
Davie Hall 013A 1107 Avenue Road
Chapel H i l l , NC 27514 Toron to , On tar io , Canada

Dr. William Chase 1 Dr. Ed. Feigenbaum
Department of Psychology Department of Computer Science
Carnegie Mellon Un i versity Stanford University
Pittsburgh , PA 152 13 Stanford , CA 94305

5

I
_ _ _  - 

~~~~~~~
“
~~~~~~rS _ _ _



— ,—
~

-— w— —• — — — —

D r .  V i c t  o r E l  e I d s  1 M r .  (Th r~ I c v i  t i c

Pt -pt of Psvchiolc igv D a t a  Sc l & - n c c - s  D i v i s  inn
M on t  goss r’- Co I I eg t - T e c h no l  t l g v  Sot ‘ I i  , - - - ( r~- r I t  l~~~t
Rncl-t v i l l i - , MD 2085() 2811 W i l s h i r e  B l v d .

Sari t - i  M i n  ~~t_ j , ( A  904 03
I Dr. I k~ i n  .-\ b-’ l i - i  s l i n a n  -

A I\ - n,I - t-d E [- ; , - a i c h i  Ri-s it S s - - ;  Or g . in .  1 Dr . A i i ; I d  F.  C~~n a r i c ~.
85oi Si :~t ~- t - n t h  S t .  H o u e v w & - l  1 , Inc.
Si l v e r  Sp r i n g ,  MD 20 910 2600 R i d v & w i -  PLwv

M i n n i - i p I i s , 5 5 4 1 1
D r .  I o h n  R. I - r e d  c r1  k s i n
Bo l t Bei - inek & Ne wman I D r .  S t e v e n  U .  C t - i ’ ] , -
SO Mon I t  on St r - v t  D c - p a r t  i~~t - r ;  t I I Us vclin I ~g 

- -

( a r  hr d gc , MA 02138 tIn iv er s  I t  v Id Oregon
E u g e ne , OR 9 7 4 0 3

D r .  R o b e r t  CI ;i- .er
LR I J C I D r .  W a l t e r  Kint schi
I i i i  \- t- rs i t  y of P i t  t sburgh Depa r t n e n t  of P s v ch o l  o i r v
3939 0’ l I - i r s St r & - c - t  Universit y of Colorado
P i t t  S } I I S~~~~) , PA 15 2 1 3  B o u l d e r , CO 8 0 3 0 _ ~

Lu I r a  C o l d - i t c~ n 1 Dr. Day i F l  eras
X I :  CK P a l o  - \ l t  o Ri- st- arch C e n t e r  D e p a r t  r i - n t  of P s y c h o l o gy
333 1 ( ( v e t  v Road  Universit y of ArIzona
b i b  A l t o , ( ‘A 94304 Tucson , A Z 85721

Dr .  J ames C. Oreeno 1 Mr. Marlin Krciger
1R DC 1117 V i a  G o l e t a
t l n i v c r r ;  i t  v of Pittsburgh Pal os V e r d e s  E s t a t e s , CA 9 0 2 7 -

t~~39 0’ l I a r - i  S t re et
P it t sh ii r gti , PA 152 13 1 LCOL . C. B. J. LaFleu r

P er t - o n n e l  App l i e d  R E s & - r a r c h
Dr. Ron hl amb l i t  on N s t  I onri l Pt- f e n s e  Il q s .
Schuol  of [du c a t i o n  101 Co lone l  By D r i v e
U n i v e r s i t y  of Massachusetts Ottawa , Canada K1A 0K2
Amher st , MA 01002

1 Dr .  J i l l  L a r k i n
2 I) r .  B a r b a r a  H a v e s — R o t h  SESAME

The Rand  C o r p o r a t i o n  d o  P hy s i c s  D e p a r t m e n t
1700 M a i n  St r i - c t  U n i v e r s i t y  of C a l l  fornia
Sa n t a  M o n i c a , CA 90406 B e r k l c - v , CA 94720

D r .  1~~m e ;  P .  H o f f m a n  I D r .  R o b er t  R .  M - i c k i e
The D -pa r t m t -n t of P s y c h o l o g y  Il -~~;an F;otor -t Re st -art h , Iris .
U n i v e r s i t y  of Delaware 6780 Cortona Driv e
Newark , r )E 19711  S a n t a  B ar b a r a  P c - s e a r c h  Pk .

Coleta , CA 93017
L i b r a r y
H t i m R R O / W - s t e r n  D I v i s i o n  1 Mr. Mark  M i l l e r
278 57  B e r w i c k  D r i v e  - Massachus etts Institute of 1 t - c l i n o l  ogv
Cam el , CA 93921 A r t i f i c ia l  I n t e l l i g - n - t-  Lab

545 Tech Sq u a r e
Cambridge , MA 02139

- 

—6—

_ _ _ _  - ~~~ ~~~~~~ ~~~



-

I)r .  R j i - h i - i r d  B . M i ]  ]‘.~s rd  1 D r .  Fr ed Rt’ i f
D ip  t . of Ps v c l i s  I ocv SESAME
blunt t -  r Lab . c /n Ph~- sic s Depart v-en t
Brown l n i v , ’r s i tv  U n i v e r s i t y  c it  Ca lifornia
P r y  idt -ni - e , R I  82912 B cr k e ]  v , CA 94 720

P r .  D o n a l d  N o r m a n  I Dr. ~Ioscp h U . Rignc- v
P t - I t .  Of P—v chs]er v C— 00 9 U n i v . of So . C a l i f o r n i a
t n i v t - r s  i t  v o f  I owa B e h a v i o r a l  T e c h n o l o gy  Labs
Iowa Cit y , T A 52 142  3717 South Hope S t r i c t

Los Angeles , CA 90007
Di. Ji-sse O r l an skv
I tin t it ut e fo r  Dc f i t i s e  A n a l  vs is I Dr. Andrew M . Rose
400 Ar;-rv Navy l)riv~- Am erican Inst i t u t e s  f o r  R e s e a r c h
A r l i n g t o n , V A 2220 ?  1055 Thomas Jefferson St. 

~~W a s h i n g t o n , DC 20007
I)r .  S t -v r o u r  r\ .  P a p c - r t
t-iissaclt ust -t t s Institute of T e ch n o l c gv  1 Dr .  Leonard  1.  R o s e n h a t r m , Chai rv- i i i

A r t i f i c i a l  Intelligence Lab Department of Psychology
545 Teclt no logy Sq u a r e  Mont gorrerv College
C;in !r  i d ge , MA 02139 R o c k v i l  i e , MD 20850

Mr. Luigi Petrullo 1 Dr. Ernest Z. Rothkop f
2431 N. Ed gc’wood Street Bell Laboratories
A r l i n g t o n , VA 22207 600 Mountain AVenue

Murra ry  H ill , NJ 07974
Dr. Peter Poison
Dept. of Psychology 1 Prof. Fumiko Samejima
universit y of Colorado Dept. of Psychology
B o u l d e r , CO 80302 U n i v e r s i t y  of Tenessee

K n o x v i l l e , TN.  37916
Dr. Diane M. Ramsev—K]ec
R—K R i - s c a r ch  & Sy s t em  Des ign  1 Dr.  W a l t e r  Schne ide r
3947 Ridgc’mont Drive Dept. of Psyhcologv
M a l i b u , CA 90265 U n i v e r s i ty  of I l l i n o i s

Champ ai gn , IL 61820
>tin . Ret. M . Rauch
P 11 4 1 Dr. Allen Schoenfeld
Bundesministeriu ri der Verteidi gurig SESAM E
P o s t f ;u - l t  161 c/ o P hy s i c s  D e p a r t m e n t
53 Bonn 1, C,ermany University of C a l i f orn ia

Berkely, CA 94720
Dr. Peter B. REad /
Social Sci c-nc e Research Council 1 Dr. Robert Seidel
605 Third - Avenue Instruct ional Technology Group
New \ork , NY 10016 H1J~ RRO

300 N. Washington St.
Mr. M a r k  D. Reck as e Alexandria , VA 22314
Educat ional Psychology Dept.
University of Missouri—Columbia I Dr. Robert Singer , Direc to r

‘I 12 Hill h a i l Motor Learning REsearch Lab
Columbia , MO 65201 Florida State University

212 Montgomery Gym
Tallahassee , FL 32306

-7-

— 
_ _ _



- -
~~~ 

-w- — ---- - - - ----- - -  -
~~~~

- -----— - - - -~ - -

I - i .  ~ i chi . tr t v 1 D r .  S~~s i n  F. ~d i t ~-]v
S t i s i I i t  I h t c . 1I i o n  i s v  I t - l o g y ‘ - E t r t ~ ; t

St t i l  - - II  1 ii ~ e I S i t  V t n  i V t - i  S i t  V cit - I -

St _ itit - - r 1 (~,\ 9~ 
I I ) - , I t i n - n i - n t  - , E i s a — , I - ,

I i  - I ‘- t , n  id ~g
c i t  i s ~~cl ;o 1 c  - -  I I t s .  ~~ l v i i i  \ y j (

Vs I t t o  ~
- n s i I I ~~ - I leS t I ng I r e t :  r

h t ’~ I IA , Y.nli ~t a t ion  I n i v e r s i  t V -~~ I n -
~

-
~~

- I I -  i ’~ 
-
~ , I Oh IO I ens  I i t  v , I n .

i - A l t - i t  St i - V t - i t s
Bol  t to r t n ~ - t -n-~ t i l; , It -ic .
-di ~t iiti en St  s

~~~~~~ I
-

t i d y - , N 1 ) 2 ]  3~ -

D r .  h a t  n I
l i l t  t l~ t i 1 I N i t h t - r - i t i c i l  S t n d i t - - - i

I i  S - c i a ]  Sc i t - n  i s
01 n i d t o  vt - n - i t  v

s o l o s - I  , CA 9 • 3 ( 1 ~

D r .  K i k i t m i  T I  s t i c k s
( : t ~~ or Rs -~~ - Il E dn ~~~t i o n  N , - n i - a r l 1l

- I h o t  it I S V

i 52 1 sg I - s i r i n g  Ct -yi- a ri-h L a b o r a t o r y
I I I l v , - r t -  i t  v 1 I l l i n o i s

I L  1 1801

D r .  1 - n  iv  Pt r r ;dvk-
Tin- I: r i d  ( : 0 5;  t it ion

I 70( 1 ‘ t i n  -

n t - t t a , ( - -\ 9 fl10 I

Pr. BEn t on 1 . Cnd -rn-oed
T ) . -

~~t i f  PS,’~~ Iil ) 1 o p .-
n t - r n  ( n i  - - - I r s  I t  v

i - v a u n t  s i t , h i  110 01

D r .  T h o r — i s I I  - ;t  i -n
v i  I_ a I r_ I I r v

Di v ie }i il I DI 3A
Ert i v . - r s i t - - of N o r t h  ( i n I l i n a

CO-i ; -1  D I I I , NC 2 7 5 1 4

fir. (d i i  r - F . U t-  I n s t  i - i n
I d i i  ( it i ort a 1 l’ s v ho]  ogv D ept  .
Uni v. of 1 e - i~~n a t  Au nt in
Aust in , 1/ 78712

j Dr. David J. W.-iss
N 66() L I  l i l t  t Ha] I
U n i v - r s i t v  of M I n n e s o t -
15 E . R i v e r  Ro a d
Minneapoli s , MN 554 5 5

. 8 —
_ _  _ - 

_ _ _ _ _ _ _  
_ _  

_ _ _  J— 

~~~~~~~ ~• a , ~~~~~ -7--- ~~~ 

~~~~~~~~~~~~~~~~ 

-

~ 

—i

- 
- -~~ - --.—--—---—-- - --- —- -  _ .t_.,



—:r -
—I-- 

-

_ _ _ _

1~l!
- 

-

~~

- S

~~~~~~~IIiiiuui.~~_.__~ 

- -~, 

-,

~~~~~~

-

~

-—-. -- -,c~ 
-


