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'Rafael KE.rschfeld and George R. Bieger
Cgrnell University S

Describes .a method and apparatus for collecting and
interpreting eye movement data, for research on reading
pictures "as: well as text, that. is both relatively
inexpensive and portable. Lists and describes hardware and
sof tware components of a data collection and data ' analysis
‘system which '~ provides precise information: regardlng the
location, duration, and sequence of eye fixations during the
reading of materials that are composed of both text and
pictures.  Also describes a procedure for eccllecting. eye-
movement data in non-laboratory settings such as classrooms.-
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Instrure=ntsti~n g . - Trware for Lnglgleeg:ﬁgn. A=z_vsis,
and I-te-pretmtior -y Eve Movement Dzta during Reszding |

-y,

| Durizz the p==t* = y==—s investigatcrs in severz. dom .1Ts =
of éognitiVQ psyzhe lony ' hare begﬁn to'Qevelop and.use tachr' .gmes
for recordsimng th= tattew- of small eye mowémentsvand'mfixa:tazs“
which they wuse .2= cor—s. _fes of mental prcceSses:;?Th p=r:iéu1ar
they have m==n st .ying 'ixaflon duration< as 1ndlces 2E - the
temporal pruoperzi-+1 of mantal operations, includlng ‘thrse mental
operqpionszznd B rrEssen inyolﬁéd in reading (Bouma & deVoogd,
- , . o .
© 1974; Carperter & Just, 972, 1977; Just & Carpenter, 7976a,
1976b, 198¢: Lef*an, 1973; Loftus, 1975; McConkie, 15763 Rayner,
19754, 197, 1977, 1673; Reyner & McConkie, 1976). Although
- such tech—mues haye.provan§Valuable, they havéJbeén found to
have at l2au% twa major;préctical dra&backs iimiting their
~widespre=~" se im ieading reseéréhf The first 6bstasie has been
1the high o= Eye uracking devices are tvpically -ezcensive
"theﬁselves,eﬁd usually require very costly agcessory .quipment to i
be useful. .-n equipment expendlture in excess of $5C,700 is not ',-
unusual, but is often prohlbltive to many pvospectlve r—=searchers
| in this field. A .second problem is that such equipmemt is
“necessarily st 1onary and requires that alihdata be callected in

the laboratory. This limitétion’often precludes (or at least

. makes more dlfflcult) the use of subgects wno ‘do not have easy
Q ) - A . _ f\
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access-to the laborztcry. Dam: from-these subjects are ofter
useful in those inmaﬁxigations :oncerned wizh individual
differences in res=dmg. This rexcrt descrices apparatus and
procedures dezignec to overccms :hese_ohstaoles while retaini-=
the precisior <~ azruracy ner=sr=e-y for the use of eye movemsnt
vtechniques.i: reziing researc:.

The dev=_ ,.~=nt and use of tize equipment, software,_and
procedures czscr- ed below came about in response‘to problems
encountered nil« -nvestigating =he ways readers use the
information :onta;ned in materi-‘E consisting cf pictures and
text. Our -~Tent was.fo manip.  ate the location of certain kinds
of informatiam (elg.v locative - descriptive»information) in
text or picz.res and measure e effects of these manipulations
on comprehe:s;on. We wanted ©o know what_caused a reader to:
lea?e the t=xt to search 4 picture for additional information and

l-where in the picture they looked for that information. We also
fwanted to compare reading strategies among diverse categories of
readers, for example, beginning and immature versus accomplished
readers. ‘These obJectives required that we know' (a) where the
rezder was looking (i.e. the location of the eye fixation), (%)
how long he/she attended to that location (i.e. the duration of
the fixation), and (e) where he/she looked naxt/(i .e. the
sequence of fixations). Also, collecting data Trom Pecple of
various backgrounds, many of whom could ‘not practically come toh

our laboratory, required a portable data collection system.

\‘1‘ .-;_1’ ‘ | N } ' ’-/
EEIS5L(: S o T .y-ff"_gy'f" .
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Given our budgetary limitatious, we attemptedt:o adapt‘our
equipment to meet the spe01fications of our researcs. That
equipment is described below and our laboratory lay=x= is shown

7 \,

in Figure 1.

Insert Figure 1 about here.

Equipment
oy Gulf‘add_Western Model 106 Eye-trac systam (cost’ $2500)
_This device_uses a ' differential refleotion met?od of
limbus ano~eye1idvtracking, and produces an analog
' signal proportional to’the displacement of the eye.
Sioce it can foilow each eye’s movements in only one
dihection;'me record hofizontal,movements from one eye
rand vertical movements from the othetﬂ"It~is equipped
- with a chin and temple rest andlhas been modified to
.include a head restraint to;minimize.head movements but
ailow'reasonable'comfort. The»machine is eaSilf /'(

R
o

portable and we have bolted -it to -a base which in turn

= can be clamped to any table or platform to prov1de it

with stable support S - //

/

2) JVC KD~ A2 stereo cassette deck (cost $300)///

_We use this to store the outout of ‘the Eyest rac system

- /
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when we are === from the'laboratory and cannot send the

signal dire==Z7 To the computer% In order to-record the

~ D.C. signal w=s have built a detachable

3)

4)

5)

modulator/dsmodulator (see Figure 2).

‘Data Translztion DT2762 A/D converter (cost.$7§0)

This takes the analog-signal from the Eye-trac system or
the tape deeck and converts.it toa digital value for |
computer arzlysis. i)‘

PDP-11/03 =omputer system (cost $4500) | ,/

The computer system 1ncludes a dual floppy dlsk drive,
32K RAM, 4.port serial llne 1nterface, llne t1me clock.
and CRT terminal The system accepts data from the

analog to digital converter and stores them on floppy

\disks for_ ubsequent analysis. Thls analys1s w1ll be

hdescribed more fully in the section on software.

Hewlett Packard 7221B plotter (cost $5000 - optlonal;‘

'"wAlthough this device is not essential, we -have found it

extremely useful for displaying eye positions and for'

settlng up maps of the stimull. The plotter sends the

”boundaries of all stimulus target regions to a mapp1ng

program (using a digiti21ng sight) and, after data have

been collected,-plots the eye-positlons over a larger

.scale reproduction of the stimulus.

AR

23
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f
| 1) MAP -\creates a map of target locations in the;stimuluswf
(i.e. words or. parts of pictures) by acceptng the R
digitized coordinates of the boundaries of the target
areaspfrom the plotter. In conf1gurat10ns1w1thout the
..plotter a modifiedkversion;of MAP will.accept“the
e J-; éu'.manually measured coordinates from the keyboard. .This

o information is stored for subsequent comparlson ‘to the

i

raw eye movement dat\ gathered by the program ITRAK. \

-é)» ITRAK '~ gathers datal from the eye track machlne. Two |
types of data are cc llected the raw eye position data
whlch is sampled at the rate of 60/sec., and calibration
data used to map the eye position data onto the stored-
representation of the stimulus created by MAP.
Currently, we ask the subjects to look at the corners of
the stimulus card to determine'the coordinates of the

card boundaries. This information is.then used to

compute ‘a linear transformation that chan«es the scale .

of the raw data to. that of the stored stlmulus map. We
have found, however, that this method presents several
problems. First it is difficult to tell exactly-when
the subject is looking at a corner of the card.7 Second,
due to nonlinearities inherent in‘thereye track" machine

and the analog/digital converter, these coordinates

often do not define a rectangle, but rather some bizzare.
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s
o

rquadrilateral, In order to remedy the first problem, we

4

are installing a pushbutton switch connected to the:
external trigger input of the ‘A/D converter. The
subject would then push this button when looking at the
calibration point'to begin conversion.ﬁ This will
provide a more prec:se “value for each calibration p01nt..
To overcome the nLnllnearity problem, we: are developing
a more.- general interpolation algcrithm. ‘

MATCH - takes the eye movement data (from ITRAK) and

. determines the target area to which each pair of

coor@inates is closest._ It does this by applying the~

transformation computed in ITRAK to the converted data

[ 4
A

and comparing the coordinates to those | of the target

‘regions in the stimufus map created by(MAP It then
|

' produces a summary listing of these takget areas on the

o -

terminal, in the order they were scanned and.w1th the

time spent on each. ‘f L
\\ o
PLOT (Optional) - makes a scaled reproduction of the

stimulus and plots the eye movements on this depiction.

For ease of interpretation we plot the reproduction of

]

the -stimulus in black/ink; \eye positions are.shodn'in

' red'ink' and,a'sequence of numerals is plotted in green

&
ink at intervals of 6C; eye pos1tions, which corresponds

to.onensecoFd of sampling...
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- After turning'off the room'lights.to minimize artifacts,

the experimenter callbrates the Eye-trac sy»tem for the

particular sutgect.
i

The subject lonoks at each of ‘the cal*bration points in-
"succeSSion and- the coordinates of each is. stored either
‘_on floppy disks via .the A-D converter and micro- /
n
L
|

;computer\.or on the cassette tape for later conversio

and storage on'floppy disks. / .' - _i 'ffgf

The subJect -‘begins reading and the program ITRAK
/

collects eye position data and stores them on a floppy

disk. In 'out ‘of laboratory data collection', the

S
fw%'ect’s eye pcsitions are sent from the eye track
ge iee to the cassette tape recorder, and 1= ter, in the

laooratory, are sent from the tape recorder to the

micro-computer using ITRAK. . The subJect is instructed
N - , ’ \

to'look at several 'landmarks’ on the stimulus both

N

'before beginning and after‘finishing reading the

material. Dhring data analysisnthe ‘eyes'? positions

before and after reading, as recorded by the equipment,

]

"zare compared~ If the recorded location for the same ‘

_landmark has not changed from start to finish, we. assume

. Y| +
that the eyes' positions as recorded are accurate for,
£

the entire sample. fIf however, there is a substantial %

difference (Just & Carpenter, 11980 suggest that 0 5
’ ‘ / 5 /‘/:, .
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degrees visual angle const1tutes a substantlal
! difference) the subject's data are not useable.‘-x,‘
%) After the data are collected and stored on, floppy disks,'
l‘ the experlmenter runs MATCH which summarlzes the

. °}MMH' locatlon, duratlon, -and sequence of the eyes' positlons
. dhring readlng (see Flgure 3).
(thional) .The experlmenter runs PLOT whlch reproduces a
N'« i scaled enlargement of the stimulus and plots the eyes'" |
- positions on 1t. These are represented by points,
. connected by straight llnes whlch indicate the sequence

., of fixations (see Flgure by. f Ty

Insert Figure 3 about'here.”

Py

*Inseht%Figure 4 sabout here.

/

-‘= I ‘ S SN ‘

"The data collected by ITRAK. and di\splayed by MATCH and PLOT
\ )

is in such .a form that it can easily be enalyzed\to 1dent1fy the ;

/
“locatﬂon, duration, and sequence of eye fixations.l Flgure‘3\\\

,depicts the output from MATCH and can be used by itself to

- . |

o .j ﬁ{:::*f;,; ‘_ 13“ e % :V--'; D e
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identify these important variablesr ‘The locations.identified-in
)lFigure 3 reDresent the dcfined target area to which a given eye
position was closest and the duratlons are measured in 'ticks' or
sixtieths of a second.e The order from top to bottom shows the 4
sequence of fixations, The princ1ple disadvantage w1th using

v / .
”‘MATCH alone is/tnat the eyes will frequently stop at or near the

/

_ boundary between two target ai-eas. Because’ the eyes are never -
literally ’fiXed' (there are small irregular movements called
tremors that occur when the»eyes appear sta1onary) this. may cause
MATCH to show a ser1es of very brief fixatlons alternating

7gbetween the two target areas surrounding the point of. focus.;
Such a disadvantagetis not . necessar ly serious;if the‘general

'llocation of a fixation is all that is needed,-however if more

"precise information about the eyes"position is requ1red th1s

,1limitation could be . a problem. S |
| | The use of the graphics plotter has overcome this.-

éxlimltation. The plotter d1splavs a’ reproduction of - the or1g1nal

‘stimulus and PLOT draws the eyes' positions over this- depiction;yf
Figure u shows a sample of  the- PLOT and graphics plotter output.
Note especially that the eyes'/positions are 1nd1cated with' |
substantial precision. Th1s plotter and the program PLOT used;

iy together with MATCH, allows us to- determine the location, :

; duration, and sequence of eye fixations with cons1derable
p*ecision. | ' y |

The equipment, software, ,nd_procedures deScribed above 'have .

' 1

" - . . . . . 3‘ .
— mie . . B 5, » ]
EMC SO L R Lo T S -A-‘.f L
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enabled us to make WEIatiVely précise observations of eye
behavior during- reading without the prohlbltively high costs
which typically characterize such systems. We are also able to -
make thosa observations wherever there is a room capable of being
darkened and that has an eleotrical outlet and a table._ We feel
~that. this instrumentation and procedures w1ll prov1de

opportunlties for research byinvestigators who do not have the h

‘ funds to purchase more expensive equ1pment.

Note: FORTRAN IV sourece programs, for all of the”user
' written software descrlbed in, th1s paper, ‘are .

: available on request by oontacting:, .

Reading Researoh Group -
213 Stone Hall
. : ;_' R Cornéll University
»:Ithaca, NY 1u853 S
(607)256 5423 or 256-7706 TR

b
T
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Duration is indicated in "ticks" each of which is 1/60th of a second (16.7 ms)
Location indicates the word to whi:h the eye's focus was closest
> duration j location ’

28 THIS =~ -- clustexr of points in theiupper left corner, at the beginning
4. TRACK ' . ‘ o ' . :

TEST o e o . .
-- fixation between "A" and "TEST"

4
AN 4 EYE P o
o 1 18 -- eye blink
' 3 FOR . o o
93  THIS —— fixations #1 and #2
. 50 1S - - #3° '
a2 A : :
3
5
4

: ' TEST. , . _ T e P ' i ' o
.53 ' SENTENCE —- #4 . - . S : _ ’ RN
.1 MACHINE . S T o A o : f
-1 . TRACK --'regressive ‘sweep to beginning of second line ] v ' ‘ ﬁ
1 ‘THE . . N | N .
.46  FOR. =~ =-- fixation above #5
- .7 .THE _ - R
31 FOR =X #6: .. : - )
37 THE- . ' ~- between "THE" and "EYE"
2 EYE T
W - 35" TRACK . - #7. -
- 55% MACHINE -- #8
1 JRACK . : : - L : ; . : D o
. 1 . THE ’ f—'mdvemgnt back toward the top for second reaging L | ,
st . .27 FOR S . : ; : . ' Y
S R . s L PR

o G e ‘ - . oo . o : -
P I‘. ; . . [T . S . ) ] - . ' o . ) . . / .

-

K N : e . . o i ; . . i
Eigq;g}B.- Samplé of ‘output- from MATCH program. , %
4 ‘ - 2 . . ) e y .
(To be used ‘with Figure 4b) ° - R
L !
1 !
o =
Ead N 1g. 2‘ . .
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Navy

Meryl S, BRaker
¥PRpC "
Code P309.

" San Diegd, €A 92152

Dr. Alvah Bittner
Naval Bfodynamics’ Laboratory .
New Crlesns, Lousiana 70189

Dr. Rober't Breaux
Code N-711 R
NAVTRAEQUIPCEN

Orlando, FL 32813

Dr. Richard Elster

Department ct Administrative Sciencea <

Naval Postgraduace School

. Montercy. ca 939110 [
DR. PAT FEDE?ICO
NAVY - ‘PERSONNEL ReD cewTER
'SAN DIEGO CA 92152

~Dr-. J‘ohn Ford
'.Navy Personncl R&D Canter
“San, Diegc, ca 92152 '

or. " Henry M. Halfe
- Department Bf Psycholcgy C-009. .
-University of Califertiia at San Diego
La Jolla. CA 92093 -

I:'l' Staven D. Harris MSC, UsN
Code 6021’ .
Naval- Alr Develcpnent Center

'Jarminater'. Pﬂnnsylvania 189714

Dr7 Jim Hollan

Code 304
. Navy Personnel R & D Center
. San Blego, ca 92152 ’

"COR. Charles W. Hutéhins
Naval Air Systema Cornmand dq
"AIR-34OF . N

Navy Department - . s

'n_lashi:ngton ' DC _20361

s

. Head, Human Performance Sciences
. Naval Aarcspace Hedical Research Lab
Box 29407 . .
- New Gr'leana,’LA 70189
or.. Ncrman J. Kerr o
Chief of Naval Technical Training
Naval Air Station Memphis (75).
Millington ‘™ 3

. Dr, Hilliam L.. ﬂalcy Lo :
" .Principal Civiiian Mvisor’ t‘or
. Education and’ Training
‘Naval Training .ommand Code 00A -
. Pensacola, FL 32508 K
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a

o

a
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.CDR_ R°bel‘t S, Kennedy,____,__« e e _‘

Navy

CAPT Richard L. Martin, USN

Prospective Commanding Officer

USS Carl Vinson (CVN-70)

Newport News Shipbuilding and Crydeck Co
Hewport News, VA 23607 -

br. .J‘am‘e: McBride
Navy Personnel R&D Cantar
San Diego. CA 92152

Pr Hilliam Montague
Navy Personnel R&D Canter
San Diego, CA-92152

Ted M. I Yellen,
Technical Infcmation Of!‘lce. Code’ 201

- NAVY PERSONNEL R&D CENTER
AN DIEGO, CA - 92152

“Library, Codé pz.cu.

Navy Personnel R&D Cantar
San Di’Ego CA- 92152

" Technical D;.rector T o
. Navy .Personnel R&D Center = . . .
- San Diego.;CA 92152 :

Commanding Officer
‘ Naval Research Laboratory :
_ Code 2627 . S

Waahington, DC" 20390 i . i

L

P:ychclcgist

. ONR Branch QOffice

"Bldg- 114, Section D -
666 Summer Streat
Baston, MA' 02210

Psychologist

ONR ‘Branch. Office

536 S. Clark Street .
Chicago II.. 60605

Ot‘ficc of Naval Reaearch '
. Code 437
800 N. QJincy SStreet

Arllngton W, 22217 Ch e

Personnel & Training Re:earch Prcgrana

. (Code 458)
Office of Naval’ Re:earc?x
Arlington VA 22217

Psycholosi:t Lo o
ONR Branch-0Office - = |
1030 East Green Street T
Pasadena; CA 9t101 :

1 Spccial Asst. for Education and

.Training (OP-01E)
Am. 2705 Arlington Anne’:E
N 'daahingtc_n. DC 20370

&
8
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" MNavy

1 Officd of the Chief of Naval Cperations
- Research Development & Studies Branch
' (0P-115) S
Washington, DC 20350
. |
«_ pr. Donald F. parier
Graduate School of Business Administrati
- University of Michigan
Ann Arbor, MI 48109 ;

1 » LT Frank C. Petho, MSC, USN (Ph.D)
Selection and Training Research Division
~Human Performance Sclarces ‘Dept.

Naval Aerospace Medical Research Laborat
, pensacola, FL 32508, -

T

1. .Dr. Gary Paock - .
Operations Research Cepartment

“Code 55PK ", * R

Naval Postgraduate- School

- Monterey, CA 93940 !

1 . Roger W. 'Rgmir{gs?on;-' Ph.D"
(_:ode Ls2 ° v I v
NAMRL,, ' - ' :
pensacela, FL 32508-
w ) . . : . .
4 De. Worth scanland, Director ' .
, - Rpsaarch. Devel;op:ue’pt. Test. & Evalqation
\ N=§ - 1 ¢ ) o
Naval Education and Training Command
NAS, : Pensacola, FL 32508
A o7 L

t

. Dr® podert G, Smitm

Of fice of .Chief of ¥aval, Cperations
1 OP-987H ¢ ‘ ’ L

L.

. WasShington, DC 20350 - '~ N

\,

1 Dr. Alfred F. Smode . . T
Training Analysis & Evaluation Group
¢ © (TAEG) .. ™ o
. Dept. of the ‘Navy |

4

', orlando, FL 32813 I R
- .t Dr. Rj::hard Soren_se_p I '
N Navy Personnel 3&D Center i

\ - San:Diego, CA 92152 ' e

\ 1 Roger wc.fissinger-aaylori ¥
Department of Mministrative Sciehces
Naval Postgraduate School w

Montarey, CA 93940 : <

1 'Dr’, Hobert Wisher
3 Code 309 .
." - javy Personnel R&D Center
San Diego, CA 92152 PR
1 Mr John H, Wolfe' ‘
- Codé P310 s
Ch ;0. 'S. Navy Parsonnel Research-and
_ - pevelopment Center _
L San Diego,! (A 92152 o
@ . Gl R

.

r
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ALEXANDRIA, VA /22333

‘Dr, Michael 'Kgla_n

Army '

Technical Director

U. S.lArmy Research Institute for the
gehavioral and ‘Soeial Sclences

5001 Eisenhower Avenue

Alexandria, VA 22333

Or. Beatrice J. Farr .
g, S. Army Research Institute
5001 Eisenr}ouer Avenue
Alexandria, VA 22333

‘Dr. Dexter Fletcher

U,S. Army Research mnstitute
5001 Elsanhower Avenue '
Alexandria,VA 22333

DR.. FRANK J. HARRIS
U.5. ARMY RESEARCH, INSTITUTZ
5001 EISENHOWER AVENUE ~ &~

Y

U,S. ARMY RESEARCH INSTITUTE .
5001 EISENHOWER AVENUE :
ALEXANDRIA,. VA 22333

“t.pr. Milteon S. Xatz . Lo
. Training: Techsical .Area™ )

‘ UsS: Army Research Institute.. . -
. 5001 Eisenhower Avenue ° .

Alexandria, VA 223_3'3 L
pr. Harold F. ONeil, Jr; ° o
Attn: PERI-OK LT
Army Research Institute } ’
5001 Eisenhower Avénue T
Alexandria, YA 22333 .

Dr. R'obert Easﬁlor i

© U. 8. Army Research Institute lor the

Behavioral and Social Sciences
5001 Eisenhowér Avenue. o
Alexar_ldria; VYA 22333

. Dr. Frederick Steiﬂheiser

Dept. of Navy .
Chief 8¢ Naval Cperations .

«~ QP=113, o
wWashington, CC _20350

- Dr. Joseph.Ward .,

y.S. Army Research mstitute .
5001 ‘Eisenhower Avenue o

Alexandria, VA 22333
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. Alr Force
1 Dr. Earl A. Alluisi

HQ, AFHRL (AFSC)
Brooks AFB, TX 78235

1 Dr. Geneviave Haddad
Progran Manager

Life Sciences Directorata
AFQSR.

'\\“‘fusolling AF3, DC 20332 °
1 Dr. Marty Rcckway
L. Techtilcal Director

¥ . AFHRL(OT)
. * Williams AFB, AZ 53224

2 3700° TCHTW/TIGH St b‘;‘ 2
' Sheppard AFB, 76311 "

I

. A

. : i

LN - . |
- |

Marines . I

1 ;H ~William Greenup
. Education Advisor (“031)
£ducation Center, MCDEC i
Quantico VA 22138 ' !
1 -.Special Assistant t‘or Mar.ne

' Corps Matters I
Code 100M : .
Office of Naval Research -
. 800, N. Quiuey St. .
o ' Arlington VA 22217 ' &

<

1. DR. A.L. surxosx‘z o
SCIENTIFIC ADVISOR (CODE RD-1)
.HQ, U,S. MARINE CORPS °
* WASHINGTON, DC 20380

’ T RS R
e b . - : o -

A o . Other DQD

A ’ R

Lo 12 Defense Technical Information Center:
e Cameron Station,.Bldg.5 \ v
B ‘Alexandria, VA 22374

iy Attn.’TC

-Hilitary Assistant for Training and
} “  parsonnel Technology

. Office of the’Under Secretary of Det‘ense
. for Research & Engineering
: Room 3D129, The Pentagonm - =
'dashington. pC 20301

DARPA- 5

) 140Q Wilsan Blvd. ) ] e
'.Arlington. VA 27209 :
: : - C o ' 2 AN
\‘1" . o R . ¢ ‘.
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. Civil ,Govf:f ,

1 _Anderson Thamas -!..

K Dr. Alan Baddeley

Dr., 'Susan Chipman -

{earning and Development
Wational Institute of Pducation :
1200, 19th Street W

i shington, DC ‘102_08

william J. McLlaurin o
66610 Howie Court “
. Camp Springs. MD- 20031

pr. Arthur Melmed
National Intitute ot‘ Educacion
1200 19th Street -NW
Hashington. oc 20208

'-Dr. Andrew R. Molnar
Science fducation Dev.
,and Research

"+ National Sclence Foundation

Hashington. pc 20550

- Dr.. Joseph psotka - .
National Institute of - :.du::ation
1200 19th St. MW, L

. Yashington,DC 20208 R 2
Sy - L

Dr. Frank Hithrow L coe
4. S. 0ffice of ..ducation .

' 1400 Maryland Ave.‘Sd oo . "
'dashinston. ‘oc 20202 =

s Dr. Joseph L.-Young. Directar
, Memory & Cognitive Processes’
"National. Science ’oundation‘
Washington. oc 205;0 f :

-

Non .CO\lI_t

1 Dr. John R. Anderson
Department of Fsychalogy
~ Carnegie Mellon University
Pittsburgh PA 1‘213 a
Ph D.
_ Centar, for:the: Study ot‘ Reading
T1TH Children s Research Cencer
51 Gerty Drive ~ ~

2 Champiagn. LI 61820

P

1 Dr. John Annett '
Department of Psychology
University of Warwick

. 'Coventry CV4 TAL -~ .-
ENGLAND : .

11 psychological research unit \ N
Dept. cf Defense Carmy- Ot‘ficc) i

.axrpbell Park Offices. : .
Canberra . ACT 2600 Australia \

Medical Rassarch Council .
Applied Psychology ‘Unit
15 Chaucer Road
g :Cambridge 32 2EF LR
ENGLAND R R ST

T T to I T
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Non Govt

Dr. Patricia Baggett =’
Depac-tment of Psychology
Unjversity of Denver
Univeraity Park

Dqgv_er +"'C0- 80208

Dr. Jonathan 3aron i
Dept. of Psychology -
University of Pennsylvania
3813-15 Walnut st, T-3

‘Philadlphia, PA 19104

-

1

1.

1-

Mr Avror Barr

Department of Cormiputer Scierice
Stanford.. Univeraity

Stanford, CA 94305

CD(( Robert J. Biersner
Program Manager

Human Performance:

_Navy Medical R&D Command
Bethesda, MD 20014

Liaison Scientists |
‘Office of Naval Research,
Braneh Office , London
_ Box 39 FPO New Zork 09510

Dr. Lyle Bourda:
Department of Psychology
University of Colorade
Boulder, CO 80309

Col Ray Bowles

800 N.-Quiney sSt.

Room 804

Arlington, VA 22217 -

Dr. John 3., Brown )
LEROX Pale Alto Research Center
3333 Coyote Road )

Palo Alte, CA 9143014

or. Bruca Euchanan T
Dapartment of Computer Science
Stanford University ol
_‘Sl:an!'crd CA 94305

i--DR, C. VICTOR BUWDERSON
WICAT INC. .
UNIVERSITY PLAZA, SUITE 10
1160 30. STATE ST.
OREM, UT 84057

Dr., Pat Carpenter
Department of Psychology
"Carnegie-Mellon University
Pittsburgh, PA 15213

T \ . .

Dr. John. B, -Carroll
Psychometric Lab -
“Undv. of No. c;;-olina
vie Hall 0134 /- .~
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Non Govt

Charles Myers Library :
Livingstone House

Livingstone Road

Stracford

London E15 2LJ

ENGLAND

. Dr. Hilliarri Chase

Department of Psychology
Carnegie Mellon University
Pittsburgh, PA 15213

Dr. Micheline Chi 0
Learning R'& D Centar ‘
University of Pittsburgh

3939 O'Hara Straet

" . Pittsburgh, PA 15213

Dr. Francois G. Christen
Perceptronics

6271 Variel Aveanue
Woodland Hills, CA 91367

Dr, William Clancey
Department of Computer Science
Stanford University
Stanford, CA 94305

Dr. Allan M. Collins

Bolt Beranek & Newman, Inc,
50 Moultan Stre=et
Cambridge. Ma 021138

Dr. Lynn A. Cooper !
LRDC

University of Pittsburgh
3939 O'Hara- Street
Pi'taburgh PA 15213

Dr. Meredith P. Craw{ord

American Psychological Asseociation
1200 17th Street, N.W.
Washington, DC 20036

‘Dr. Kenneth B, Cross
Anacapa Sciences, Inc.
P.Q. Drawer Q .
Santa Barbara, CA 93102

Dr. Hubert Creyfus
Department of Philosophy
University of California
Berkely, CA 91%720

. ‘LCOL J. .C. Eggenberger .

DIRECTORATE OF PERSONNEL APPLIED RESE:&RC

 NATIONAL DEFENCE HQ

101 COLONEL B8Y DRIVE
OTTAWA, CAHADA K1A OK2 ‘

ERIC. Facili y-Acqu!.sitions
4833 Rugby Avenue.
Bethesda, MD 20014
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1 Dr. & Feigenbaum _
Department of Computer Science
Stanford University

* Stanford, CA 94305

1 Dr. Richard L. Ferguson
The imerican College Testing Prograp
P.0. Box 168 -
Iowa City, IA 52240

1 . Mr. Wallace Feurzelg
Bolt Beranek & Mewnan, Inc.
50 Moultan St. S
Cambridge, MA 02138

't Dr. John R. Frederiksen
flolt Baranek & Newman
50 Moulton Street
- Cambridge, MA 02138

1 Dr. Alinda Friedman
Department of Psychology
University of Alberta A
Edmonton, Alberta
CANADA T&G 259

1 DR. ROBERT GLASER
LRDC ' -
'UNIVERSITY OF PITTSBURGH
3939 O'HARA STREET
_ PITTSBURGH, PA 15213

.. ; \
1 Dr. Daniel Gopher
Industrial & Management Engineering

Technion-Israel Institute of Technology

Haifa = . :
ISRAEL"

1 DR. JAMES G. GREENO .
UNIVERSITY OF PITTSBURGH
3939 O'HARA STREET .
PITTSBURGH, PA 15213

1 Dr. Harold Hawkins
-~ Department of Psychology
University of Oregon
Eugene OR 97403

1 Dr. James R. Hoffman
Department of Psychology

. University of Dalaware
Newark, DE 19711

1" Dr. Kristins Hooper
Clark Kerr Hall . -
University of California
Santa Cruz, CA 95060 °

O
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Non dovt

Glenda Greenwald, Ed. )

"Humap Intelligence Newslatter"

P. 0. 'Bax. 1163 .
Birminghan; MI 48012 K

Dr. Earl Hunt

Dept. of Psychology
University of Washington
Seattle, WA 98105

Dr. Greg Kéaraley
HumRRQ .
300 N. Washington Street

“Alexandria, VA 22314

Dr. Steven W. Keele

Dept. of Paychology

University of Cregon L
Eugene, OR 97403

Dr. Walter Xintsch
Dapartment of Psychology
University of Colorado
Baulder, CO 80302

Dr. David Kieras
Dapartment of Psychology
University of Arizona
Tuseon, AZ 85721

) %

/
Dr. Kenneth 4. Klivington

_ Program Officer '

Aln'ed; P. Sloan Foundation
630 Fifth Avenue
New York, NY 10111

Dr. Stephen Kosslym
Harvard University
Department of Psychology
33 Kirkland Street
Cambridge, MA 0213

Mr. Marlin Kroger~
1117 Via Goleta

. Palos Verdes Estates, C;_\ 30274

Dr. Jil11 Larkin

Department of Psychology
Carnegie Mellon University
Pittsburgh, PA 15213

" br. Alan Lesgold -

Learning R&D Centar
University of Pittsburgh
Pittsburgh; Pa .15260 -

Dr. Michael Levine

Department of Educational Psychology
210 Education Bldg. o
University of Dlinotis

Champaign, II. €1801

Dr. Charles Lewis - . .

Faculteit Sociale _Wete‘ns#happen

R Jksuniversiteit ‘Groningen'.
traat ~237 c
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Non Govt

1 Or. Erik McWilliams
Sclence Education Dev, and Research
National Sclence Foundation
Washington, DC 20550

1" Dr. Mark Miller
TI Computer Selience Lab
C/0 2824 Wintarplace Circle
Plano, TX 75075

1 Dr. Allen Munre
Behavioral Technology Laboratoriss
1845 Elena Ave., Fourth Floor
Redondo Beach, CA 90277

1 Dr. Donald A Norman
Dept. of Psychology C-009

* Univ. of California, San Diego
La Jolla, CA 92093

1 Dr. Jesse Orlansky
Institute for Defense Analyses
300 Army Navy Drive
Arlington, Vi 22202

1. Dr. Seymour A. Papert \
Massachusetts Institute of Technology
Artificial Intelligence Lab
S45  Teclmology Square
Cambridge, MA 02139

1 Dr. Jamas A. Paulsan
- Portland State University
-. P,Q. Box 751
~ Portland, OR 97207

1 Dr. James W, Pellegrino
University of California,
' 3anta Barbara -
Dept. of Paychology .
Santa Barabara, CA 93106

1 MR. LUIGI PETRULLO ‘
2431 N. EDGEWOOD.STREET
ARLINGTON, VA 22207

1 Dr. Martha Polson )
Cepartment of Psyehology
‘Campus 3ox W6
University of Colorade
Boulder, Co 80309 .-

1 DR. PETER POLSON
DEPT. OF PSYCHOLOGY:
"UNIVERSITY OF COLORADO
BOULDER, CO. 80309

1 Dr. Steven =, Poltrack
Department of Psychology
University of Denver '
Denver,CO 80208

1 MINRAT M. L. RAUCH .
PIIY i

SUNDESMINISTERIUM DER VERTEIDIGUNG
POSTFACH 1328. :

- D-53 BONN 1, GEaMany

\

O
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Or. Fred Reif

SESAHE

c/o Physics Department
University of California
Berkely, CA 94720

Dr, Andrew M, Rose

American Institutes for Research
1055 Thomas Jefferson St., W
Yashington, DC 20007

Or. Ernst Z, Rothkopf

Bell Laboratories -
600 Mountain Avenue

Murray Hill, NJ 07974

Dr. David Rumelhart :
Canter for Human Information Processing
Univ. of California, San Diego

- La Jolla, CA 92093

DR. WALTER SCHNEIDER
DEPT. OF PSYCHOLOGY
UNIVERSITY .OF ILLINOIS
CHAMPAIGN, IL 61820

Or. Alan Schoenfeld = - b
Department of Mathematics

flamilton College

Clinton, NY 13323

DR. ROBERT J, SEIDEL

INSTRUCTICNAL TECHHOLOGY GROUP
HUMRRO . .

300 N. WASHINGTON ST.

ALEXANDRIA, YA 22318

Committee on Cognitive Research
% Or. lonnie R, Sherrad

Social Sclence Research Council
605 Third Avenue

New York, NY 10016

Robert S. Siegler

N

. Associate Prafessor )
. Carnegie-Mellon University

Department of Psychology
Schenley Park
Pittsburgh, PA 15213

Dr. Edward £. Smith

Bolt Beranek & Newman, Inc.
50 Moultaon Street
Cambridge, MA 02138

Dr. Robert 3mith

Department of Computer Science
Rutgers University.

New Brunswick, NJ 08903

- Dr. Richard Snow

School of Education B e
Stanford University
Stanford, CA 94305

Dr, Robert Sternberg
.Dept. of Psychology
Yale Universit
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Non Govt -

DR. ALBERT STEVE‘!S

BOLT BERANEK & NEWMAN, - I.NC.
50 MOULTON, STREET
CAMBRILCGE. MA 02138

,David E. Stons, Ph.D.

Hazeltine Corporation.

7680 0ld Springhouse Road

MeLean, VA 22102

DR4 PATRICK SUPPES

INSTITUTE FOR HATHEMA‘IICAL STUDIES IN
THE - SOCTAL SCIENCES °

STANFORD UNIVERSITY

STANFORD, CA 9'430'5

Dr. Kikumi Tatsuoka .

Computer Based Zducation Research
Laboratory

" 252 Engineering Ruearch Laboratory

University of Ilinois

Urbana, IL 61801

Dr. Douglas Towne

Univ. of So. Californmia
Zashavioral Technology Labs
1845 3. Elena Ave.

:.Redondo Beach, CA 90277

Dr.\‘{. Uhlaner

Perceptronics, Inc.
6271 Variel Avenue v
':Icodland Hills. CA 9135u s

br- Phxllis waaver
Gradyita Sciwol of Education
Harvard University -

29 Larsan {all, Appian Way

bridge, MA 02138

Dr. David J. Weiss .
N660 Elliott Hall : N
University of Minnesota .
75 E. River Road

Minneapolis, MN 55855

DR. GERSHON WELTMAN
PERCEPTRONICS INC.

6271 VARIEL AVE.
WCODLAND HILLS, CA 91367

Dr. Keith. T. Wescourt
Information Scisnces Dept.
The Rand Corporation

1700 Main St.



