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SUMMARY

The contract on "Codfng syatems in cognition and perception” was
egteblished ta experimentally study the different ways that humans represent
infermation and how these forms of vepresentation facilitated o1 hindered
adaptive belhavior with respect ta environmental information. This problem
Wwas seen as especially important in today's world bacause the new technology
has resulted in an information "explosion" in almost every field of endeavor.
In milicary, as well as civilian situations, more elaborate aac more sophis-
ticated davices bring ever increasing amounts of information to human
operators who, on the basis of this information, must operate eguipment or
vehicles or must make important decisions that frequently have Life and
deatli consequences. No matter how much better and how much moye fnformation
is delivered to the human decision maker, the new technology convays no
advantages {f the human is unable *o make use of this informetion. Research
on ihuwnan performance has clearly indicated how linited is man's capacity for
dealing with information. He muast selectively react; he cannot cope with i+
all. The work on this contract was intended to provide inforuation that
might be relevant to this isesue by bringing to bear differant subaraas of
experimsntal psychology--perception, psychophysies, memory, thinking, psycho-
linguistics, motor skills, and human performance-upcn the courcn problem of
cqding systems and their intersctions with each otier and with (nputs and
outputs, -

The major methodological accomplishment was the developmen: of an
efficient and fully operating automated laboratory. About 75% of the
research done on this contract was done with the aid of this facility. The
2utcmated laberatory is built zround two computers--a PDP-9 and a PDP-15-~
which are mated, Along with these contral processors and relatvad peripheral
equipment, vhich were purchased under the contract, we develope the necassary
esoftwars to conduct a variety of experiments asd o time-s-pre nffectively.
The developm:~+ of itho “boratery is described in more detail iu a special
section of this ropowt

e — ——— —

The program wes -.fite euccessful in experimentally isolating and in-
vastigating saveral different coding systeus empicysd by humane in storing,
retrieving and scting upon information. 1In the perceptual area, for
example, we were able to marshall lines of converging evidence to demonstrate
the existence of a Cartesian-like Internal reference syetem which enables the
peirzaiver to preprocess inforwation in a8 wavy to make it simpler for later
contact with mesory. In the memory area, we have in aeveral different waye,
clesrly demonatreted visual, articulatory, auditory and semantic prineciples
of organization which are independent or quasi-independent of one another. In
2dditicn, there eeem to be kinsethetic wenory systems wvhich operate indepen-
dent of the centrel processing system. We have made beginnings in specifying
important propertiee of these systems as well as their interrelationships to
each other. OQur work on these eystems and the highlights of our findings are
described in the eection on research findings.

The work on thie contrect cuncentrated on isolating and examining the
properties of different representational eystems. Thie work lays a fim
forudation for the next steps which will emphasize the growth, development,
a7d change in representaticnal eystems during adsptive behavior. The practi-
cal laplications come from the possibility that the different systems each
have their optimal remge of &pplications and the combined use of dffferent
systums may be the key way for humans to overcose inherent limitatione of
thei proceseing systens.
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1.0. INTRODUCTION AND OVERVIEW

Our ¢riginal application to do research on this con’ract, which was
submitted in 1966 begen with the follcwing words:

"The proposal deals with the intexaction bhetwesn coding systume and
etinuvlus events in perceptusl and cognitive tasks. This inter.ztion

is viewnd as a reciprocal relation betwsen ths form of the coding ays-
tex »nd the characteristics of the stimulus event. On the one haad, we
want to investigate the waye in which the characteristics of the coding
system are determined by the qualities and organization cf components

in the stimulus event. On the other hand, we want to study how the
efficiency with which an individual operates upon the stimulus inforwa-
ticn {s detemained by thes characterietics of the coding system which he
emplcye in the situation. The general plan is to attack this fesue by
means o a series of differert, but closely coordinated, research pro-
jects. The projects will individually investigete the same problem from
a veristy of different viewpoinig--form perception, multidimensional
psychophysics, scaling, decison and choice thoory, concept learning,
skill learning, inductive logic, and problem solving. We will coordinste
the projects by means of several devices: )) the forwu)sticn and appli-
caticn of a common terminolcgy, notation, snd systun of concepta; 2) the
use of identical etinulus sets; 3) the use of commo: tasls, depundent
varisbles, equipment, and experimantal draizne; 4) the rotetion of re-
search assietants among projects; and 5) s single individual as prinei-
pal investigator who hae the authority to deeide, &t each chojce point,
vhether a given experiment dces or doec 1ot directly comtributs to the
overell goal of helping us understand how the characterictics of a coding
eystem affect an individual's ability to use inforwation In perceptual
and cognitive taske."

This report {s technically the final report of how vell wes met our od-
jectives during the four years of the contrect. Compared with cur initisl ex-
pectations of five years ago, we feel that we have more than surpasgsed our
original hopee. One reason for this was that we originally contemplatad a
nucleus of six investigators. But this quickly grev to 10 main investigstors
in addition to a Visiting Scholar. This aleae gave our manpover more then a
508 increment over what we had Planned. A second reason vas the gratifying,
but vnexpected, success in developing an automated ladoratory near the end of
the firet year of the project.

Thie report is the "final" one in a legal eense only. Because of the
inevitable lag in publication, in preparing results for publication, and bring-
{ng incompleted studiee to a conclusion, not all the resesrch findings and
publications that eventually will be credited to thie ccutract can be reported
sc soon after the expiretion of the contract. At this tixe wa cannot be sure
of the finel tally of such work. Cousequently, the prineipal invectigator
plaie to spend next summer in prepsring « more integrated, and hopefully, more
cozplete final version of our accomplishments.
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A fina), Myt very important asctivity, was the offering of coursessach
year snd every summer on using the laboratory computer. Thia wss primerily
{ntended to prepars our investigetors and research assistants to use the auto-
mated lebormatory in o officient manner. Byt Rany other individuals cape to
taka our courses fn order to leam this izportant new vay to conduct experi-
Zants.
1:3. Pervannel
During ths four year period the contrect supported the word: of 11 dif-
ferent wain fnvie :ipators, all of whow were members of the Depariment of
Psychology et thg University of Oregon. Ssven of thase investigators were on
the contract during its four year duretion. The othsre vere on for verying
lengths of time as indicated ca ths cover page.
The ean tract also at ons time or another supported the work of five

other postdecterel fellovs. The two main Viaiting Scholars were H. K. Beller
Vo years) and Carlo Umflta (cme yoar). Jos Lowis served as the directer of



1.1, Accomplishments

The results of our resgarch as reported in our vapious publications
(see the Bibliography of these attached to thig repert) are oup mos? nbviaug
accomplishments on thig contract, A lass obviovs, and scrawhat remoza
&ccamplishaeat will be an integrated summary of thess Accomplishuents,
Sone of our own Publications op cnes {n preparatior already go a good vay to-
wards achieving thig latter goal. Good illustrations wouid b a bogk en
"Attontion and Human Performence" being completed by Stave Kevle ang boolk,
in preparatim, by Michael Posner on nemory &nd thought. And, of course,
the more complete report which will be written by this principal investiga-
tor this sumser ie another {llustration.

The last section of this report summar{zas the highlighus of our pe-
gearch. 7These are reported by individuel invutigatom. rather then by gud-
Joct mattup. Also, under each investigator ig covered the principal findings
from thesas, dissertations and other research dcae by stusents o colleagues
under hig supervision. The investigators themselvas ape organized into gub.
groups whigh broadly and loosely designete theip zajor area o~ foous: percep-
tion and plyohophyllcl; cognitiva Processes; and humay perfornance. Sych an
arrangemerit hy investigators ig convenient at thig time, but in 3 wore inte-
grated report, the arrengement will be by toplee and subject mattay, The cow-
plete details of the verious ctudies can be found in the ™Nprints of the
published P&pere; thcse which are availeble at the time of thie final report
ars being sudaitted with ¢,

Another major &ccomplishment is fn the ares of wethodology, Actuely,
our work resulted in Seversl mnethodological breakthroughs. For the uost papt
these are dencribed in the last section or in the Sccompanying reprints, Our
key 3ccamplishment {n thie &rea, however, has b¢oy our autozated laboratory,
Thia is deserided in a separete section of this roport.

1:2. Other activities

telks on thedp work at major professional neetinrgs and gt other universities.
We uied some of our money to bring in Sonsultente from other major lab-

oratories to keep ourselves informed of relevant work being dons elsewhere.
A listing of these Gonsultents by the year of the contract {s given below:

1967-¢¢
H. P. Bahrick
G. Sperling

T. Trabasso
L. Horowitg
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our laboretory for ne year after his doctorate. Ernie Adams aad Manard
Stewart speat one or more sumers vorking on our contract.

All told, 16 different investigators bayond the doctorate contributed
to the work on this centract.

A total of 39 graduate research assistants and 1S undergraduste research
assistants also worked, &t cne time op another, on the contract (not all
at once),

In addition the contract supported entiuly, or in pacrt, 15 completed
doctoral cissertations and 13 completed Masters Theses. Several other in-
depsndent research projacts by graduste studentz and undergraduate students,
when they were directly relevant to tha project, were supported by the con-
‘razt. These will be reported in t' . iast section of the report.

In addition to graduate and undargraduate research assistants, the
conirect sunported a technical staff that consistad of 2-1/2 secretaries, 5
regsarch assistants (not al) concurrsntly emplecyed), » Rystems--snalyat pro-
gramer, . electronic technician snd three part-time technicfens.

1.4, Output

At the time of the writing of this final Teport, the contrect had ya-
sulted {n 54 papers peblished or irn presss. /nother 20 or so have Lern 2ub-~
nitted for publication op are being prepaved for submission. If we add to
this total theses snd dissertations not yet published or submitted for publi-~
cation, then we come up with a figure of epproximately 90 independent expe:i-
aents or expsiimenta)l projects completed under the four years cf the coutract,
Thie figure is an underestimate since Bany projects, especially cnes started
during the final year of the contrect, are still not completed or hacvs not
been analysed and evaluated &8 yot. Many of these, given the {nevitable lags
inhsrent in laboratory ressarch, will undoubtedly result in publications which
will be credited to the present contrect. Therefore, the final count of
published wor: on behalf of this contrect will certainly be well over 100
separate pupers.

This figure of 100 publications, of course, refere only to research that
vea direotly supported by the contract. Indireatly, the work on the contrect
alrnady has had videspread remif{cstions and will continue to do so for some
tizns to come. Already there ure 15 forwer students, griduates of our program,
vho are centinuing the typs of resocarch that they learmed to do while working
in our latoretory. These forwmer stndents are ecntinuing our type of work in
over a dozen diffevent laboratories in this country and Canada. In addition,

our work  And such of the outcoss from the firet four yeares, mathod;, new
fdeas, findings, and the ke will continue to influence the work here at

/r<3ca of the investigators and their future scudents. The sutomated labora-
te:v. which stends as cne f the most important legacies of the contract, will
¢ tinue to support research of the type we emphasized during the contract




1.5. Applications

Because our contract was to conduct basic research on coding syste:n:,
our chief product is knowledge. This knowledge, for the most part is enm-
bodied in the form of written documents--publications in professional
journals, chapters in books, theses, tecinical reports, etc. Such an output
of documents, each containing several statements or conclusions, is ons
bzsis for assessing the yield of our cambined efforts cn this contract.

But & more satisfying basis for judgiag our success will be the extent to
which we can orgenizs this huge list of statements into coherent and crosn-
referenced form so that it ig accessible to various agencies and individuals,
Thie final report is only a firet step towards this latter goal. Wa hope

to digest and integrate the findingz from our contract into @ more complete
and unified report sometine after the contract expirvation and this report has
been submitted.

Because we are sxperimental psychologists, this integrated system of
statements about human coling systems will not be a manual of instructione
which can be immedietely upplisd to the solution of specific problems. But
we hope that it will be a useful guide to pecple and individuals who do want
specific advice on how to epply knowledge about coding systems to specific
situations in which ¢ human has to process information.

In one senss we should have greater aspirations sbout the potential
applicability of our findings from this contract than we would from findings
from other ervas of basic research in psychology. Most traditional ereas of
peychology generate research in response to problems th:t were originally
gemerated by philosophers and othsr academics. There is little a priori
reason to expect thet answsrs to such problems will have cbvious applications
to practical eituations. 1In contrast, the information processing approach to
psycholegy, which is the epproach of the work on this oatrect, srose in re-
spcase to very prectical probiems during World War II and its aftermath.
These problems huad to do with questions involving man-mechine interactions and
with problems of how to arrengs displays and environments such that ' man
could best cope with the ever increasing smounts of information that the newer
tochnology was flooding upon hia. Conssquently, our paredigms and leboratory
situetions are often simulations of real-life situations in which humans have
to react quickly op sccurately ou the basis of information displayed on a
variety of devices. We would be surprissd 1f there were not some obvious ap-
plications of some of our work even without intermediate developmental stages.
In fect, ws have already seen some of our findings put to prectical uss in
designing type faces fop maps, in developing pPrograms for teaching correct
pronunciation of new languages, in finding better wvays to diagnose deficits
in mentel retardation and brein dsmage, and in measuring the more subtie, but
probably more meaningful, effects of environmental pollution such as those on
an individuals ubility to handle information in & rational and efficient
manner.

During the last year of ths Project we began new work in applying our
findings to sueh problems as the sfficiency of reading, the effects of environ-
mental noise on inforwmation processing, the development of nev ability tests
based upon the isolabls components and processes that ws have isoleted in our
laboratory, the basis for high-level skills such as those displayed by experts
in various fields, and similar prodlems,



2,0. THE AUTOMATED LABORATORY

The Avtomated Laboratory begam in April, 1968, with the acquisition of
an 8K PDP-¢ oomputer and assooisted peripherals (2 dectape units high-speed,
paper tape) including an oscilloscope and light pen for displays at a total
cost of $42,250. To facilitste the rapid and smooth integration of the compu-
ter system into the lab, a faculty member with experience with experimentsl
use of small computers, a systems progremmer and a computer technician were
hired prior to delivery of the system. After installation was completed, an
18 bit digital input system was implemented for interfacing key press re-
sponses and s millisecond accurecy clock for timing response latencies.
Actual experimental use of the computer was then able to begin within two
woeks of installation.

The next step taken was to make the system more available to the aver-
age user by implementing a standard set of machine language subroutines
callsbls by Fortren programs which made it possible for the Fortrem user to
writs programs which utilized the non-standard real-time devices (i.e., the
experimental appavatus). Use expanded greatly at this point. Meanwhile an
additional oucilloscope, a Tektronix 611, was interfaced. It provided s
much larger format (8" x 11" instead of s circular 5") and provided for larger
displays since it was a storage scope and did not require "refreshing." Also,
s digital output system was implemented allowing control of such devices as
lights, in-lins display cells, noise generators and eventually tape-recorders.
Orce again, Fortran callable subroutines for their operetion were provided.

By Winter, 1968, usage had increased to the point that it became cb-
vious that demand for ocomputer time .‘ould soom outstrip supply. The solution
decidad upon was to implement a simple multiprograsming time-sharing system
to allow two experiments to run at the sams time. Necessary hardwsre sd-
ditions including a swapping timer and all the interfsces for a secgnd ex-
periment were lsagun concurrently with software development. The nbulting
system underwsut a gradual evolution, but by Fall, 1969, a stable, reliable
time-sharing system was in operation and expsriments were being run simul-
tensously. The work involved included modifying standard DEC softwsre to make
it smalior, vewriting meny DEC and home systems programs to make them shsrable
by the two usess {especially the Dectape handler) as well as the time-sharing
monitor itself.

A najor drawback to this system (called Son of Zoroaster &) was the
relatively small amount of space available to the users. This severely
limited the combinstions of programs that would fit and reduced the amount of
time two users were actually rumning. This was alleviated to soms extent with
a mejor modificatioc which overlaid psrt of the resident system and freed
sxtra space for users. At this point it became cbvious that demand would once
again outstrip supply. Since s newsr vereion of the PDP-9, the PDP-15, hsd
since beccne available, and - it was more suitable for developing larger time-
sharing systems, and sinoe the oost was about the same as enlarfing the 9, we
decided to purchase s 12K PDP-15. It wss delivered in July, 1970 at a total
cost of $50,000 including an interprocessor buffer which allows communication
between the 9 and the 15 at memory cycle speeds. The latter has proven
valuable to us as it allows one oomputer to "eaves-drop" on the other for pur-
poses of mcaitoring its behavior--particularly the acouracy of its timing of
events, s critical question for most of our experiments.
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8ince the instruction code of the 15 is @ superset of the 9, it was
easy to transfer all our previous work to it, so single experiments began
immedietely. An even more major drawback of S0Z4 was the fect that both
usexre had to be loaded simultaneocusly. 1If something happened to one pro-
gra it was necessary to stop the whole system and relcad. Likewise,
different experiments et one station could not overlap with the same one
et the other without reloading. A decision was made to implement a more
flexible system on the 15. The structure of the computer suggested giving
each user UX of core and the system (including sharebile programs) 4K. This
would allow a total of seven usere (since the maximum core sise of s normal
13 is 32K). Henoe the name Pleides. A bardware memory protection system
vas {mplemented to prevent cne user from interfering with another. Pleides
began running two experiments simultenecusly in October, 1971. The full
system including en editor and assembler aveilable to the user in his 4K to
allow progrem development cocncurrently with experiments is projected for
February, 1972.

The initial Pleides wus duilt around the concept of a response station.
A rasponse station consists of 4K of core, ¢ teletype, e dectape unit, snd
Decessary experimentel epparetus (scope, digitel I/0 for switches and lights).
A response station costs $13,420. This is, to be sure, just ebout the seme
price ss one would pay for e single 4K mini-computer with similar experi-
mental apparatus attached. However, the power of the time-shering system is
considerably greeter. For example, the user has ecoess to mass storege for
1/0, file oriented I/0, and a sophisticated monitor which speeds and simpli-
fies his experimentetion. Such a system would require an additional 4K fop
;:ch separate computer, substantially increasing the coet (anywhere from

-5,000),

Current Plans for Developmeut

* 8o far one of the greatest barriers to more widespread use of the com-
puters is the amount of programming effort involved in either implementing s
new experiment, or in some cases, modifying an existing one. This stems
ueinly from the relative unsuitability of either Fortren or machine language
for describing psychological experiments. Ve are currently implementing e
higher level age, . called Experiment Writer. EVW is interactive,
and sllows the psychologist to describe his experi{ment to the computer in
teras he is familiar with (e.g., "trial", "block", "show", "wait", "ecoept").
EW then outputs some code which is executed interpretively by another program
Expsriment Runnepr. Presently this system is limited in capability. It cm
only present stimull vie the scope and acospt key press responses. It does
not provide feedback to the subject or summary stetistics for the experimenter.
Such extensions are planned for the future. This system should allow even ex-
perimentere with no background in computing to "program" an experiment with
abcut 15 minutes of introduction to the systes. :

We oxpoctthatthoputwthinmofmcntmudhbmtmto
continue. This past rets has been about one experimental station per year.
Unfortunately although ve pcssesa the hardware and sof'tware capacity to oon-
tinue to meet such needs for several years to oome, we have reached ¢ Umit
in actual physiocal space available for experimental stations at our current
location. If, es we expect, the development of EW both speeds up the rete
of progremming and entices people who currently do not use the system to uss
it, the future rete of growth will actually exceed the past and the backlog
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at our current site will become overvhelming. Plans for the Straub Hall

site have been designed to optimize use of the computers, not only by pro-
viding convenient locations for additional stations, but for easy connection
of other experimental rooms to the computer for purposes of data acquisition,
but not experimental control. Pleides has been designed to allow an unlimi-
ted number of "lines" to be attached to the computer. When a switch attached
to a line is closed, Pleides records a time for that line since the lsst
closure. This is output on paper tape. At the end of the day a special
program will separate the accumulated data into separate files for each line
on Destape which can then be analyzed either on the 15 or 9 or the central
PDP-10 time-sharing system. In this way an experiment can be facilitated
without necessitating e full station. For many, full experimental contrel
by the computer is unnecessary and this data collection facility is sufficlent.

We might add that an additional benefit expected from the Straub site
is increased quietness. The sound isolation at our current site is not
very good, and as a result some of the benefits derived from the more pre-
cious and sccurate control of experiments provided by the computer are being
lost,

Educational Role of the Computer

So far the presence of the computer hes had a dramatic effect on many
of our graduate students. Several of them (e.g., Steve Boies, Joe Lewis,
and Nancy Frost) have played key roles in the development of the facility. | .
One got a job with IBM on the basis of his experience; and the attractiveness
of the othere to psychology departments was definitely enhanced judging from
the fact that they were given direct responsibility for developing similar
systems at the univereities which hired them. Even those students who did not
become as intimately involved with the ocomputere as the aforementioned hava
benefitted greatly from their experience and will be better equipped to
compete in a resesrch envirooment which is becoming increasingly computerized.

We have recently begun to integrate our computers into undergraduate
instruction on a more forwmal basis (at least three undergradustes have become
proficient in their use on an individual besis, designing, progremming and
running their own experiments on the camputer). We expect that the imple-
mentation of EW will greatly fecilitate this process.

3.0. RESULTS OF RESEARCH

The organiszation of this section is by areas and investigators within
areas. Our investigators or postdoctorel scholars break into three natural
groupings: perception and psychophysics, cognitive processes, and humen per-
formance. In a crude way these areas ocorrespond to emphasis upon input pro-
cesses, oentral processes (including storage and retrieval), and output pro-
cesases. The dividing lines are determined by emphasis; almost all the
investigators overlap one or both other areas in their work and interests.
Indeed, it is this overlap which make for integrative possibilities on our
projest.

Under each investigator we have also desaribed those students whose the-
sea or doctoral dissertation they supervised. In some cases students 4id a
Nasters Thesis with one investigator and the doctorel dissertation with another.
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In such cases the students work is ommpletely described under one investiga-

tor, usually the cne he was last supervised by. Quite frequently, the

supervised work belongs mors naturally in cne of the other two areas. But

we descridbe this under the iavestigator section to emphasize how much overlap there was
‘among the projects. Furtherwore, one of the stated goals of the contract was

to rotate students among investigators and projects and euch discrepancies

between the supervisor'e area and that of his student illustretes the extent

to which we schieved this cbjective.

8.1. Perception and och sics
This avea includesA'étneave, Beck, Fagot and Hyman.
FRED ATTNEAVE

Attneave's work on our project has focussed upon how we represent physi-
cal space. The emsrging picture, based upon hie work, ie that such a repre-
sentation is analog rather than digital in charecter. His papers on tridimen-
eionality (Attneave and Frost, 1969), spatial ocoding (Attneave and Benson,
1969), and similarity grouping (Olson and Attneave, 1970) inply an internal
model of physical space which i{s amalog in nature amnd which may be primarily
visual in charecter. Such an analog coding eystem, cbeying a minimal principal,
complements the type of coding systems that we have studieiin the cognitive
and performance areas. In Attneave's work, the emphasie is on the type of per-
ceptual economice that operates to simplify perceptual input before contact
is made with memory. The work in the other areas focusses upen the economics
involved after oontact is made with memory or during the process of making
this contact.

Attneave's work on tridimensionality not enly oontributes new conceptual
insights end empirical findings about the nature of perceptusl organisation,
but it alsc represants a new breakthrough in methodology (this methodology has
alivady been used to good advantage in the doctoral dissertation by R. K. Jlsen
which will be mentioned below). In these experiments on perceived tridimen-
sional orientation, the subject aligns a rod in three dimensione (which he
vieus with both eyes) to correspond with the percesived elope of the edge of a
two-dimensional line-drewing of a box-like figure (which he views with ene
sya). The results are oonsistent with the existence of an internsl spatial
coding eystem in which distances in all directions are interchamgeable (isetropy).
Frem such experiments a model of how a subject's percept is fommed canDé "
roughly sketched as follows. From sort of an ioonic, two-dimensiomal input
the lines of the drewing are projected into a three-dimensional (internal)
spatial echsma. From an infinite number of possible projections, the perceptusl
system achieves, by means of a hill-clirbing method, a three-dimensional
representation that minimises the complexity of the percept. In this particu-
lar experiment, one possibility is that the subject achieves a representation
such that the lines forming the edges of the box are parellel and of equal
length and euch that the angles between lines would be the same. A cube, for
example, would be much simpler to encode than wost two-dimensicunal projectiome
of a cube because the three-dimensicnal representation enables the subjeat to
deal with only one length of eide and one angle between eides. Onoce the per-
ceptual syetem has achieved a projection that is minimally ccmplex in terws
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of "descriptors"”, these descriptors, in tura, are used to make contact with
memory in order to identify or otherwige deal with the stabilized perceptual
form. This account, of course, simplifiee the actual situation. 1In the more
complete picture we must allow for various feedbgck loops between memory or
meanings, descriptors, and spatial representation. Within the more complex
system it makes sense to ask questions about the role of prior expectancy and
labelling upon the nininization forcez that are vorking at the preprocessing
level, etec.

This model with ite relationships between descriptore, stimulus arreys
&ad an intermal Cartesian reference system proamises to integrate a diveree
range of previously discrete psrceptual phenomena. Attneave has already shown
ite relevance to problems of similarity grouping (Olsen and Attneave, 1970),
perceived tri-dhtuicnanty. revereing and embiguous figures, and spatiel

Attneave's work on pitech (Attnesve and Olson, 1971) elso makee a major
methodological contributien along with its subetantive findinge on pitech dise-
crimination. In this study, Attneeve and Olson were concerned with the
nature of the invariance involved in patterm equivalence under trensposition.
Coding of tonal patterns, at least in long-term memory, seems to be based
almost entirely on relations between pitches; however, it appears that vhereas
naive subjects tend to represent these relations in qQuantitative or anslog form
(remembering the eise of an interval), musically sophisticated subjects repre-
seat them in a categorical or digital forw, remenbering the Identig of an
interval for which they have a definite pigeon-hole.

R. K. Olson (now Assistant Professor of Psychology at the University
of Coloredo), under Attneave's supervision, completed his doctorel disserts-
tica on "The role of shape veriables in the trepesoidal window {1lusion"
(1970). His results strongly support the role of shape varisbles in the {1lu-
sloa of oscillation. The Plme of apparent reversal varied with both height-
vidth retio and linear perepective.

Robert Froet (now at the Univereity of Wsshington) also completed under
Attneave's supervision his doctorel dissertation on "Constancy of perceived
spatial relstionehips on a surface viewed at a slent" (1971). Frost etarted
with a classical prodlem of shape oonstancy. When s two-dimensions) form {s
oeen on a eurface, the constancy of its shape is resarkadly invariant despite
changee in the glant of the surface with respect to the cbserver. Ordinarily,
juch constancy of spatial camponents has been dealt with as o function of the
shape, {tself. Frost's dissertstion studied to wvhet extent euch variables as
extent, tilt, and angle caa sustain perceptual constancy vhen the shape comtext
has been removed. Constancy seems to 8pply to spatisl variables, them, Judged
in isolation from a perceived overall shape. This dissertation reveals
another extension of Attneave's ideas on an intemal Cartesian representstional

Frost also carried out other ressarch projects while vorking on our pro-
ject. His study "On the convergence of apparently vertical atreight 1ines"
(1971) used dwarfs and oxtremely tall subjects as an ingenious way to test an
fuplication of some theoretical speculations made by Helshols in hie Phni#

fcal Optics. And hie study with C. Snyder "Stimulus localisation end attentlen
gn & reaction time paradiga” (1970) was am attempt to clarify the way that per-
ceived spatial locus enters into the identification and attentional demands of
& stimulug,
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JACOB BECK

Beck became a co-investigator en our project during its finsl year.
Only part of Beck's work in the area of perception overlsps with our focus
on coding systems and it {s just this part vhich we havs agreed to support.
The study with Johnson and Stevens "An after effect of apparent moveaent"
is currently being replicated and a paper will be prepared scon after.

W. H. Eichelman (now at the University of Massechusetts) completsd
under Beck's supervision his doctorel dissertaion "Changes in the relative
discriminadility of slant and configuretion differences” (1970). Eichelman
began with tha findings from previous studies that perceptual grouping and
visual search depend for their sucosss upon the type as well as the degree
of diffsrence betveen the target and the background (non-target stimuldl).
In a series of axperiments, Eichelman had his subjscts determine whether a
target vas present in the field or not. Hs examined ccabinations of three
variables: (1) eocosntricity of the figure with respect to the fixatien
point, (2) uncertainty of where a figure will be presented in the visual
field, and (3) the number of non-target figures presented in the fisld. He
{nterpretsé his results in terws of Nefsser's (1967) distinction between
pre-attentive and focal-attentive processes. When the position of a target
is not known and camnot be detected on the basis of groes brightness dif-
ferences (when background figures are present in ths display) pre-atter:ive
preoesses are used to identify the figure presented. Thess processes are
saximally sensitive to simple kinds of differences regardless of the degree
of difference, a.g., slant, brightness, motion, atec.

Eichslnan complsted his Master's Thesis "Latters as wnite of processicg
in a visual matching task" (1968) as well as tha paper cn stimulus end responss
repstition (1970) under Posner's supervision. The Mastars Thesis is one of
the fov demonetretions that famillarity can enhence ths early stages of pro-
cessing concerned with physical charecteristios instesd of just the later stages
concerned vith memory contact. In the study on stimulus and response repeti-
tica, Eichelmen showed how the repetition affect wes more a matter of stimulus
repetition st very short response-stimulus intervals but became more a metter
of % repetition at longer iatervals. He also developed & model to relate
the on matching of letters with that of repetition effects in serial amd
discrete resction time tasks.

ROBERT F. ragot

Fagot and his studente contributed to the overell goals of
by daveloping measurement and forwal wodels to provide us with both the language
and axicmatic tests for dealing more precisely with the ooding systems we have
been isclating. During the summers, Professor Ernie Admme of the philoecphy
departaent at the Univereity of California, Berkelsy, has joined our project
to collaborete with Fagot on the axiomatio forwulation of these models (Adame
and Fagot, 1970; Adame, 1972).

Both Fagot's experimentsl and theoretical work feeds into our generel
work on coding systems in a variety of ways. He eand Admme have emphssised
those paremsters of models which have s peychological intsrpretation. One type
of paremeter often can be interpreted as a "respcnse bias” (Fagot end Stevart,
1970). Fagot and his collaboretors have showm that, ence such "bias" is
measured and removed, rether exacting tests can be made between altsrnative
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models. With such correcticns, meny subjects vho me quite consistent cen
be separetsd out from sudjects who violate assumptiaie because of irre-
parabls inconsistency. Hyman, for one, has been able to use such corrections
to focus upom "well-calibrated" subjects in cbtaining peychological spaces
within which judgments of sinilarity are made.

Fagot has shom that interval models based on an additive law generete
data that are more resscnsbls and internally oconsistent with axicms of
messurement than do retioc modele based on product laws (Pagot and Stewvert,
1969). This has had important implications cn other work on the project when
the investigator would like subjective judgnents of the magnitude of the
stixulus elements within & system. It turns out thet we are wore likely to
doriw consistent scales from subjects by asking them to report directly on
diffesnces between stisull on given nagnitude scales rether than on

stisull on these same scales (the typical nagnitude estimation
task). This result ig far from intuitively cbvious, yet it already has re-
sulted in much improved deta in our judgment work.

During the h.tymofthomjm.l‘mtqu*hgnpoanm-
tional theory of interval messuress:: which would pereit respanse bias pare-
meters. At the same time he was working on the sxiomatic structure of numeri-
oal response methods (such as 8. 8. Stevens nagnituds and retic’ methods, se
well as oomparebls methods utilising omly interval information). MHis work
oantinued at the empirical level to test these models.

Under Fagot's supervision, Manard Stewert (now at the University of
Northern Illinels) completed his doctorel dissertation en "Memory end absolute
Judgnent” (1969). Nis results support the idea that swbjects judge s stimulue
on the basis of a temporery store which includes the preceding few stimulus
exposures. But this suppert only holds for the firet half of his experisent.
With subjects who were well precticed ia the situation, the model no longer
held. Ome possidility is that with much prectics, the swbject can oonstruct
¢ nore stabls, leng-terw coding system within which to loecste a stimulus and
need no longer depend wpon his store of immediately preceding stimulus treces.

In edditioe to collaboreting with Fagot on severel studies, Stevart made
valusble contributions to the development of our sutcmated laboretory. One
of these contributions wvas the development of a PIP-9 Plotting package which
ensbles an experimeater to rotate figures on the Cathode twde. This packege
hummumhunmowuhtbonpitln area.

Both R. Kleinksecht (1971) and K. Wurdoff (1971) completed Mesters Theses
which, {n different ways, added additional tests end informatien for evaluating
the peychophysical models being developed by Fagot.

RAY HYWAN
Hyman and his students have sonosntreted oa projects that delideretely
mm“hﬁommmhudhﬂnnmx of,
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a small set of exsmplare belonged to. In theory, they could lx the
appropriate category for each exsmplar by rote, or they could trect out
a single schema or surrogsts from the ensmplare that belong to the same cate-
gory and employ this single surregate as their basis for judging future pat-
terus. The experiments of Posner and Keele supported the schema model. The
schema model, in turm, implies a coding or representational system that has
oombined digital and analog propertias. The subject presumedly ccnetructs
md stores a small set of discrete, qualitatively different surrogetas to
stand for sach category. Vhen the subjest is presented with a new pattern
to put into ene of the given categories, he ccmpares the new pattern with
each of his stored surrogetes and classifies the patterm acoording to its
sinilarity to sach Of the surrcgates. The classificatiocns into categories
imply a digital system that sorts ocbjects into discrete typee. The basis for
deciding 1f a given pattern is sufficiently similar to a category echema,
horever, implies an analog system that evaluates distasce in s continuous
.Pn“.

The coding schewss that underly the work of Attneave and the earlier
vork by Hyman and Well en siuilarity judgments, are ocompletely amalog in
nature. They imply a continuous space within which exemplars, surrogates--if
any, aad new patterns are oonsidered as points whose location is specified by
values on e set of coordinates which defines tte space.

Hyman devised a pattern recognition task that would ensble him to simul-
tanecusly oonsider the schema-type and the spatial type ooding systems. The
exemplare ind teet patterns for any cne subject were alvays systematic varia-
tims of a single remdom-9-dot pattern. The ensuplare and test patterns dif-
fered from each other cnly in height and width (affine trensformations). The
.wjmnnmwmb-ummmmﬂ-.mm and,
mmutm.muemm-tummmummam
patterns differed either throughout the experimsmt or ot least during the asc-
quisition stage. In all the experiments a simple rule differentiated patterms
be} to each of the two categories-- tm.hol.-*.lu to category "A" were
hum- wide and patterms belonging t?m "B" were wider than high.
Mjmhﬂu“iﬁm-nwlumbuhdimm
per category or of ¢ exemplars per category. Them they were tested, without

» for theisr ability to claseify 2% pattemns, including the original
sxemplare. The dependent varisble wes the speed as well as the accurecy of
tho clessificatien.

Three basic models were devised to explain the classifications. Twe
wodele belong to the stimulus-generelisation fam{ly. These two models envi-
sin that subjects haandle mew patterus by comparing thea with stored represen-
tations. The Averaged Distance Model assumes that & suwject develops a
separete representation for each exemplar. Each test pattern is then compared
with all the stored representations for each ocategory. The test pattern {s
classified into that category from which ite averaged difference from all the
exsmplare is least. The Prototype Model assumes thet the swject, during
lesarning, comstrusts a single surrogate or prototype to stand for the set of
axsuplare belomging to a category. He then classifies a test pattern in terms
of which of these stored prototypes it is closer to. Both the

Mcmmmummj*udhmdnm.h.m”.
to stored represeatations. A spatial or Distinctive Peatures Node)l asoumes
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out the dimensiocns along wvhich the pattsrms can be discriminated (distipc-

Each of these uodels generetes
the 24 test patterms should be recogn
theory was thet these models were ot mutually exclusive but, rether, dee-
cribed different st of mastery of the claseification task. During the

firet few trials

Separate representation (deseription)
éspecially i oonditions where there were 8 nemplare), the subject would

dovelop a composite re

during the tecting phase, the suwiject
cin be econcmically charecterized in

The results

differeat predicticns about which of
i9ed with shortest latencies. Hymen's

pPresentation for the category. At a later stage, aven

might "realise” that all the patterns
tormy of two coordingtes.

o one cowpleted experiment indicated that vhe S-exemplar

conditions were consistent with the A

Jects had to learn

nedels. Presumedbl
ject to store

veraged Distance Model. But when sub-

to classify patterns on the basis of S-exenplers psr
category, the Avereged Distance Model

y thic was because

Because of the variability among inwididng) subdssts, we could pet an3e99 trens: -
tions from ons model to another, if guch took place, within the data of single

doudt about the group whose best fit weg the

of the five subjects, when exanined indivi-

Distinctive Features Model. Because of this, we

are cwrrently replicating this study and also 8dding some additiona) conditions
to further deternine i any subjects Sctually ever achieve the distinctive
festures level. mmeh.ﬂluaghtmwhnthooaqm“imod.

the Prototype Nodel clearly becomes the best of the

oceplexity. Rogere end (Rogers
pre experiments in which audi
heve been studieiboth

recognition m' and judgments of
ad Nyman, 1..!71) hl;o completed some
patterns and their visual analogues

separately and in combinaticn. They have found the

preference fungtion relating preference to oomplexity

for the auditery patterns. But the yoked visual analogues produce, instead,

NOT REPR

function of preference on oomplexity. We are cur-
inding to possible differences in short-terw memory for
S8quences. The eventual goal is to use the relaticnships
TeRCe, memory, and pattern learuing as enother vay of opereticnally
mmxmmmmn-ujmmaomm

ooucIBLE



18.

studying problems of reading, especially speed reading. VWe have employed
some theory from trensformational grammar as well as the matching proce-
dures developed during this contrect. We heve also begun to davelop ways

to measure just what poor and good readers are ertracting from material

that they are reading under normal and under speed-up conditioms. So far our
progress has not been great, but we plan to continus. We fesl that we have
overcoms at least some of the big hurdles thst confront anyomme who tries to
rigorously examine ocmprehension an1 reading speed.

Arnold Well (now at the Univereity of Massachusetts) completed under
Hyman's direction his doctorel dissertation on "The influence of irrelevant
information on speeded classification tasks" (Well, 1969 and 1971). Severel
studies have shown that vhen irrelevant inforaation is added to stipull, it
can effectively be gated--i.e., there is ro increase in RT. However, {n
soms cases RT incresses with the addition of irrelevant inforwmation. Well
studied situations in which one might geot imperfect filtering.

One notion has been that dimensions that were previously relevant for
the task, but are now irrelevant, will interfere with RT because the prev-
fously relevant stimuli call for competing responses. In two different ex-
periments Well found no evidence at &)l for the notion of learnmed competing
responses. Lack of perfect filtering in his situation did not appecr to de-
pend upon whether an irrelevant dimension had been previcusly relevarnt in
the same task.

A second notion has been that irrelevant dimensions interfere primarily
when values on the relevant dimension are hard to discriminate. Support for
that hypothesis had been demcnstreted, for example, by Morgan end Alluisi.
We).i clearly found evidence that the addition of irrelevant dimensions {nter-
fervs primarily when the values of the relevant dimensions are hard to df -
crininate. Well suggests that the imperfect gating of {rrelevant materias:
mey he a function of the particular attributes that are relevant and irrel. -
vant nd their interrelationships. Some dimensions that can be formally
varisd independent of one another are not perceptually independent and, from
a peychological viewpoint, the "irrelevent” variations may not Le truly irre-
levant (for example, increasing the siss of targets can be ¢ne indepsndently
of thelr physical brightness, Lut not of their appurent brightness).

—— el GRS e tEILI. s mr i A S tEmet oMo PO

George Atwood (now at the State Univereity of Nev Jersey, Rutgere) com-
plaeted .ndsr Hyman's supervisior his dcitoral dissertstion on "Experimental
studies of Mnemonic Visualizstion" (Atwood, 1969 and 1971). This dissertation
wss avarded honorable mention in the American Instituts of Research's annnal
Crestive Talent Awards. Atwood focussed upon a series of questions aimed st
gaining infoimation abuut the nature of imagery and its oper .tion in mmemenic
systeas. The key question was, "Doss the mnemoric image invoive the visual
system directly?” In approaching this task, he adapted some of the techniques
and findings cf Lee Brooks at McMaster's University. In one experiment,
Atvood vas able to show that an {rrelevant visual perception intc_ feres more
with verbal leaming by means of {magery than dovs an irrelevant suditory per-
ception. In ¢ ‘'rucia’ secori experiment, he was able *o demunstrate that the
relative interfering effect. of these perceptions sere reversed in a verbal
learuning task which did .ot inv._ve visual imagery. The mmemonic image is
apparently a procees occuring at some level of the visus) system. On the basis
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of these and other experiments Atwood devised a theoretical modal of cogni-
tion in which a visual system is distinguished from a verbal-auditory system.
Tha visual system controls visual perception, spatial repressntation, and
visual imagination. Ths verbal-auditory system controls auditory perception,
auditory imagination, internal verbil representation, and speech. Attention
can be more efficiantly divided between tha two systems than within aither one
taken by itself.

Under Hyman's supervisica, lianey Frost {now at the University of Washi-
ngton)completed her Mastar's Thesis on "Clustering in ths free recsll of
pictorial material” (N. Frost, 1970 and 1971) and hsr doctoral dissertation
on "Interection of visual and semantic codss in memory" (N. Frost, 1971).

The Hesters Thssis is the firet experimental avidence known to us thst clearly
demonstrates thst clustering in free recall can take place in terms of purely
visual instead of semantic or verbal attributes.

Nancy Frost's doctorel dissertation focussed upon the interaction of
semantic and visual attributes in tha organization of memory. Her results
indicated that subjects store both semantic and visual attributes of s
stisulus and can retrieve thsse attributes in parallel; the mode of retrieval,
however, depends upon whether the subjects expectsd to bs testad for recogni-
tion or recall. Under recall instructions the subjscts apparently retrieve
information only by semantic tags, aven though subsequent tests reveal they
have also stored visual information. Under recognition instructions, subjscts
retrieve items both in terms of visual and semantic attributss.

Also under Hyman's supervision, Jeaneatte Silveire complsted her doc-
toral dissertation on "The role of incubation in problem solving," 1971.
Silveira first demonstreted that interrupting a subjact while hs was solving
a problem could increase tha probability of a solution provided that tha
interruption did not ocome too soon. She also studied the effects of varying
the lsngth of the interruption period. The heart of har dissertation,
howsver, was an intensive aalysis of just what @spects of the totul process
had been altared during the interruption. The hope was that a sufficiently
detalled codification of ths protocols might suggest ths particuler ways in
vhizh the interruption produces its affects as well as provide clues as to
vhether the effects ware due to forgstiing, recovery from fatigue, or active
processing during tha interruption. The snalysie of the protoools revssled
that the interruption does not affsct tha amount of work the subject does,
ths amount of blocking he oxpresses, tha number of new ideas or directions,
vor the amount of pereaveration. Ths interruption B3y prevent a decline in
overall quality of problem processing. However, the major qualitative affect
of the interruption is to change ths content of ths subjsct's thoughts. In-
tsrruptad subjacts conocentrats their ideas in the correct direction and they
naks more abstract statements correctly delinsating ths area of search. The
results argue strongly against a forgetting hypothesis and somevhat less
strongly against a fatigue hypothasis. A possible reminiscencs hypothesis is
suggested. Ths major contribution of this disssrtation, in our opinion, is
that it represents tha firet real breakthrough in experimentally analysing
an important, but previously elusive, aspect of problem solving.

Bernia Corrigan and Hyman have conducted a series of experiments to de-
*ormine the conditions, if any, under which independent variations in dimen-
nions con result in additive increments in transmitted information during .
absolute judgment tasks. As a corollary, they have studied the conditions
under which subjects treat uncorrelated dimensions as correlatad (and thus
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transmit systematic error). To fully snalyze this work requires new
theoretical and simulated analyses of information transmission measures to
find ways of removing biases. Corrigsn has been conducting this work and
developing new computer programs for checking it out. Some of this work
may eventuate i{nto his doctoral dissertation. Corrigan has also made some
contributions to our automated laboratory, especially in developing programs
for better commmication between our mated PDP-15 and PDP-9. Scme of this
latter work is being sutmitted for publication.
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3.2 c_ognit.ln Processes

This area includes Barry Anderson, Richard Hsller, Douglas Hintzman,
Gerald Reicher, Benson Schaeffer, Wayne Wickelgren, and our Visiting
Scholar H. K. Beller.

BARRY F. ANDERSON

Because Anderson (who is now at Portland State University) was a co-
investigator on our project only during its first year, he did not complete
come of the work that he had started on comparing perceptual with conceptual
abstraction. His student William L. Johnson (now at Whitworth College),
however, did complete his doctoral dissertation based on Anderson's work
(Johnson, 1968). Anderson had used as his basic stimulus material a string
of black and white squares. He felt that black and vhite squares would
tend to form perceptusl units so that runs of black or white would be
taken and processed as single elements. Their daty supported this hypo-
thesia. The number of black cells within a sequence of black cells (all
adjacent) were processed in parallel, perhaps by some kind of area or
brightneas estimating process. However, the separate runs of black celis
appear to be searched in series--for every run of blazk cells there is an
increment in time to match the two stimuld.

is interposed between one string and the other, he expected the subject
to develop some kind of code which will abstract certain aspects of the
location of the runs. He predicted that the major determinant of a
‘different' reaction time with simultaneous presentation would be the
total number of black cells within the string (i.e., brightness). With
delay, he hypothesized that the major determinant of the RT would be the
distribution of runs, since subjects would be unable to encode into
wemory an impression of brightness. Basically, his findings, with some
complications, supported these expectations. The resulting model suggests
that both brightness and run information are coded and stored separately.
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RICHARD W. HALLER

In addition to having the major responsibility for coordinating cur
automated laboratory, Haller has collaborated with Reicher on studies of
visual search and on sight reading in music (Reicher, Haller, ¢ Aitken,
1972). This work will be described below under Reicher's contribution.

Under Haller's direction, Michael Hughes completed his Masters Thesis
on "Some grammatical effects in immediate recall of sentences' (1970)
Hughes found that George Miller's prediction, based on Chomsky's trans-
formational grammar that deleted iransformations would be a prominent type
of error in recall of sentunces was confirmed. Nearly 80% of the syntactic
errors in his study were of this type. However, the model propossd by
Miller that the various errors would be independent fails to account for
the results. Sentences were recalled with fewer errors than Miller's
binomial wodel predicts. Although Hughes rejects Miller's idea that
transformations are remembered independently as "footnotes," he still
finds that the transformaticnal model still seems to be the most promising
candidate for explaining his findings.
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DOUGLAS L. HINTZMAN

The bulk of Hintzman's research since he joined our project in June,
1969 has dealt with the possibility that during memory subject's lay down
multiple memory traces (Hintzman & Waters, 1969, 1970; Hintzman, 1970;
Hintzman § Block, 1970, 1971). He has been developing an approach he
calls the method of memory judgments. Based upon the usual measures of
accuracy of recall, many models assume that frequency of exposure can be
equated with strength of memory trace. Hintzman's experiments seea to
indicate that each ocourrence of a given stimulus item is stored as a
separate trace--tagged by when and where it occurred--rather than ' -
stored in a single address for duplicates of this item. The strong
implication: of these findings {s that frequency is stored as a separate
attribute and does not add to the so-called "strength® of a given item

in memory.
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GERALD M. REICHER

Reicher's early work on our project dealt with perceptual recognition
#s a function of meaningfuiness of stimulus material (Reicher, 1969) and
vith the roles of similarity and repetition in memory (Reficher, Ligon, &
Conrad, 1969). Both these themes have been followed up by Refcher to
investigate the role of highly learned ur!ts in increasing efficiency of
processing and in making Bemory more efficient. Much of this work is stinl
either unfinigshed or in preparation. The study of sight readers in col-
Jaboration with Haller (Reicher, Haller, § Aitken, 1972) was {nitiated to
study coding systems at a rather high level of learned organisation and
mastery. The point of departure was Adrian deGroot's findings about the
ebility of chess masters to seeningly grasp the complexities of a chess
game after an exposure of a few seconds--an exposure time fer too small
to convey much to experienced but not so accomplished chess players.
LeGroot found no overlap in this ability between grendaasters and sub-
masters. This amasing difference could not be attributed to a general
differsnce in visual memory because it disappeared entirely when the
pieces on the board were arranged randomly rather than in accord with the
positions of an actual game. In some sense, the grandmasters have learned
how to take advantage of recurring themes in chess games and code a given
eituation in terms of a general schema and local "corrections."

Haller and Reicher ssw the opportunity to study the same type of
superiority among mvsicians who differ qualitatively and quantitatively
in their ability to immediately "sight read" a new Piece of music. They
found, in agresment with deGroot's results, that the superior sight
readers could essentially reproduce, after a brief exposure, an entire
line of music with hardly an error. But when the notes were randouly
érranged, rather than taken from compositions, the suwperiarity of the
good sight readers disappeared. This superiority, it was further demon-
strated, wvas not due to better guessing habits on the part of the good
sight readers. Haller and Reicher believe that direct visual to motor

Under Reicher's direction, Richard A. Block completed his Masters
Thesis on "The effects of cues to forget in short-terwm semcry tasks”
(Block, 1970, 1971). Block, using both prosctive and retroective {nliibdi-
tion paredigms, examined three different bypotheses about the role of cues
to forget: (1) they result in erasing the to-be-forgotten material, (2)
they ensble subjects to rehearse the to-be-remsmbered material more
effectively, ar (3) they differentially tag ar code the to-be-rensmbered
and to-be-forgotten saterial. The findings clearly rejected the firet
two hypotheses and they support the last hypothesis by default. The

Also under Reicher's direction, Charles R. R. Snyder completed his
Masters Theeis on "Temiliarity and processes of visual search,” 1970.
Sryder began with the assumption that visual processing, in the search
puadip.mbouvudimmhethnltmofm and
inspection. This distinction parellels that aade by igators
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between "locating" a etimulus object as opposed to "identifying" it. MNig
subjects had to identify a eingle cued letter from a tachistoscopically
presented circular array of twelve letters. The cue (nutlhtlo'n. color,

or ioversion) vas kmown in advance, and eubjects had to resport the name and
position of the cued letter. He found that letters which vere adjacent

to cued items were incorrectly reported Bors frequently than letters which
wvere not. These findinge oetrongly eugges* that the subjects process where
the item fe independently from what it 1ia.

Snyder has been working on his doctoral dissertation under the super-

vision of Michael Posner. He is studying the role of controlability of
» 88 contrasted with the vividness of imagery, in problem solving.

In his fnitia) experiments he found that individual differences in abiliey
to mentally rotate Roger Shepard's figures does correlate with ability to
solve certain types of puszles which involve manipulation in three dimen-
sional space. he ig still conducting these experiments which, we assuae,
vill econ be finished.
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BENSON SCHAEFFER

Schaeffer has effectively adaptod the subtrective and chronometric
methods of Posner to the study of how semantic Bemory is organized
(Schaeffer ¢ Wallace, 1969, 1970, 1970). 1In ore study he found that when
subjects are asked to make same-different Judgrments on the basis of one
particular category, animate versus inanimate, they vere influenced by
other semantic features of the stisulus. For example, it is easier to

is due to the subjects having to retrieve and compare superordinate
category information rather than due to etimulus oinilarity as such.
The effect disappears when instances of categories are compared directly
with category namee (1.e., it 18 no more difficult to respond differently

another task whiech presumadly limite hig ability to generate categories,

the effect is mot reduced. Schaeffer 1s continulg this work with the

808l of developing a theory about the ergarisation of TImory, retrieval
and

Under Schaeffer's direction, Richard J. Wallace completed his Masters
Theeis on "g-R ocompatidility: evidence concerning underlying processes. "
(1970, 197)). nie subjects pressed one of two keys placed to their left
ur&t“mdmuthﬁlmmoﬂ. A stimulus could ocour
e-thohftu-rldn. or above ar below a fixation point. The sudbject

a lhumiymludtmmmlthuof
»um-tw-uzhmuumnmuu.mmw.
uthmdcmh.mmhmueuhtm“
¥es respomsidle for the differences in ocompatidilicy.
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WAYME A. WICKELGREN

Since he joined our project in August, 1969, Wickelgren has concen-
treted upon developing a mathematical theory of consolidation in long-
terwm mesary. He has found support for the theory im his own experiments
as well as previous findings in experimental psychology, neurology, erd
physiological psychology. The theory states that the period of active
study establishes & short-term memory trace and a separate independent
long-terw trece. The shart-ters trece is consolidated immediately or
almost immediately, so it is availadle for mediating recall or recognition
within tenthe of a second or a second or two at most after the study period.
The active study period establishes & potential long-term memcry trece, but
this potential trace cammot contribute tu recall or recognition until it is
consolidated into a retrievadle trece. Consolidation of long-term mescry
begine to produce & retrievabies trace at about 10 seconds after the end of
the study pericd and is essentially at assymptote by around 30 ssconds.
Wickelgren now believes that he has data to indicate that the single retention
function can be used to describe the retention for all delays frouw @
ninute to two years.
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HENRY K. BELLER

Dr. Beller (now at the State University of New York, Brockport) was
o Visiting Scholar during the second two years of our project. During
his stay with us, Beller successfully combined the &pproach and concepts
from the Nefsser visual search paradign with the ooncepts and methodology
of Posner's matching paredign. The first example of this &pproach (Beller,
1970) tested Neisser's tvo-stage model of recognition in the matching
paredign. Evidence of perallel processing was obtained in an experiment
vhere subjects eould respond same as quickly to eight identical letters
48 to tvo idestical letters. Byt evidence for a subsequent seris) stage
vas odbtained in another experiment in which subjects matched letters of

Beller used a modification of Posner and Mitchell's chronometric
parediga to clarify the role of advance information op matching (Beller,
1971). The subjects were shown in advance one of g Pair of letters to be
matched. This edvance infoarmation (prine) shortened reaction time to physical
metches even when the case of the prime was asbiguous . Priming faciis..
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3.3. Human Performance

This area includes Steven Keele, Michael I. Posner and our Visiting
Scholar, Carlo Umilts.

STEVEN W. KEELE

The variety of focii for the research by Keele--attention, human
performance, Bémory storage, memory retrieval, wovement control, motor
skills, repetition eoffects, automation, pattern recognition, envirommental
stress--all are gsnerated by the single central thewe that human perfor-
mance is largely a matter of man'e limitations in Remory storage, memory
retrieval, and movement control. Both he and Posner have been elaborating
and refining a theory--closely buttressed by ths large accumilation of
experimental results by themselves, their students, the other investigators
on this project, and the work of closely affiliated laboratories--r4eed
on the fact that man's difficulties in processing information take two
fcn:: limitations of time and lin{tstions of attention (Posner ¢ Keele,
1972). ) . “ T el = — —

Over the span of the four years of the project, Keele's integrative
role has emerged in two key works. The firet was the review article on
movement control in skilled motor performance (Keele, 1969). In that
article, Keele marshalled the evidence to demonstrate that the relation
between speed, accuracy, and distance of a movement is determined by time
to process feedback and make corrective alteratiors in the movement. In
that same article, Keele points out how the etudy of movements is relevant
to understanding of perceptual and memory skills as well as motor skills.

The second work is a book on attention and human perforwance which Keele

is just completing. Around the three bacic components of storege, ret-ieval,
and movement Xeele provides an ‘ntegrative summary of r - o ' work that
we have &coomplished during the period of this contract

Kesle's paper un the Tepetition effect (Keele 1962) sugzested that
the repetition effect vas dus to stimulus mtclpn’:tou and the saving in
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In hie most recent etudy (Keele, 1972) he focussed upon the atten-
tion demands of memory retrieval. To determine whether the retrieval
stage demands attention, two sources of information, form and color, were
eimultanecusly preeented. Only color was relevant to the key-pressing
response. When the irrelevant form spelled a word, such as GLASS, no
interference with processing the relevant color was found. Yet it was
concluded that the irrelevant information had contacted memory because
when the word meaning was changed, such as to GREEN, the time to respond
to the color of ink increased. A discrimination of meaning must depend
on information stored in memory. The evidence supports the view that
memory retrieval is a non-attentive process; more than one source of
information can contact memory at a time,

Jerry G. Ells (now at the University of Calgary) completed under
Keele's supervision his doctoral dissertation on "Attentional require-
ments of movement control " 1969. He used the probe technique as developed
by Posner and Keele. By this means he aseessed the attentional demands
of the decieion preceding the .sovement, the movement iteel £, and the
period of time immediately after hitting the target. During the decision
phase, he discovered, the delay in reacting to the probe is affected only
by the number of alternative movemente available and not by . the difficulty
of the movement itself. Once the movement has begun, the decision diffi-
culty has no further influence, and probe delay ie influenced only by the
required accuracy of the movement.

Another doctoral dissertation under Keele's supervision was completed
by Gerald J. Laabs (now at the University of York) on "Cue effects in motor
short-term memory" (1971). Laabs etarted with the cbservation that despite
2 proliferating number of etudiee on short-term memory and simple motor
acte, the picture was confused with contradictory reeulte, He folt that
not enough attention was being given to cues that eubjecte actually use
in making their responses. He chose to focus upon two of the most pro-
minent cues in studiee of moter Bemory: wmovement location and movement
dietance. His findings, in agreement with earlier work of Posner, clearly
indicate eeparate Bemory functions for location information and distance
information when used as cues in movement reproduction. Laabs elaborated
& model to account for these findings.

Steve Buggie completed under Keele's supervieion his Masters Thesis
on "Stimulus proproceseing and abstrecticn in the recognition of dis-
orien od feras- #9070 ), Buggle investigated the effects -of :phencmepal
discrientatien of letter peire on different levels of processing during
recognition and classification. Rotating a letter adds a constant to
mean reaction times for matches made st either the physical or name code

identity matches. Mut thie stage ie not entirely free from the effects

of femiliarity as Buggie discovered in a second experiment. One conclu-
siom is that the abstraction of the name oodes from disoriented letters
say have a dusl besis: first, the image of a rotated letter rzy bs
astively reflics by c iime consuning compenrsatory operation cocl uo
meatally rotating the image to its familiar orientation and then extrect-
ing 1ts n@.c .tuis cu.clusion in part, has been independently verified in a
striking manner by Roger Shepard at Stanford). Another basie is that

~
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some characters possess discriminable rotation-free features which permit
direct identification without going through the mentsal manipulation or
preprocessing (this iatter basis could represent the effects of familiarity).

Jock Schwank (now at the Air Force Academy) whose Masier's Thesis on
"Design parameters for Oregon ballots" (1971)was also completed under
Keele's supervision, undertcok to apply principles of human performance
to the task of designing a more efficient forwat for election ballots in
Oregon primary elections. His experimental analysis came up with several
specific suggestions for redesigning the ballot. Schwank aiso carried
some of Keele's inturests in studying various ferms of stress upon work
performance into 2n experiment on the effect of the menstrual cycle on
performance of various laboratory tasks. He was able to f£ind no signi-
ficant performance decrements due to menstrual cycle for card sorting,
times estimation, or a 30-minute, highly compatible, key pressing task.
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MICHAEL 1, POSNER

Bocauu. more than any of the other investigaton on this contract,
Posner hag foncentrated upon syatcmticllly and experimontally Pinning

(such as the letter "pn) and the subsequent response that the subj
makes to thig stimulyg? By ingenious experimenta) arreangements, Posner

with memory or any form of .idontifieatlon. Another stage {s the result
of contact with nemory which results h gome form of identiﬂcation or
recognition, 4 higher Stage might he the classification of the stimulus
object in termg of Superordinate categories (Is it 2 letter or a digit?
Is it a vowe) or a consonant?), A still higher ordep stage is in terms
of output that has to resy)t from some transformat {on applied to the
stimulus (Wnat is the letter which h.odiato.ly Precedes this one in the

a
exposition only. The facts argue strongly that such stages exist in
relative tndcpondonco. but overlap in time. One questiog in this progranm
concerns the extent to which such overlap in processes hecessar{ 1y occurs
and the extent to which gome of these stages can be bypassed or 6liminateqd

ones),

2) Does fnil:lmity affect the visual process? This {s the 014 question
the extent to which primitive perceptual processing can b altered
by experience, Sxpectations and funluvity. This has been & surprisingly
intractadie prodblem, Whenever an experimental Psychologist hag Seeningly
demonstrated o clear effect of !ani.uuvity upon percept on, later work ang
criticism hag been abie ¢o explain the effect avay as due to response
factors rather thap Perceptual, a¢ first the findings in our hba-atory
Seemed to suggest that f-uhrity could operate only in the processing
lex now ov.
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nanming processes sequential or parallel? The answer seems to be that
they operate in parallel but with different time courses. 4) Can subjects
generate a visual image from a symbolic or verbal descriptor? When the
early work by Posner and his students under this contract was undertaken,
most experimental psychologists were dubfous. But now, as Posner and his
colleagues have demonstrated (Cf., Posner et al., 1969), the ability to
generate visual images is considered to be another hard-nosed fact that
can be documented by laboratory methods. 5) Do logical superordinates
require that the subject first retrieve the name of the object? For
example, in classifying a given letter as a voweel or a conscnant does
the subject first have to identify {ts name? The answer, as Posner has
shown (Posner, 1970), seems to be that subjects do first identify the
name of the letter before they classify it as a vowel or a consonant
(this does not neceasarily mean that they "must" so identify it). On the
other hand, the evidence is just as clear that they do not have to iden-
tify a stimulus by its nawe in order to classify it as a letter or a
number. The next question is whether the cases in which subjects appar-
ently do go through an intermediate stage is obligatory or can be
eliminated.

The big qusstion is where does consciousness enter the picture in
this series of stages of processing? Posner has developed operational
means for indexing consciousness within this experimental paradigms.

One may, of course, object to Posner's particular definition of conscious-
ness, but there is no question that what he calls by that name is being
dealt with in objectivs terms. In fact, consciousness zs a comstruct has
entered thess experiments via two seperate connotations: that of "inten-
tion" and that of central processing capacity. The first connotation is
based upon the question of whether subjscts are obligated to employ a
certain stage or is it optional during a more complex operation. The
second connotation leads to the sxperimental treatment as "unconscious"
those processes which can operate without way demonstrable interference
with a task that is known to occupy the central processor (Cf., e.g.,

the paper by Posner and Keele, Time and space as measures of mental
operations, 1870). Within this context, one question has been: How
complex an operation can be carried out withovt the involvement of
consciousness? This involves the issus of the extent to which complex
skills can be executed without interfering with other tasks that obviously
use conscious attention. A second question is & what level can conscious-
ness be inserted into a complex operation. To what extent, that is, can
an individual redirect his conscious, attentional resources to various

stages of the processing?

In addition to having studied the preceding questions with ths probe
techniques, matching paradigms and other experimental arrangements that
he developed during this contract, Posner has been perfecting and apply-
ing the methodology for indexing the physiological substrata of component
processes by means of EEG's, especially the evoked potential. For this
purpose, under the comtract, we have built analog-to-digital converters
and have incorporated the physiological recording and analysis ss another
component of our automated laboretory. Results of experiments carried
out with this new set up indicate, for example, that visual proocessing
of a stimulus object can ocouwr without "consciousness”, but that the
decision to perform a specific act in response to the stimulus apparently
does involve consciousness.
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For his doctoral diesertation, Warren deviged an ingenious technique
for demonstrating the unvanted, and perhaps obligatory, role of higher
order proceseing in dealing with an essentially lower order task. In
brief, the subject night be given a get of three words such as "flower,
tree, vegetable.” He is told to hold these in memory in order to be
tested on them later after an intervening task. One possibility ie that
the very act of holding these three words in memory will automatically
aliso activate the Superordinate category name "plant." To test this, the
intervening task might present the eubject with the word "plant" printed,
say, in blue ink. The eubject'e task is siwply to name the color of the
ink. In euch a case, Warren found that {f the name of the word was related
to those in memory, say by a supercrdinate relation, then the subject's
time to name the color of the ink in which the word wae printed was
elevated in comparison with control worde that were nct so related. Warren
included a variety of control comparisons to make sure that this effect
vas not an artifact. In Posner's terms, this result repreeents an example
vhere consciousness enters the picture to create interference although it
is completely irrelevant to the task. The question that is now raieed is
vhether the eubject can de taught to handle such a task without inter-
ference from consciousness.

Joe L. Lewie (now at the University of Texas, Arlington) completed
under Posner's supervision hie doctorel dieeertation on "Activation of
‘logogens’ in an audio-vieual word task" (1970), In some earlier work on
the project (Lewis, 1970) using dichotic 1listenin » Lewis found evidence
that unattended information is processed at the semantic level. Because
of the possibility that ears may be unique as informaticn channels, Lewie
decided to investigate a bimodal form of presentation of the messages--
one audio and one visual. He again cdtained results revealing interfereunce
in caming attended words vhen smmantically similaer words ware presented
in an unattended Bessage. But the effect was cbserved only vhsn audio
was attended with visual unatt « A seriee of further experimente was
conducted to alarify the locus of -interference or facilitation vhich occurs
during dual senscry input. Again interference was ocbserved only when the
unattended word was sudio and was eimultanecus with, or lagged the attended

etimulus encoding and reeponse selection. Facflitation effects, suggests

Lewis eerved, in o postdoctoral capacity, as the director of our
automated laboratory during the last year of the project. In that capa-
city he made important contributions to its functioning, especially in
the developing of owr time-eharing syetem (cf., Lewis, Boies, ¢ Osgood,

1971; other papers fn preparstion),

Stephen J. Boies (now at International Business Machines Yorktown
Heights) od under Posner'e direction both his Nasters Thesis o
"Retention visual i{nforwation from a single lettesw (1969)and his
doctoral dissertation on "Nemory codes in a speeded classification task”
(1971}, In his MA thesis Boies explored the oonditions for rehearsal and
goneration of visual information. ik showed that concentretion upon
tho'imxfonmhdtolmwed watching out to two seconds. However,
this appears to he quite difficult for subjects, either because the systea
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which mediates this activity fatigues, or because 2 lapse of attention
leads to a loss of the visual representation frowm & readily accessible
store. Boies followed up on these findings in his dcctoral dissertation.
He attempted to examine the memory codes which are used when the subject
is asked to classify two letters as being the same or different. His
first two experiments explored the subject's ability to generate a visual
representation of a stimulus from the name of the stimulus. The third
experiment investigated ths similarity between the search characteristics
of generated visual information and information which is abstracted from
a visually presented stimulus. The fourth expsriment explored the role
of practice in the matching task. The final two experiments sxamined the
role of processing capacity inthe process of generztion. In brief, Boies'
overall findings are taken to support the generation hypothesis. When
two letters are to be matched, the longer the interval hatween the onset
of the firet letter and that of the second, the less the relative advan-
tage of a match based on physical identity as opposed to nume identity.
The original interpretation of this result was that the memory trace for
the physical code fades and the subsequent match has to depend upon the
name code. Boies found, however, ti.at this loss of advantage for the
physical match also occurred if the first letter remained visible during
ths entire interval prior to onset of the gecond letter. Boies uses his
experiments to argue that what actually happens during the interval s
that the subject generates the opposite case of that in which the first
letter has been shown. He then makes a physical asatch when the second
letter ocours, but one in which he now has two stored representations with
vwhich to compare it. Hence, the resulting increment in time to meke a
physical match is not because the subject has switched to a name code,
but because he has had time to generate more than one physical code.

Boies was very instrumental in helping us to develop the Automated
Laboratory during our first two years with it.

Under Posner's supervision, Carol Conrad completed her Masters Thesis
on "An analysis of a hierarchical model of semantic memory organisation”
(1971), Comrad investigated the boundary conditions of the theory of seman-
tic memcry organization proposed by C~llinc and Quillian. Their
suggests that semantic memory is organise’ into a network of inclusive,
ordered hierarchies which include superordinate or category names end pro-
perties which uniquely define these categeries. The theory also implies
that this organisation is based omn cognitive economy--no proparty may
appear more than once in the system. Her first experiment suggests that
the positive results cbtained by Collins aud Quillian in support of their
theory may have resulted from a failure to comtrol for the frequency with
which a property is assigned to its presumed category in memery. Her
findings suggest that properties may be stored in memory with every cate-
gory with which they are highly associated. When these findings are
combined with those from her second experiment they st that the
notion of cognitive economy does not accurately describe the organismation
of semantic memory; they do suggest that words in memcry are directly
dsfined by all properties which have been highly associated with these
words in the past. During the last year of the comtract, Conred began
work on her doctoral dissertation which will investigate wawof dis-
ambiguating sentences.
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Elaine Turnbull completed under Posner's direction her Masters Thesis
on "Visual and name processes in a visual searchtask” (1971). Twrnbull wented
to see if the often repeated finding of Posner and his students that
physical matches take less time than name matches could generalize to
paredigms other than the original letter-metching one. In particular, she
used Neisser's visual search paradige as snother place to study this
separation of matching processes. In her firet axperiment, she wanted
to see if there vas some advantage of searching for two targets which
mpbyolunydm“tmmthomm(uyA.dg)aw
with searching for two targets which are physically dTfferent but have
different names (say A and b). She found, in fact, that this was the
case. However, the advantage was never as great as having the single
target that did not vary in physical form. The results suggested the
possidbility that subjects were storing and actively rehearsing an sud{tory
name code during the search. Accordingly, a second experiment vas oon-
ducted to investigate this possidility. The idea was to ses {f simultan-
eous auditery input from an external source would interfere with the
search task, especislly as the input increased fu similarity to the re-
hearsed name. BSuch interferemce was not cbtained. The failure of
suditorally presented letter names to degrade visual scamming performance
does mot prove the absence of name information during the search process.
But it does suggest that the name inforwation is mot in acoustic forw.
Turnbull suggests a couple of models which would account for these results.



CARLO A. UMILTA

Dr. Umilta was our second Visiting Scholar. Dr. Unilta, who is from
the University of Bologna in Italy, epent the last year of the projsct
vith us. During that time he completea two important studies for ue,
both of which are nov in press (Umilta ¢ Snyder, 1972; Unilta, Frost, ¢
Hyman, 1972). Ome study, on the repetition effect continues scme work
that Nyman and Unilta began whem Hyman was a Pulbright-Hays Scholar at
the Univereity of Bologna in 1967-68. In reaction time studies it has
been found that RTs for repested events may be faster (positivs recency
effect, or repetition effect) or slowver (negative recency effect) than
RTs for mon-repeated events. Umilta and Snyder (Usilta, Suyder, § Snyder,
1872) investigated how the positive and negative recency effects vary
with: (a) the event uncertainty; (b) the delay detween a response and
ths next stimulus (RSI); (c) the rank orde of the event in a sequence
of equivaleat events. They found that: (a) under the conditions of their
study there is either a positive recemcy effect ar no effect al all; (b)
the effect is larger vhen uncertainty is grester; (c) the effect diminishes
o8 RSI increases; (d) the effect is larger at the begimning than at the
end of a sequence of equivalent evests when uncertainty is low, whils the
opposite is true vhen event uncertainty is high.

Ths other study (Usilta, Frost, & Hyman, 1972) also relates baak to
wvork that Umilta and Hyman in collaberation with othsrs began at the
University of Bologna. This work is comoerned with henispheric differ-
ences in processing semantic and perceptusl imput. In one expsriment
subjects sav letters presemted either to the right ar left of a central
fixation mark. The subjects pressed a key when those stimull dosignated
a8 positive appeared, and did not respond to the others. Both right and
left hand responding vere uwsed. The results indicated a nonsignificant
left heaifield (right hemisphere) superiority with cne letter, and signi-
ficantly faster responding to right hewificld presentations for two- and
three-lstter displays. In a second mxperiment, subjects responded to
single letters, differing simultansously in visual sad phonemic discrimin-
ation. Reaction times were interpreted as indicating faster phonenic
dhciﬂutlmdmlmnqmmmhﬁuwt
benifields, respectively.
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