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mation, must operate equipment or vehicle. 0perat0rs r*10' 0n thc basis •« this i 
frequently have life and d^h consequences  No'L^t^ t^'T  deCi8i0nS that 
more information is delivered to the human dnM^.  OW raUCh better and how much 
no advantages if the human is unab e to Lk us ^f TiTL^  S teChn0l08y f^» 
human performance has clearly indicated hZlS!7»Ü .   iVformatlf'n-  Research on 
with information.  He must selectively react heel V*" * CapaClty for dealin8 
on this contract, provides infomatlon that mi^ ITüJ 25 With " al1-  "* 3* 
ing to bear different subareas^f exnerJ^nlf  ^/^evant to this issue by bring- 
-mory. thinking. WeSSn" «ac^^r .' . ^j0*^*"**»'  P^chophysic's. 
cotton problem of coding systems and thMr T^   ' f    '"^ Perfo™ance--upon the 
inputs and outputs.     system8 ^ their interactions with each other and „ith 
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SUMMARY 

e^u^TTT       on "C^ing systems in cognition and perception" was 
eateblisheO to experimentally study the di fferent ways that hum^ VMMMM 

iSS^Zn ^S— f0m8 0f ^P-^^tation läcili,aten   hi-^d 
adaptive be iavlor with respect t« environmental inflation,    Tnis probL'm 
was seen as especially important in today'. world because  the r w 4chno!Lv 
?rn(nr

ted ^ '■^•■üS* "^^ion" in almost every fi.L of enSe^r 
belted ^•, ^ K6^1 ^ ClVlUan 8itua^on8' "«»e elaborate aud m^SSZ* ticated d.3v,.ceS bring ever increasing amounts of iatcnmtim t« human 
operators rfao, on the basis of this information, mmt oper^eecurgent or 
vehicles or must make important decisions that kque^tly have  life «J 

iTSlSSnrS: K
Nü

 
m^ttei, !'W mUCh bm«' ^ h- «uch m^W   lnfo^at<on is oelivered to the human decision Mtor. the new t«rfu.ology conveys no 

oT-^Tl S '^ Ä l8 Unable ^ "«^ U8e ^ «* InfSaSon!'  Research on , uman porformance has clearly indicated how Umifd is man s capa^i^^or 

all      The work on this contract wa, in;end«d to provide irfpnaJoTtSt 

USSSS? ^orOsk0f^;P•^C?;iOn• SS?^!^« m-0^' linking! p^cho- 
^STM^ITZ SS^I r   h^an '"'JÜ'—'W "Pen the  ?O*PCU prob.^ of 
oJtpu?» interactions with each other and with   .nput« and 

eff-cl^nt"*Jr^h0d0lüKifal ".""■ll > WM »he developmen: of an ü«. cient aid fully operating automated laborat.Äy.    About 75% of the 
research done on this contract was done with the aid of this f «.'111tj      The 
«utcmated laboratcy I. built around two computers-a PDP-9 and a P^l^ 

eaiiL^ ^SL    Al0f,Ä Wi'h theM CantraI ****"»• and relax ,d peripheral equipment, which were purchased under the contract, we developed the necLarv 

wmmtimiLl ^ VL^' •UCCM«ful i» «Kparl^nt^ly isolating and in- 
^.ifcatlng several differsnt coding sy.teus e^i^.d by SSm xn nmlm 
rexrievln« „d acting upon Infomatloo.    In the peroeptial   aria   4r 
STT&eü W*r: ^i* t0 ■M,»hÄl1 "n" o' converging evidence to d.L,.tr.te 
th. exlst^c. of . CartMl«-Uke Internal referee, sy-f» which en^'e^hl 

2?l!!r !       ■•■onr.    In the aeaory area, we have in aaveral different wave 
cle.rly demonatt^t.d visual. «^Icul-toty. auditory and septic pHncipSr 
!LSSta£S Whleh ■? lÜ!i"i"1^ op qua.i^indipendwt of on. an^hJ" In 
M^^füis1 to s s*-^1« -•«»«y -yf«. ^ich operate rjs:^. 
JüJ   ! ntr?1 P1"00*"10« «yt«.    He have »ade bailnning. in specifylns 
.arHSe%PP0Sr1,if

0f ^ ^Sü M -11 - th-lp 'nterrllatiooKlpi'to 
ZlSiTL SS ^i,0" th#'* •y8t#" ,,n<J ^ hi«h"«ht. of our findlni. ar. described In tha section on research finding«. 

orr .. J?!.^ !S,2!i• cootp,ct ow»«wtrat«d o» i«oUting «nd «xalnlng the 
prcperti«.   of diff.r«nt rapr«««otation«l .y.t-s.    Thi« wortc lay. . firm 
to  .i*ticri for t»e n«xt «t«p« which will e^h««!«, the growth. <l«v«l<»Mnt 

h^vc  ^rÜ^    T** fr0" th- P0"1"1^ that th« dlff«r«t sysf. UA 
hM their optlwl c»«. of «pPUo«tio0« «d th« oo»bin«d UM «f dlff«r«t 
syst.«. wm be the key w«y for hi»«n« to c^rocM lnh«r«nt ll.it«tl<»« rf 
th«i • processing System. «.••■*«»»• w 
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1.0.  INTRODUCTION AND OVERVIEW 

Our criginal application to do researdj on thia coo'Tact, Hhl«b w«* 
submitted in .966 began with the follcwing words: 

"Tho proposal deals with the iiitersction between codiiw Fyaum*  «id 
p^jg »vnta in perceptual and cognitive -caaks: This in;:er^tioo 
is viewtid as a reciprocal relation between the form of the coding ays- 
te« fad the characteristics of the stinulia event. On the one hand we 
want to inveatigate the ways in which the characteriatica of the ctkliufl 
eyst.« .ire detemined by the qualltiee and organiratlon cf components 
in the atiwilus event. On the other hand, we want to atudy bow the 
efficiency with which an Individual operatea upon the stimilus inform- 
tlcn is detemined by the characteristics of the coding systea which he 
aaplc/s in the situation. The general plan is to attack this issue by 
»eios oJ a series of differert, but closely "-oordlsated v research pro- 
ject?,. The projects will individually Inveatigate the saae probie» from 
e variety of different viewpoints—for» per-ep*ion, ■ultidiaensional 
fsyo-ophysics, scaling, decinon and choice ^hoory, concept leading, 
»kliJ learning, induotiv* logic, and problen aolvinfc. We will coordinate 
the prelects by aeans of several devices: 1) the fomuj itlon and applt- 
oaticn of a cannon teralnoUgy, notation, Pnd syetcu of concepts; 2) the 
use of identical stimulus nets- 3) the use of oonno tasVa, dap-indent 
variables, equipment. and experiiMatal draigna; a) the rotation of re- 
search «asistants aw>ag projects; and 5) s single Individual ad princi- 
pal Investigator who haa the authority to decide, at each cboite point, 
whether a given experUent does or does i.ot dlrsctlv contribute to the 
overall goal of helping us understand how the eKaractorlrtlca of a eollnr 
syst». effect an individual^ ability to use infoi^tion In perceptuel 
sr.d rognitive tasks." 

This report la technically the flnel report of how veil we set our ob- 
jectivee during the four years of the contract. Coaparad with o-jr Initial ex- 
pactatiooa of five years ago. wa fee; that «e have eore than aurpaaeed our 
original hopea. tee reason for thia waa that we originally oontaaplatad a 
nueleua of aix invaatlgatora. But ti.la quickly grew to 10 «sin Investigators 
In »ddltlon to a Vielting Scholar. Thle aleoa geve our »anpower »ore than a 
50% increaent over what we bad planned. A second reaaoa waa the gratifying, 
but unexpected, aucoeaa in developing an autonated laboratoty near the and of 
the firet year of the project. 

Thie report ia the "final" one la a legal aenee only. Beoause of the 
jnevlteble lag ia publication, in preparing reeults for publloatien, and bring- 
'ng ineonpleted studlee to a conclusion, not all the raaearen find<nga end 
publioatlooa that eventually wlU he credited to thle oontrec^ can be imported 
so «con after the expiration of the ocntrect. At thia tiae w« cannot be aura 
of he fiael tally of euoh work. Couaequently. the principal inveetlgator 
I U.s to stand next auBner in preparing a »ore integreted. and hopefully. 
coa^leto final version of our ^ccoeplishnento. 
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1. Tithaa 

rr mSSi SJTL^g^L^ggglJ!» -***m of cou^aaaach 

-tad lai.«««y 1B a;, J^gt"1" ^ r^^ «•i««!. to »a. tba auto- 
fka our uoor^i l„ .^r to i!I^Tu *,J^."^ 0th*p ^^iA-1- oa^ to 
■anta. ^•r t0 ■■■■ thU «•^Portaat nau uay to oooduct axpaH- 

l^tt    faraqnnaT 

living th* f^ur roar oarl^d thm ^»»..^ 

Pavohology at tha Uni^ralty of OrT«! TI ü*?! !? •? «>^n~nt of 
«v. contract during l^.^ ^a?Z;tii•y%h^, S^ ^tigatora «an. on 

-äTS araa. &» SÄt^Ä-itrs 



1.1. ASSSSE^haents b* 

The result« of our rea^r^h 

wards ac^us/lnff this '— • ""«» u preparatior, al;«Hdv »« .        ^ 

key  ^cccooJl.^«! i      S1 lMt ••«♦I« or tn t^a m^^ll .        th- •0-t HH 

a      1 r> ■ a  ..      _ 

l 2.    Ogvsr activltiaa 

•^ M4 ««a of o«. ^ «•«<«« othar uolvapaitla,. 

1967-68 7    r or tha contract I« giym t.^. 

N- P. B«hrlck 

0- Sparling 

!•  TVabaaao 

L. Horevlts 



to vJ,.
4.1^^-thi.

,1^'t^tV"yMtl«atOT' '"^■i «"• *«-«. contrite,. 

•t one*). ' ""* or •,">tl'«r. "» tl» contM« (net all 

l-1».    Output 

thi. total th^mmT^lJ^^i pr!pwd ^ ««b.!««!««.    If w« .dd to 

durtn« tb« fü«l y.«. of thTwnJrin ^ fr??!0*!: ••Pwl«1A> «•• »t.rt.d 

••n apot« pitpar«. «WWWIT WIJI certainly b« wou ©v« - 100 

tlM to COM.    Alrudy lh.-,Tr. « t™"4   5a ""■•«^ to do «. for .0» 

iu our Ic    r«tory.    ThM« fo*mmr> .^ST * y I*«p,>#t li do whllo workin,, 
'^r . do^n ^mnt^bS^Lrt S^ cootlnuln« ««• t^ of «orte l? 
"ur vUltln, SSSSTJTIK^^üS LTS "lCf •<»•• In addition. 
*r«ln.d in our labontorr CfetoiSTLX^S foLwhlch «NT -n. 

™  »ho ha^ wortead on ^^^»0?^^^^ "^^ *?*** thelr ^oPat. 
ow- Koric     And auch of tho «u*«Z! #~-\!^C<:,,tlnu* ^^ "<■—laatg of 

T*goo of thriia.atlaatow^d^L!?22! *   influ«oa tha »orte hora «t 

^tinua to Wpport r.MWjh of t^Jy^TT "V^f^ J ^w<«tract. will 
-   «. xyp* w «^»hMltad durin« th« contraot 



8, 
1«5.    Applicatlono 

our rh?!?^lfc
OUr contract was to conduct baglc ^search on coding av^tat. 

SL^SlJi2r^       """ *• oo,,t~ct ■""«■««' thi. iSSflm 

srs SäT?-: s SS-^-iViSSiT'ÄS' 

pUnationa of low of .ur^«-*. J^TJ?     . **"* "•'• ••• "" ob»lou. ap- 

pr-onoUtSTofm X-«^   L^lSSi,,LJr,,M" *• t~*1,,« "^" 
probdply .or. »«.to,/!   SiLfT?!: S *! ««»Int th. mm .ubti., but 

Hon.F. 7 """• ■*■■••■ 1" • r.tlon.1 ad tfficUnt 

«Mt.» nolM cn Infnn«"« „roLirf:. "S !!!?•""«• Sf •"*«• rf "i»lMn- 
b«.d upon th. LnoiT! SpSSS ^S,„S!.?r,12~'t •• «■ «""ty t.st. 
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2.0. THL AUTOKATCD LABORATORY 

Th« AutOMted Laboratory bcgm In April, 1968, with tha acqulaition of 
an 8K PDP-S ooaputar and aaaoelatad paripharala (2 daetapa unita high-spaod, 
papar tape) including an oscilloscope and light pan for displays at a total 
coat of $«»2,250. To facilitate tha rapid and aaooth integration of tha compu- 
ter systen Into tha lab, a faculty maobar with experience with experimental 
use of snail oooputera, a systems programmer and a computer technician ware 
hired prior to delivery of the system. After installation waa completed, an 
18 bit digital input ayatem waa implemented for interfacing key praaa re- 
aponses and a millisecond accuracy clock for timing response latencies. 
Actual experimental uae of tha computer waa than able to begin within two 
wnaka of inatallation. 

The next step taken waa to make the ayatem more available to tha aver- 
age user by implementing a standard aet of machine language subroutinaa 
callable by Fortran programa which made it poaaible for the Fortran user to 
write programs which utilised the non-standard real-time devices (i.e., th« 
experimental apparatus). Use expanded greatly at thia point. Meanwhile an 
adiiticmO. oacilloacope, a Tektronix 611, waa interfaced. It provided a 
much larger fonnat (8" x 11" instead of a circular 5") and provided for larger- 
displays since it waa a storage scope and did not require "refreshing." Also, 
a digital output system waa implemented allowing control of auch devices as 
lights, in-line display calls, noise generatora and eventually tape-recorders. 
Once again, Fortran callable subroutines for their operation ware provided. 

By Hinter, 1968, usage had increaaed to the point that it became ob- 
vious that demand for oomputer time . ould soon outstrip supply. The solution 
decided «pan waa to implement a aimple multiprogramming tiae-aharing ayatem 
to allew two experimenta to run at the aama time. Necessary hardware ad- 
ditions including a awapping timer and all the Interfaces for a aaoqnd ex- 
periment were begun concurrently with software development. The resulting 
ayatem underwent a gradual evolution, but by Fall, 1969, a stable, 'reliable 
time-aharing ayatem was in operation and exparlmenta ware being run aimul- 
taneously. The work involved included »edifying standard DEC software to make 
it amaller, rewriting many DEC and home aystema programa to make them aharable 
by the two uaa^s (espeeially the Deotape handler) aa well as the time-aharing 
monitor itaelf. 

A oajor drawback to thia ayatem (called Son of Zoroaster •») was the 
relatively small amount of apace available to the users. This severely 
limited the combinations of programs that would fit and reduced the amount of 
time two uaera were actually running. Thia waa alleviated to acme extant with 
a major modification which overlaid part of the reaident ayatem and freed 
extra apace for uaers. At thia point it became obvious that demand would once 
again outstrip aupply. Since a newer vereico of the PDP-8» the PDP-15, had 
since become available, and it waa more aultable for developing larger time- 
sharing systems, and eince the coat waa about the aama as enlariing the 9, we 
decided to purchase a 12K PDP-15. It was delivered in July, 1970 at a total 
coat of $50,000 including an Interproceeaor buffer which allowa oommunication 
between the 9 and the 15 at memory cycle speeds. The latter haa proven 
valuable to us aa it allowa one computer to "eavea-drop" on the other for pur- 
poaea of monitoring its behavior—particularly the accuracy of Its timing of 
events, s critical queatlon for moat of our experimenta. 
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iane<u«t»iy.    AD «WO MI« major drawback of 80ZU KM «4I« #««♦ ok.«. w^*u 
;«» h^ t. k. K^d .l^ti^ly.   IflcLl^rh^Tto «""Sl 
IPJ» it n. monuq, to .top th. whol. .y.t« «d »lid/ Uk«U, 
dlf«.r«t «ip«rtw«t. « a» .tatlco could not OMPUTS«. «STMÜ ^ 

rMxui« ayataa on tha IS.    Tba atructura of the oooputar muaamutmA mM*. 

«Sd"SL:K.tsro?i^ ssr/}"1-^» *Zttss»trsi 
is i. liiT   u ^w   ^^ ,J,*rB (■lno• zh* —ämm cora alia of a noraal 

waa implamantad to pravant ona uaar fron intarfaring with anothar.    Plaldaa 
bagan mining two axpariaanta aümltanaoualy In Octobar, 1971.    Tha full 
ayat« Inoludlng« aditor and aaaaablar «rilUbl. STS» ^ ^1^ to 

Tha Initial Plaldaa wet built around tha concept of a raapooaa atatlon 
A raapcnaa atatlon ocnalata of 4K of oora, a talatypi. a dao^TSlt   «^ 
naoaaaary axparl^ntal app««t^a (aoopa. digital 1^0 for awitS. «J iSJt.) 
A raapooaa atatlon coats $13320.    j^, im?to „, Juat Solttta .21 
prlca aa ona would pay for a aingla UK ■ini-c-putar with^LiSr aSlrJ^ 

oooeiaaraDiy ^c«tap     For axa^)laf tha uaar haa aeoasa to mass storage for 
Vil: S^JÄSÜff' ^ ! •^"•tl-tad monitor which apaada andilmpli- 
fies his axparinantation.    Such % ayatan would require an additional Wfor 
Jjch aapjrata cc^mtar. substantially incre^ing ?ha coS (^SSf f^^ 

Currant Plans for Davalcpnaut 

B«^8?/!? T 0f*th! «PMtot barrlara to nora widaapnad use of tha eon. 
new nni!!^*0""? 0f t******** *** ***** i» StilT i-pl^iST. 
MM •xpwl^nt, or in SOM casss. modifying an axiating ona.    Ihis stems 
rJaS S?^* SÄ? «n«uitsbiUty of Hither Fortri, or machlJa SSuasa 
for daacriblng paychological axparimants.   We are c^St^ SSSnJSr? 
hlgfterlaval language. called Experiment Ifriter.    W iTtotaSoJiva 
T   AT! ^ W*01^1«* to deacriba hiraxperiment to thfoolpuJir to       * 
TZi? l*f~ili~*i*> <••«•. "trial". "blS*. "ahcw". «CaSr^Lapt"). 
ZSLSC^TJH WhlChKJ' •X,CUt-d ^tairreti^ei; by «oti-J^i Experiment Runner.   Presently  this system is limited in oapabilitv     It TmT 

not provide feedback to the subject or surnry statiatlce fbTtha •xwimJ**** 
Such extanslco. are pUnned for'the f«tu«rftIr.^Jr.S^hLSrrJr2r* 
perimantere with no background in oomputing to "program" an^arliZt^iJh 
•beut 15 minutee of introduction totte eySten. «Fnrlment with 

M+IJH ^f Ü2 ?! "f** 8ro,rth 1» «w of our automated laboratory to 
gy»—»    Pi« PMt rate haa been about ona experimental mtrntloTrlTl^ 
SfSTJ^SS «IJfto-ih« po^ea tha hardSiTSdiStStTSSig trS- 
tinue to meet auch needs for several years to come, «a have reJchede limit 
Sc^Sf ^r^ •PII0• ^^^ !• «P^-»tal ataJSaToS l^St 
^Ca!i°P-    !f' ••/• *»•«. the development of EW both spaada up the^ata 
of programming and entices people who currently do not uaethe ayatan tTuee 
it. the future rate of growth will actually exceed the pLt^^STaS^ 
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•t our ourrant sit« will btcone ov«rwhelaing. Plan« for the Straub Hall 
aita have baan daaignad to optlalsa uaa of the computers, not only by pro- 
Tiding convenient locatiooa fop additional stations, but for eaay connection 
of other experiaantal roona to the computer for purpoaea of data acquisition, 
but not experiaantal control. Plaidea haa baan daaignad to allow an unlimi- 
ted number of "linea" to be attached to the computer. When a switch attached 
to a line ia cloeed, Plaidea racorda a tine for that line ainca the laat 
closure. This ia output on paper tape. At the end of the day a special 
program will aeparate the accumulated data into separate files for each line 
on DaTtape which can than be analysed either on the 15 or 9 or the central 
PDP-10 time-sharing system. In this way an experiment can be facilitated 
without neoeaaitating a full station. For «any, full experiosntal 'joitrtl 
by the computer ia unnecessary and thia data collection facility la aufficiant. 

Me might add that an additional benefit expected tvtm the Straub aita 
la increased quietnaaa. The sound Isolation at our current alte ia not 
vary good, and aa a result some of the benefits derived from the more pre- 
cious and accurate control of experiments provided by the computer are being 
loet. 

Educational Role of the Computer 

So far the presence of the computer haa had a dramatic effect on many 
of our graduate atudanta. Several of them (e.g., Steve Bolea, Joe Lewie, 
and Nancy Froat) have played key rolea in the development of the facility.  { 
One got a job with IBM on the basis of hie experience^and the attractiveness 
of the otnere to paychology dapartmanta waa definitely enhanced judging from 
the fact that they were given direct responaibility for developing similar 
ayatema at the univereitiea which hired them. Evan those atudanta who did not 
become aa Intimately Involved with the oomputere aa the eforementicned have 
benefitted greatly from their experience and will be better equipped to 
compete in a reaerroh environment which la becoming increasingly cenrputerlsed. 

We have recently begun to Integrate our oomputere into undergraduate 
instruotioo on a more formal baaia (at least three undergraduates have become 
proficient in their uaa en an Individual baale, designing, programming and 
running their own «xperimenta en the computer). We expect that the imple- 
mentation of EW will greatly facilitate this process. 

3.0. RESULTS OF RESEARCH 

The organisation of thia aeotion ia by areaa and inveetlgetors within 
areaa. Our Inveetlgetors or poetdoctoral scholare break Into three natural 
groupings: peroeption and psyohophyaica, cognitive proceaaee, and human per- 
formance. In a crude way theoe areaa oorreepond to emphasis upon Input pro- 
mises, central processes (including storage and retrieval), and output pro- 
oesaea. The dividing linea are determined by emphaaia; almoet all the 
inveatigatora overlap one or both other areaa In their work and intereata. 
Indeed, it la thia overlap which make for integrative poesibilitiee on our 
project. 

Under each inveetigator we have alao desoribed those atudanta whose the- 
ses or doctoral diaeertetioo they supervised. In some oaaea atudanta did a 
Heaters Theaia with one investigator and the dootoral diaaertetion with nether. 
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In euch cases ths students wovk is oonpletaly described under one investiga- 
tor', usually the one he was last supervised by. Quite frequently, the 
supervised work belongs ■om naturally in one of the other two areas. But 
we describe this under the investigator ssotion to eaphssise how auch overlap there was 
saoDg ths projects. Furtheraore, one of the stated goals of ths cootract was 
to rotate students saong investigators «id project« snd such discrepancies 
between the supervisor's area and that of his student illustrstss the extent 
to which we schieved this objective. 

3.1. Peroeptioo and payohophysios 

This area includesAttneeve, Book, Fagot and Hyaan. 

FRED ATTHEAVE 

Attneavs's work on our project has foeuosed upon how we represent physi- 
cal spaos. The easrging picture, based upon his work, la that such s repre- 
sentation is analog rather than digital in obaraeter. His papere on tridimen- 
slonslity (Attnsave and froet, 1969), spatial coding (Attneeve and Benson, 
1969). and siailsrity grouping (Olson and Attnsave, 1970) laply an internal 
aodel of physical spaos which is analog in nature and which nay be priaarily 
visual in oharaoter. Such an analog coding systea, obeying a ainiaal principal, 
oonpleaents the type of coding systeao that we have studlei in ths cognitive 
and perforasnos areas. In Attnaave's work, the eaphesis is en ths type of per- 
ceptual eoonoaioa that operates to siaplify perceptual input before contact 
ia aade with asaozy. The work in the other areas foousses upon the eoonoaice 
involved after oontaot is aade with asaory or during the process of making 
this oontaot. 

Attneavs's work on tridiasnsionality not only contributes new conoeptual 
insighta snd snpirioal findings about the nature of perceptual organisation, 
but it alec repreaente a new breakthrough in aethodology (this aethodology hae 
eli^ady bean used to good advantage in ths doctoral diasartation by R. K. Olson 
which will be aentioned below). In these experiaente on perceived tridiaen- 
si«aial orientation, the aubject aligns a red ia three diaensions (which ho 
views with both eyeo) to eorreepond with the perceived slope of the edge of a 
to*>~diaanaional line-drawing of a box-like figure (which he viewe with one 
ey*). The results are consistent with the existence of an internal spatial 
coding systea ia which diatanoea in all diraotiena era interchangeable (Isotropy). 
Frv* such experiasnts a aodsl of how a subject's peroept ia foraed can be r k 

ro«ighly sketched aa followa. Fran sort of an iconic, two-diaeoeional input 
the linaa of the drawing are projected into a three-diaeneionel (internal) 
spstisl schsaa. FToa an infinite nueber of poasible projections, the perceptual 
systea aohievea, by aeana of a hill-clirbing aethod, a three-diaenaional 
rapreeantatlon that ainiaiass the coaplexlty of the percept. Ia this particu- 
lar experiaent, one poesibility ia that ths subject aehievaa a repreeentation 
such that ths linaa: f oraing the edges of ths boa are parallel and of equal 
length and such that the anglee between lines would be the saas. A cube, for 
exaapla, would be auch siapler to snoods than aoet two-diaeoeional projectioos 
of a cube beoauss the threa-diaenaicnal repreaentatioo enablee the subject to 
deal with only one length of aide and one angle between sidss. Ones the per- 
ceptual systea has achieved a projection that ia ainiaally ooaplex in 
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JACOB BECK 

B«ck b9cmm  • co-ln*Mtl«ator oo our project during It« final y«ar. 
Ctoly part of Bade'a work in the araa of paroaptioo ovarlapa with our focua 
on coding ayataaa and it ia juat thU part which M hava agraad to aucport. 
Th« study with Johnaon and Stawaoa "ha  after affact of apparant ■ovaaaot" 
ia currantly baing r^Uf«tad and a papar will ba praparad icon aftar. 

H. M. EidMlMD (new at tha Uniwaraity of Haaaachuaatta) oeaplatad 
undar Back's auparriaicn bia doctoral diaaartaicn "Ctimf*  in tho ralativa 
dlscrlBlnability of slant and ocofiguratico diffaranoaa" (1970). Cichala« 
began with the finding« fro« prawieua atudiee that perceptual grouping «id 
*jjWM*<MWli depend for their aucoaea upon the type aa well aa .h« degree 
of differanoa betwaen the target and the background (ncn-targat atiaull) 
In a aeriea of experlMnte, EiohalMn had hie aubjecta datarnine whether a 
target waa preaent ia the field or not. He eaaMined oc^tinationa of thrae 
wariablaei (1) eeoaatricity of the figure with reepect to the finatien 
point, (2) unoertainty of wher« a figura will be preaanted in the viaual 
fi«ld, end (9) the nuaber of ncn-targ*t figurae praaented in the field. He 
interpreted hie raaulta ia fxmm of Meiaaer'a (1967) distinction between 
pr«>etteatira and fooal-attaative proceeeee. tfhen the poeitioo of a target 
la not known and cannot be detected en th« baaia of groaa brightnea« dif- 
f«reno«« (when background figuree era preeant in th« dieplay) pr«-att«r^iw« 
prtoaeaee era uaed to identify the figure preeented. Th«ee prooeeee« are 
■axlnally aenaitiw« to alanl« vinAm nf *•**    _...~ii~— _« ^u. *  liaally aaoaitiwa to alaple kind« of diffaranoee r«gerdle«« of th« d«gr«« 
of dlffer«neev e.g., alant, brightneea, ■otien, etc. 

Eichelaaa ecapleted hie Haatar'a Theaia "Uttara aa «ita of prooaeeina 
in a yi«ual «etching teek" (i»68) aa «all M the paper en atinulua and raapona« 
rep«titlon (1970) ander Peaner'a auparviaien. The Naatere Th««ia ia one of 
th» few denonatreticoe that faBiliarity can enhanoe the eerly stag«« of pnp- 
oe««iag oonc«ns«d with phyaicaJ aharaeterUtica inatead of juat the later at*«« 
concerned with «eacry contact. Ia the etudy en «tlnulua and reaponee rapeti- 
tir«, ElahelMB «bowed ha« the repetition effect waa «or« a «atter of «tinulu» 
r«p«tltian «t vary «hort r«epooae-«ti«ulu« int«rr«l« but b«c«M «o-^« < «etter 
of reapenae repetition at langer iatarvala. He alao davalepad a «odal to i«lat« 
the work en «atohin« of lattora with that of rapetitiea effete in aerial and 
di»crate raaetiea tiaa taaka. 

ROBERT F. FAOOT 

Fagot «nd hie atudaata contributed to the overall goal« of the project 
by developiog «eaaurwint «nd fomal «odela to provide aa with both tha IwgiMj« 
■nd axicMtic teat« for dealing «or« praciaely with the coding ayateaa w« have 
bean iaolating. btring the «uMere, Profeeeor Ernie AdaM of the phileecpby 
d«P«rtBeot at the (taivereity of California, Berkeley, ha« joined oar project 
to collaborate with Fagot en the axionatio foraulatioo of thaaa «odala (i 
and Fagot, 1970; Adana. 1979). 

Both Fagot'a experiaantal and thaoratieal werte feed« into our g«n«rel 
work on coding ayataM in a variety of waya. Ha «nd Mane have a^heelaad 
thoee para««tare of «odela which have a payohological iat«rpr«tatien. One type 
of peraaater often can be interpreted aa a "reeponaa bia«" 'F«got «id Stewart, 
1970). Fagot and hie eollaboratera have «hown that, one« «uoh "biaa" ia 
■«aaured and raauiad, rather exacting taeta oan be «eda betaeaa alteraativa 



■odsla.    with auefa oonractloo«. mmy •ubj«ota «bo «i« quit« ooMiatMt MO 
bo «oparotod out from oubjooto who rlolot« ooaw^tiata booMoo of irr»- 
poroblo InooMlotMoy.    HyMn. for on«, baa bo« oblo to MO sooh correction« 
to foou* upon •SwU-oolibrotod" oubjoot« In obtolnlof ooroholotlcol »MOO 
within which judgMots of «lolUpity ON ood«.        ~* ^^      "^ »^ 

fOiot h«. oboMi that intorwal aodala baaod on an addltlwo la» gooorato 
^^ th*t "* ■or• »,»—«■>!• «»d intamally oonalatont with milam of 
?ll!r*"!l!? t?-B ?* T*10 ■0d*U b*^d ^ P«»*»« lava (Fa^ot and St«-«rt. 
its«).    Thia h«a had laportant iaplloatlona on othor work on tb« p*oj.ct whon 
Äa inwaotlgator woold ilka awbjootlwo jud^NOta of tho «a^ltoda of tha 
atWu. olaMota within a ayatoo.    It turna ovt that w« ara oora likaly to 
jari^ oonaiatant aoalaa froo aubjaota by aakiag tbaa to raport dlractly on 
11      'T0?V b•t**«, «tl»«^ « tl^w aagnitud« «caiaa ratbar than on poaltlana 
of In^iwlW atWl an thj« aa-a ao^oa (tha typlo^ ^pitud. oatSuJf 
tart).    Thla rMult la far from Intultivaly cbwleoa. wot it alraady haa pa- 
avltod la auoh laprovod data in our judgoant woric. 

During th. laat year of tho projoot. rMot aaa wortting upon an op- 
tional thoory of latorwal M*«uraa:..   which would parait raaponaa blaa para- 
■atora.    At tha aana tlo« ha «aa working on tha axloaatio atmieturo of n«aMrl- 
oal raaponaa notboda (auoh aa S. t. Stavona nagnltuda mi ratio   aathoda. aa 
**1i**- ?C"p-"fcl* ■Tt*odB «tlllBlnf «>ly intarral Infot^atlon).    Hia work 
—tliiuod at tha aaplrleal laval to toat thaaa aodala. 

—^,*>d!^,f,!?t!■ wl»rv1«1«'. "••* «t^wrt (now at tha Utoiaaraity of 
«ortham lUlnola) oo^latad hla dootoral dltsartatlon an "NaMry and rtaoluto 
jud^oont" (1M9).    Hia roaulta aappett tha Idaa that atd>5oota judg« a atlaulua 

atora whioh Inoludaa tha praoodlng faw otloulu. 
.,     ■««»*• ««PP«,t «»ly »»"i for tha flrat l»lf of hia aapariwot. 

Wth aubjaota «Ao ^r* «oil praotload la tha altuatlon. tha nodol »a langar 
hau.    tea pooaiblUty la that with auoh praotiea. tha a<d>jaot oan oonatruot 
a BOM atabla. long-tara ceding ayataa within whlah to loeata a atlaulua «id 
naad DO langar dapaod upon hU atora of laaadiataly praoodlng atloulua traoaa 

Xa addition to ooUaboratlag with r*ot on aawaral atudlaa. ttawart aada 
waluabia oontrlbutl«. to tho dowalopMat of our aatOMtod laboratory,    tea 

5!? oootP»«tl0^ ••• tho daaologMOt of a P»-9 plotting pa*«a whioh 
•o«. im» m awparloaotar to rotata figaraa on tho Cathoda tuba.    Thla padtMa 

put ta «aa la aaworal atudlaa in tha oognltiwa 

Both R. Klalnknaobt (1971) and K. Hurdoff (1971) oc^latad Naatara Tbaaaa 
«hi*, in dlffaraot «aya. addad additional taata and Infomatlon far awalaatlac 
tho payohophyaiaal aodala boiag dawolopod by Fagot. 

MY mmMi 

•«. a/SfcSfü'JBS'g ,IÄ^ f0,M»rtr*t*d • ***** ««t dallbarataly try to oooblo« tha ooding ayat«M l^»llad la tha paroaptual aaparlaanta of 
aay. Attnoa^a. mi thaao lapUad lo tha aat^lag »d porforanoToaporlaanta 
of. any. Pooaar.    Hyaan'a projoot on pattara raaapiltlaa. for aMBla. attaapta 
to doal with mtmmm la a tank la ton» that a^>loy PoanorTooaoipt of 
anabatraot idaa or aobaaa aod Attnoawo'a oencopt of m iatanaliaad 

mi Kaala (Poonor and Kaala, 1970» Poaaar. 1979) aBPluiai 
a olaaaifioatlaa tart in whioh tha artjaat had ta laara «hat —v*«^» 
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• «Mil Mt of ■■iilin b«laBf«4 to. In thoory, tfaay could lovn tho 
•pproprlat« o«t»twy for «Mb •M—plr by rot«, or thoy could obotroet out 
• «Inglo mdbmmm or owrof to fr« tho —Mil that bolong to tha •«■• ooto- 
lory md Mploy this aiatlo «urrofoto aa thair baaia for judging futura pat- 
taro«. Th« axporlarata of Poaaar «d Kaala aopportad tha aohaaa aodal. Tha 
aeh«M ■odai, la tun, lapll«« a coding or rapmawtatlcaal ayataa that hm 
oo^>laad digital and «alog propartlaa. Tha aubjaot praaiaably oeoatmeta 
•d «taraa a aaall aat of dlaorata, qualltativaly dlffamt avrrofataa to 
atMd for aash oatagory. Mhan tha suhjaot la piaaitad with a aav pattarn 
to pat Into ooa of tha gian catagcriaa, ha ewgiiat tha aav pattava «ith 
aaoh of hia atarad avrrogatM tnd alaaaif iaa tha pottarn according to Ita 
aiailarity to aaoh of tha aarrogataa. Tha alaaaif loatioea lato catagorloa 
l-'ly a digital ayataa that aorta objaota Into diaarata typaa. Iha baaia for 
daoiding if a givaa pattern ia auffidaotly aiailar to a oatagory aebaaa. 
boravar, lapliaa an analog ayataai that avaloataa dlataaaa ia a aoBtlnuoun 
apioa. 

Tha coding aahaaaa that uadarly tha work of Attaaava aod tha aarllar 
-.. ^ by Hyaan and Mall on aiailarity judgaanta. ara ae^»lataly analog In 
narura. Thay iaply a cootlnuoua apaaa within «Mob aaa^>lara, aurrogataa—If 
aa/. and tww pattarna ara aeaaidarad aa polata whoaa location ia apaolf lad by 
vaiuaa oa a aat of ooordiaataa which daflnaa Vm  apaaa. 

Hyaaa dariaad a pattarn raoognltlon taak that would aoObla hi» to niaul- 
tanaoaaly oooaldar tha aohaaa-typa and tha apatial typa coding ayataaa. Tha 
axaaplara tad taat pattarna for any ooa aubjaot wara alwaya ayataMtio warla- 
tJ «ia cfm alngla rando-9-dot pattarn. Iha aaoaplara and taat pattarna dif- 
r^JT" •M,I •thw Hft *" h*1«ht "^ ,rldt,l (««i«« ti^afan^tioaa). Tha 

aubjaeta warn aaaar told tha baaia for tha warUtiona aaaag pattarna «d. 
f«^ tha aoat part, aoat did not raaliaa tha dtnaaaliaial baaia along which tho 
pa~t»roa diffarad aithar throughout tha anpariaaat or at laaat during tha ac- 
quUlti« ataga. Za all tha axparlaaota a aiapU rula dlffarantlatad pattarna 
ba; onglng to aaoh of tha two catagoriaa—pattarna balonglng ta oatagory "A' 
hinter than wida aad oattama balcoging to oatagory WK widaTthZ hia» 
Su)jacta laaaaad to olaaalfy pattarna aa A or B on tha baaia of a aaaaiilaia 
Z*!*?*0? • "^ 6 SSN— PW oatagary. Than thay wara taatad. without 
fo*dbaok, for thair ability to olaaalfy 2% pattarna. JMl^iM tha original 
aaaaplara. Tha dapaodant wariabla waa tha apaad aa wall aa tha aaauraay of 
tb.» olaaaifiaatian. —««^»»y « 

Throa baaia aadala wora dariaad ta aaplain tha alaaaifioationa. Two 
aedola balang ta tha atiaulua-ganaraliaation faally. Thaaa two aadala anwi- 
al« that aub jaota bandla now pattarna by ooaparlng than with atarad i 
tatieaa. Iha Iraraiail Diatanca Modal aaauaaa that a aubjaot dawalapa 
aa >arata rapraaantctiaa for aaoh aaaaplar. Each taat pattarn ia than „^y-, 
with all tha atarad rapraaaatationa far aaoh aatagory. Tha taat pattarn ia 
eltaalfiad into that oatagory froo which ita awaragad diffaranoa froa all tha 
axaaplaia la laaat. Tha Prototypo Nodal aaauaaa that tha a*jaat. during 
laamiag, aeaatraata a alngla aurrogata or prototypo ta atand far tha aat of 
axaaplara balancing ta a oatagory. Ha than olaaaiflaa a taat pattarn ia tarai 
of which of thaaa atarad ppototypaa it ia oloaar ta. lath tha gaaw^ad 
Olatwaa and tha Pratoiypa Hadala ara oallad atiaulua ganaraUaation aadala 
bacaaaa aaw pattania ara judgad ia taraa of olaaanaaa, ia a »TtHdtM apaaa 
to atorad rapraaaatationa. A apatial or Dlatiaotlva Paatvraa Nodal aaauaaa* 

I 



tir. Htvr-) «, SS1^^ SJJ-J" y^MllilMrt (dl.tloc- 

-Id. ■ A'.). f • olÄ«1|V •iTpitt.rM th« «pp^r XMllmT 3^° 0,, 

j«ct. ted to lorn to olJ.i^ JJ^lrry?"^"0« "oO«!.    But wtenTub- 

^•U,    »^..u^blr thin M. *nl„! if   *** J0 «^ <rf «,• cth«r two 
J-t to .tor, -pa^t. n.pr^^Bi^J? lfln«T f*-^ for th. .ub- 

•uo joot« gattlai aaothar mtx-J^ ^?    ^ b^t fltl •» 
s: ^ th. Jj^p

t^^\^^^4'w-i p^i^ tho ho.t fit. 

DLtloctl». Foot«*. Hodol.    OnSWo rf th?;iiWUPwrhOM U-t fit *" thT 
i:1^^-^ fit. to tu. SSÄS Xt^i: äT*^0 ■?*!?i«"^ 
to furtbor dot^olo, 1^ J^A™1 ^L^? •ddln« •«»» •«Itloo^ cooditl^o. 

. «•«t-iojyiissni fKtS; ;?SLä^.*'1^! T-1-^^ 
»Imi^ «td auditorv MOIMBOL     £uV"    . «ffywow la ■hort-t.ro oMory fop 

thoy «^.Ify iJBSr^ Owcrlh. what .uhjoet. «« doJag whlT^ 

-ppxy MT upwavny tochnlquM en oodlag ayatM. to 

NOT REPRODUCIBLE 
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studying prabl— of rMdlng, ••p«cl«llv 3p««d redoing. V« hav  «aployed 
•am*  tlMory fro» transfomotional graaMr •• wall as th« «atching prooa- 
duraa davalopad during this contract. We hav« «lac bagun to davalop ways 
to atMura juat what poor «nd good raadars ara extracting froa aatarial 
that thay ara reading under noraal and under apeed-up conditions. So far our 
progreaa baa not bean graat. but we plan to continue. We feel that we have 
overcoaa at least soaa of the big hurdles that confront anyone who rriea to 
rigoroualy exasdna ooBprahenalon and reading apeed. 

Arnold Hell (now at the IMlverolty of Haaaachueetta) oonpleted under 
Hymen's direction bla doctor* 1 dlaaartatlon on "Tha Influence of irr«lev«, r 
infomation on speeded olaaaifloation tasks" (Hell, 1S69 and 1971). Several 
studies have ahown that whan Irrelevant inferaation la addtd to stiruli. It 
oan effectlvoly be gated—I.e., there la no Inoreaae In RT  However, in 
•OM oaaes RT inoreaees with the addition of Irrelevant infomation. Hell 
st»idled situetions In which one night get Inperfeot filtering. 

One notion haa been that diaansinna that ware previously relevant for 
tha task, but ara now irrelevant, will interfere with RT because the prev- 
iously relevant atinuli call fo~ competing responses. In two different ex- 
perlnanta Hell found no evidence at all for the notion of learned conpetlng 
responses. Lade of perfect filtering In hie altuatlen did not appear to de- 
pend upon whether an Irrelevant dinanalon had been previously relevant in 
the sane teak. 

A second notion haa been that irrelevant dlaanaiona Interfere priaarily 
when values on the relevant diaanaion are hard to discriainete. Support for 
that hypotneele had been daannatrated, for exaaple, by Morgan «d Alluisi. 
MU clearly found evidence that the addition of Irrelevant dlaaneloos Inter- 
far»a priaarily when tha valuea of the relevant dlaanaiona are hard to di • 
crieinate. Well euggeett that the laperfect gating of Irrelevant mater la. 
eay Ive e function of the particular attributes that are relevant and irreJ. - 
vent md their interrelatlonahlpa. Some diaeneions that can be formally 
varie.1 Independent of one another are not perceptually independent and, froa 
a pay-talogioal viewpoint, the ,,lrrelevantN variations nay not be truly irre- 
levant (for eitanple, incraaaing the siae of targets can be dnne independently 
of their physical brightness, but not of their appexant brlghtneaa). 

Gsovge Atwood (now at the State Univereity of Mew Jersey, Rutgers) com- 
pleted undar Hymen's aupervlalon hie dritcral dissertation on "Expariaantal 
studies of Hnenonfc VieuallsatW* (Atwood, 1969 and 1971). This dissertation 
wee awsrdsd honorable aentlon in the Aaerlcan Institute of Raaaarch'a «m«ial 
Creative Talent Awards. Atwood fecuaaed upon a aeries of queationa aimed at 
gaining Infoination ab.ut the nature of iaagery and its oper tlon in aneaonio 
systeaa. The key question waa, "Does the aneaorlc iaage involve the visual 
sywtaa directly?" In approaching thla task, he adapted soae of the techniques 
and findings ef Lee Brooke at NcMsster'a Univereity. In one experiment, 
Atwood wee able to show that an irrelevant viaual perception intc -foree acre 
with verbal learning by aaano of iaagery than do«s an Irrelevent auditory per- 
ception. In c rucia aecori experiaent, he wsa able -o daaunstrats that the 
relative interl^arlng effect*, of theee perceptions ^ere rovereed in a verbal 

learning task whioh did .ot icv Jm visual imagery. The snaaonic iaage is 
apparently a pioesss occuring at soae level of the visoel eyeten. On the basis 



NOT REPRODUCIBLE 

tlcfirj^rS.^^ --JJ of co.nl- 

that th. intwrujti« £2^«f iS:^^"0*17'18 Jf *• P^oools M«MM 

«OP th. ^t StiSL^JS« l;. ?!.nu,,b#p.of "^ "■^or action«, 

of tb. latwpStlen iTtr«?!!!! i^8'    HmW9^ th« "«IOP qualitativ «ffect 

J.CTT. tnn uneomutcd «tnuicu u amtltfd (and thus 
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tranwüt •y.tÄ.tic •rror).    To fully analy«. this vor* veqnLv n«w 
thSSioSL-nd .ImiUf d »«ly-. of infoxwtlon tr««i.«lon «a«»««, to 
ftoHSri "^ing bi«.8.    Corrlg« h« b^n conducting thi. wo* and 
developing new c<»p«t«r progr«» for checking It out.    S«- of this work 
«Tivsntusta Intohls doctoral dissertation.    Corrlgan has also «ada SOM 
^tSJSii»s to CUP autcatad laboratory, aapadally J» davaloplng programs 
JS^ttaP ca-unlcatlon batwaan our «atad PDP-15 and PDP-9.    Sc- of thl. 
lattar work la balng autelttad for publlcatleo. 
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3-2    Cognlt.tv> Prowg— 

r-«.,IhiS,^T iwa«»«» Barry Anderson. Richard Hallar, Douglas Hlntzaan. 

BARRY f. ANDERSON 

i       f?0*!!8* And*r"on (who i« »«» «t Portland Stata ünivaralty) was a co- 

r oo» of tha work that ha had started on comparing parcaptual with coneaotusi 

S£%tlTiA JStÄT riiiia,D L- joh--<^ n-hiSSth car howarar. <»" collate his doctoral dissartatlon based on Anderson's work 
(Johnson, 1968). Anderson had used as his basic stimulus material a strin« 
JU^V"1 l*it* ^T**; Ha f,lt that blÄck «* «hits aquares w^uir ^ tend to form perceptual units so that rune of black or white would be 
SI.!?« Tr00**!*1 "2 !fnRl€ •ymnim. Their datL supported thia hypo- 
2J±;„ """^ Ü^ C#118 l,lthin ■ ••<luonc« of ^ck cells (all 
£\%£ll "ÜLES??! in ?■•"•». P«»«?« ^ aome kind of area or 

^5!2LS 5 i?*^ 2 •»iaa-for every run of blask oella there is an 
increment in time to match the two atimuli. 

*,, !L!? docto*«i diasertatlon, Johnson's basic idea was that subjects 
will match runs of calla on tha basis of brightness when two strings are 
ii,,,?SS^ÜyKS!S!l,t ^ thÄ1P«

,0Vt««l "•". But. as a time iServal 
ia interpoaed between one string and the other, he expected the subject 
*.****** kind •***• «Jloh will abstract c«Pti>i» aspects of the 
ISSS. f.  th* T1'   "• P«1«11«*«1 t»wt the major determinant of a 
different- reaction time with simultaneous presentation would be the 
total number ofblack cells within the string (i.e.. brightness). With 
delay, he hypothesised that the major determinant of the RT would be the 
diatribution of runs, since subjects would be unable to encode into 
n«»ary an impression of brightness. Basically, his findings, with some 
♦S K^K £!?,u!UPp0rt"d th*M •xP««tatioiia. The resulting model suggests 
that both brightness and run Information are coded and stored separaSly. 
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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 S 
TÜÜr 8!fJrch •nd •! 8lght r—*1**  in «««ic (Reicher, Haller, i Aitken 
1972). This «ork will be described below under Reicher's ^trlbutl^! 

on "S^LÜÜIT'V1^10^ ^Chael Hu8h88 C0OP^t^ hi» Masters Thesis on Some graMatieal effects in imnediate recall of sentences" (19701 
******  22 JTK Mill•^,8 fiction, based on Chowky«. traL- 
o?!^^ ****!? *thl,t del<ted ^«"^««»tions would be a prominent type 
JoSTVflTyi   ••nt-ac*« WÄ« c«,fir«ed„ Nearly 80% of the syntactic 
H7I^1 ^ !». ^V^ 0f thi8 typ*e However, the .odel proposed by 
♦hi ^. ^  J Tl0U* •rr>arS WOuld ^ ind«P«^nt fails to account for 
ktüSr^I ,S!Ü!?C•■ wer' ''•can«d "ith fewer errors than Miller's 
binomial aodel predicts  Although Hughes rejects Miller's idea that 
«US! SrD!ti?n8Jr* l*******  independently as "footnotes," he still 
f^.1 J V  tI*n8f«rMti"»l "»d«! «till seems to be the most promising candidate for explaining his find »gs. promiBing 
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DOUGLAS L. HINTZMAN 

Th« bulk of Hlntzaan's r«8«arch sine« h« 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; Hlntzman, 1970; 
Hintman 6 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. Hintnan's experiments seem to 
Indicate that each occurrence 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 those findings is that frequency is stored as a separate 
attribute and does not add to the so-called *strength" of a given item 
in 



2«l. 
GERALD M.  REICHER 

ReicUr'a «arly «ork on our project do«lt with porcoptual rocomition 
*-8 a function of ^aningfuinea. of stimulua -atarlal (iiichir   mSf .^ 
»ith th. rolaa of ai-ilarity and rapatition in ^ry (J.!^   lilL    t 

onrad    1989).    Both thaaa tha^a hiva baan fol^Tup Jv RH^1^* 

fT!2;   "S.^V^ 'Mkln8 ,iÄory ,iOP* «"iciant.    Much oflhia work 7, ItiH 
eithar unfinlahad or in praparation,    Tha study of aieht P«-d.^ ?„ L? 
laboration uith H^ar (Raiih^. Haliar/i SSan   ivm ^Xi.^l 
study coding ayata^ at a raW high 1^.1 of I^Id ^i^i^'l,*0 

!^2hÜ ^•!l^!lt*M/0 J*«10«^ ««^P tna <«plaxitiaa of /Saa. 
gaM aftar an axpoaura of a fa» aaeonds.^n axposur. ti.a far too Mall 

raGr^t fo^ »ooyjrlap in thl. ability batwaan grandaaatari^d aub- 
«Jtapa.    Thia aaasing dlffaranoa could not ba attributad to a aarJal 

rituatlon in tar« of a g««^i .cha« and local "cJrract^na " ' 

.»n«.!^^ ;"* lUichar aaw tha opportunity to atudy tha MM cypa of 

S SdS^JÜS I»1«» ** tha accc-pliahl aight ,*•*«. WaS 
iJrtIIIdlOCP* rMd*P• C*,,Wt blrpM* •••■>"»• ii»ft~tlaB 

Undar Raichar'a diraction, Richard A. Block uwlatad hia Hmmtmrm 

(Block. 1970, 1971).    Block, uaing both proactlYa"and raSütl" in; Ihl 
lo^cS^f fnvsr1"-^1^ di"«^t^poti^. -^rsrSa1^1^ to forgat: (1) thay raault in araainc tha ta-K. ^nM^t^^. «*» iTT L» 
«2 ^bi. «bÄ to r^^r^tXSiLSs1^^^^<2) 
•ffactiraly. er (S) thay diffarantially tag or coda thTt^bT-r^b«^ 
•nd to-ba-fcnotta« MtarUl.   Tha S3l5 cla«lj ralacSd thl ÄÜ 

t can aarva aa acaathing aora than a ccaaaniaot oat«h-aU/ 
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Hl« 

or Imr«,!«) *- ICBOW in •d^«!! 'g'!*'. *■ «^ ("»tiUtlon, oolcr. 
pcitio« of th. c«^ ^nKiyjSÄS ^J0 r^th* -^ — 
tO  OMd   ItM«  irar«   locorr-rr   « ^   th«t   l«tt«r»  which  n.r«  «dl.o«»' 

th« it« 1. Ind^od^tly fraT^t jytl.    ^t *■ •ubl*«« I«^>cw« whOT 

lo hi. initial «pwl^t« K! f J^I1^*" iJSSS*l in P^A« •oivia- 

MIM crt.in typ-* t^^mlhlli^     ** jmlmf with «blllty to 

»1U MOD ho finUhod conductlnt tb... •xp«.^,,^ whlct 



BEHSO« SCHAETFER 

(Schaff» I «.llac.  1969    197^ l^o^? iC ***** l" "l^^ 

•-«tic «i^Urity .1*, SS. It^SSSÄ^ *?? giii ■!■ Mfl~T. 
It SMM «• If - -      •    i^~    ; ""»«»It to c«n two ««ords dlff-n-«» 

«wth» task -hlohp^wJiyl?!??! Jr^^?,Th*n ^ l1^ «»>• «AJ^ct 

s^r^f ^ - th^rr 25i2 MSS^J^I? ,'lth.th' P«>ooo^o, «nd ooaproboMloo. «^-^iMtioo of --»cry   p«trlov«l 

P««*»^ with «»Ir hM^TttDowLIrSI LfA,l,!i<"> Poit« Tho .ubjoet« 
•w ftouBd to hold IM— STpSltia. fTSTL*^1**?'111^ •f,l*»t» 
•nd th« of tho rmwmm k**   JEltli thm 9timilm ^«t or rlfht) 

both   th.  .tl^l«  .^^ pJ«iil?L??EhMl'-   th«   «»•  PO-ltiOB.  Of 
•«i th. outoo^ of, oo^i2rS2Lr»s!r'j!^!*d to • •^^ ««»•. 
«M roopowlhl. «or tho dlfftr««i^05SrtiJJ5^,,t■tl<,,,• 1« thl« oodo 
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WArNE A. HICXELGRDI 

Slooa 1M jolMd «r proj«et in August. 19«9. Vlok«l(r«e has concen- 
trated upon dereioplng • MtlMMtleal theory of ooMOlidatlon is loof- 
rmrm mmary.    He has found aupport for the theory la hi* own evperlMDt« 
M «ell «e prerloue flndlr^« In mapurimmatml pafchelogy. neurology, end 
physioiogioal peycboiogy. The theory atatee th« the period of active 
•tudy eatahllahaa a «hort tera ■■aurj trace and a aeparate Independent 
long-tero trace. The ahort-tera trace la cooaolidatad Iraediataly or 
alraat iiaadiatalr. ac it ia avallahle far aadUtlag recall or recognition 
within tentha of a aaeoad or a eaoood or two at «oat after the atudy period. 
The active at«dy period eatahllahaa a pot<-ntlal loog-tara mmwtny  trece, hut 
thia potential trace cannot oontrihute tc recall or recognition until it 1» 
ccnaolidatad into a retriavahle trace. Cooaolldatloo of Icng-tara aanrry 
hagina to produce a ratriaeahle trace at about 10 aacooda after the «nd of 
the atudy period and ia aaaantially at aaayaptota hy around SO aeconda. 
Wickalgran now hallavaa that he haa data to indicate that the aingle retention 
function oaa ha uaad to describe the retention for all dalaya fron a 

ainata to two 
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HCMRT K.   HELLO 

Ji« «t^r with u.. B.11«. J!cc.r.^c!^1^r;K!
f w Proj-ct^ur^ 

»»M to MgMot «tiMU.       "••*iii,,« thÄt th« flr«t «tag« of proMMlnt 

■«ob^.    This «hraMo infor^tioo TpvlZ) SLZJL*1' 0f ■"•Ü" tc * 
Mteboo «VM «hon tlM OM« of thTnlfl!^   »«»ftwiod roMtioo tia« to fK.y».c«l 

•■0o»*at «ad MMry tnn—■ *^^^Min» ■ two lovoia, atlaulua 
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3.3.  Hu—n Pmrformutcm 

SchoUr. Carlo U.Ut«. ' "ic»»«! I. Po«n«r and our Vl.iting 

STEVEM W    KEELE 

•kill., MpotitioB «ff^t.   '«n^.rr    i*ü  ' BOV,n*nc controx. «nor 
*tPo....^i ^ pJrSdb» STSS; P I!^? cognition, •nviron..nt*l 

r-trloT.1, «ad m^mmnt control     Both Ü i^«f   ^^ •tor"««. »-«T 
•nd ^.fining . th^.-cl^ butS^JS t?^*' ^^ ^^ «l^r-tlng 

on tho fact thmt mn; dlfflcultl«. i^ L^T    7   ^ l^nrifiM   limi 
,«7»> . _ _.      "tl<>n" of •tt«»tion (POSIMF i K-i%t 

botw«on •«•d   ^™ir    *V*vld<,nCÄ ««> «'«•on.tp.t« that the ralation 

thac .«a arSaJT^JSi^lLirilA ^•w«"or.» 1„ the movement.    In 
to «n^tSJ;^ 7l.v.nt 

^ ^ «««li^d «-in* tu, ä iTtirs;^     ! ^ ^ 
^Ätloa'^S ^ ^^"iLS^^:,^^ ^"^ that 
Point« of dapart«^ for tha ™k™nSStSL .Thl» "•• "«» «*• •' the 

0****** «»f «ore than «e «tllSt! "f1^*« «^ »tWl <«poaod of 
that ft» a fla«, aiJ«.^ ^t^Ui2u<mLTPrimBt* *SmSSmSm «•Po»* oat^oPliT^0!^^ •»!• p^ei»I tha «-«or     lW »•t nor a flMd a«*«,, o, ^£=1^-?^ ^P—t, ha dw» 

daeraaaa ID neactloo tu» ^e al^USS! J*! "^P- »"rtfc la a 
«^jtioa did «at r^STi« XS^JTSSinf^11 rieh 1»ft~tio« 

•«•»««ta raapaaaaa «ara^ade ff<ff! t0 * BB,»IUMI111 «tl^laa than «haa 
•«PPort. th. th^a^ that .ttantloaTl^SSSL. H^'^^ PWult 

•^P— «-met rath«, th« Ä^t^^lÄrfÄf' Ü «« xaaaiiity to proeaaa atlmU alMltaaaoual, 
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♦ i      3° hi! ■f? Tmcmnt •tudy WMli, 1972) he focus««! upon th« «tten- 
£LtZ!LlSZ ^-1.    To **«,!„• vh.th.r STrSi^T 
!?«?♦ Ü1   ! •«•«Ion, two «ourc.. of InfonMtlon, for. and ^olor   wero 
•Iwiltan^Mly proMnt«d     Only color was relovant to th. kS-^win^ 

int«rf«P«nc« with procos.ing th« relevant color was found,    Yst it wa. 
^ Sfw2;tJi:,irr6l,vaet info™"i°» ^ contacted ^j;^«: 

^ Irfc^J^.i^fM,,d'    A *~******* of «eanlng must dep^T 
üSTZSürü*' ln mm0ry'    Th*    •Vid#nce ««PP«-« the view thar 
iXL«^ !I^ !L! ,,on-tt«ntlv« l^—l -«re than one source of inforMtioo can contact memory at a time 

K^le-nLL^^?" f !h* y,4T-r»lty of ^^«"y) co-pleted undrn^ 
mintl *-****** hA**,^*H «»•«tation on "Attentional i^iquire- 
rSs^r^TSl,!00^1^^96^    "• "'^ th# P"05- technique a? develop^ 
of thmcSo^e^K ^i' —n,, h* •8—'^ th* -«•"tlSnal demands ^ 
!L.l2 «ri?-rif!!^1,,g th* ********> th« tDovs^nt itsslf. and the 

bv^he «Lhir!ri^™!*d*lay ln ^•«ting to th« probe is sffected only 
3 S S2LfiSff'^rr^^^fJ 5 NT    the difficulty 
um  hM no'JliJü^**,000* th* r»^« hM b«P«. th« decision dlffi- 

h* (JmSfT J^toral dissertation under Keel«', supsrvision was coopieted 
SOSTJÜLJ^!   ^if* ,th: "^^-ity of York) r^Cu« LSMTSMS» 
I^r?SL!r^   ^TH-   LMU •tM,t#d wlth th« ob««rvation that daspltr 
IcJT STS^^r ^J^T ** •»«•t-t«« «.«ry and simp" ^2 
t£\£2SiS£l<       oonfussd with oontradictcry r«sults,    Hs folt that 
iTJSSf^rÜ     "M b*inf flv#n t0 «»•• th-t •"»>J««t« «dually us« 
S^aT^HiJ US«      0'■0tap "«ory:    «ovenent location and movenent 

Si« iTÄiLr^n^8?*!!!-!?0 ^etreetion i= thr recognition of dis- 

riS^S^L    i1^!« P^r' ^ M1*"— i^i» of procossin« durinf 

iSIÜ,«2i?J!i!rta.t,m •• ^^ oP«itloo which op^nMt«. for^ 

Mtl^« 2£Ä. i».* r1* c«18«111« Wllll«!!! operation cIS M 
C^7»^   ^ th« i«,. t« It« fa^liar orlantation and tb«n extract- 
•JJivf!-^.^''^ r^1"!^ ln P«^. h« b««n ind«p«nd«ntl5   ve^fiod in a 
striking mnnsr by Roger Shepard at Stanford).    Anothar basis i. rtaj 
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8QM characters possess discrlminabie rotation-free features which permit 
direct identification without going through the mental manipulation or 
preprocessing (this tatter basis could represent the effects of familiarity). 

Jock Schwank (now at the Air Force Academy) whose Master's Thes.vs on 
"Design parameters for Oregon ballots" (1971) was also completed under 
Keele's supervision, undertook 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 also carried 
some of Keele's Intwests in studying various form« of stress upon work 
perfoTMnoe into en experiment on the effect of the menstrual oycie on 
performance of various laboratory tasks  He was able to find no signi- 
ficant performance decrements due to menstrual cycle for card sorting, 
time estimation, or a 30-mlnute, highly compatible, key pressing task 



MICHAEL X. POSNER 32. 

Because mor« -J-X 

*J; P«*-dl»M. -tSd, a^Jr-^-tors JL^iiLy^ i"« about 

«d hla ttudanta KÜJ J   ^ ln««nloua axDaPlIuf^8 that th« »ublact 

On« «t-ga I« th- r^n th0 on»«t of tha aSl.?*P<,n*nta th»t ocw « 

«I«I». (C JTtS J22! 5« "-^SSSJÄ "f•to ^22 

•idar to ba th- !««_ ""^ *• twia. hmm*.   .  B "^ h«,' •ooo la «tut 
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naning processes sequential or parallel? The answer seems to be that 
they operate in parallel but with different tine courses, u) Can subjects 
generate a visual image fron a symbolic or verbal descriptor? When the 
early work by Posner and his students under this contract was undertaken, 
moat experimental psychologists were dubious. But now, as Posner and his 
colleagues have demonstrated (Cfo, 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) Po logical superordinates 
require that the subject first retrieve the nane of the object? For 
example, in classifying a given letter as a voweel or a consonant does 
the subject first have to identify its name? The answer, as Posner has 
shown (Posner, 1970), seems to be that subjects do first identify the 
nane of the letter before they classify it as a vowel or a consonant 
(this does not necessarily 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 name in order to classify it as a letter or a 
numbero 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 bis question 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 nay, of course, object to Posner*s particular definition of conscious- 
ness, but there is no question that what he calls by that nane is being 
dealt with in objective terns« In fact, consciousness as a construct has 
entered these experiments via two separate connotations: that of "inten- 
tion" and that of central processing capacity. The first connotation is 
based upon the question of whether subjects are obligated to employ a 
certain stage or is it optional during a more complex operation. The 
second connotation leads to the experimental treatment as "unconscious" 
those processes which oan operate without uny demonstrable interference 
with a task that is known to occupy the central processor (Cf., e.g., 
the paper by Posner and Keele, Tine and space as measures of mental 
operations, 1870). Within this context, one question has been: How 
conplex an operation oan be carried out without the involvenent of 
consciousness? This involves the issue of the extent to which conplex 
skills can be executed without interfering with other tasks that obviously 
use conscious attention. A ssoond question is * what level can conscious- 
ness be inserted into a conplex operation. To what extent, that is, oan 
an individual redirect his conscious, attentiooal resources to various 
stagss of the processing? 

In addition to having studied the preceding questions with ths probe 
techniques, matching paradigns and other experinental arrangenents that 
he developed during this contract, Posner has been perfecting and apply- 
ing the methodology for indexing the physiological substrata of conponont 
processes by neans of EEC's, especially ths evoked potential. For this 
purpose, under the contract, we have built analog-to-digital converters 
and have incorporated the physiological recording and analysis aa another 
cenponent of our automated laboratory. Results of experiments carried 
out with this nsw set up indicate, for exanple, that visual proceaaing 
of a stimulus object can occur without "consciousness", but that the 
deciaion to perfern a specific act in response to the stimulus apparently 
does involve consciousness. 
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brl.f» th. SiM JSkS ni*L^ Ü!   1^ ^^ 0rd*r ta8k-    ln 
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which mediates this activity fatigues, or because r  lapse of attentioD 
leads to a loss of the visual representation fron a readily acceasible 
store. Boies followed up on these findings in his doctoral dissertatioc. 
Hs attempted to examine the meaory codes which sre used when the subject 
is asked to classify two letters ss 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 the similarity between the search characteristics 
of generated visual information and information which is abstracted from 
a visually presented stimulus. The fourth experiment explored the role 
of practice in the matching task. The final two experiments examined the 
role of processing capacity in the process of generation. In brief, Boies' 
overall findings are taken to support the generation hypothesis. When 
two letters «re to be matched, the longer the Interval between the onset 
of the first letter and that of the second, the less the relative advar- 
tage of a match baaed on physical identity as opposed to name identity. 
The original interpretation of this result was that the memory trace for 
the phyaloal code fadea and the subsequent match has to depend upon the 
name code  Boies found, however, tl.at this loss of advantage for the 
physical match also occurred if the first letter remained visible during 
the entire Interval prior to onset of the second letter. Boies uses his 
experiments to argue that what actually happens during the irterval is 
that the subject generates the opposite case of that iv, which the fir at 
letter has been shown. He then makes a phyaloal match when ehe aeoond 
letter occura, but one in which he now baa two stored representation« with 
which to compare it. Hence, the resulting increment in time to make e 
physical match la not because the subject has awitched to a name code, 
but because he has had time to generate more than one physical code. 

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

Under Poaner'a supervision, Carol Conrad completed her Nastere Theeia 
on "An analyaia of a hierarchical model of semantic memory organisation" 
(1971). Coorad inveetigated the boundary oonditiona of the theory of semen- 
tic memory organisation propoaed by C^llinc and Quillian. Their theory 
suggeata that aementic memory la organise* Into a network of inclusive, 
ordered hierarchiee which delude auperordinate or category nanea and pro- 
pert lea which uniquely define theee eategoriea. The theory alao implies 
that thia organisation ia baaed on cognitive economy—no property may 
appear more than once In the syatem. Her first experiment sc^ests thst 
the positive reaulta obtained by Collins and Quillian in aupport of their 
theory may have reaulted from a failure to control for the frequency with 
which a property la aaaigned to Ita presumed category in memory. Her 
findings suggest that properties may be stored in memory with every cats 
gory with which they are highly aaaociated. When these findings are 
combined with those from her second experiment they suggest that the 
notion of cognitive economy does not accurately describe the organisation 
of ssmsntlo msmory, they do suggest that worda In memory are directly 
defined by all properties which have been highly aaaociated with theee 
words in the peat. Duping the last year of the contract, Conrad began 
work on her doctoral dissertation which will investigste weja of dis- 
smbiguatlag aentences. 
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CIAIM Tumbull ooaplatad under PoaiMr'a direction bar Has tar« Thaaia 
on "Visual and MM procaaaaa In a vlaual search taak" (If71). Tumbull wantad 
to aaa If tba oftan rapaatad finding of tonar and bla student« that 
physical natchaa taka lass tins than nan« nstchas could K«nsrallaa to 
paradlf« otbar than the orifical letter-eft chin« one.  In particular, she 
used Neiaaer's »isual search paradiga aa anothar place to study this 
separation of aatching prooaaaaa. In her firat enperieent. aha «anted 
to aaa if there «aa acae advantsg« of searching for two target! which 
«re physically different but have the ease naaa (say A and a) aa oes^arad 
with aaamhlng for two targets which are physically jTffarent but have 
different naaaa (say A and b). She found, in fact, that thia «aa the 
oaaa. Hovavar, the aaVantage ««a never aa great as having the aingle 
target that did net vary in phyaioal for«. The reeulta at«g«atad the 
poaaibility that aufcjacta were atoring and actively rehesraii* aa auditory 
naae code during the aaareh. Aocordingly, a second experinent was ooo- 
ducted to investigate thia poaaibility. The idea waa to aee if siaalten- 
eous auditory input fro« an external aource would interfere with the 
search teak, eepecially aa the input inoreaaad in ainilarity to the re- 
hearsed naaw. Booh interfarenoe was not obtained. The failir« of 
•udltorally preaantad letter nanee H degrade viaual aoanning perfonunce 
doea not prove tba abaaMa of am—  iofomstloo during the oaarch proeeaa 
But it doaa auggent that tba naM infwMtion ia not in aoouatle fore 
Tumbull auggeats a couple of eodela which would account far theae reeulta. 



CARLO I  UMILTA 

Dr. iMilt« VM our ■•oood Visitlnf. Scholar. Dr. l^llta, who la fro» 
tha Unlvaraity of Bologna In Italy, apant tha laat yaar of tha projact 
with ua. During that tlaa ha cc^latao two laportact atudlaa for ua, 
both of which ara now la praaa (Uallta C Si.yd«r, 1972; (tallta. rroat, S 
Hy^n, 1972). Ona «tudy, on tha ropatltlon affaot cootlouaa aoM work 
that Rsraan and Itallta bagan whan HyMa waa a rulbrlght-Haya Scholar at 
tha Unlvoralty of Bologna la 1967-«8. In raaetlon tlna atudlaa It hat 
baaa found that RTa for rapaatad avwta nay ba faatar (poaltlva racaney 
affaot, or rapatltlon affact) or alovar (nagatlwa raoaney affact) than 
RT» for ooo rapoatad avanta. (tallta and Snydar (Uallta, Snydar. t Snydar. 
1972) imraatlgatad how tha poaltlwa and nag«tl«a raeaaey affaeta vary 
with: (a) tha avant uncertainty; (b) tha delay batwaan a raaponaa and 
tha naxt atlmlua (RSI); (e) tha rank order of tha awaot in a aaqaaaoa 
of aqulwalaot awanta. Thay found that: (a) under tha condition» of thalr 
•tudy thara la alth» a poaitlva raoaney affact or no affact al all; (b) 
tha affect la larger when uncertainty la graatart (e) tha affact dlnlnlah«a 
as RSI Incraaaaa; (d) tha affact la larger at tha beginning than at tha 
and of a aequanoa of equivalent eveata «ban unoartalnty ia low, while tha 
oppoalta la trua whan event unoartalnty la high. 

Tha other atudy (teilte, F^cat, t Hyaan, 1972) alao ralatea bac) to 
-k that Ueilta and Hyean In collaboratior with othara ba^an at tha 

Unlvaraity of Bologna. Thla work la ooooernad with ha^apheric dlffar- 
enoea la procaaaiag ■—antic and perceptual input. In ona expariaant 
aubjaeta aaw lettara praaaated either to the right or left of a central 
fixatloa aark. Tha aubjaeta preaaad a key whan theaa atlaoli doaignataö 
aa poaltlve appeared, and did net raapond to tha othara. Both right and 
laft head raapeadlag ware aaad. Tha reaolta ladloated a ooMi^aifleant 
laft ba^flald (right haalaphara) •uperiu>lty with one latter, and aigai- 
ficaatly faatar reapcadiog to right haaifiald praaentationa for two- and 
three-letter diaplaya. In a aaoaod aapariaaat, e^jeeta reepoodod to 
eingle lettara. differing sianltaneoaaly In visual aad phooaadc diacriain- 
atioo. Reaction tinea were interpreted aa indioating faatsr phaoaalo 
discrialaationa of vowel aad atop ooeaoaant aouate far laft and right 
haalflalda, respectively. 



U.OARPA  BIBLIOGRAPHY 
 IMi - «71  

Ad*^*  *'  *'     Th* •■P*«,iO^ »tatU« of DOn-fMOMMTV  »xLtmm In  t-h-«-.!..   «• 
.-»J.ctl^ pra^iUty. Sub.ltt.l tTT^t^wl^?^ 

Att,l#*,^^I;^^I!^T!, ?*i ? <»«t.mln.tloo pf prcoly^l trldi««.loo«l 

Attno«¥0. P.  ft Ol««, R.  K.     Pitch M « m*iixm:    A MW «.no-ah ♦« ^-»^ 

-otl Pwrohoiogy. UTO, •%, 213-219.  =g^1- 

E^>»riMBt»l Payobolaay, mi, |7, 176-182. ^     lt-5- 

«»•llor.ll.IC.    Probl«. 1« rl,^ ^r*.   Corto^phio,. 1970.    in p^,.. 

***** Lr* *,?*Wyt ,,• "•    *■ «P-^-tol oo^ori.oo of »timlo. »d 
rvipooa« tVMMlotod pow«>«> fitnotieao for brlchtMaa     »••MMk*tM * 

r',ot MLLSJffgS&JL^g1 i,w,odttct -* •d*lt1^ »«^M «lo«. 
f*i0t, Lmi^T^JSU:1*^ gMLUM    I bright«- f^tioo.. 

^wotptlan m* Pavohaphyiiica. 1970. 7. 257-282. 

^^^l^SSls^^   "^ -^ -thcd- 
r-,at* Lp^4ri SJU^tn ^ffs^Krh-1-1 f~ti~ 



im BIBUOÖUPHY 
196t - 1971 
_ *0. 

r™**-.    In p^p««!«. -^^^ • Uno«, «d coB.l.t^cy 

fl2H-f:2t2fcf*Jli2*t "83, 90. 37-«?7^ Da»-«*P«tltlon.. 

Hint»«. 0   t     lfft^ 

\ioml 

•    J» Of 

■»•^  t. IT.    non,,   ... — 

^^ lii SU114-««^»t. ■-„^..L_ 

**• •. t.«in,... ._  

t — .       . — • ■■■»*oo. 

p,,^,,,«*«ft«rJ.rf 
■«tat J. I». «-    - iana 

^^   ^-2^E^i-?«m P^^^^y«j-i-i diohotio 
^'Vtm fern  nm,,mt     i ■••Ä**»   ^i.    W,       7^»«n^-*_ 

Mm . 

** mmmik 



*1. 

AKPA IIIUIOCRAPMY 
IMS -  1971 

Uwia. J. L.    CamputT ftmrn option« for behavioral r«M«rab. In praparatloo. 

f»o«ow, H. »., hoi—, t. »., ElchalMD, ». H. I Tarier. R. L.    totentloa of 
visual aod MB* oodM of «lull« lottoro.    J. of Export—ntol 
ProbolQBr g—fc tapplo—t, 1969, 79. %-M. 

■.X.    Cooeopt ldMtifloatloB...infoi«atloB prooor-lng approochoo 
[a Hatathan, A. R. I Hwdooo, R. A. (B 
Xafawatiaa aad Coatrol.    Loodaa:    Pa 
la MatathM. A. R. I Hadaaa, R. A. (Bda.), Eaayolopadla cf Ungalatlco 

. ■. X. A Taylor. R. L.    tobtraatlva aatbod appllad to aaparatloa of 
Tlaaal and nmm ooapoaaata of avlti-lattar •rray».    Aota Paychologloa 
Attaatioa A ParfoiMMo XI (V.O.Kaatar. Cd.) 1969. 10*-11*. 

, N. X.    Abatraotloa aid tba proooaa of raoapdtioa.    la Rcwar. 0. I 
Spaooo. J. T.    (Ed«.>    Advaaoaa In laarplni m* »otlvatlcn. Vol«« III. 
■aw Tarki    Aoadonlc Praaa. 1970. 

, R. I. A Kaala. 8. R.   Attaotloo iummäm of aovaMnt«.    Proooadlaga of 
tho XVIth Intawatlonal Congraaa of Appllad Paroholegy, AMatardoa: 

Aaiali^ar. 1969. 

. H. X. OB tba ralatloBahip of lattar DSBM and ■uparordiaata 
gorloa.    Quartarly J. ef PayohaiaRy. 1970. M, 279-«t7. 

. H. X.    lodaaaA attaatioa md tba 
J. of Motar Raharior. 1969. i, 2*9-211. 

Poaaar. N. X. A Kaala, t. R.    Rotaatlon of abstract idoaa.    J. of Cxporlamtol 
nr^toimr, 1970, M, soa-309.        

, R. I. A Kaala, t. R.    Skill Laarolng.    To ^poar In Rwrfboafc of 
» TaaohlM. AaarlooB Rioiarob Aaaoolatloa. IFFT 

• M. X.    Cognition...Hardbollad and ooft ohaUadi    Rariaa of ComdtU 
****f»9t.    In COBUBIHUMI PRyobalagr. IfTl, 79, Hi^iöl. ^^ 

r, M. X., Lawia, J. L. A Conrad. C.    CoapoBont |—— la raadlng:    A 
parfotvaaoo «Baljrala.   To tftpmt la Prnoaadfnga of th* 
tba Ralatloaahlp Nt— tpaaob and Raadi^. 

Poaaar, H. X. A Harm. R. I.   Trao**, Oaaoapta and Coaaaloao Conatrootlc 
Pr**«Btad to tba Coafaraaaa OB Coding Proaaw* la laarntng. Wood* Halo, 
Naaaaobuaatta, 1971.   To ba pabliabad. 

Ralehor, 0. H., Ugoa. E. J. A Conrad. C. H.    Int*rf*r«no* la *hort-t*ro 
■■■"!•   J. 9t tnutimmtaX PaTehoAogr. 1969. ti^ 98-100. 

R*lobar, 0. H.    Taraaptaal raaapUtiaa a* a Naatloa of aaalagfulaaaa of 
aatavial.   J. ef K^arl—atal Pwrobalaer. 1969, 91, 278-280. 



ARPA BZBUOQIUPRT 
IMS - 1971 

—■S^fts ru&S T '11' TTiTT       t,,• 
^-sAnaa, mag SÄrffsar ^b- 

III      i i*nai^M- ww. te. m-Mj. '•"■", 

■«1»—. wi. n. iS^». "«P«"" —«r-   >»rd.««ic 

J 

BlOQk.   R.   A,      EffiOtS   Of   iMtl'lCtlon«   to  fiiMi-_l    4*   -»       -   .  
rmnmnimM  ■ i o ^.t ..r*- to ra^»t in •hort-tu« ■■mi .    J. EgWi—tol POyah^p.,   1971v   „t   j.. 

,<>1*', ÜJlTmi?0-" ta ' 'p^tod ^    '■■■ '■ t-k.  ».D. M^. 



AVA BULXOQIAPHT 
1968 - 1971 43. 

Conrad, C.    Cognltta «ooooMy ID Msmtlc —ery.    J. of Exprt—nt»! 
P»yohologyt in pvm, 1972. 

of 
CloholMD, V. H.    Ltttor« ma vnit.'/proousing in ■ VISUAI Batching tank. 

N. A. ThMis, 1968. 

CiohoiMB, V. H. Stiauliw and raopons« repetition's of foot« for nMiog 
latter at two raapona-atlaulua intarvala. faroaptioo 8 Paytfio- 
phyaioa. 1976, 2, 9«i-96.   

CiehaLMB, V. H. raailiarity affaota in tha aiaultaioous natching task. 
J. of KKpariwatal Payahology. 1976, 86, 275-282. 

Einhsl—i, V. H. Qrouping «id paripbana dlscrl«insbillty under oooditions 
of position unoertainty. Ph.D. DiaaarUtion, 1976. 

Ella, J. 0. Attantional raquirsasots of novaasot control. Ph.D. Oiaaarta- 
tion, 1969. 

Proat, N. Clustering in tha fre« raeali of pictorial atinmU. M. A. Thasia, 
1976. 

Proat, N. Cluataring by vlaual ahapa In the fre* raoall of plotorlel 
stiauli. J. of BKpariasntal Paydwloy, 1971, 86, 109-413. 

Proat, N. Intarcotion of visual «nd itaaantio oodaa in Moory. Ph.D. Dis- 
aartatlon, 1971. 

Proat, R. R. 8 Snydar, C.PR. Stiauli« localisation and attantfon in a raaotion 
tiaa paradiga. Paprr praaantnd at tha Waatarn Paydiologieal Asioclation 
April 1976. In preparation. 

Proat, R. On tha oonvergenoe of apparently vertical straight liaaa. Paper 
aubaittad far publication in Paroaption 8 Payrttophyaloa, 1971. 

Proat, R. Conatanoy of paroeivad apatial ralatianahipa on a surf see viewed 
at a alant. Ph.D. Disaertatloo, 1971. 

Hughaa. N. H. Sana grsaaatical effects in iaaediate raoall of aentanoes. 
N. A. Thaaia, 1976. 

•Tohnaoo, V. Tha effect of atiaulaa ooaplexlty and intaratiaulus interval on 
"aaae" "diffsrent" raaotion tiaa. Ph.D. DiaaarUtion, 1968. 

Klelnkneoht, R. E.  Paychophysieal funetiona aid a thraahold parcaatar. N.A. 
Thaaia, 1971. 

Laaba, 0. J. 8 Lewis, J. L. The affect of noattandad itaaa on raosney 
judpMnts of ahadoaad itaaa. In preparation. 

Laaba, 0. J. Cue effects in actor short-tera aeaory. Ph.D. DiaaarUtion, 1971 

Lewis, J. L. Aotivatien of ' logogana" in audio-visual word taak. Ph.D. Dia- 
aarUtion, 1976. 



ARPA BIBLIOGRAPHY 
1966 - 1971 "W. 

Olson, R. K. 6 Attneor«, F. What variables produce similarity grouping. 
toarican J. of Payohology. 1970, 83. 1-21. 

Olson, R. K. Tha rola of shapa variables In the trapesoidal window illu- 
aion. Ph.D. Dissertation, 1970. 

Hurdoff, K. Rate of change effects for brightness Fetching task. M. A. 
Thesis, 1971. 

Rogara, H. 6 Hyaan, R. Randoa notes and dancing dots. In pi^pa^ation. 

Sobwank, J. Daaign parsneter for Oregon election ballots. M. A. Thesis, 
1971. 

Schwank, J. Menatrual Cycle: Perfomanoa en various laboratory taaks. 1971 
In preparation. 

Schwank, J. Tha rola of tha nantrual cycle on hiaan female behavior, 1971 
in preparation. 

Sllveira, J. Tha rola of incubation in problaa solving. Ph.D. Diaaartation, 
1971. 

Snydar, C. R. PenUiarity md  prooesses of visual ssarch. H. A. Thesis, 
1970. 

Snydar, C. R. Selaotion. inspection and nanlng in a vlaunl aaareh. To be 
oubliahed in J. of Expariaantal Payohölogy, 1972. 

Stewart» N. R. Heicory and absolute judgaent« Ph.D. Dissertation, 1969. 

Taylor, R. L. A atudy of tha relative efficiency and interdependtmoe of 
ahort-tam ■—ory end viaual aanaory analysis as souroen of iufor- 
aatlon. Ph.D. Diaaartation, 1968. 

Taylor, R. L. On reoognitlon as a discrete event. Awerlcan J. of Psycbo- 
ISSOL»  1969» BJ  2M-268.  

Taylor, R. L. Coaparison of short-tarm senory and visual sensory analysis 
as aouroas of inforaation. J. of Expariaantal Paycholcgy. 1969, 81, 
615-822. 

Tumbull, E. Viaual and MM prooesses in a viaual search task. H. A. 
Thaaia. 1971. ^ 

Mellaee, R.    S-R Ccapatability;    evidence conoeroing underlying processes.        ^ 
N. A. Thaaia, 1970. Q 

kallaea, R.    8-R CoapatiLllity csd fhi idea of a resnonwe coda.    J, of <v 
Eigari—atal Payoholagy. 1971, 88   35^-360. ^ 

Varrer, n. *.    *mtrr; frr r.^'^t-visouj *ÜHiia.    N. A. Thaaia, 1967. 

Wnxtra, R. E.    stiaulus encoding and —ory.    Ph.D. Diaaertaticn, 1970. 

Veil, A. D.    Tha Inflnkaca of irrelevant Infonsation on a|>aaded daaaiflea- 
tion tasks.    Ph.D. Dissertation, 1969. 

W-OV   A.  D.    Th-n 1.nf)«i«»fioe nt irrelevant fn^^vstic^ nn sra«"V»«» r^ivsiffewtton 
tasks.    Feroogtics t "»ny^hophysiga, 1J71, K    7'J-8«4. 



ARPA - TALKS 6 PAPERS PRESENTED 1968 - 1971 45 

Attneave, F. Consciousness In iwn and man. Papar dalivarad to synposlurn «0. 
Hennar-Gren Foundation for Anthropological Raseareh, August, 1968. 

Attneave, F. The outside world inside the head, university of Washington. 

Attneave, F. Space perception and the minimum principal. University of 
Colorado, Boulder, 1969. 

Attneave, F. The organization of representational space. University of 
Nevada, 1969. 

Attneave, F. Space perception and the minimum principal. Northern Illinois 
University, 1971. 

Bellor, H. K. Parallel and serial stages in matching and visual search. 
Presented at Smith College (1969) Brandeis (1969). 

Beller, H. K. Priming, where perceptual tuning works. Presented at SUMY. 
Brockport (1970); SUNY, Stony Brook (1970). 

Beller. U.K. Priming, the effects of advance information on matching. 
Presented at WPA (1970). 

Bailor, II. K, Problems in visual search. Presented at A Symposium on the 
influence of the map user on map design. Queens University, Kingston, 
Can4<.ta '1970), .• 

Buggia, 8. Procassing of sensory and name codes during the matching of 
disoriented letters. Paper presented at WPA (1971). 

Conrad, C. Cognitive economy in semantic memory. Paper presented at WPA 
v xyi x)• 

Corrigan, B. Constant error in the perceptual extrapolation of straight 
lines, Papqp presented at WPA (1970). 

Frost, R^.«Snyder, C. Stimulus localization and attention. Paper presented 
at WPA (1970). 

Hintzman, D. L. Memory for repetitions and modality. Talk given at Verbal 
Learning Conference, Lake Arrowhead, California, June, 1971. 

Ke*lea SWPWO( Psy°holofiy ««i population: What can be taught. Paper presented 

Keele, S. ». Controlling U. S. population growth. Invited address at WPA (1971). 

lewis, J. L. Level of processing of unattended messages. Paper preaented at 
WPA <1968)„ v*^mmuvm* mj. 

Lewis, '• t. Semantic processing with bisenscry stimulatin. Pap«, presented 

Lewis, J. L., « Osgood, G» W. Son of Zoro: Second generation multiprograwing 
syscetn for psychological research. Paper presented at Spring Decus (1971). 



UG 

Poaner, M. I.    Visual and name codas of single lettara.    Colloquim, Stanford 
Unlv«?8ity, Fabmary, 1968.    Paycholinguiatioa Colloquial, Univeraity of 
Taxaa, Fabruary, 1968.    ColloqulWi.Carnagla Mellon University, April, 
1968.    Colloquium, Pennsylvania Stata Univeraity, April, 1968. 

Posner, M. I.    Human information procaasing.    Short course in engineering 
psychology, Univeraity of Michigan, July, 1968. 

Poaner, M. I.    Abstraction and the process of recognition.    Seriea of 
lectures. State Univeraity of New York, July, 1968. 

Posner, N. I,    Attention demanda of movements.    International Congress of 
Applied Psychology, Symposium on Work and Fatigue, Amatardam, August, 1968. 

Poaner, N. I.    Subtractive method applied to separation of visual and name 
codas.    Symposium honoring Dondars, Eindhoven, The Netherlands, August, 

Posner, M. I.    Retention of visual and name codes of letters.    Colloquium, 
University of Sussex, October, 1968.    Colloquium, Anplied Psychology 
Unit, Cambridge, October, 1968.    Colloquium, University of Dundee, 
Scotland, November, 1966.    CoUoquium, Reading University, Movember, 
1968.    Colloquium, Durham University, January, 1969. 

Posner, M. I. Motor control. Talk delivered to Psychological Society, 
Univeraity of Dundee, Scotland   November 1968. 

Poaner, M. I.   On the relationahip between letter names and auperordinate 
categoriea.    Paper delivered to Experimental Paychology Society, London, 
January 1969. 

Posner, M. I. Abstraction and the process of recognition. Colloquium, 
Birkbeck Collage, Univeraity of London, January 1969. Colloquium, 
Univeraity Collage, London, February 1969. Colloquium, Univeraity 
of Bruaaala, April 1969.   Colloquium, Univeraity of Paria. April 1969. 

Poaner, M. I.    Attention and the control of movement.    Address of the 
Psychological Society, University of Cambridge, February 1969.    Collo- 
quium, Hull University, February 1969.    Colloquium, Sheffield univeraity, 
March 1969.   Univeraity of Bruaaala, Colloquium, April, 1969. 

Posner, M. I.    Short term memory and human information processing.    Colloquium, 
Univeraity of Technology, Loughdorough, England. 1969. 

Poaner, M. I.    Studlea of the process of recognition.   Colloquium, Oxford 
University, March 1969. 

Poaner, M. I.    Attention and the control of motor movementa>    Colloquium, 
Univeraity of Bruaaala, April 1969. 

Poaner, N. I.    Doea preparation require processing capacity?   Colloquium, 
APRU, Cambridge, Nay 1969. 



U7 

Po.n«p, M. I.    NM.urw.nt of Intern^ 8.n.ory-«otor process...    Keuro- 
psycholofy, QuMn Squar. Hospital, London, N^r 1969. 

v«r.ity of AbOTdMn. Scotland, Nay 1989. 

Naai&JLL ^S!^,1!!^!.?' Ppoewl»« »' vl.u.1 inforwtlon. 

SEES; s. i^.iAnj^riis9proc-Ming- ,,'th-atic-1 ******* 

1,08n^BIlAii; «ÜS^T1 "^s ef ■ovM"t oontro1- **« •<«~". tot 
ä^.tE2irm9P,yoho^or """^ ^spert8 p-ycho1^» 

'"^Jili; jSSTl^''01*    COUO**-. ^T ünlv^lty. Atl.nt.. 

Niil!Ü^ h iJ
0^«o«rt. of .tt.ction.   Colloqulwi, Stanford Unlv«..lty. 

toS^J^SLffi    ^J10^«. "»i^-ity of Connwtlcut, S?orra 
Itaroh 1970.    Colloyul«. Unlwlty of Utrt. S^t Tak. City. April 1970. 

^iouo)!'   htt*UtioD *** i»*««!«» prooaMlag.    inrit«! addr..., ¥PA 

'en«., H. X.    OiwnM.ioo on hunting th. CMV.    Sy^cli»,VPA (1970). 

*-% I!i-LJ.t!•Si^1.
1?fS;!l0,1 r™-1*- •-»^—• ^—ity 

SSSaST' m ^^   C*11*»**** öhlv».lty of Britiah Coluabi.. 

Ujiwlty «t 8t. Loui.. 1971.   Unlw.ity of C^ifomi. «t Lo. A3.1M, 

LMZSS^J^^I    ^»•f «d^«« to th. Confer.«,, on tb. ralatiooohip of spwch to learning u> rsad. Baltl^r.. 1971. 

'"^irh/pnnfl!,.!!"'*1';  u E•w5ü!~, ?0o0^>t« «n'1 ooMciou. CGMtruotion.. 
Tbj^^Jj-JjJJ». on Coding PMkMM. in Nwory. Wood. |JoU. Na.MolnM.tts. 



«8 

'"""J' I', t" '■ltU1"; R•   0n th* *—"""« »t ccMelou.r.ea..   Th. «h 

^S^ USTS SJA^}? •—— ta —rUc taN*,«». 


