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ABSTRACT

This report describes a grsphics terminal designed for use as
a remote computer input-output terminal. The terminal features a
plasma display panel, self-coitained character and line generators

a.d the ability to communicaie over voice grade telephone circuits.
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CHAPTER 1 - DESCRIPTION

1.0 Introduction

This report describes the proposed studens termianal (remote computer
terminal), designed for use in the PLATO IV cowputer-based-education
sy;tem. Although the terminal is ‘ntended for use in teaching applications,
it has many features which make it useful in many other computer term’nal
applications. These features include:

1. A 10-inch square plasma display panel that 1s readable in =
brightly lighted room without e:eitrain.

2, Peramznent storage of information on the display screen without
flicker. Absolutely no refreshing of the display panel by the
computer is required.

3. Self-contained character and line generators.

4. A character writing speed of 180 characters per second and the
capability of displaying up to 2048 characters on the screen.

5. A line drawing speed in excess of 600 inches per second.

6. A character repertoire of 256 characters, 128 of which are
alterable via the computer program.

7. The ability to transmit and receive data on voice grade tele-
phone circuits.

8. A random acces. 8lide projector for rear projectivn of static
information on the display screen.

9. Additional input-output channels for the control of auxiliary
equipment.

10. An optional random-access audio response u?it.
The single most expensive item in any cathode-ray éube (CRI) display systenm
is the memory needad to ref.resh oé "hold up'" oan image on the face of the CRT.
Aa many as 4K 18-bit words of memory (1 us) may be required to “hold up" an
1mng; occupying as little as 2X of the available space on a display with 512
o |
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line resolution. .t a cost of 5¢ per bit such a memory becomes a $3600

item. Even lefore including the coats of the CRT, the digital to analog

(DA) converters, and the deflection amplificers, all of which can easily

add up to an additional $1000, a cost level has been reached that is

prohibitive for most large : - users of graphic display terminals.
Foriunately, the plasma.display panell'2 with its inherent capability

storing informaticn on the display screen eliminates entirely the costly

items mentioned above. This inherent memory and the digital nature of

the plasma panel offers for the first time the promise of low cost

graphical display terminale., Pra2liminary estimates indicate, for example,

that the terminal desciibad in this report can be produced in quantity

for lesg than $2500. This terminal cost i{s almost 1/3 less than the

¢ost of just the memory required to operate a comparable graphical CRT display.

i

1.1 Terminal Descriptian

A block diagram of the prototype terminal ie shown in Figure 1.0. The
terminal input section contalpvs both a parallel and a serial input port. The
parallel port is an optional feature used mainly for engineering purposes.
ht present, this port is designed to interface with a'CDC 1604 Computer. The
serial input port is designed to accept data arriving at a rate of 1200

bits/second in the form of a frequency-modulated (fm} signal, which permits

1D. L. Bitzer, and H. G. Slottow, "The Plasma Display Panel - A Digitally
Addressable Display with Inherent lfemory', Proceedings, Fall Joint Computer
Conterence, San Franciaco, California, November 1966, p. 541.

23. M. Arora, D. L. 3itzer, H. G. Slottov, and R. H. Willson, "The Plasma
Display Panelt A New Device for Informat{on Display and Storege",
~ Proceedings 8th National Symposium of the Society for Information Display,
I:I{j}:‘ﬂay 1967, p. 1.
7
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the terminal to opevate on voice grade (Schedule %) telephoue circuits,.
The terminal word size is 20 bits and therefore the terminal word rate
is 60 words per second. The terminal word format is discussed in Chapter 2.
The demodulator recovers the data from the fm signal and shifts the
data into the serial input register (SIR). Atter a full wurd has bezn
assembled fn the SIR 1t 1s transferred to the Data (D) Register.
The 20-bit D register is the distribution center of the terminal.
From this register data may be transferred to all interual scctions of
the terminal as well as any excernal 2quipment connected to the terminal.
The 6 bit mode register (M) 1s analogous to the instruction register
in a digital cowputer. This register directs the Terminal Contrel section
in the processing of incoming data. Terminal Control piovides che tiuirg
and control signals for controlling th~» ilu’ of data within the terminsal.
Four modes of operation are available and are discussed in Chapter 2.
The data is displayed on a Digivue* Plasma Display Panel. This panel
i{s a 10-fnch square pane'! contaii ing 512 addressable points along each axis
or a total of 262,144 points. The address of any point on the panel is
specified by the contents of the @ bit X and Y registers. The outputs of
these registers are sent to the decoding and driving circuits which drive
the display panel.

The line geaerator contains the circuits used in plotting lines on the
panel. Lines of any length may be drawn at the rate ¢f 60 lines per second.
The character generator contains four ‘setories each containing the
points for plotting 64 characters or a total of 256 characters; Two of the

memories are read-only memories (ROM) and two are random access (RAM).

A

QO  de-mark of Owens-Illinois, Inc.
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In the latter case the memories are loaded by the computer with special
character or graphical data as required by the terminal user. Characters
are plotted at a rate of 180 per second.

A 64 character keyboard provides the terminal operator with an input
link to the computer center. Data from the keyboard is entered into the
serial output register (SOR), From the SOR data is shifted into the
modulator where 1t is encoded as an fm signal for tran..uission to the
computer center,

Two additional inputs to the SOR are provided. One port permits
Terminal Control to transmit terminal condition information to the computer
while the other port provides access to the computer center for externally
connected equipment,

In many iustallations several terminals may be grouped together and
share a common link with the computer center. In such cases, data is taken
from the parallel output poft on the SOR and transferred to a multiplexor

where it is encoded and transmitted to the center.

1.2 Auxiliary Equipment

Three 15 bit output channels are provided to permit operation of
external equipment,

One cﬁannel 1s used to transmit data to a random access slide projector
which can project slides on the rear of the plasma display panel. The slide
projector will contain a 256 slide memory with an access time of .2 secdnd.

‘A second channel may be used to address an audio response unit. The
audio unit will, upon commend from the computer center, play back a message

to the terminal operetor. Up to 15 minutes of prereccrded audio messages

ERIC
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may be avallable with an average access time of .5 second.3
Other types of equipment which might be attached to the terminal

include printers, or other hard copy devices and various types of data

acquisition and recording equipment.

3D. L. Bitzer and D, Skaperdas, "A Random Access Audio Device", CERL
Report X-13 (Computer-Based Educstion Research Laboratory, University
of Illinois), (in preparstion).” - .
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CHAPTER 2 - OPERATING MODES

2.0 Word Forinat

lﬁe data to be processed by the terminal consists of 20 bit words

with the format shown in Figure 2.0,

19 18 01 00

c DATA P

Figure 2.0 Terminal Word Format

Bit 00 Parity bic - odd parity
Bits 01 - 18 Data
Bit 19 ’ Control bit ~ 0 = control word

- 1 = data word

Terminal words may be of two types; control words and/or data words. Data
words {C = 1) contain the data to be processed by the terminal while control
words (¢ = 0) are instructions usec to establish certain conditions within

the terminal,

2.1 Contiol Word

The coﬁtrol word format i{s shown in Figure 2,1.

0. 19 18 17 16 15

01 00
0 D .. TATA . P
o ~ Pigure 2.1 Control Word Format
Bite 01 - 15 o . Data
’litl 16'? 18 ‘ - Destination of data within the
. tor-inql
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The destinations are described below,

D = 000 (NOP)

191817 16 15 01 00

oo 0o 9}0-—-- - ————0]0

This word is a NOP (no-operation) instruction. The word is fnput by

the termzinal but the terminal condition {8 not altered in any way.

D = 001 (LDM) Load Mode

19 18 17 16 15 14 13 07 06 01 00
I Z2ly
5 |° 01 § ¢ | WORD COUNT | MODE WORD P

This instruction 10&&8 the Mode register (M) with bits 01-06, 1In
addition, if bit 14 (WC) is a "1" the Word Count register will be loaded
with bits 07-13. The mode word is described in Section 2.2 and the Word
Couﬁf in Section 2.8. Bit 15 is used to activate the eﬁternsl input
channel. .If this bit 1s a "1'" data may be transmitted from external

devices, if it is "0" data may be transmitted ohly by source, internal to

the terminal (See Chapter 3).

D = 010 (LDC) Load Co-ordinate

1912271615 '« 1110 09 01 00
' X i
olo 1 0 t\\\\\\\\ Iy X P

This 1pntruction loads the X registei (bit 10 = 0) >t the Y reyister

(bit 10 = 1) with bits 01-05. Bite 11-15 are unused.

= 13
T



= 011 (LDE) Load Echo

19 18 17 16 15 ‘ 08 07 01 00

XAX7/7

This instruction loads the terminal output register (SOR) with bits

01-07, This word ir then transmitted back to the computer center,

Programming Note: This instruction should not be sent to the terminal

at a rate greater than cnce every 32 words. (Once every 64 words if external
‘nput devices ar: present at the terminal.} Exceeding this rate may cause

erroneous data to be returned to the computer ceater,

D = 100 (LDA) Load Me= ry Address

19 15 i7 16 15 11 10 01 00
>

[o 100 //// MEMOKY ADDRESS P l

_ ‘ e o

This instruction loads the Memory Address Register (MAR) with bits
01-10. Bits 11‘15 are unusei., This date word spacifies tho first storage

address io be used upon entry into a Mode 2 operation. See Section 2.5.

D ~ 101 (SSL) Load Slide

19 18 17 16 15 01 00

ofr 01 .'  SLIDE ADDRESS P

—— ——

Thil 1nntruction 13 used to diaplay a slide on the plasma panel. Bits
01 - 15 nre nent to the slide projector when they are uoed for slide addressing

o other projector control operations.

IS
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10
D = 110 (AUD) Load Audio
19 18 17 16 15 01 00
ol1 1 0 AUDIO DATA P

This instruction is used to control the audic response unit. Bits
01 - 15 are sent to the audio unit where they may be used for message

addressing or other control operation.

D = 111 (EXT) Load External Channel

19 18 17 16 15 01 00

ci{1 11 : ~ EXTERNAL DATA P

. This instruction transfexs bits 0 - 15 to any equipment attached to

" the external output channel of the terminal.

2;2 Mode Word

For each mode of terminal opération there 18 2n asgociated mode word
which &1recta the ;erminnl processing of incoming data. Once placed in
~any giveh ﬁo&e the terminﬁl remains ﬁn thet moda uﬁiil receipt of a new

-",LDH instruction, The mode word format is suown in Figure 2.2,

06 - 05 . 04 03 . 02 o1

M, " M, /B WE, | S

Figure 2.2 Mode Word Format

RN
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Bit Ot

Bits 02 - 03
w/r::1 W/
X 0
0 1
1 : 1
Bits 04 - 05
Bit 06

2.3 Mode 00

Eo

11

Screen Comnand. If this bit is

a "1", the entire display panel

i8 erased at the time the Mode
Word 18 loaded into the M register.

Select write or erase function as
follows:

Erase

Write

Write; suppress all background erase
operations. This operstion is described
in more detail in Section 2.6,

Specify operating mode

This bit 13 unused.

Mode O 1s a point plotting mode. Each mode O data word (Figure 2.3)

1

specifies the address of a point on the panel to be written or erased. The

W/Eo bit in the mode word determines which operation is performed.

19 18

i

10 09 01 00

1

X Y P

2.4 Mode 01

Figure 2.3 Mode O Data Word

Mode 1 is a line drawing mode. Each data word, Figure 2.4, specifies

the terminal coo;dinaées of a line, the crigin of which is contained in the

X ond Y registers.

.0

§,
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19 18 10 09 01 00
1 X, - Y p
[

Figure 2.4 Mode 01 Data Format

The terminal point of a given line is also interpreted as the origin
of the next Jine. Line origins may be relocated, however, by the use of
the LDC command without exiting from Mode 01,

An example of a Mode Q01 operation is shown in Figure 2.5

2,5 Mode 10

Mode 2 is a load terminal memory mode. Each mode 2 data word (Figure
2.,6) contains a 16 bit word to be stored in the memory location spécified
by the present contents of the meuwory address register (MAR). Up to 1024

16 bit words may be stored in the the terminal. After the data has been stored

19 18 17 16 ' 01 09

1 @ “* MEMORY DATA WORD P

Figure 2.6 Mode 2 Data Word

. the MAR is autonatica@ly incremented by 1. Thus, data may be gtored

aeéuentiilly in nenory by trnnsmitting only Hode 2 data words. The contents
of the MAR may be changea at any time via the LDA instruction.

Ihc data, vwhen dilplayed on the panel, appeare as a vertical column
vith bit 01 at the bottom and bit 16 at the top. The stored data is

displ-ycd via Hodc 3 which 1e described 1n the next section.

17
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2.6 Mode 011

Mode 3 Js 2 character plotting mode. The data words in this mode

contain 3-6 bit characcer codes as shown in Figure 2.7.

19 18 13 12 07 06 01 00

A CHAR 1 CHAR 2 CHAR 3 P

Figure 2.7 Mode 3 Pata Word

Four 64 character memories are provided in the terminal. Memories
MO and Ml are read-only memories (ROM) which contain the characters shown
in Table 2.1. Memories M2 and M3 each contain 512 words, 16 bits, the
contents of which may be loaded via Mode 2. The contents of M2 and M3
are interpreted by Mode 3 as 64 arrays of 8 x 16 bits each. Thus, a
character called from "2 or M3 actually causes the contents of 8§ succeediny
memory locations to be displayed on the panel.

: Characters from Mo and M1 are also plotted within an 8 x 16 array which

includes character and line spacing. See¢ Figure 2.8,

Ll

ERIC

T - . jlig

Figure 2.8 Cﬁ\rncter Matrix

SN



14

LDC G X P
8]

LDC 1 Y P
0

X Y P
1 1

X ' Y P
2 J 2

X Y P
3 3

. Y P
0 0

LDC 0 X P
A

LDC 1 Y P
4

X Y P
5 5

X Y ?
6 6

X Y P
i 4

~ DATA

Figure 2.5 Mode 01 Example
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Coge 0 M " Coge 0 M " %
00 SPACE  SPACE 40 " g
01 A ] 41 a 1
02 B $ 42 b 2
03 c % 43 c 3
4 D & 44 d 4
05 E > 45 e 5
06 F - 46 £ 6
07 G + 47 g y
10 H 50 h 8
11 I - 51 1 9
12 J | 52 i z
13 K [ 53 k =
14 L - 54 1 R
15 M ~ 5% n A
16 N 56 n #
17 ] - 57 ° > -
20 P - o 60 " <
21 Q o 61 q >
22 R - 62 14 <
23 s ! 63 8 X
24 T a 64 t *
25 U B 65 u /
26 v ) 66 v +
27 W u 67 w -
30 X 1 70 x '
31 Y ) 711 y o
32 A w 72 z {
33 : { 73 ( |
34 3 } 74 ) s
35 ' ) 75 , .
36 ? 8 76 . ]
37 ! £ 77 UNCOVER UNCOVER UNCOVER UNCOVER

Tahle 2.1 Character Codes

20
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Character w;ite/erase is controlled by the write/erase bits in the
mode word. TIf ﬁ/Eo = 1, characters are written; if w/EG =0, charac;ars are
eraged, If w/sl =. 0, the background or rormally unfilled portion of each
character matrix will be erased, 1if w/E1 = 1 the background remains unaltered.
Up.to 32 lines of &4 characters zach may be plotted for a total-of
2048 characters. In compariéon, a typical page of double spaced *rype

consists of 27 lines of 72 characters or a total of 1944 characters,

2.7 Control Characters

The "uncover" code (77) is uscd to éain access to 12 ~.atrol characters.
These characters are useful in controlling display format in Mode 3 operations.

Upon receipt of a 77 code, the terminal interprets the next character
code as a control character rather than 3 memory address. Following execution
of the control character normal Mode 3 operations are resumed. A descriptinn

of each control function is given below.

Uncover (77)

This code instructs the terminal to obey the next character address
as a coantrol fuﬁctic?. If several uncover codes are sent in seque.ce, the

first non—uncovér code will be treated as the control character.

Backspace (10)
This character decteaﬁea by 8 the panel x gddreas, i.e., moves one
character positioh to the left. A backspace over a displayed character

does not erase the character.

O
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Tab (11)
This character increases bty 8 the panel x address, i.e., moves one
character position to the right, A tab over a displayed character dues

not erase the character,

Line Feed (12)
This character decreases by 16 the panel y address, i.e.,, moves down
one character position. A line feed over a displayed character does not

erase the character.

Vertical Tab (13)

This character increcases by 16 the panel y address, i.e., moves up
one character position. A vertical tab over a displayed character does

not erase the charactar.

Form Feed (14)
This character sets the panel address to the upper left corner (x = 0,
y = 496). This 1s the first character position on the top line of the

digplay. No displayed data is erased in this operation.

Carriage Return (15)

This chaeracter clears (sets to 0) the panel x address and decreases
by 16 the y address. The screen address is thus set to the first character
position on the line immediately below the present line. No displayed

data is erased in this operation.

Superscript (16)

This character increases the penel y address by 5. All characters
received following this code apyear as shokm in Pigure 2.9. This selection
may be removed by receipt of a subscript (17) code. No data ie erased in a

subscript operation.
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211

TT
11
| 0 W

Figure 2.9 Superscript Operation

Subscript (17)

This character decreases by 5 the panel y address. All characters
received following this code appear as shown in Figure 3,0. This character
may be used to remove a suﬁerscript selection (16) and the superscript code
may be used tc remove this selection. No data is erased in: a superscript

operation.

11

) | 1

IBEERE

FPigure 3,0 Subscrip: Operation
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Select M_ (20)
S ¢

This code selects character memory 7. All succeeding characters will

be read frou the memory until receipt of a different memory select code.

Select Hl (21)

This code selects character memory 1. All succeeding characters will

be read from this memory until receipt of a different memo*y gelec: code,

Select M2 {2)

This code selects character memory 2. All succeeding characters

" will be read frem this memory until receipt of a different memory select code.

Select M3 (23)

This ~ode selects character memory 3, All succeeding characters will

be read from this memory untll receipt of a different memory select code,

2.8 Error Control

Contained‘wi;hin the terminal %¢ a 7 bit Vord Count (WC) register,
which nainfaiﬁa a récord of the nﬁmber of non-NOP words received by the
terminal. Each time a non-NOP word is transferred into the terminal the
Word Count 1s 1ncremeﬁted by 1.

Upon receipt of a wo:d with a parity error the terminal eaters the

. ABORT mode of operation. In this mode the terminal repeatedly (approximately

twice per second) trangmits the contents of the WC to the computer. The WG
will contain the address of the word containing the error.

Once in the ABORT wode the terminal will refuse to accept any further

~ information exqebt for a LDM instruction with bit 14 a "1". Receipt of this

word will clear the ABORT mode aud return the termlnsl to normal operatfon.
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CHAPTER 3 TERMINAL GENERATED DATA

3.0 Data Sources

Data may be generated by sny of three sources within the
terminal ¢. by an external device connected to the externmal input
channel. Internal sources of e :a on:

1. The Word Count registef (See Sectioﬁ 2,8)

2. The echo code., See LDE instruction in Section 2.1

3. The keyboard. The keyboard contains 64 keys as shown

in Pigure 3.0 and has the coding shown in Figure 3.1

3.1 Output Word Format

The dacta transmitted from the terminal consists of 9 bit words

with the forumat shown in Figure 3.2.

08 07 01 00
D/ TYTA A B3

E

Pigure 3.2 Keyset Word Format

Bit 00 Parity bit - odd varity

Bits 0107 ‘ Data Fleld
Bit C8 Identlifier Bit., This bit

idenpifies the data as follows:

0 = valid piece of data from keybcard,
externgl chann2l, or echo code.

1 = data field contains word count
specifying a word which arrived
) at the terminal containing an
« B - " error. :

o
Ei!ih!&g - ' I ‘ 1{:5 :2:;
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Where several terminals (up to 32) share a commen link to the
computer center the data is sent to a multiplexor which assigns.a
terminal idenctity cade and adjusts the pa;lty biﬁ before transmitting
the dara on to the center. In this case, the data has the format shown

in Figure 3.3, FExcept for the identity code, bit assignments are the

same as in Figure 3.2.

13 09 08 07 01 00
TERMINAL D
IDENTITY e DATA  |P

" Figure 3.3 Multiplexed Word Format




NAYVY

3 Chlef of Naval Resesrch 1 officer in Charge Chief
Code 458 Naval Medical Neuropsychiatric Bureau of Medicine and Surgery
Department of the Navy Research Unit Cecde 513
Washington, D.C. 20360 San Diego, Californis 92152 Washington, D.C, 2030
1 Director 1 Dr. James J. Regan Technical Library
ONR Branch Offlce Naval Training Device Center Buresu of Naval Personnel (Pers-lib)
495 Suamer Street Orlando, Florida 32813 Department of the Navy
Boston, Massachusetts 02210 Mashington, D.C, 20370
1 Chief, Aviation Psychology Divisic)
1 Director Naval Aerospace Medical Institute Pirector
ONR Sranch Office Naval Aerospace Medical Tenter Personnel Research Laboratory
219 South Dearborn Street Pensicolns, Florida 32512 Washington Navy Yard, Building 200
Chicago, Illinols 60604 Washington, D.C. 20390
Attn: Llibrary
1 Chief, Nave) Alr Reserve Training
1 Cirector Kava] Air Statlon
ONR Branch Offlce Box 1 Commander, Naval Air Systems Command
1030 East Green Street Glenview, 1llinois 60026 Navy Depariment AIR-4133
Pasadenn, Californis 91101 Wwashlngton, D.C. 20%0
1 Chairman
1 Contract Administrator Leadershin/Mansgement Commit “ee Commandant of the Mar‘ne Corps
Southenstern Area Naval Sciences Department Headquariers, U, 5, Marine Corps
Office of Naval Research U. S, Naval Academy Code AClD
2110 G Street, N.W, Annapolls, Mary'snd 21402 Washington, D.C, 20380
Washington, D.C. 20037
1 Technical Services Division ARMY
10 Commanding Officer Naticaal Librsry of Medicine
Offica of Naval Research 8600 Rockville Pike Buman kesources Resesrch Office
Box ) Bethesds, Maryland 20014 Civision #6, Aviaticn
Fleet Post Office Post Cffice Box #°
New York, New York 09510 Fort Rucker, Ala = . 3630
1 Behsvioral Sciences Depastment
Kuval Vedical Resesrch lnstitute
1 Office of Kaval Research National Naval Mrdical Center Hus 2 Resourcss Research Office
Ares Office Bethesda, Maryland 20014 Division #3, Recruit Training
207 Mest Sumser Street Attn: Dr. W.W. Haythorn, Director Post Office Box 5787
New York, Kew York 10011 Presidio of Monterey, California
1 Commarding Officer Attn: Library
1 office of Kaval Rasearch Kaval Medical Field Tesearch Laboratory
Ares Office Camp Lejeune, Worth Carolina 28542
1076 Mission Street Human “syources Research Office
San Francisco, California 94108 Division #4, Infantry
1 Director Post Office Box 2086
Aerospace Crew EQuipment Department Fort Benning, Georgia 3190§
6 Director Naval Alr Development Center, Johnsville
Naval Research Ladoratory Marminster, Pennsylvania 18974
Washington, D.C. 20390 Department of the Army
Attn: Technical Iaformstion U.S. Aroy Adjutant General School
Divisien 1 Ohief, Naval Adr Technical Tratning Fort Bex! -min Harris 3, Indiana
Navel Afr Statlon 46216
Memphls, Tennessea 38118 Attn: AGCS-EA
20 Defensa Documentstion Center
Cameron Station, Bulldiag § 1 Commander
$010 Dude Street Coerational Test and Evalustion Force Director of Research
Alazandris, Virginia 22314 U.S. Naval Base 1U.S. Army Arwor Human Research Unit
Norfolk, Yirginla 23511 Fort Knox, Kentucky 40121
Attn: litrary
1 Superintendent
Xaval Postgraduste School 1 Offlce of Civillan Manpcoer Mansgement
Yonterey, California 93940 Department of the Navy Dr. George S, Harker
Atta: Coda 2124 ¥shington, D,C, 20350 Plrector, Experimentsl Psychology
Attn: Code 023 Divisien
U.S. Army Medical Reses.ch Ladoratory
i Head, Piychology Branch Fort Knox, Kentuchy 40121
Meurcosychiatrie Service 1 Ovlef of Navs) Operations, Cp-37
U. %. Naval Hospital) Fleat Resdiness & Tralalng Diviaion
Oskland, Califorala Pd627 Depariment of the Kavy Research Asalysis Corporation
Washington [ . 20350 Mclean, Virginia 22101
. Atta: Lidran
1 Commanding Officer
Service School Command 1 Chief of Xavai Operations, Op-07TL
V. 8. Nawal ToaSning Center Department of the Navy Human Rexources Research Office
San Diego, Callfornin 92133 ¥ashington, D.C. 20350 Division ¥§, Air Defense
Fost Office Box 621
. Fort Mliss, Teaas 79918
3 Comsanding 0ff1cer 1 Capt. J.E. Rasmusiea, MSC, USA
Maval Personnel Resenrch Activity Ohfef of Naval Materinl (AT 031M)
San Dlego, Callfornis 92182 foon 1323, Kain Navy Building Human Resources Research Office
Washington, D.C, 360 Dlvision P1, Systess Operations
50 North Washington Street
1 Commanding Dfficar - Measndrin, virginia 22318
© Waval Ale fechaical Tradiag Ceater 1 Nava) Shis $ystess Command, Zode ¢

Jachsonville, Florida 32213

arteert of the Nevy
o Rovy Suliding
Washington, D.C,

ERIC
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1 Director
Husan Resources Research Office
Tha George Washington University
X0 NKorth Nashingitcn St eet
Alexandris, Virginls 22314

1 Armed Forces Steff Collepy
Norfolk, Virginia 23511
Attn: Library

1 Chief
Truining and DeveJopment Divislon
Office of Civilian Fersonn:l
Departrent of the Army
Washington, D.C. 20310

U. S. Army Behavioral Science
Research Laborstory
Washington, D.C. 20315

1 Walter fiied Army Institute of
Research
Walter Reed Avmy Medicsl Center
washington, D. C. 20012

Behavioral Sciences Dlvi-ion

Office of Chinf of Research and
Develogmant

Department of the Army

Washington, D.C. 2031)

1 Dr. Vincent Ciuri
U. S. Arwy Signal School
€Al Project
Fart Monso ti, New Jersey

AIR PORCE

1 Drector
At Univertity Library
Mincell Rlr Force Bsss
Jlabama 3112
Atta: N $91:]

1 Cadar Neglstrar {CRE)
V. S. ALz Force Acadesy
Colorade &N

Hesdquarters, ESD
ESVPY

L.G. Hanscom Fiedd

Sedford, Massachusetts DI7H
Atta: Dr. Meysr

1 €570 AMRL (WT)
¥right-Pattarson Aiz Force Bass
Mo 45433
Atea: Dr, G A, Bckstrand

-

C.mmandmt
0.8, Mr Force School of Aerospace
Mrdicime

Pracks ASr For:e Dase, Tuzms 782%
Atta: Mn-)nnl Lidrasy
o

-

6520th Parsonnel Research
Ladboretary

Asrospece Med! al Divis . on

Lachland Alr Force Sesa

San Antonie, Teras 73236

-

AROSA (SKLD)
1400 wilsen Boulsverd
Arlington, Yirginin 21209

Hesdyuarters, 0.5. AJr Force
Ovaf, Aaslysis Divisiee [AFPOPL)
Washingtos, .C. 231%

O

RIC

Aruitoxt provided by Eic:

Headquarters, U.5. Afr Force
Washbngton, D. C. 20330
Attn: AFPTRTB

Headquarters, U.S. Alr Force
AFRDDG

Roow 10373, The Pentwgon
¥azhington, D.C. 20330

Resesrch Psycnologist
SCB5, Headguarters

Alr Force Systems Command
Andrews Alr Force Ruse
Washington, D.C, 20351

HISCELLANEOUS

]

Mr. Joseph J. Cowan

Chief, Personnel Resenrch Branch
U.5. Cosst Guard lleadquarters
PO-1, Station 3-12

1X0 E Street, N.W.

Washington, D.C, 20226

Director
Defense Atomic Support Agency
Washington, D.C. 20305

Executivs Officer

Anerican Psychological Associntion
£200 Seventecnth Street, N.¥.
washington, D.C. 20056

Br. W. A, Sousfield
Department of Psychology
University of Connecticut
Stocrs, Connecticut 06268

Dr. Lee J. Cronbach
School of Education
Stanford imiversity
Stanford, Celifornis 94305

Professor L. E. Dsvis

Craduate School of Business
Admislstration

University of Califorraia, Los Arpeles

Los Angeles, Califormis 50024

Or. PAiMp H, Oudols
Department of Psychologs
Mashingtom University
Lindell & Skinker Boulavards
St. Louls, Misscurl 63130

Dr. Jack W. Dunlap
Dunlsp and Assockstes
Darlen, Connecticut 08820

Professor ¥. L. Estan
The Rockefelier University
New York, New York 100J1

Pr. John C, Fimnagen

Amtrican Institutes for Ressarch
Fost Office Bon 10)3

Palo Alta, Califernla 94302

©r. Frark Friedlander

bivision of Orgmnisticnad Sciences
Case [nstitute of Vechnology
Claveland, Onjo 10900

Or. Mobert Claser

Lesrnlag Arsearch and Developmest
Contar

Univeristy of Pittsburgh

Pittsburgh, Fennsylvenia 135213

-

-

-

-

-

-

-

Lr. Bert Green

Department of Psychology
Carnegie-Metlon University
Pittsburgh, Pennsylvania 15213

Dr, J: P, Guilford

University of Southern Celifornia
3551 University Avenue

Los Angeles, Califormia  $0007

Dr. Harold Gulliksen
Department of Psychology
Princeton University
Princeton, New Jersey 0540

pr. M. D. V,vron

Huran Sclences Research, Inc,
Westgate Industrisl Park
7710 01d Springhouss koad
Mclean, virginis 22101

Dr. Albert E. Hichey

Entelek, Inccrporated

42 Plessnt Street

Newburyport, Msssschusetts 01950

Cro William A, Runt
Deparement of Psychology
Loyola University, Chicago
6525 North Sheriden Rasd
hicngo, 11lknols 66626

Dr. Howard H. Kendler
Department of Psychology
Univarsity oF California

Sxnts Barbara, California 93508

Dr. Robert R, Mackie

Human Furlors Research, Inc.
6780 Cortons Drive

Santa Bartara Research park
Goleta, California 93107

Dr. R, B, Nadel

Generad Leamming Corporation
5454 Nlsconsin Avenue, N.W.
Washington, D,C. 20015

Dr. Slster E. Newman
Depsrtment of Psychology

North Carolina §tate Unjversity
Raleigh, North Csrollns 27607

Or, C. E. Nodle
Department of Psychology
University of Georgla
Athens, Georgis 30601

Dr. Henry S, Oddart
Nationel Scienca Foundation
1800 G Street, N.W.
Yashisrton, D.C. 10880

br. Hurry J. Older

Softwiie Sysiems, Inc.

$810 Seainary Rosd

Falls Church, wirginks 22001

Dr. Les J. Postman
In.thituts of Human learning
University of California
2241 College Avenue
Bezteley, Gallfomin 94220

Dr. Joseph W, Migney

Elsctroalcs Personne] Mesesrch Group
Unlversity of Southern Califamnis
University Park

Los Angeles, Cadifornin 90007




1

Dr. Arthur 1, Siegel

Applied Psychologicul Services
Science Center

404 Esst Lancaster Avenue
¥ayne, Pennsylvania 19087

Dr, Arthur W, Stssty
Oepa=tment of Fsychology
Urversity of Hewsli
Honclulu, Mawall 96822

Dr. Lawrence M. Stolurow
Harvard Computing Center
§ Applan Way

Contridge, Massachusetes 02138

Dro Donald ¥. Taylor
Department of Psychology
Yale University

V33 Cedar Street

Mow Heven, Connecticut 06510

Dr. Ledysrd R. Tucker
Department of Fsychology
University of 11iinoiy
Urbans, Illincls 61801

Dr, Karl L. Zinn

Center for Research on Lesming
and Tradning

University of Mickigen

Ana Arbar, Michigan 48104

Dr, James J. Asher
Depurtaant of Pyychology
San Joss Stuts College

San Jose, Callfornfa 95114

Dr. Albsrt E, Goss
Departmst of Psychology
Douglass Colluge, Rutgers
The State Unlversity
New Brunswick, New Jursey 0Q'C3

Mr. Hallm Ozkaptan, Chief
Human Factors

Mariln Company

Orlando, Florida 121802

Or. Alvia E. Golns, Puecutive Sacrelary

Personslity and Cognition Resestch
Rexiew Commities

Behsvioral Sciances Mesearch §oanch

Nationul Institute of | smrr] Geglth

S454 Wlsconsin Avenue, Roow 10A11

Chevy Chass, Maeyland 20203

Mesdquarters USAF (AFPTID)

Tralning ODevices and Iastructional
Technology Division

Mashingtm, 0.C, 203X

Oirector

Educetion and Prairing Sclences
rement

Mavs] Medical Resesrch Insthtute

bilding 142

Kationsl Fevel Medicu) Taptar

Bethesds, Murylend 20014

Pr. Mats Djerkman
Univeenity of Umes
Departaest of Psrchology
Umes &, Sweden

oM J.C. Maredith, USH (mer,)
Easthtats of Lidrary Research
nlversity of Cotifommin, Serkeley
Berkaley, Californie 94720

-

Executive Secreturiat 1
Intersgency Comnittee on Manpowe r
Research
Room 515
1738 K Street, NN,

Washington, D.C. 20036
Attn: Mrs. Ruth Relyea) 1

-

Dr. Marshall J. Fare

Assistant Director, Engineering
Psyciclogy Program

Office of Naval Resesrch {Code 455)

Washington, D.C. 20%0

-

Mr. Joseph B, Blarkentein
NAVELEX 0474

Munitions Building, Sm. 3721
Washington, D.C. 2030

-

Technical Information Exchange

Center for Computer Sciences
and Technology

Naticnal bureau of Standurds

¥ashington, 0.C. 20234

Technicul Libraszy -
V. S, Kaval Weapons Labarstory
Cahlgren, Virginia 22448

Technical Library
Navel Training Device Ceater
Orlando, Florida 32813

Technical Livrery 1
Kaval Ship Systems Com.and

Main Novy Bullding, Ra. 1532

Yashington, D.C. 20860

Technical Librory 1
Nuval Ordnance Statjon
Irdian Heund, Maryland 20640

Fhiiadelphie Divislon
Technicel Livrary
Philedelphie, Penasylvanis 19132

LT Sh%: Engineering Center

iibiry, Code 0212
Naval Postgraduste School
Sorterey, Callfomis 93540

Technical Reference Librury
Noval Medice) Ressarch Imstitute
Nationsl Mavel Medicsl Center
Pethesda, Maryland 20014

Technical Libray
Navel Ordnancs Stytlon
Louisville, Kentucky 40214

Litrery
Navsl Electronica Lsboratory Center
San Diego, Callformis 97132

Technicel Library

Navil Undersea Narfare Center
3202 B, Foothill Rovlevard
Pasadens, Calafornis 51107

Dre Russ L, Morgan (MRHT)
Truining Research Dirision
Human Rusources Uwborutory
Wright-Petterson Air For.a Aese
Ohis 45433

3o

Hewdquerters, Air Trainlng Coamand
Randolph Air Force Base, Texs-
76148

Attn: ATXTD (Or. Meyer}

Mr. Michael Macdonald-Ross

International Training and Education
Comgany Limited

ITEC Kouse

29-30 Ely Flace

Lendon  EC1

ENGLAND

Corranding Officer
U. S. Nival Schools Command
Mare Island

Vallejo, California 94592

Dr. Ten C. Coonbs, Assistant Director
ERIC Clearinghouse

Stanfurl University

Palo Alto, California 54305

COR H, J. Connery, USN

Scieatific Advisory Tesa (Code 71)
Staff, COMASNFORLANT

Norfolk, Virginia 2351)

ERIC Clesringhouse
£ducutional Media and Technelogy
Scanford University

Sranford, Cslifornis

ERIC Clearinghouse

Yocational and Technicul Educarion
Ohio Stute Unfversity

Columbus, Ohio 43212

Or. Bentoa J. Underwood
Department of Psychology
Northwestern Unlversity
Evanston, Illinols 60201
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