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0.0. TECHNICAL PEPNPT SIMMARY

The object of this nroject is extend our 2arlier findinas hased an
simple stimulus materials to the masterv of {nformation from comnlex and
meaningful stimulus materials. One mainr question is how do individuals
represent (or encode) the information in meaninqful innut. A related
question is how can we, as experimenters, best represent such informatien.
For practical reasons we need a way to descrihe the knowledae contained
fn input if we are to assess just what and how much an individual has
gained from a learning experience. For theoretical reasons vwe need
a model of how the individual represents this knowledae in order tn astk
questions about how his particular reornsentation interacts with the
format of the instructional material.

During the past six months we have devoted much effort towards develon-
ing an inteqrat -1 framework within which to organize our own work and that
from other laboratorifes. The framevork tries to concentualize what the
individual brings with him to the learning experienca--his vrior knowledae
and beliefs, how thev arc orqanized, his expectations and his qoals--and
vhat the instructional materials communicate to the learner--starting
with the purely sensory aspects, the patterns, and the information beinn
represented. Somehow the eventual result of a learning exnerience must
be a product of centrally-qguided processes--prior information and expec-
tations and hypotheses--and peripherally-quided nrocesses--unexpected sen-
sory patterns and new information that thev convey.

In January the new Prime computer system arrived. ‘e began, this summer,

to overhaul the entire software system that accomnanies our PNP-15, And
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we have started the complex nrocess of devising a software system that
wi11 cnable us to inteqrate the Prime system into our current automated
laboratory.

Empirical research, of course, continued along the lines discussed
in previous renorts. Much of the vork has been devoted to the question
of how codes and higher order units nnerate. Some of these questions
have been attacked in temms of the word superiority effect. Peicher and
Hawkins confirmed previous findinqs that the effect can be accounted for,
in part, by the pronounceability of a letter string. But, and this is
their added contribution, they further demonstrated that when nronounce-
abi1ity 1s controlled or removed from the nicture, there still 1s a word

superfority affect. This means that other sorts of codina princinles

beyond simple pronounceability contribute te the effect.
Janet Polf, with her doctoral diccertation, is lnoking at another

aspect of the word superiority effect. She demonstrated, firstly, that

the effect cannot be explained in terms of spending more time orocessing

vords and letters in the letter condition. Her data sugqest that the

o e

phenomenon may involve two stages. In the first stage, the subject oro-

cesses the sensory input to the point of activating or retrieving a

r

higher order code or unit corresponding (in thts case) to a word. The

second stage requires the subject to "unpack" this word chunk in order to

retrieve a component letter. Hopefully such a finding may gqive us a clue
to how higher order units in general ca}ry component information.
Polf, who 1s doing her dissertation under ‘Hyman's direction, is studv-

ing a phenomenon first discovered by Reicher and apnlying a technique
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dnveloped bv !lickelaren and his students. This technique, based on the
speed-accuracy trade-off naradigm, has heen annlied by twe nf Wickelqren's
students to problems in semantic memory. Dosher {s comnletina her Master's

Thesis by apnlying the speed-accuracy naradiam towards the problem of

how sentences are represented i1n memory. And Corbett, also for a "faster's
Thesis, 1s applying the paradigm towards the study of various models of
how classifications arc learned within a semantic field.

Hyman and his colleaques completed a series of exneriments usinn the

g T T

impression formatinn paradiqm. They concluded that new information can
be encnded in qeneric or specific manner. Yhen the information 1¢ con-

sistent with what the subject alreadv knows ahout a tonic, the new innut

L
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1s encoded in such a way as to strenqthan existing beliefs rathar than tn
add to or change them. !hen the new inout 1is not necessarily consistent
with what 1s known, only those specific asnects ¢f the new information
are encoded that can be fit into the existing picture. In the former

case, not very much {s remembered about the innut. 1In the latter case,
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the input is remembered in rather specific and nongeneric terms.

Hyman has also returned to the paradiom in which a data basc is “loaded"
into a subject's long term memory. In the earlier work, the data base con-
sisted of a set of nominal propositions about a mumber of hypothetical in-
dividuals. In the current work, the subject learns ahbout the same individ-
uals both nominal propositions (ones that classify and assign nronerties)
and relative propositions (ones that directly specify relatinnships between
individuals). He also learns parts of the information about an ohject at

different times. Hyman then studies the extent to which subiects can
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selectivaly retrieve specified informatinn denending unon how the
initial information was learned, its form, and the task context.

Wickelgren continues to turn out a number of theoretical studies

both in the area of classical memory and in the area of semantic memory.
Peicher has bequn some studies to study sophisticated encoding--comnaring
experts with novices in various fields of informatim acquisition and
usage. Schaeffer w111 end his participation in this project this summer.
He now has his own grant and will devote his research efforts to it.
1.0. INTRODUCTINN
1.1. Objectives.

Our plan {s to see how we can apply the findinas and nrocedures from

- our previous project on "Codina Systems in Perception and Coanition” te

meaningful stimuli such as instructional materials. Our previous work
investigated the codes and operations that individuals emplov {ir process-
ing information. The information being orocessed, however, came from
variations in relatively small and meaningless sets of auditory and stimu-
lus materials. !411 the same models and processes anply when individuals
have to cope with information that is more complex, semantically meaning-
ful, and approximates textual and instructional materials in format?

The term "coding svstems" indicates that we focus unon the represen-

tational aspect of information processing. ‘'Yhat are the different cordes

and vays that individuals represent or encode the oiven information? F‘re
some ways better than others? Do different representatinnal svstems varv

in effectiveness depending unon the form of the innut material and the task?

“Coding systems" have become important in coaqnitive psychology for a
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number of reasons. In the present context they are important hecause 1t

o A L

is the stimulus-as-encoded that the learner reacts to and retains in mem-
ory. Unless an instructor can be sure that the student encodes the mat-

erials in a way that is {somorphic to what the course is trving to im-

part, he will fail in his mission.

“Comprehension" {is a slippery temm. For one thing 1t 1s ambiquous

in at least two wavs. It can refer both to the act of tryina to make
sense of information or to the result of such an act. In addition, it
refers to a subjective state or feeling and also to an ohiective assess-
ment of how well an individual has mastered a cognitive task. In the
long run we are interested in all of these meaninas. Rut for the short
run our focus is unon how effectively an individual can use the infor-
mation he has recantly acquired.

1.2. The General Research Plan

0t S R i na

i

: We wanted to see to what extent we could use the experimental desiqns
and paradigms from our preceding work on coding svstems. In the best of
worlds, we simply would have heen able to use the same naradigms with only
minor changes needed to accomodate the more complex sorts of stimulus
materials and the lonqer time neriods needed for such materials. To some
extent, such an "extrapolation" of the earlier work has been carried out,
especially in the work of Wickelgren, Schaeffer, Keele, and Reicher for
this oroject.

But such simple extrapolation can carry us only so far. ‘'le still

have to grapple with how to represent the meaningfu! mater{al--what sorts

of units do ve employ, etc. - And the new materials raise new questions,

both methodological and theoretical, that have no counterparts in the
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earlier work, Consequently, a larqe share of our effort, esnecially
the work of Hyman and his co-workers, has been and will be devoted to
the development and testing of novel paradigms.

We expected to devote the first vear of this project to a sort
of "tooling up" period. During this period we would devise and trv-
out various new paradigms. Hopefully some of them would show oromise
for further payoffs. This, in effect, is what Hyman and his colleaques
did. Two of the paradigms showed some promise, but--at the same time--
they also presented us with many technical prohlems to overcome. “anv
of these problems result from the sheer complexity of dealinq vith mean-
ingful stimulus materfials. Even verv elementarv semantic material has
orders of complexity man- times higher than what we face with our tvnical
Taboratory stimuld.

He expected to devote the second vear of the proiect to nerfectina
the most promising paradigms. This, too, has in essence been done.
Finally, we hoped that the third vear would bhe devoted to fully exnloit-
ing the best paradigms and to generating empirical findings.

Hopefully, now that the first two vears are over, the rest of the
plan will be fulfilled.

Realistically, the completed project should result {n the usual
product of completed research studies. PBut, more important, we hone it
vill generate some new naradigms that can be emploved in the future o
gain useful information about the instructional process.

1.3. Some further qoals.

Yle have also devoted much time during the second vear, and will con-

tinue this effort during the third year, to devisina a framewnrk within
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which to integrate the various projects in semantic memory both within
our own laboratory and within other laboratories. Our main vehicle for
this purpose has been a continuing seminar organized around the research
goals of the current project. We have been fortunate to have participants
such as Nancy Frost, Princeton University: Baruch Fischoff, from Israel
and now at Oregon Research Institute; and Mickey Rothbart, a Social
Psychologist interested in cognitive problems. In the future Art Farley,
who did his dissertation under Newell and Simon at Carnegie-Mellon will
also join us. Donna Cruse, Oregon State University, who has done work
at the University of Massachusetts and Oregon on the integration of
information 1s also participating.

One product of this framework, we hope, will be an intearated summary
of the work being done on semantic memory at various laboratories.

Another goal is to continue our work, bequn under the last oroject,
to develop and expand our automated laboratory system for conducting
research in information processing psychology. The acquisition of the
Prime Computer, which finally arrived in January, will contribute greatly
to this. Already, with our PDP-3 and PDP-15 computers we have an advanced
facility for conducting a variety of experiments. With the Prime as a
new addition to the system, we shouid be able to conduct aimost any type
of experiment envisaged under the present project.

We wiil be devoting some of our resources during the coming year to
developing the software for the Prime and integrating this with our

current system based on the existing two computers.




2.0. CODES AND UNITS

2.1. The representation Probiem.

A key problem in trying to do research on semantic material 1s the
representation problem, This problem has both a pragmatic and a theoret-
fcal aspect. The pragmatic aspect {s the need to describe or represent
the content and structure of our stimulus materials. Unless we devise
adequate ways to describe and quantify the stimulus materfals, we will
have no way for assessing to what extent, if any, the subjects' outputs
are determined by the presented material.

And, in those cases in which we want to fully assess what the sub-

Ject has extracted or "comprehended", ve also have the task of represent-

ing or describing his output.
The theoretical question comes from the desire to know how the sub-
Ject represents or encodes the stimulus information. What s it, in
3 fact, that he 1s reacting to? What has he grasped of the material he has
§' been given? This question 15 especially urgent in the present project
3 because, unlike the simple and nonsense stimulus materials, semantic
g material can be encoded and organized by individuals in almost limitless

ways.

Ideally, both the pragmatic and theoretical representation problem

can be solved with the same system. But the two representations need

gl il

not be the same. What {s needed is a descriptive system for the stimulus
that is sufficient to capture most, 1f not all, of the possible varfability
that an indfvidual subject can pick up.

One aspect of the presentation problem deals with the different sorts
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of units that might be used to nrocess the {information in a stimulus,
For example, in written instructional material, one could deal with
individual letters, morphemes, individual words, phrases and surface
structure units, propositions, sentences, "themes", naraqranhs, atc.

As the preceding example 11lustrates, many tvnes of units often
form a hierarchy. Letters are included. in words, words ara included
in sentences, sentences are included in paraqgraphs, etc. 'hich nf these
types of units have psvchnloqical consenuences? [f they all do, how do
the components and the wholes relate to each other?

2.2. The Woid Superiority Effect.

Tve dif arent research projects on our contract have heen devated
to what is called the "word superiority effect" or "the Peicher effect".
The effect is often called bv the latter name bacause it was Peicher,
currently one of our co-investiqators, who hoth developed the naradigm
and demonstrated the phenomenon in his dissertation which was nuhiished
in 1969. Reicher and Harold Hawkins, a visitor from the University ot
South Florida, have been actively pursuing a new set nf exneriments
based on this paradigm. And Janet Polf, under Hyman's direction, has
been doing research on her doctoral dissertation on another asnect of
this phenomenon.

The phéﬁomenon was first demonstrated by Reicher in the followina
situation. The subject {s shown a stimulus for a very brief pariod of
time (typically, 30 to 50 milliseconds). The stimulus consists of either
a single letter, a string of unrelated letters or a word. Following the

stimulus presentation, the subject is presented with a test consisting of

== - = CeEe e e oo —
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a pair of letters, nne of which was in the precedina stimulus. The suh-
Jest's task is simplv to identifv the letter that was in the taret stim-
ulus. Reicher found that the subject vas more accurate when the letter
to be recoanized had been part of a word than when it had been nresented
in isolation or as part of a meaningless set of letters. Nther exneriments
have replicated this finding several times,

For our purposes the nhenomenon has interest because of what it
might tell us about how higher order units carry information ahout their
components and vice versa. The phenomenon and its accompanvina naradiem
might be another way te investigate the elusive but obvinusly verv impor-
tant concent of the "chunk". In the Peicher paradinm, it seems fairlv
well estatlished that the effect depends in some wav on the word beinn
a unitary object. For example, the effect disannears or reverses ithen
the subject has to identifv vhich letter occurred in a meaninqless and
unpronounceable string of letters.

It also seems that the effect can he affected by whether the sub-
ject 1s focussing upon the individual letters in the stimulus or unon
the set of letters as a coherent unit. 1In the experiment as tvoicallv
run the subjects tend to encode the entire letter string as a unitary
“chunk" rather than as a set of individual letters (or features). This
is relatively easy to do when the letter string forms a familiar word
or {s pronounceable. But it is difficult or imnossible to do when the
letter string is a meaninnless jumble.

Johnston and !'cClelland, for example, did the exneriment under tvo
conditions. In the letter condition, the subject was deliberatelv instructed

to treat the word as a set of individual letters. To further help him in
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this task, he was told in advance which letter in the word would be
tested. In the word condition, the subject was told to focus on the

word as a whole rather than the individual letters. In this latter

condition he was not told which letter in the word would be the test
letter. Despite this disadvantage, the word condition showed the superior
accuracy. That is, when the stimulus was, sav, JOIN, and the subject was
told that the first letter was to be tested, he was sti11 less accurate

in recognizing whether the first letter had been "J" or “C" than was a

subject who had been shown JOIN and told to concentrate on the entire

word.

These same experimenters got the opposite resuit when they gave
subjects a letter string such as JPRD and then tested them to see {f they
b could remember 1f “J" or “C" had been in the stimulus. Subjects in the
letter condition were now superior to those subjects who were trying to
treat the letter string as a unit.

What sort of a unit or "chunk" {s the word in this condition? Is it

T

a visual sort of chunk or code? That {s, does the word form a familiar

perceptual pattern of visual features, letter combinations, or configura-

i

tfon of some sort? Or {s the course of the unit some sort of articula-

tory or auditory code. Maybe the subject recodes the perceived string

E

.§ letters into some sort of nronounceable sound? Or {s there a pyschological
9 unit that corresponds to meaningful words as such?

_% Refcher and Hawkins have devised a variety of experiments to qet

5§ at this question. We do know, for example, that prounceability, as

?% such, 1s sufficient to generate the Reicher effect. But Reicher and

o
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llawkins believe that words still have a "chunk" or coding effact over
and above simple pronounceahility. Indeed, there mav be a multinlicitv
of .-odes or chunkina systeme any, or all, of vwhich mav come into nlav
in aiven circumstances. It makes sense to suopose that subjects i1l
emplov wthatever strateqgies thev can to simnl1i€v and unitize the material
before them. The results of these exneriments will be reported in the
next report.

Polf was concerned with another asnect of the Peicher effect.

Granted that the <ubject chunks the letter string into a unit, how does
this unit help him to recoqnize an individual letter that is a comnonent
of the chunk? And what is the mechanism by which he does so?

One possibility that Pnlf entertained could suaqest that the effect
vas essentially an artefact. Uo to now, the Peicher effect has boen
demonstrated under conditions in which timas t¢ -snond were not recorded.
fut some investigators, including Peicher, have informally observed that
subjects take more time to resnond when the stimulus consisted of a word
than when it vias an individual letter. Perhans, in nrocessing a word
rather than a letter, the subiect simplv rehearses thn individual letters
longer than when he gets a sinqle letter. His subseauent improvement in
accuracy, then, would not be because the letter was embedded in a meaning-
ful unit, but because the :rocessing of the unit resulted in the subject
spending more time on the individu. 1letters.

Some indirect evidence about «.me to process words would araue against
the preceding aternretation. But other evidence could be mustered in its
defense. llhat is needed is a technique that simultaneouslv takes both

time and accuracy into account. Fortunately, 'lickelaran and his student

|
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Adam Reed, nartly supported by the current project, have been developina
a new speed-accuracv paradiam to simultaneously deal with sneed and
accuracy within the same exneriment and analysis (see below). Polf ad~-+-
ed their .rocedure to dealing with how the chunk faciliates accuracy in
identifying individual components.

Incidently, Polf's dissertation is an ideal example of the tvpe of
cooperative research we try to er:ourage on projects such as this. Polf
is doing her dissertation under Hyman's direction. The framework in
which her question 1s nosnd comes out of the research nroqram beina
persued by Hvman. But the paradigm that she emnlovs is one develored and
currently being used hy anather investicator in our project, Gerrv Peicher.
And the methodology (which is another naradigm in its own right) which she
apnlies is one developed by still another investiaator in the nroject,
Wayne Wickelgren.

In Peicher's original paradigm, the subject is free to resnond when
he feals ready. No control nor meastire of response time is emnloved.

It Polf's variation, the subject is trained to resnond as fast as nossible
when he hears a tone. As in the Peicher naradiam, the subject is shown
a target stimulus which might be a single letter, 8 string of unrelated
letters, or a four letter word. 72 mask follows the tarcet, than a test
pair of letters comes on. The subiect bhas to respond, v nressing ane nf
two keys, to indicate which of tha lettrrs was in the taraet. On some
trials, the subject does not know which, the tone to resnond mav occur
as soon as 50 milliseconds after the onset of the test pair, or it mav

occur as muc" as £00 milliseconds later. Polf used eight different laos

——= e —————= =R e
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over this ranae. Cubhjectively, the fastest laa occurs too sonn to even

R

knov: what the test letters are, while the longest laa Sseems to he more

than cnough time to do all the mental nrocessina that one feels necessarv,

The subjects have to be traired to resnond as soon as they hear the tone
regardless of how ready they feel.

The results of this and a second similar experiment clearlv exclude

the exnlanation that the Peicher effect 1s merelv a matter of sneed-
accuracy tradeoff. 'hen the subject takes anywhere from 459 milliseconds
or longer to respond, he is clearly more accurate in word than in the
letter condition. 'that is more, the more time he has beyond 450 mi111-
seconds, the more his accuracy improves in the word condition. This
added time does not help accuracy, however, in the letter condition.

On the other hand, when ti'e subject is forced to resnond in less than a

B sl

half-second, he is more accurate in the letter condition. At the verv

shortest lans, in fact, the subject behaves at the chance level when

L

forced to resnond in the word condition. The data suqqest, however, that

the subject is better than chance for such short lans in the condition.

% Polf's results clearly exclude some possible explanations of the
é word-superiority effect. But they are still compatible with more than one
% nossibility. Polf is now running additional experiments to try and

exclude some of these possibilities. At the moment, the preferred, but
still tentative, explanation would go 1ike this.

When the subjegt receives the test onair of letters he has already
fully encoded the target stimulus. In the letter condition, this amounts
to simply having encoded the single letter. The exnosure duration of the

target 1s such that he cannot always encode this letter with comnlete
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accuracy. But if he has successfullv encoded 1t, his task in the test
situation is simnly to.make a direct match of the stored taraet with the
perceived test letter. “hile this takes seme time, 1t is still a relative-
ly fast operation, one that does not take more than a half-second to
complete. Thus, increasing the response time up to half a second will
show improvement in the task, but gqivina the subject any more time will
not help. This, of course, describes the output function ohtained bv
Polf.

In the word condition, the subject encodes the word directly as a
unftary "chunk". This chunk, 1n the words of .Johnson, acts an "onaque
container”. The chunk does not consist directlv of the individual letters
in the word. But, if called upon to do so, the subject can recover the
individual letters by a further retrieval operation. This additional
"unpacking" operation, however, takes time. “hen the subject is forced
to respond faster than 450 milliseconds, he does not have time to fullv
complete his unpacking and tends to make errors. The more time he has,
the more accurately he can unpack or decode the word into its constituent
letters and check ton see which of the test letters is amona them.,

With sufficient time, the subject should achieve nerfect accuracy
in this condition (given that he knows how to snell) because once he
has the letter string encoded as a familiar word, he can relv unon his
previous learning to infer what the compnnent letters must have bteen. The
task in this latter condition is completnly process-limited (to emnloy the
terminology of Norman and Pobrow).

But the accuracy in the letter condition will derend, ultimately,
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4 upon how much time was given to perceive the initial target. Fven with

unlimited time, the subject cannot improve unon his accuracy 1f he did

not correctly reqister the letter in the first olace. In this latter
case, ultimate performance is data-1limited.

The importance of understandina thc dynamics of what goes of this
paradigm is not because words as such are improtant units. Rather, we
feel that what qoes on betiween words and their comnonents can tell us
much about tie interaction of higher order units and their constitutents
in general. And this, in turn, we believe w11l turn out to he one of
the crucial issues in understanding vhat qoes on during the mastery of
knowledge.

2.3. Experiments in "sonhisticated encoding".

Other experiments in our nroject are aimed at Adiscoverinn the sorts
of units or codes that are emnloyed hv skilled individuals. Schaeffop
has focussed on the acauisition and development of hiqher order condes.
This is difficult to do with adults who come into the laboratorv with
much of their coding systems already highly developed. 0One wav to aet
around this is tn trv to create a situatinn in vhich the individual has
to develop his encoding units right from the start. To dn this, Schaeffer
taught individual subjects a simnle one-to-one corresnondence between

Chinese characters and letters of the alnhabet. First thev memorize the

correspondence to the nnint at vhich, qgiven a Chinese symbol, thev can
respond without error bv aiving the corresnondina letter nf the known
alphabet. llext thev are aiven strings of Chinese characters to decode.

The strings are semantically meaninaful when decnded into letters of the
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alphabet.

What makes this seeminglv simpled-minded exneriment of interest fis
that the experimenter can use error analvses and interference tasks to
infer the tyne and size of unit that the subject is usinq at various
stages of hismasteryof reading with this new code. At first, it 1is
hypothesized, that errors and confusions will conform to visual con-
fusions amonag the corresnonding letters of the alphabet. With aradual
mastery of the task, larger and laraer seqments of the text in Chinese
characters should be handled as individual units. At some noint, and
with sufficient practice, the sorts of chunks and confusions should
correspond to what we would observe when an individual reads from texts
written in his native alnhabet.

The major drawback of such an experiment {is that it takes enormous
lengths of time, months and maybe vears, for individual subjects to
achieve suffictent proficiency to aive the sort of results that show
the hierarchy of units. Consequentlv, we have to await further develon-
ments to see what emerges from this lona-range, develoomental aporoach.

Reicher and his colleagues have heen anproachina the issue of
skilled encoding in a different wav. /Fctually, thev have heen simultan-
eously trying a variety of converaing apnroaches. In some cases thev
have obtained highly skilled and less hiaghly skilled individuals in the
same task. 0ne such task vas sight-reading in rmusic. Thev found, in
agreement with the work on chess arandmasters, that the expert in this
task vas able to uork with chunks of laraer size than the no--exnerts.

Simon and others, for example, found that the qrandmaster did not excel

in the number of "chunks" or units he could handle simultaneouslv in vork-
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ing memory. By a variety of converginn anerations it can he shawn

e e e

that the qrandmaster and ordinarv masters have the same memnrv span--
approximately 5 to 7 chunks. 'hat makes the difference, however, is
that the grandmaster vorks with chunks that contain more information,
'e can illustrate this with a2 simnle experiment that de Gront and
others have conducted. 2 subject is shown a nattern of pieces on a
chessboard for apnproximately 5 seconds. If the nieces represent a
nosition from an actual chess game, the arandmasters can usuallv re-
nroduce the entire pattern without error (usually around 24 nieces).
Ordinary plavers can aet onlv about £ nieces correctly nlaced in such
a task. But if the pattern of pieces is random, then the arandmaster
. and the ordinary nlayer rerfom equivalently--each aetting annroximatelv

6 correct. Thus, somethina about his knowledqe and masterv of the name

VT et AR i B e

of chess somehow enables the arandmaster to operate with units or churis

that are of the magnitude of 4 nieces each. M variety of other direct
and indirect arguments and exneriments seems to indicate that it is in
this chunking process that the superiority of the arandmaster lies.

neicher and his colleagues have shown that it is not just in chess
that such superiority of chunking is the kev to expertise. The situation
seems to he comnletely narallel with siaht readers when compared with
musicians who are not expert sight-readars. 0ther evidence suqgests that
this is what underlies skilled performance in qualitv control and other
tasks.

So, one method for studving skilled encoding is to compare experts

with non-experts in the same task. A paralle’ wav is to train individuals
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on coding nrocedures that seem to underlie skilled nerformance. A third
method is to emplov a task in which most adults are alreadv hiqhly skilled,
but to control the innut in a variety of ways in order to tease out what

the basic units and hierarchies of units actuallv are. Peicher is in-

volved in all of these apnroaches. A/t the moment, for examnle, he is
devising a method usina the computer-controlled scope to control both
the size and pace of what his subiects are reading.
Another approach being developed bv Peicher is inspired by the
frequent renorts that, for skilled individuals, the appropriate obiect
. they are seeking amidst a collection of homogeneous objects seems to

“pop out" from the backqround. In some of their experiments, for examnle,

|

| the backqround is composed of letters, while the tarqet is one or more
letters in abnormal orientation (mirrer-image, unside down). 'ith some

-* oractice, the target letter scems to "pop out" almost instantly when

E

presented wit" the test array. Put when the target 15 a letter or familiar

object innormal orientation against a backaround of letters which are all

in abnormal orientation, the task 1is ennrmously more difficult. 0Nne

possibility is that organisms are conctructed so as to attend to the
unusual or unfamiliar. And when the backaround is composed of unfamiliar
elements, the subject has great difficulty in disrecarding it.

This has relevance to extracting meaningful and relevant material
from a larger body of information. Data have already been collected in
other laboratories that indicate that such a task is relativelv easy vhen
the material to be abstracted is unfamiliar, but embedded in a familiar

or coherent background. But the task is relatively difficult when the
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relevant material is familiar and coherent, hut embedded in a backqround
that {s unfamiliar or incoherent.

Our hope 1s that nursuit of this {ssur will qive us clues as to how
successful individuals are able to attend to just that nart of a complex

body of information that is relevant to their task.

3.0. THE SPEED-ACCUPACY PARADIGM

Much of the classical annroach to memorv-and verbal learning focusses
upon accuracy of respondina. One thina that distinquishes the information
processing approach to memorv and similar nroblems is the focus unon
speed of responsc. In the latter approach, sometimes errors are alsn
recorded, but anly to show that thev do not make much difference in the
specific exoeriment beina discussed,

From time to time, an investigator will urqe that we study the inint
operation of speed and accuracy within the same paradiqm. ‘'Yhat informa-
tion we have sugaests that, in manv situations, errors and time are inter-
changeable--that is, thev both reflect difficultv in dealina with a task,
if a discrimination is very difficult, the tvpical subject will take
longer to make it, ‘e will also tend to make errors. Censequentlv, for
many types of experimental paradiams, exnerimenters have treated it as
an arbitrary decisinn as to wvhether to use time or accuracv as the deoen-
dent variable.

But there are situations and occasinns when it seems that sneed i{s
achieved at the exnense of accuracv. 'hen this is the case, errors and
time vary inversely. It can be quite misleading in such cases to use
either time or errors alone to draw conclusions. Poth are necessarv to

avoid wrong conclusions.




Hhititil

T s TR

TR aasrwmmr——— | ST

21.

'lickelaren and his s*tudent fAdart Pecd have been warking on bath the
nractical and theorctical asnects of a naradigm that would sirultaneouslv
take both speed and accuracy into account. The sort of spred-accuracy
paradiam they have found optimal is one based on the use of an auxiliary
response signal. ‘e have descrihed this nrocedure in the preceding dis-
cusstfon of Janet Polf's dissertation.

When properly emploved, the technique aenertes a speed/accuracv
tradeoff function. On the horizontal axis of a araph, one plots the
total time from onset of test stimulus to subject's resoonse. Because
the subject has been trained to resoond only when the auxiliarv sianal
occurs, the experimenter can ensure that he has data from the comnlete
range of intervals that are crucial for understandina the orocessina
stages in a given task. 0Nn the vertical axis, some measure of accuracv--
usually d'--is plotted for each resnonse interval. The resultina func-
tion supplies the experimenter with at least three measures, denending
upon the form of the function.

One measure is the intercept. This corresponds to the time between
the test onset and the subject's resoonse interval that firet shows sians
of being more accurate than chanze. M second measure is the asymptote.
This 1s the maximum denree of accuracy that the subject can achieve even
with unlimited time. And finaily, thera is the rate parameter which in-
dicates how vast the subiect goes from above chanc2 accuracy to maximum
accuracy. A typical function might show an exnoriential curve which qrad-

ually aporoaches assymptote.

Wichelgren has dramn several interestinn theoretical ohservations
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about both this paradigm and its theorntical import. He has made a
strong arqument for using this naradign in most sftuations in which we
want to study mental operations during the time they are nccuring rather
than after they have been completed. He has also shown how many previous
experimental findings, a striking examnle being the well-known Stern-
berg paradigm and its findings, are ambiquous because thay have not
employed a speed/accuracy paradignm.

One unexpected concliusion is that accuracy measures are probably
less subject to biases and distortions than are reaction-time measures.
This is because reaction time measures are typically collected under
conditions in which subjects are encouraged to be accurate. Indeed,
the experimenter usually considers 1t a virtue if the error rate {s low
n such experiments. A low error rate is often cited as the reason
for not being concerned about a possible speed-accuracy confounding.

But as Wickelgren points wut, the speed-accuracy function shows that
low error rates cofncide with that part of the function where a very
slight difference in errors corresnonds to a hugh difference in response
time. Thus, with only a few errors, the experimenter might interpret

t he differences between mean times for conditions as being due to
capacity or difficulty, when in fact, it might be due to a vwil11ingness
to be less accurate in one condition as opposed to another. On the
other hand, enormous differences in latency, beyond a certatn point,
correspond to very small differences in accuracy.

3.1. Application of the Speed/Accuracy Paradignm.

The most successful and satisfying apnlication of this paradigm so

far has been Janet Poif's dissertation which was described above. In
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addition, two of Wickelgren's students, Barbara Dosher and Albert Cor-
bett have used the paradigm in their Masters Theses performed under the
sponsorship of this contract.

Dosher used the paradigm to gain information about which of a number
of ways to rep+esent the structure of a proposition coincides with the
way such information is actually represented in an individual's menory.
She had her subjects learn sets of sentences that consisted of subject,
verb, object, Tocation, and time. Subjects were then tested with various
combinations of such constituents (say S and B) as cues to see how well
they enabled them to retrievae the rest of the sentence.

Dosher's speed-accuracy functions revealed that context was indeed
treated separatelv from the subject-verb-object combination. But the
subject-verb-object combination behaved as a unit in retrieval, contrary
to the model of Anderson and Bower. ODosher also concluded that her data
were consistent with a continuous buildup of information about the sen-
tence durina retrieval.

Corbett applied the paradigm to test different models of how indi-
viduals iearn to classify objects in a quasi-semantic system, His
students learned a set of patterns that varied in whether they were
crosses or |I's and in terms of the length of the horizontal and vertical
components. {hey {earned both a major and minor category in which each
pattern belonged (hierarchial system), labels for the individual 1tems

as well as subordinate and superordinate categories. The subjects were

tested both on visual and verbal aspects of the system. In the perceptual task,
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the subjects classified the nattern as if thev vere emnloving a weinhted

prototype of the visual features, This tends to sunport nattern recoo-

Lol o el

nition work of Hvman and Frost, Posner and Keele, and others. Rut thn
verbal task suggested that thev did not carrv over this strateqy to the

figure nanes. It could be that the sneed-accuracy task encouraced tivo

|
i
E
.

different strateqies depending upon the form of the stimulus material.
Corbett is pursuinn the dvnamics of classification svstems in semantic
memory for his doctoral dissertation.

4.0. THE IMPPESSINY FNPMATINI TASK.

lle wanted to devise a aeneral naradiam that would emab¥e g tn
investigate how what the subiject alreadv knows influences his encodinn
3 of new fnput. ‘ot that we doubted the fact that such an influence takes

place. To the contrary, much research coina back to Rartlett's 1932

classic on rememberina and continuing with contemnorary research such as
that by Bransford, Franks and their co-workers leaves no douht that

what is retained is decisively controlled by how it was encoded. |

LA

tle wanted to qo bevond the further demonstrating of somethina that

we all aaree upon. We wanted to see i€ we could control some of the

factors that detemine the initial encnding and make differential pre-

dictions about the outcome.

A

One approach to this was Hyman's adantation o¢ the imnression-for-
mation task. In this task, the subject is civen a descrintion of a

hypothetical individual and then describes his imnression of that individ-

T

ual on a checklist. The socfal nsvcholoais*s tvnically concentrate unen

D

factors that affect the subject's imnression. Hvman adanted this task

to focus on factors that affect the subject's memorv for the initial

il
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descrintion of tha individual. The intarest is not <o mich in haw
accuratelv Y can remember, hut rather in the nature of the distortions
or errors in memory that nccur. Such errors san be used to indicate
how th: subject has nraanized and encoded the initial material.

The resuiting naradigm has manv attractive features. It is casv
to generate normative data to indicate how tynical subjects react to
differcent descrintions and gateqory labels. The impression task, itself
encourages the subject to form a coherent oraanization of the aiven
material without having to tell iiim to memorize the material. As a
further bonus, the impression task nrovides us with information about
the subject's inftial impressions or inferrences about the stimulus
material. 'le can thus compare subsequent memory not onlv anainst the
original stimulus Lut also against the subject's initial descrintion of
that stimulus. And, finallv, the subjects tell us that thev enjov the
tasl. and think it is relevant to what thev do in evervdav affairs--make
judgnents a out neonle on the basis of partial information.

llvmat reported the first exneriment usina the paradiam at the
Tenth Annual Carneqie-!lellon Conference on Coanition at Vail, Colorado
in June, 1974, This will be published in the forthcomina hook edited
by David Klahr called "Cognition and Instruction."

4.1. The Basic Experiment.

The subject is presented vith a short descrintion of a hvonthetical
individual. The description includes three components: (1) the individ-
ual's name (e.q., Pobert Cavvood); (2) the individual's occunational
major (e.a., Accountant); and (3) a short character sketch written abound

10 adjeetive-traits (such as "withdrawn", "deliberate", ast.). The sub-
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ject's task 1s to form a coherent imnrassion of what this individual
1s 1ike. He then describes his imprrssion bv circlina those adiectives
on a checklist of 91 traits that fit his impression. He perfarms this
task for three different hypothetical individuals.

Nf the thre~ descrintions, one of the pairinas of accunitional
label and sketch is chosen to he "appronriate" anmd the other two nairings
are chosen tn be "inannropriate". PAnnronriatenass rf the natchina was
decided on the basis of normative ratings bv a senarate aroun of judaes.
Different aroups of suhiects (ot different pairinas of the same set of
sketches and labels tn counterbalance snecific effocts of a aiven jahe]
and sketch.

Following the impression task, the suhbject is then told that we
are also interested in his memary for the sketchers that he read. His
memory for these sketches is tested bv qivina him the list af 91 adiactives,
He 1s qiven the name and occupational label of one of the descrintions (e.n.,
Nobert Caywood, tha Accountant). He then aoes throuqh the 1ist of adjectivos
and indicates which nnes he belioves ware in the orininal sketch nf Cawwnnd.
For each adjective he indicates not only his judgment, but alse his deareer
of confidence 1n that judgment. Essentially, this amounts tn a ratina of
each adjective from "1" (verv confident that it was in the sketch) throunh
"6" (verv confident that 1t was not in the sketch).

The purpose of the first experiment usina this naradiam was to lank
at the effects of discrepancv “rom sterestvne unon recoanitinn memory,
In the annronriate matching of cateanrv to sketch, we would exnect a hiah
"hit rate"--that is a strona tendencv to rate hioh thase adiectives that

rere actuallv in the sketch. At the same time, hoavever, we would exnoct
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a stronq "false alarm ratr"--that is a strona tendencv tn alsa rate
high adjectives that were not in the sketch but which are consistent
with the stereotvpe that aoes with the catecorv lahel,

Hhen the cateaqorv 1abel was qrossly mismatched to the character
sketch, we exnected to observe both a Tow "hit rate" (since the cate-
gorv label no longer helps to suagest ‘thich adjectives are relevant)
and a Tow "false alarm rate" to objectives that are related to the cate-
gory label (because the subiect nrobablv remembers that this individual
was not typical of accountants, etc).

The most interesting case for our nredictions was when the lahel
was only mildly inanpronriate. ‘!ere we honed that the mismatch would
not be too opvious, encouranina the subject, instead, to nenerate a
coherent impression that inteqrated lahel with sketch. e expected
most memory distortisn to occur in this case. lere we exnected the
impression of the sketch to be assimilated to the cateaorv lahel.
lhereas in the case of the grosslv inannropriate label, we exnected a
contrast, rather than an assimilation effect.

The experiment, thus, predicted different sorts of memorv for
three different degrees of apnropriateness. The exncriment failed
in helping with this prediction because, in fact, it turned out we had
effectively just two levels of anpronriateness-- an aporopriate match
and a mi1dly inanpronriate match. Indeed, it is auite difficult to
generate a sketch and a label that most of our subiects cannot intearate
into some sort of a nlausible imnression.

As exnected, annronriate labels tended to reinforce the tendencv to

false-alarm to adjectives that fit the stereotyne that oo with the label.
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‘lhen Pobert Cawrood, whose sketch {s anpronriate to the imanr o€ an
accountant, 15 labelled as an acenuntant cur suhiects tended tn falselv
remember that he was described as "mathematical", "careful", "consistent",
“method{cal”, "precise”, "systematic", and "e€conomical" much more fre-
quently than when the same sketch was labeled as that of a "Sacial “ork"
or "Lawyar" major.

However, our results make it clear that we cannot simply conclude
that memory is distorted to fit the label. 'le have to aualifv such a
conclusion in at least two wavs. 0Nne wav is that distortion occur
mainiy when the label is anpropriate. An appronriate label tends to
encourage false recognition of adjectives that are consistant with the
label. But inannropriate labels, in aeneral, do not encourage false
recognition. There is little overall tendencv to falsely recoanize
adjectives that are related to the lahal when it is inannronriate.

Accuracy of recoanitinn, as determined hv the relative ahilitv to
discriminate correct adjectives from related foils, is iust ahout
equivalent for the annronriate ans inannronriate labelina conditions.
In the inaporopriate condition, there are fewer false alarms, but ‘here are
also fewer hits.

The nreceding conclusions are correct when we averance over the
three different sketches. But thev must be further aualified because
of specific interactions hetween narticular sketches and narticular

labels. Onc of the sketches, "Robert Cawwood", was written to be

comnatible with the stereotyne of "Accountant". The major effect for
this sketch occurs when the apnropriate label is assianed to it. This

enhances strongly the tendency to falsely remember Cavwood as havina
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been described as "svstematic", etc. At the same time, when assianed
the label of "Social ''ork", or "Lawver", no tendencv emarced to falselv
recognize adjectives relevant to either of these latter two labels,

The sketch "Decker" was written to be comnatible with the stereo-
type of "lawyer". The major memory distortion that took nlace vwith
this sketch was when it vas assianed to the cateqorv "Social York".
This latter label stronaly enhanced the tendency to falselv remember
that Decker was described as "charitahle", "friendlv", etc.

The third sketch, "Fleminq", was 1mritten to be compatible with
the stereotvne of "Social “ork". Here we found that the anplication of
the appropriate lahel reduced the tendency to falselv remember adjectives
anpropriate to an accountani. In addition, assianing the label "Lawwver"
to Fleming increased the tendency to falsely recoanize such adjectives
as "persuasive", "agqressive", etc.

In short, the label does make a difference in recoanition memorv.
The specific effects of the label, however varies with the sketch and

the label. The sketch for Caywond Aiffers mnst from the other two

sketches on a number of independent and normative measures. For this
reason, it is nrobahly most difficult far the subjects to nerceive

Caywood as a plausible lawyer (he is described as "withdrawn" and "distant")
or a nlausible social worker (also bacause of his anti-social traits).

As a result it is nossihle to distort both the imoression and memorv for
Cavwood towards the imaae of a vithdrawn, meticulous, compulsive individ-
ual by appronriate labels, but it is nrobably difficult to distort the

image of Cavwood towards the generous and warm stereotvne n€ tha Social

Horker or the extroverted and forceful imaqe of the Lawver. The sketch
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for Fleming descrihes his warm and qenerous social tendencies, Callina
him a social worker confirms these tendencies and contrasts them with

the cold and niqaardly image of the accountant. Labelina Fleming an

accountant does not make it easv to assimilate his qood-auv nicture to
the socially neqative traits that form the stereotvpe of an accountant.
But there is no fncompatibility of beina sociallv nositive and heing
aggresivelv persuasive, even though these two might not be hichlv asso-
ciated. Consequently labelling Flemina as a Lawyer makes it easv to
attach to his existing image the traits of a lawyer.

Additional findinas from the imnression task add to these results,

Almost all of the effects we find on tac recoqnition test are found in

|

the impressions as indexed by the check 1ist. This findina excludes

the nossibility that we are dealina with a hias that is induced bv the
label at the time of recognition testing. Because the impression task
occurs immediately after initial exposure to the sketches, the evidence

is that the memory effects are due to the initial encodina of the sketches
and not to subsequent effects of the lahel at testina. Further analvses
(analysis of convariance and related tests) indicate that the imoression
is not the cause of the recoanition memory, but is, itself, a denendent

variable which is also affected by the initial encodina.

4.2. Subsequent experiments with the Paradigm.

“le conducted two additional experiments within this paradiam, "onth
are identical to the basic experiment with only minor changes. In the

second experiment, we inserted .a free recall task in between the imnression

and recogrition memory tasks are basically the same as for the first

experiment. The recall data tend to show the same results as do the
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recognition data.
The third exneriment attempted to emphasize the effect of the lahel,
It did so by first having the subject form his impression to the indi-
vidual first on the hasis of the label alone bhefore he was shown the
character sketch. AMgain, the results simnly confirm those of the
previous two exneriments.

4,3. Additional variatinns.

e tried a number of variations on the hasic paradigm. "ne reason
{s that our initial sketches were internallv consistent. Acainst such
a homogeneous set of 10 descriptors, the cateqory lahel--esneciallv
when inappropriate, was relatively impotent, The lahel effects while
highly consistent and significant were quite small relative to the huah
effects due to the overall sketch effects (we also had normative data
on the impressions generated by the sketches in i.olation from the
labels). A more fruitful appronach, we reasoned, was to create incon-
sistency within the sketch {tself.

e croated a new naradigm to do iust this. fne of the exneriments
we completed vas done as follows. The subject is aiven a coherent and
homogenecus character sketch of a hvpothetical individual. As in the
previous experiments, the subject:forms an imnression and describes
it by means of a check 1ist. Then we supplied the suhiect with additional
information about the aiven individual. The new information is alse in
the form of a character sketch. But half of the new information is
consistent or "appropriate” to the nriainal information and half is not.
Me then have the subject form a revised imnression of the hynnthetical

individual. Finally, we have him indicate his memory for all the adjectives

A
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used to descrihe the individual in a recognition test.

The subjects tend to give the same ratings (have the same "hit
rates") for both the consistent and inconsistent information in the second
sketch. But the false alarm rates for associated foils are auite different,
The subjects have hiah false alam rates for foile that are consistent
with the initial sketch; thev have lav false alarm rates for adjectives
that arc related to the inconsistent information.

This indicates that the subjects encode consistent information in a
highly gencric way. 1f the hvnothetical 1nd1v1dﬁa1 was initiallv descrihed
as socially outqoina and warm, they will encode a consistent adiective
such as "charitable" as simnlvy confiming the "good-quv" imaqe. In later
recogqnition testing they will not onlv tend to correctlv recoanize "char-
itable”, but also "friendly", "helnful" and other adjectives that were
not in the sketch but which are consistent with the "aond-quv" imaqge.

But 1f the hypothetical individual had initiallv been described as sociallv
withdrawn and calculatina, thev will tend o encode the now-inconsistent
adjectives such as "charitable" in a.highly specific wav to make it com-
patible with what they already have learned. In this second case "chari-
table" will not be encoded as consistent with a “good-quy" imaoe, but
rather something specific might be extracted such as a man who donates

to charities in order to aain an income tax benefit. In this latter

case there will be no tendencv to confuse, in later recognition, the
memory of "charitable" with foils such as "friendlv", "generous", etc.

5.0, Loading data bases.

The question we keen askino in relation to our nroject is: hov
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does what you alreadv know affect vour ability to deal with nev, relavant
information? The comnlementarv question is: how doeg the new information
affect vhat vou alreadv know? The difficultias in exnerimentally invest-
igatinn these questions include the awesome task nf adeavatelv specifving
the inftial data hase that the subject hrinas with him to the task.

In our Tnitial pronosal for this nroject, the basic strateqv for
dealing vith this problem was simple in nrinciple. "e would construct
artifical, but semanticallv meaningful, data hases renresentina small
sequents of a possihle knowledge system. 'le would then "Toad" such data
bases into our subjects' memories. To the extent we succeeded in such a
direct implantation, we could then proceed with various exnerimental tasks
vhich could confidently assume a known data base. The initial data base
could be varied in a varietv of ways and the new information to he mastered
could be varied correspondinaly to hear snecified relationshins to the
data base.

During the first vear of the nroiect, !lvman, Pnlf, and “eddell tried
to implement this paradinm and test its efficacv. 'le comnleted thras
experiments. The second exneriment, which {is typical, will be described
here. The data hase, consisted of a set of names ("objects"). Fach
name was characterized bv 1ts value or nroverty on one of four dichntomous
attributes (occupation, qeoaraphical origin, hobbv, and attitude towards
a political issue). The information ahout the hynothaetical individuals
vias embedded within a nrose narrative about a town called NfJon. Fach
subject read the narrative at his own nace and in his own wav with the

goal of masterina all the information ahout each individual.
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'lhen the subiject felt ready, his masterv of the materfal was tested.
The test consisted of "is brina able to correctly recall all four proner-
ties ahout a aqiven individual when presented with his namn., After the
subject had successfullv demonstrated his mastery of the data base hv
this criterion, he was then allowed tn enter the exnerimental nhase of
the study. The experimental testing consisted of eight senarate exnerimental
sessions spread over an anproximately two-week period.

A session consisted of trials on which pairs of names were disnlayed
on the cathode screen controlled by the PNP-15. For anv qiven session
one attribute was desiqnated as the target for that dav. For examnle,
if the target was "occupationt, the subject was to resnond "same" (bv nress-
ing a key) whenever the nair of names was the same with respect to occuna-
tion. Ntherwuise he nressed the kev indicating "different”. ‘e wore
interested in the extent to which the suhject could resnmond to tha pair
on the basis of occupation without beina affected by the other broperties
on which the same pair of names could be same or different. As exnected,
on the basis of nilot data and from our extrapolations from somewhat
related studies, the sneed to say that two names were the same on a taroet
attribute was stronaly affected bv the numbar of non-target attrihuteg
that the pair of names were the same on. For examnle, reactinn time to
say that a pair of names was same on "occupation" was fastest when the
pair was also the same on the non-target attributes of geoaranhy, hobbv,
and attitude. It was next fastest when the two names shared two out of
three of the non-target pronerties. It was slowest for the case in wvhich

the two names did not share anv of the non-tarqet attributes.
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These data suqgested that the subiects could not selectively
retrieve just that {nformation that was relevant to the aiven task
for the sessfon. Nne nossible model vas that durina initial masterv
of the data base, the suhfects stored a 1ist of the nroperties with
cach name. ‘'then they had to compare two names on a afven nronertv,
they did so by retrieving the entire 1ist of pronerties with each namn
and then secarchina through the éropertv Tists in a fixed order renard-
less of the given tarqet. Even with practice lasting over eiqght sessions,
the subjects did not seem to achieve the ideal of selective retrieval
tn this task.

As it stands, this findina strongly implicates the organization of
the data base during inftial learning as the strona, almast inflexihle,
determiner of how the information is ratrieved and used in suhsenuent
tasks. Further confirmation of this viewpoint accurred when one nf
our subjects shovmd, right from the start, no effect of the non-tarqet
attributes in makina her matches. n inquirv, ve discovered that this
anomalous subject had organized the material differently from the others
during inftfal learnina. The other subjects all emnloved a learning
strateqy that associated all four nronerties toaether with the anpro-
priate name. Put this deviant subject had Tearned the informztion ahout
which names had a afven propertv separately for each attribute. She first
mastered the information on geography by creatinn an alnhahetized 1ist
of all those who l1ived in the Fast. She then memorizad that 11st, She
had only half the 1i{st of names to learn because she could infer that
anyone vho did not 1ive in the East must 1ive in the West., Once she had

mastered the information about geoqranhv, she then independently 1earned
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who were the Farmers on the occupational attribute. In a ke manner

she learned the information about the other two attributes.

|
§
!
,

He checked this out in a subsequent experiment fn vhich wa brought
back all of the suhjects in the oriqinal experiment after a lanse of
two veeks. /e now employad an experimental task atmed at determinfina to
what extent the subjects had the property information for each name
stored ¢s a single Yist or as a bunch of independent assacfations (to
put 1t differently, tn what extent was the {nformation stared hv name

or by attribute). Nn earh trial, the subject was qfven a name and a
single property. He had to respond as fast as possible with a "ves" {f

that property was true of that name. For all the subjects excent our

T T T e s =Y

deviant one we found that the speed of responding to anv one nronerty
for a qiven name was highly correlated with the speed of responding

to any other property for that name. This further demonstrated that
our deviant subject was deviant fn that she did not have the fnformation
about a given subject all stored in one place,

A further finding was that this deviant subject showed the most
forgetting over the two week period.

We tried to do further experiments to delfherately mantpulate the
way in which subjects organfzed the fnitfal dsta base. PBut, in addition
to many technical nroblems, we found 1t impossible to force a qfven
organizational strategy upoen our subjects.

To our surprise the difficulty with this paradigm was not fn the

“loading” phase. ‘e could, with patience, load rather elaborate data
il bages 1nts 1 subject's memory. Our major problems tnvolved {nadequate

tools for constructing data bases and an overwhelming complexity in trying
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: to counterbalance for the various possihle confounding factors. !'lo
vere also dismaved bv the unexnectedly complex data analvses reauired,

tle set this paradiqm aside and went on to other work while tryina to

reconsider how to implement the oariqinal plan.

5.1. Nominal and Relative Data Bases.

In retrospect, some of our problems with the initial experiments
stemmed from the lack of sophisticated descriptive tnols. Nur data
base, while fairly comnlex with resnect to typical learning exneriments,
were sti1l semantically very primitive. Our entire data base could he
viewed as set of nominal propnsitions. That 1s, each malecule of infor-
mation consisted of an obiect (a name) and the attribution of a propertv,
e call such a svstem "rominal" (after Frederiksen) because it sorves
to identify cach object in terms of a classification or attribution with-
out directlv 11nking anv nhject 1n the svstem uith another ohject. “hat-
ever organization is created in such a svstem denends unon nhjects having
shared properties. Such linkages are indirect, occurring through the
possession nf common elements.

As contrasted with nominal nropositions, relative pronositions specifv
a direct relation between two objects. If we sav that X is the father of
Y, for example, we have a relative pronosition that specifies a linkaae
of a particular sort between the objects X and Y. For the sorts of Auestions
that we were trying to answer in our oriqinal exoariments, we felt we
would gain much more power by emnloying both nominal and relative pronnsitions
within the same exneriment. Accordingly we have devised a set of new para-

digms that are somewhat more sophisticated versions of the earlier paradigm.
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The new experiments differ from the earlier ones in a numher of crucial
vays. In one sense, they are much less comnlex. 'e emnlov fewer ohfects
in the data hase and fewer attributes. On the other hand, v load the
data base into a subject's memory in two stages. ‘e first create, for
example, a data base from nominal propositions (a lexicon), O:ce the sub-
Ject has mastered the first data base, we then teach him a new set of
sronositions involving the same objects. The new set of pronositions
are relative, specifving direct relationships between pairs of ohjects
in the initial data base (the relational system).

The experimental task consists of having the subject verify as "true"
or "false" new oroposfitions fnvolving the objects {n the data hase, The
nev propositions are all relative, snecifving relaticus between the ohjects
in the lexicon whick may be true or talse., The subject can verifv a nro-
position by using only the information from the relational svstem. ‘'Mhat
we are interested in is the extent to which he also uses information from
the inftial data base to verify the statements.

5.2. Family relationships.

In one paradigm, the subject first learns, for each of a set of names,
the sex and age (male or femate; age 30 or 5). The names are all neutral
in gender so that they do not s»rve as a cue, (for example, "Chris", "Pat",
"Dana", etc.). Once he learns the nominal data base of sex and aae, he
then learns new information about the individuals in the data base--namely
who is related to vwhom and in what wav. For example, he mav be told that
Chris and Kim are the parents of Pat and Dana. He is told a similar rela-
tionship system for the other four names in the data base. This {nforma-

tion, alorg with the subject's knowledge of kinshin systems and his masterv
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of the or.ginal data basis should be sufficient for the subject to answer
such questions as: Pat is the husband of ? Pat is the father of

and ? Dana 1s the daughter of and ? To be

sure, the subject is tested on all possible pairwise relationships
between members within a family.

Ihe experimental test consists of giving the subject statements
such as "Chris is the father of Jan". He has to respond as rapidly
as possible with "True" or "False". We look for the differences in
saying "False" to statements in whicn the two individuals share zero,
one, or both properties of age and sex. If the subject's are using
the information "associatively" (on one model, for exampie) we would
expect thc reaction time to say "different" to be slowest when the
two names (the subject and object) snare two properties (they would be
stored togetner in the lexicon). On the other nand if the subject is
using the tnformation "semantically", we would expect the subject to
be slower in saying different when tne two names are different in age
(because tnis is semantically possible, but semantically impossible
when the two names are the same age).

5.3. Friendship relationships.

The relation of friendship differs from kinship relation in several
ways. It can be reciprocal; it does not order the names in any systematic
manner; etc. In a second set of experiments we employed this reaction
instead of kinship. The nominal data base consists of names and two
properties associated with each name--nheight and geographical origin.

Onge this nominai system is mastered, the subject then learns which subsets
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of individuals are friends to one another. In these experiments we always
use the friendship relation as symmetrical. If X is a friend of Y, then
Y is a friend of X.
With these alterations, the experimants are otherwise parallel in
all details.

4. Some tentative findings.

Because these new experiments have just been initiated we have only
some tentativ~ data to report. When the relational system is learned
at a separate time from the nominal system, for example, we find that,
on the average, verification latencies to relational propositions are
not influenced in any systematic manrer by the information in the nominal
data base. This ability to compatmentalize the two svstems could be
due tc their having been learned at separate times or because the two
sorts of systems generate organizational structures that can be kept
separate from one another.

On the other hand, we "ind that subjects cannot react selectively
to comparisons based on one of the nominal attributes without being
affected by information from the other nominal attribute. This effect,
nowever, is different from what we would have predicted from the sort of
associational model we found compatible with *he earlier experiments. If
the subject, for example, has to decide if a pair of individuals {is the
same or different on height, the decision is faciliated--regardless if
1t is positive or negative--when the two names are the same 1n geographical
origin. This finding is symmetrical. Subjects make faster comparisons

on geography if the two names are the same in height.
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The finding is compatible with a model that says that the first name
»f a given pair serves as an entry point into the nemory structure, The
subject then starts to look for inforﬁacion about the second name at the
same address. If the other name happens to be stored at the same location
(shares other nom#aal properties) the retrieval and comparison is relatively
fagst. If not, the response is slowed down,

We are planning to better control the way the subject has the nominal
data based organized by teaching directly a spatial organization for the
data base. One situation, for example, will involve a data base on which
names are arrayed on a two-dimensional geographical grid. Subjects will
be taught fhe data base in terms of this grid. We can then test to s:e
if in fact the underlying memory structure has either or both the topo-
logical and metric properties implied by this organization. We then can
test the implications of superimposing upon this spatial organization a
relational system such as the family or friendship systems.

6.0. EXTENSIONS.

The data bases discussed in the preceding section are still relatively

primitive. Both the nominal and relational systems employed are all

stative systems--that is sets of propositions that identify objects in

terms of static classifications, attributes and dispositions, and static
relationships to each other such as friendship aad kinship. Such data
bases correspond to part of what is termed "semantic memory" and to "sub-
jective lexicons'". Of more interest will be the investigation of how
such semantic memories cperate in dealing with episodic events and vice

versa, For this latter purpose we will have to introduce action systems

and 1ocative—t¢mporal sy :ms, That is, we will want to specify or
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describe episodes involving actions between individuals in the data

base that occur 1in particular places and times,

6.1, Other directions

We have been considering other directions. We are interested in
pinning down experimentally different contextual effects. We especially
are interested in using information processing procedures to determine
at what point in the attempt to comprehend materials the context enters
the picture. Tram Neill, in colliaboration with Hyman, is investigating
the use of opposites and synonyms for this purpose. We have found a
scattered literature, that does not seem to involve communication be-
tween the separate investigators, that seems to indicate that under some
conditions opposites behave like synonyms and under other conditions
they do not. Because we feel that this may be a context effect, we plan
to see 1f we can bring some order into this area.

In relation to this preceding project, we also plan to study the
influence of attention in encoding of new material.

Hyman has been studying the effects of prior information and pre-
conceptions on creative achievement and innovation, on comprehension,
and on gullibility. The distinct poss:bility exists that all these
phenomena depend upon the same underlying psychological processes
(inference mechanisms that go beyond the given data in order to 'make
sense' out of them). This work has just begun, It 1is related, at a
theoretical level, to the problems of chunking discussed earlier in
this report,

Finally, as indicated at the beginning of the report, we are pur-

suing our development of framework around which we hope to integrate
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the information in the new field of semantic memory,

7.0. WICKELGREN AND HIC STUDENTS.

We have already discussed the development of the speed-accuracy
paradigm and its theoretical justification by Wickelgren. We have also
described the applications of this paradigm by two of Wickelgren's
students, Barbara Dosher and Albert Corbett. Wickelgren has also been

very productive in developing and testing theoretical models both in

classical and semantic memory. 1In classical memory, he has been develop-

ing his single-trace theory and showing its superiority to thz previously
prevalent dual-trace theory (which separates memory into separate com-
ponents of short and long term memory). The new single trace theory
attempts to explain many memory phenomena in terms of two closely coupled
properties of the trace--strength and fragility, both of which decline
with time in storage. Wickelgren has tested important implications for
this new single trace theory upon learning and forgetting under alcohol
and in terms of the effects on age. These tests and the underlying
theory will be included in a series of publications,

In the realm of semantic memory, Wickelgren has published a theoret-
ical paper that classifies various propositional representations of mem-
ory into three basic types--relational, predicate, and operational
grammers. He argues from a theoretical point of view against the first,
even though this is probably the most popular among current systems to
represent semantic memory. He theorizes that the second is character-
istic of left-hemisphere thinking, while the third is characteristic of
right-hemisphere thinking. Wickelgren's pupil, John Winkelman has theo-

retically examined and evaluated four representaticnal systems for
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kinship systems in terms of their ability to adequately deal with reasoning
processes, He shows that the currently popular systems are inadequate

and suggests that an albebraic system, which he devised, 1s superior for

many purposes,
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