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Figure 9. Pneumatic Control System. 

energize the "locate Beginning-of-Tape 
sequence circuit" and closes the reel servo 
control loop. 

The locate Beginning-of-Tape sequence cir­
cuit first drives the tape forward briefly to as­
sure that the beginning-of-tape marker is past 
the position sensor and then in the reverse di­
rection until the precise beginning-of-tape mark 
is located. At this point, the Tape Ready front 
panel indicator lights and the transport control 
is switched to remote control (computer or tape 

Figure 10. Pneumatic Control Valve. 

control unit). This total operation takes ap­
proximately ten seconds, plus actual rewind 
time. 

The unload cycle operates essentially in re­
verse of the load cycle and can be initiated at 
any point in tape use without rewinding tape. 

The Capstan Control System 

General Requirements 
For normal computer data handling opera­

tion (as well as during low-speed data trans­
mission) the synchronous capstan motor is 
powered by a magnetic frequency standard and 
a power amplifier. (Low-speed capability is 
achieved by replacing the capstan motor with 
a motor-gearhead; a minor field-change.) The 
capstan must move tape at 100 ips ± 1 percent, 
irrespective of the computer program, and 
therefore the capstan motor speed must be con­
stant, well within one percent. Since load dis­
turbances occur each time tape motion is 
started or stopped, electronic means were de­
veloped to anticipate and damp-out the result­
ant speed variation. For low-speed operation, 
the capstan must operate at % ips with read 
data synchronized to the data terminal refer­
ence signal. 



586 PROCEEDINGS-F ALL JOINT COMPUTER CONFERENCE, 1963 

Description of High-Speed Capstan Control 

The synchronous capstan motor acts as a 
torsional spring. That is, a variation in load 
torque (caused by starting or stopping tape) 
requires a corresponding variation in torque 
angle (the angle between rotor magnetic field 
and the stator rotating magnetic field) before 
the motor can provide the called-for load torque. 
This spring action, together with the total in­
ertia of the motor and capstan-drive system 
comprises a mechanical resonant circuit, essen­
tially undamped. \Vhen the load disturbances 
occur, a train of oscillations results, continuing 
until the motor settles at the new torque angle. 
One technique for reducing the effect of tran­
sient loads is to use a large flywheel. It was 
not possible, however, to design the required 
inertia into a device of reasonable size. Also, 
a large flywheel makes it difficult to achieve 
rapid re-wind speeds. In the Sylvania magnetic 
tape transport, these oscillations are minimized 
by stepping the stator magnetic field to the new 
torque angle, and damping (electrically) any 
residual disturbances. 

Stepping the stator magnetic field is accom­
plished by advancing the phase of stator excita­
tion as load is increased, and retarding the 
phase when load is removed. 

Damping is accomplished by an additional 
phase-shift, proportional to change in motor 
speed, sensed by a tachometer. 

Phase-shifts are generated in a delay multi­
vibrator, whose timing is controlled by an am­
plifier. Amplifier inputs are tachometer varia­
tions and Forward or Reverse commands. 

DA. TA TERMINAL 
SYNCHRONIZING 

SIGNAL 
JOOPPS 

DISTURBANCE 

Description of Low Speed Capstan Control 

The specific requirement of the low-speed 
capstan servo is to match the data-rate read 
from the tape to the 300 pulse per second data 
terminal clock to within ± 12 characters in a 
maximum block of 35,810 characters. This 
tolerance is dictated by the 30-character buffer 
in the data terminal and provides a ±3 char­
acter safety margin. The servo, then, strives 
to maintain a one-for-one relationship between 
"clock-in" and characters read by adjusting 
tape speed. It corrects for both short and long­
term effects of tape slippage, tape-dimension 
changes, recording speed variations and any 
other errors that result in a variation in the 
data-storage density on the tape. The servo 
is designed to compensate for such variations 
up to a maximum of ±3 percent of nominal 
data rate. 

A block diagram of the speed-control loop is 
shown in Figure 11. A small synchronous 
motor is used to drive the capstans through a 
gearhead. The speed of the motor-gearhead is 
closely controlled by the frequency of its drive 
power. The synchronous motor is of the hys­
teresis type. Although these motors are rela­
tively inefficient, they are particularly useful 
for this application in that they supply a rela­
tively constant torque all the way up to syn­
chronous speed, and very good damping at syn­
chronous speed. These characteristics make it 
possible to accelerate the motor by slowly 
changing the power frequency without loss of 
synchronism or introduction of phase oscilla­
tions. Should the motor lose synchronism, it 

Figure 11. Capstan Servo Block Diagram. 
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will simply accelerate until synchronous speed 
is regained. 

The rate of the data pulses from the tape 
reader is proportional to tape speed. Close con­
trol of the data rate could be achieved simply 
by keeping the frequency of the motor power 
constant except that data spacing on the tape 
does vary from normal as outlined above. These 
variances cause disturbances as indicated in 
Figure 11. The purpose of the closed-loop con­
trol is to compensate for the effect of these 
disturbances, since a close tolerance is required 
on the data rate when the recording system is 
transmitting its data via the data terminal. 

Closed-loop control is achieved by letting the 
input synchronizing pulses serve as a reference 
for tape speed This is done by comparing the 
synchronizing pulses and data pulses in an up­
down counter as shown in Figure 11. The 
counter will store a number which increases or 
decreases depending on an excess of deficit, 
respectively, in data rate. By means of circuits, 
the stored number is used to increase or de­
crease the motor speed to achieve a data rate 
exactly equal to the input synchronizing rate. 

The electronics include a digital-to-analog 
(DI A) converter which converts the count into 
a d-c voltage. This voltage is adqed to a refer­
ence voltage in a d-c amplifier which is used as 
a buffer to provide the necessary impedance 
level and stability to control the frequency of 
a voltage-to-frequency (V IF) converter. This 
converter is an electromagnetic device with an 
extremely linear V IF transfer characteristic. 
The output of the V IF converter is raised in a 
power amplifier to a sufficient level to drive the 
synchronous motor. Linearity and drift in the 
electronics is kept within a close tolerance to 
minimize these additional disturbances. Any 
small drift in the V IF converter frequency will 
be quickly compensated-for by the integrating 
action of the up-down counter. The asynchron­
ous-to-synchronous converter in front of the 
counter is used to synchronize the asynchronous 
tape and reference signals. This prevents race 
conditions in the counter. 

Reel Servo System Requirements 

a. To follow any sequence of commands sup­
plied to the tape without exceeding the 

limits of the vacuum well. (Approxi­
mately 10 inches working length.) 

b. To operate without excessively acceler­
ating or decelerating tape on the reels to 
the point where tape damage could result. 
A maximum acceleration or deceleratiori 
of 3000 in.! sec I sec was established. 

c. To operate with motors of minimum size 
and power requirements. 

d, To be capable of very slow open ljl.-P 

operation for load and unload. 
e. To be capable of double speed operation 

for rapid rewind. 

General Description 

The reel servomechanism is a Type 1 control 
system. That is, a constant rate-of-change of 
tape position (at the reel) requires a constant 
tape-loop error-position in the buffer well. This 
type of control, utilizing tachometer feedback 
(characterized according to diameter of tape 
on the reel so that feedback is tape speed rather 
than motor speed), was chosen to allow the 
tape-loop excursion (during a capstan reversal) 
to encompass the whole buffer well rather than 
half the buffer well as would occur with a posi­
tion servo. This choice results in halving the 
required torque, so that the reel servo motor 
(torquer) is little more than half the size of 
that for a comparable position servo. It uses 
half the power and subjects the tape to smaller 
acceleration, thereby preventing tape damage. 

The choice of a Type 1 servo, in combination 
with controlling the motor through a bilateraI-

-switching power amplifier, results in the opti­
mum servo; one that performs the control func­
tion in a minimum buffer well using minimum 
power. A block diagram of the reel servo is 
shown in Figure 12. 

Error Sensing 

a. Position Error. The amount of tape re­
served in the vacuum buffer well is sensed 
by an array of photoconductors, equally 
spaced along the length of the buffer well, 
connected in a bridge circuit (see Figure 
13), and illuminated by lamps similarly 
spaced on the opposite side of the well. 
Since the magnetic tape is opaque to visi­
ble light, the number of photoconductors 
illuminated is determined by the position 
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Figure 12. Reel Servo Block Diagram. 

of the tape-loop in the buffer well, fixing 
the amount of current flow into a sum­
ming resistor. The voltage drop across 
the summing resistor, then, is propor­
tional to the taPe-loop position, and is 
called the position-error signal. 

h. Rate Error. Tape speed at the reel is 
not easily sensed, and therefore, is com­
puted from the product of reel shaft speed 
and the radius of tape on the reel. 
Reel shaft speed is sensed by a DC ta­
chometer mounted integrally with the reel 
torquer, whose output is a DC potential 
directly proportional to shaft speed. 

Radius of the tape on the reel is sensed by 
an array of photoconductor illuminated via fiber 
optics (see Figure 14) whose input faces are 

Figure 13. Interior of Army Tape Transport Module 
(Close-Up) . 

located between the reel and the buffer well. 
The fiber optic faces are sequentially masked 
from their source of illumination as the tape 
content of the reel increases. Masking of the 
illumination causes individual photoconductors 
to act as an open circuit, sequentially discon­
necting characterized resistors from the ta­
chometer circuit, so as to multiply the tachom­
eter signal by the tape radius. This product is 
called the Rate Error Signal. 

The error amplifier is a direct-coupled am­
plifier that uses internal series voltage feed­
back to stabilize gain. Inputs to its first stage, 
a differential amplifier, are position-error sig­
nal, rate error signal, and zero-level correction. 

A magnetic amplifier, controlled by the error 
amplifier is used as a pulse-width modulator to 
control the power stage. The latter consists of 

lOWU 

ffiOTO CEI.l.5 SEAlm 
INSIWTIt 

Figure 14. Details of Fiber Optic Tape Sensing System. 
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pairs of cascaded switching transistors which 
connect either +30 or -30 volts to a smooth­
ing filter at a switching rate of 4KC. The pulse­
width modulation causes the output of the filter 
to vary in amplitude and phase as required to 
control the direction of rotation and the torque 
of the reel motors. The reel motors are DC 
torquers, with permanent-magnetic excitation 
rated for peak speeds of 1300 rpm and peak 
torques of 567 inch-ounces. 

A current-limiting loop limits the maximum 
motor torque so that tape cannot be damaged 
by excessive accelerations. 

Servo Operation 

Utilization of the reel servo motors at low 
speed during the automatic loading, threading, 
and unloading has been described earlier. The 
following describes the operation of the reel 
servo for normal tape running. 

When the Start button is pushed, the reel 
motors operate in open loop in a sequence that 
threads the tape into the transport. Subsequent 
operation is under the command of the com­
puter. The reel speed is slaved to the capstan 
tape feed. The only error sensing in the sys­
tem is the position loop, which gets its signal 
from 26 photocells spaced along each buffer 
well. After the tape is prepositioned in the well 
according to direction, any change in tape posi­
tion creates an error signal which appears at 
summing point A. (Refer to Figure 12.) 

Because the tape speed is constant and the 
reel diameters vary as tape is payed off and 
taken up, it is necessary to apply correction 
to the reel tachometers. This is done by the 
fiber optics above the wells which sense the 
tape radius. The signal they generate modifies 
the tachometer output. The resultant is then 
fed back to summing point B. A computer com­
mand to stop or reverse will create a large 
error signal which in turn would cause exces­
sive acceleration leading to tape damage. A 
non-linear feedback loop senses excess current 
and applies a signal at summing point C, op­
posing those from the position and rate loops 
to limit acceleration. 

The dynamic braking capabilities of d-c 
motors are utilized to effect quick reversal. At 
the command for reversal, the motors act as if 

they are connected in series, dynamically brak­
ing each other; the current is limited to prevent 
excessive deceleration. When the motors come 
to rest, reverse polarity voltage is applied to 
accelerate. This method significantly reduces 
the power consumed during reversal, a reduc­
tion from 500 to 100 watts in this case. 

CONCLUSION 

In this paper, it has only been possible to 
present a broad picture of the technical develop­
ments of the magnetic tape system, and to de­
scribe, briefly, four of the significant technical 
areas. Future papers and articles will describe 
the details of such functions as read-write, 
error correction and detection, and machine 
control electronic and mechanical advances. 

All major operating sections of the tape 
transport were built and tested during the de­
velopment program. Two complete feasibility 
models of the electromechanical system were 
assembled and performance tested. The tests, 
which demonstrated that the design and reli­
ability objectives were met included the follow­
ing. 

Data Reliability 

In order to establish preliminary error rates, 
a tape transport, representative of the final 
tape handling and read-record head-tape rela­
tionship, was used to read and write complex 
blocks of data. Test data was provided and 
monitored by a complete computer simulator 
and error detection and recording system. Runs 
of 50 and 100 million error-free characters 
were achieved without the use of error cor­
recting schemes. These results exceeded the 
design objectives by a factor of approximately 
two orders of magnitude. 

Tape Wear 

A tape life test was also run on the same tape 
transport. One block of data, containing the 
maximum number of Fieldata words and six 
different random characters, was written and 
then read during half a million passes over 
that block. At this point, the test was discon­
tinued. The tape showed no signs of failure 
and the signal was down only about 10 per cent, 
a 'figure it reached early in the test run. In 
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addition, the error rate did not increase at any 
time during the test, nor did the head show any 
discernable wear. 

Low Speed Capstan Servo Speed Correction 

Integration tests on the low speed capstan 
servo were conducted to test its ability to cor­
rect for data timing errors. Errors in data 
positioning on the tape were recorded in vary­
ing amounts up to four percent. (The design 
specification was three percent maximum.) 
These errors were recorded under open loop 
with the tape at slow speed. When replayed 
under servo control, the accumulated error in 
bit deviation over the maximum block length 
was below the ± 12 characters allowed. 

High Speed Capstan Speed Control 

To insure that the high speed capstan main­
tained tape speed of 100 inches per second, ± 1 
percent, tests were conducted taking advantage 
of the accurately known read-to-write head 
spacing. The write repetition rate was adjusted 
so that its period equalled. the time it took for 
a recorded pulse to travel between the write 
and read head. Tape speed was then directly 
calculated from the spacing and the time, and 
under extensive testing, found to meet the 
specifica tion. 

Reel Servomechanism and Tape Position 
Seming System 

Utilizing the computer simulator and cover­
ing a range of worst case programming condi­
tions, the reel servo system controlled the tape 

loop, keeping it within the confines of the 
vacuum well. 

Read-Write and Control Electronics 

All electronics were designed for worst case 
conditions, and operationally tested in prelimi­
nary form. These tests included high and low 
temperature operating extremes and high and 
low power supply voltage extremes. 

Equipment Status 

As of July 1963, fourteen tape transport 
modules, representing a variety of Army and 
Navy types had been fabricated, assembled, and 
were in the final test cycle. Twelve of these will 
be delivered to the services for operational tests 
and two will be retained by Sylvania for ex­
tensive reliability and performance tests. 
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IBM 7340 HYPERTAPE DRIVE 
R. A. Barbeau and J. I. Aweida 

Development Laboratory, Data Systems Division 
International Business Machines Corporation, Poughkeepsie, New York 

INTRODUCTION 

The trend toward increased speed and 
greater capabilities. in computers has created 
the need for tape drives with increased data 
rate and decreased access time. The IBM 
Hypertape Drive (Fig. 1) was developed to 
meet these demands with the added objectives 

, ... ". ........ () _-.,._K 

Figure 1. IBM 7340 Hypertape Drive with Automatic 
Cartridge Loader. 

591 

of increased reliability and automatic tape han­
dling. 

The Hypertape Drives, controlled by the IBM 
7640 Hypertape Control Unit, can presently be 
used with the IBM 7074, 7080, 7090, and 7094 
systems. The tape used is 0.1 mil oxide on a 1 
mil Mylar* base; it is one-inch wide with 1800 
feet on a reel. Ten tracks are written across 
the tape-eight for information purposes and 
two for error· detection and correction. In 
alphanumeric mode, six of the information 
tracks are utilized per character. In packed 
numeric code, two 4-bit characters are written 
side by side across the tape (Fig. 2). The char­
acter density is 1511 per inch; tape speed is 

* Trademark of E. I. duPont deN emours Co., Inc. 

Hypertape Packed 
Bit Tracks BCD Format 

CO CO CO 
Cl Cl Cl 
0 0 8 
1 0 4 
2 B 2 
3 A 1 
4 8 8 
5 4 4 
6 2 2 
7 1 1 

Figure 2. Hypertape Character Formats. 
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112.5 inches/sec. Thi,s results in an alpha­
numer~c data rate of 170,000 characters/sec, 
or a packed numeric data rate of 340,000 char­
acters per second with an average access time 
of 4.2 milliseconds and an average inter-record 
gap of 0.45 inch. 

The drive utilizes a single fluid-coupled 
capstan to control the tape motion. The use of 
such a capstan greatly simplifies the tape path 
and makes possible the use of simple channel 
guides to give' proper tape tracking and to 
minimize tape skew. 

The tape tension supplied by the vacuum in 
the columns holds the tape tight around the 
capstan. Moving (or stopping) the tape is ac­
complished by moving both the tape and the 
capstan. The read-write head is the only com­
ponent in the tape path that is mounted on the 
recording side. This head is hydrodynamically 
air lubricated; thus, the moving tape is sepa­
rated from the head by a thin layer of air. 

Transport Design and Cartridge 

To achieve high reliability and automatic 
handling of tape, the tape is packaged in a 
cartridge; the height of the drive is kept low 
to facilitate the manual loading and unloading 
of the cartridge in the drive. Limiting the 
height' of the drive posed restrictions on the 
length of the tape buffers and the tape reel con­
trol system. 

The use of a cartridge satisfied the following 
objectives: 

1. Minimization of tape load and unload 
time. 

2. Unload without rewind. 
3. Protection of the tape from damage 

caused by operating personnel or con­
tamination by foreign particles. 

The cartridge as shown in Fig. 3A houses the 
"supply reel", the magnetic tape, and a "take­
up" reel in a dust-resistant environment. It is 
constructed such that the sides, back, and top 
(including handle) are assembled into one unit. 
The front cover of the cartridge is removable 
to permit reel replacement. This cover (Fig. 
3B) pivots at the front top and is secured by 
two latches. The latches also furnish the cover 
closing pressure. A flat tension spring holds 

Figure 3a. Hypertape Cartridge-Front View. 

Figure 3b. Hypertape Cartridge-Front Cover Open. 

each reel against a rubber ring that serves as 
a dust seal and brake. The back of the reel hub 
contains teeth; the tension spring serves to keep 
them engaged to the machine teeth when the 
cartridge is transport oriented. 

The tape transport accepts this cartridge 
(Fig. 4A), automatically opens the cartridge 
cover, engages the tape reels (Fig. 4B), and 
causes the tape to thread into· operating posi­
tion. Packaging both supply and take-up reels 
in the cartridge increases the capabilities of the 
drive by eliminating the need for rewind before 
unload. 'The tape can be unloaded at any posi­
tion in the reel; then loaded at a later time to 
approximately the same location to continue 
processing or, if desired, it could be rewound 
on an off-line drive. 



[A) CARTRIDGE INSERTED READY 
10 MOVE 1OWAFIO DRIVE. 

IS) CARTRIDGE ENGAGED, COlIER OPEN, 
AND TAPE IS READY 10 LOAD. 

Figure 4. Cross-Section View of Cartridge at the Reel. 

The basic dimensions of the cartridge, includ-
ing the carrying handle, are: 

17" long 
10.2" high 
2.2" wide 

The cartridge is equipped with a file protect 
devicE:; (Fig. 5) that, by command, either 
manual or computer programmed, prevents 
writing on the tape. The setting of file protect 
by the computer causes a solenoid to depress a 
plunger, and the indicator will. reveal the let­
ters FP. The status of the device is readily 
apparent to the operator when looking at the 
rear of the cartridge. Once a cartridge has been 
file protected, it can only be removed from the 
file protect status manually under operator con­
trol With the cartridge removed from the trans­
port. 

TAPE MARKS 

Processing of tape in a cartridge necessitates 
the presence of safeguards against completely 
unreeling tape off the reels. Therefore, tape 
prepared for usage on Hypertape drives has 
three tape marks which, besides defining the 
usable limits of tape, guard against tape reel 
run-off. 

Two of the marks sense the (BOT) begin­
njng of tape and (EOT) end of tape. They are 
lOcated 15 feet from the physical ends with 
1800 feet of tape between them. The third 
mark, which is referred to as (EWM) ·Early 
Warning Mark, is located 40 feet away from 
the EOT in the BOT direction. 

IBM 7340 HYPERTAPE DRIVE 593 

Figure 5. File-Protect Device Showing (Left to Right) 
the Plunger, Slide, and Indicator. 

When a reel of tape is installed in a cartridge, 
a few layers, up to or including BOT, are 
wrapped around the cartridge reel. No adhe­
sive in any form is used to anchor the tape to 
the hub, since the increased thickness due to the 
adhesive results in embossing the layers of tape 
above it. Embossed tape has a detrimental 
effect on the read-write reliability. 

The EWM marker is used to signal the com­
puter that the end of tape is approaching. By 
locating it 40 feet from the EOT, almost 34 of 
a million characters could be recorded before 
the EOT is reached. 

Each of the three tape marks consist of a row 
of holes punched in the tape as shown in Figure 
6. BOT and EOT marks are made of 12 holes, 
0.093 inches in diameter; no usable information 
can be stored on that section of tape. The EWM· 
on the other hand, is made of 23 holes, 0.040 
inches in diameter, and is located between 
track 1 and the edge of tape. Thus it does not 
interfere with the recorded data. 

Sensing of tape_marks is done optically by the 
use of a lamp and photocells in each of three 
positions. The sensing station is located just 
below the data head. The lamps are fixed in the 
tape path, while the photocells assembly is 
moved to positIon with the head. The drive 

BEGlNIIING-OF-TAPE MARK 

ENO-OF-TAPE MARK EARLY-WARNING MARK 

Figure 6. Tape Marks. 
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interlocks, in case of sense-unit malfunction, to 
guard against tape reel run-off. 

AUTOMATIC TAPE LOADING AND 
UNLOADING 

Factors that affect the ease of loading and 
unloading tape were carefully studied and were 
reflected in the design of the tape path shown 
in Fig. 7. Note the absence of rollers or bear­
ings on the recording surface of the tape, and 
how the data head is the only surface touching 
the recording surface. During loading and un­
loading this head is retracted into the drive, 
a way from the tape. 

Automatic tape loading and unloading have 
simplified the operation of the Hypertape drive 
and drastically reduced the time needed to com­
plete a load or unload cycle. The computer can 
start processing tape ten seconds after the 
operator inserts a cartridge in the drive. 

SUPPLY REEL TAKE-UP REEL 

READ­
WRITE 
HEAD 

~1--+---"'+-1- VACUUM COLUMNS 

Figure 7. Tape Path of Hypertape Drive. 

The Automatic Cartridge Loader (ACL) 
feature further increased the capabilities of the 
drive and made it possible to load and unload 
cartridges into the drive automatically under 
the control of the computer. 

A brief description of the load-unload cycles 
and the automatic cartridge loader follows: 

LOAD CYCLE 

To process a reel of tape, the operator places 
a cartridge in the drive and closes the pres­
surized housing door. This starts the automatic 
cycle by retracting the cartridge, meshing the 
reel hubs to the reel shafts, and opening the 
cartridge cover (Figure 4). The steps followed 
during the rest of the loading cycle are sum­
marized with reference to Figure 8. 

TAPE BOTTOM 
SWITCH-

I I 
I I 
: I 
I I 
I I 
I I 

LEGEND· 

TAPE IN THE CARTRtDGE 
LEFT REEL TURNING (LRTI 
TAPE STARTS TOWARO 
THE LEFT COLUMN 
LEFT REEL TURNING 
LEFT REEL TURNING -- TAPE 
ENTERS THE COLUMN 

4 LEFT REEL STOPS WHEN 
THE TAPE REACHES THE 
TAPE-IN-COWMN SWITCH 

5. RIGHT REEL TURNING 
6 RIGHT REEL TURNING 
7 RIGHT REEL STOPS WHEN 

THE TAPE REACHES THE 
TAPE-IN-COLUMN SWITCH 

: :--+-+-;--;-o-~ LOOP SENSING AREA 

'-' 

Figure 8. Method of Tape Loading. 

1. The right reel is braked while left reel 
lowers the tape into the left column (steps 
0-3). 

2. When tape reaches the tape-in-column 
switch, the left reel is braked and the 
right reel lowers tape into the right 
col umn (steps 4-6) . 

3. When tape in right column reaches the 
tape-in-column switch (step 7) two func­
tions take place simultaneously: 
a) The auxiliary vacuum applied to the 

tape in the left column at point (A) is 
turned off. (This vacuum was applied 
n+ +1".", h",,,,,~~_~~,,,, I-"-~ +1".", l",~..l ~ •• _1~ ~'" 
a", ",UIC IJlCo l1111lUo V.1. \I1lt lUaU cy Cit liU 

guard against tape bottoming). 



b) Reel motion is under control of the 
reel servo system and tape in both 
columns is lowered to the center (step 
8). 

4. The data head is brought into the read­
write position with the tape. 

5. Tape is moved toward BOT for approxi­
mately one second, or until BOT is sensed, 
to guarantee having the EOT mark to the 
left of the mark sensor. After the tape 
load cycle is complete, the drive is ready 
to process tape under computer control. 

UNLOAD CYCLE 

The unload cycle is started by a computer 
command or by manual control and consists of 
a) retracting the data head, and b) removing 
the tape from the columns by winding it on the 
right reel (the left reel is braked during this 
operation). When the end of the tape loop 
approaches the cartridge, the motor torque is 
limited to insure a safe tape tension between 
the two reels in the cartridge. The cartridge is 
then moved to the discharge position during 
which the reels are unmeshed and the cover is 
closed. 

AUTOMATIC CARTRIDGE LOADER 

In the standard Hypertape drive, the car­
tridge is loaded and unloaded manually by the 
operator. The Automatic Cartridge Loader 
feature (ACL) makes it possible to automati­
cally change cartridges under the control of the 
computer within seconds, thus eliminating com­
puter idle time caused by unavailability of 
operator. 

The ACL consists of a unit which mounts on 
top of the drive and allows the sequencing of 
two cartridges automatically. The basic com­
ponents of this unit are: three cartridge posi­
tions on one level, two moving arms that have 
the ability of advancing the cartridges from 
one position to the next, and an elevator that 
loads and unloads cartridges into the Hyper­
tape drive. 

The method of operation is seen in ~he se­
quence of sketches in Fig. 9. With cartridge A 
in use in the drive, cartridge B is in the ACL. 
When a "Change Cartridge" command is given, 
cartridge A is unloaded to the cartridge holder 
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Figure 9. ACL Sequence of Operation-Side View. 

in the drive and the elevator of the ACL brings 
it up to its upper position. N ext, both car­
tridges are moved forward a step. This leaves 
cartridge A in the discharge pocket and places 
cartridge B on the elevator's platform which 
lowers it into the cartridge holder of the drive. 

Following this cartridge loading sequence, 
the tape drive takes over. During the process­
ing of cartridge B, cartridge A can be removed, 
and another cartridge loaded in the ACL. 

CAPSTAN DRIVE MECHANISM 

A single clutched capstan is used to control 
the motion of the tape as shown in Fig. 7. Ac­
celeration (or deceleration) of the tape is 
accomplished by accelerating both the tape and 
the capstan assembly. The tape is kept from 
slipping over the capstan surface by wrapping 
the tape 180 0 around the capstan, using one 
pound tape tension, and by covering the capstan 
surface with a thin layer of grooved rubber. 

The mechanism that controls the motion of 
the tape and capstan was designed in a single 
subassembly, as shown in Figs. 10 and 11. The 

Figure 10. Capstan Drive Assembly-Top View. 
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STOP ROLLER 
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Figure 11. Capstan and Stop-Roller Assembly. 

sealing of this area prevents loose wear par­
ticles from entering the tape compartment. To 
eliminate the problem of flexing a rigid shaft 
during this operation, flexible couplings are 
mounted on the rubber roller shafts. Flywheels 
are mounted on the drive roller shafts to mini­
mize speed variation due to high start-stop 
ratio. A two-speed synchronous motor belt 
drives both the forward and reverse drive roller 
shafts and produces tape speed of 112.5 in/sec. 
for normal operation, and 225 in/sec. for high­
speed rewind. 

Fast starts and stops were produced by the 
mechanism described; however, it was neces­
sary to minimize tape vibration and overshoot. 
This was accomplished by unique design of the 
capstan which has a layer of fluid between its 
tape driving surface and drive wheel shaft. 
The reasons for and contributions of this 
unique design follow. 

FLUID-COUPLED CAPSTAN 

In the early stages of development, when a 
solid (non-viscous) capstan was used, the start 
back end of the capstan (drive wheel) is sur­
rounded by three rubber-covered rollers, two of 
which are continuously running and give for­
ward and reverse motion; the third is stationary 
and is used to stop the capstan. The rollers are 
brought in contact with the capstan's drive 
wheel by the action of moving coil actuators. 

To execute a start operation, the forward or 
reverse roller is brought in contact with the 
drive wheel while simultaneously retracting the 
stop roller. All three rubber rollers act on one 
common surface away from the tape; proper 
time to 112.5 in/sec. was less than the specified 
3.0 milliseconds. However, extreme tape velocity 

variation occurred at the data head after the 
above velocity was initially reached. The 
damped periodic variation was as much as 30% 
above and below the nominal velocity. Stop 
times were also within specification, but peri­
odic oscillations around zero velocity were 
present. 

Experimental analysis of the system showed 
that the velocity variation was mainly due to: 

a) Excitation of the natural frequency of 
longitudinal vibration of the tape. 

b) Excitation of the natural frequency of 
torsional vibration of the capstan assem­
bly acting as a free shaft with an inertia 
on each end. 

c) Torsional vibration (overshoot) of the 
capstan assembly due to elastic torsional 
deformation of the drive-roller rubber 
and drive shaft during capstan accelera­
tion. 

d) Undamped vibration of the drive roller 
actuator arm which caused the roller to 
repeatedly lose contact with the drive 
wheel. 

Due to the complexity of the vibrational sys­
tem (several mass, spring and damping ele­
ments) and the discontinuous forcing functions, 
a largely experimental approach was taken to 
the analysis and reduction of the velocity vari­
ation. 

The problem was divided into two parts ; the 
first consisted of controlling the actuator arm 
and roller bounce away from the capstan's 
drive wheel without affecting the short transfer 
time. This was successfully accomplished by 
using rollers covered with %:/' nitrile-base rub­
oer of 85-90 Durometer hardness, and by con­
troJling the actuator current pulse as described 
in the section on actuators. 

The second part, which consisted basically of 
excitation of the natural frequency of the tape 
in the column, proved to be one of the major 
technical problems in the Hypertape drive. 

Analysis showed that the torque pulse as ap­
plied by the drive roller to the capstan dropped 
sharply when the roller surface and capstan 
speed became equal. The sharpness of this drop 
is above the natural frequency of the tape in 
the column and excited it into vibration. Theo-



retically, the response of a spring-mass-damper 
system acted upon by a pulse-type forcing 
function is largely determined by the pulse's 
shape, amplitude and duration.1 Generally, the 
smoother and more symmetrical the pulse, the 
lower the amplitude of the residual vibration. 
Thus, modification of the torque pulse was 
necessary to control the vibration. 

Based on the above, a successful solution was 
obtained by decoupling of the tape and its driv­
ing surface from the rest of the capstan by a 
fluid coupling. The use of such a coupling ap­
propriately changed the shape and amplitude 
of the input torque pulse applied to the drive 
surface, and thus eliminated the velocity vari­
ation due to the longitudinal vibration of the 
tape and reduced the variation caused by other 
sources. Typical tape velocity vs. time curves 
before and after using the fluid coupled capstan 
are shown in Fig. 12. 
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TIME IN MILLISECONDS 

Figure 12. Fluid-Coupled Capstan Versus Solid 
Capstan. 

The fluid coupled capstan as shown in Fig. 13 
has a thin layer of silicon fluid separating the 
tape driving portion of the capstan (capstan's 
front end) from the capstan shaft and drive 
wheel; thus, the capstan's front end can rotate 
with respect to the drive-wheel shaft. This 
motion is restrained only by the viscosity of the 
silicon oil layer and the friction in the bearings 
and oil seal separating the two subassemblies 
of the capstan. 
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Figure 13. Schematic of the Viscous Coupled Capstan 
Assembly_ 

The torque transmitted through the fluid 
coupling is a function of the differential velocity 
between the capstan's front end and the drive­
wheel subassembly; therefore, an appreciable 
amount of slippage occurs while accelerating 
and decelerating the capstan. When the capstan 
is moving tape at constant velocity, on the other 
hand, a slippage of 0 to O.21f of the nominal 
velocity occurs between the two surfaces, as 
determined by the frictional characteristics of 
the bearings, oil seal, and tape path. 
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Figure 14. Torque versus Time Curves. 
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In summary, the fluid coupled capstan has 
smoothed the input torque pulse as seen by the 
tape in comparison to the input torque pulse as 
supplied by the drive rollers as shown in Fig. 
14. The use of this capstan made it possible to 
accelerate the tape to 112.5 in/sec. in an aver­
age of 2.5 milliseconds with a velocity variation 
less than 5 o/r. Typical velocity vs. time curves 
during acceleration and deceleration are shown 
in Fig. 15. 

ACTUATORS 

The three rubber rollers that drive or stop 
the capstan are brought in contact with the 
capstan's drive wheel by the action of three 
actuators. These actuators utilize the moving­
coil principle, and were chosen because of their 
fast response and relatively constant force with 
stroke. It takes less than one millisecond to 
transfer the roller from its retracted position 
to the capstan drive wheel. The constant force, 
on the other hand, reduces sensitivity to the 
roller gap. 
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Figure 15. Typical Start and Stop Time Curves. 
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Figure 16. Actuator Arm Assembly. 

The actuator, as shown in Fig. 16, consists 
mainly of a permanent magnet, return path, 
bobbin and moving arm. The moving arm was 
designed to give a high output force at the rub­
ber roller. Pivoting of the arm to the assembly 
is accomplished by the use of a flexure plate. 
The use of such a plate eliminated the problems 
associated with pivot points such as fretting 
c01'rosion which would cause jamming. It also 
made possible the preloading of the actuator 
arms. Forward and reverse rollers are pre­
loaded away from the capstan drive wheel, 
while the stop roller is preloaded towards it. 
Thus, in case of power failure, the capstan is 
stopped and no tape damage occurs. 

For the actuator to supply the force and 
transfer time required, the arm design and 
driving current were optimized as described 
below: 

1. Arm Design: The actuator arm was de­
signed to give the minimum transfer time 
by: 
a) Keeping the mass of the bobbin, arm 

and rubber roller as small as possible, 
and by designing a short moment 
arm; i.e., the roller was located as 
close to the pivot as possible. 

b) The transfer distance of the roller be­
fore contacting the capstan's drive 
wheel was made only 0.003 inches. 

2. Driving Currents: The actuator's driving 
current is controlled to give the desired 
acceleration and damping. Two high-cur­
rent pulses are used to properly control 
actuator motion when the roller is driven 
into contact. The first high-current pulse 
gives quick transfer time; the second pre-



PULSE CURRENT 

HOLD CURRENT 

ROLLER DRIVING 

ROLLER RETRACTED 

ROLLER DRIVING 

ROLLER RE TRACTED 

(I) PULSE AND STEADY­
STATE CURRENTS 

~=t::::-===(2) DAMPED ROLLER MOTION 

Figure 17. Pulse Current and Roller Action versus 
Times. 

vents the rubber roller from rebounding. 
A low holding current is applied after the 
transfer damping period; it provides the 
roller contact force necessary to maintain 
constant velocity and minimized coil heat­
ing. The shape and effect of the current 
pulses on the rubber roller motion is 
shown on Fig. 17. 

Life testing of these actuators has shown ex­
ceptionally good results. So far, over three 
billion cycles have been successfully accrued on 
several actuators. 

BRAKE-INDEXER 

To stop the tape and capstan, a stationary 
rubber roller is brought in contact with the 
capstan's drive wheel. The rubber-roller shaft 
is connected through a flexible coupling to a 
hydraulic brake-indexer, as shown in Fig. II. 
The purpose of this device is to insure stopping 
of the capstan in approximately 2.5 milli­
seconds while allowing slight rotation of the 
rubber roller during every stop operation. 

The brake-indexer was designed so that its 
mass moment of inertia is much greater than 
that of the capstan. When the stationary stop 
roller is brought in contact with the rotating 
capstan drive wheel, part of the kinetic energy 
of the capstan is converted into heat due to 
slippage. At the same time, the roller is ac­
celerated so that the remainder of the energy 
is dissipated as heat in the indexer itself. 

The internal construction of the brake-in­
dexer consists of a finned rotary hub which 
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works in shear against a stationary finned 
housing. The viscous media in this unit is a 
high-viscosity silicon fluid. To obtain indexing 
of approximately 0.010 inches, oil viscosity of 
40,000 centistrokes was used. 

Indexing the stop roller has given especially 
good results by distributing the wear and heat­
ing caused by successive stops over the circum­
ference of the roller. The use of a hydraulic 
device with no mechanical contacts, on the 
other hand, has given consistent stop times and 
accurate indexing. It also eliminated the prob­
lems associated with dimensional changes and 
frictional wear associated with mechanical in­
dexers. 

REEL-DRIVE SYSTEM 

The establishment of tape cartridge loading 
height in the Hypertape drive posed restric­
tions on the vacuum columns and type of reel­
drive system that could be considered. This led 
to the Use of continuous control and a non­
center seeking system. The non-center seeking 
system would make available maximum tape 
buffer length for tape reversal; with tape 
stopped, the system would be center seeking to 
allow for tape movement in either direction 
from static. With tape moving in the forward 
direction, the loop position is high in the left 
column and low in the right so that full ad­
vantage of the tape buffer can be realized dur­
ing a dynamic reversal; the opposite applies 
when the tape is moving in the reverse direc­
tion. 

The continuous control, on the other hand, 
with its ability to apply the correct amount of 
power when needed and for as long as needed, 
made it possible to operate within a 10-inch 
effective vacuum column length. The reel motor 
is controlled by the motion of the loop in the 
column. The design of a capacitive sensing de­
vice (described later) as a tape--Ioop sensor 
gave the desired result. Through this unit both 
the loop position in the column (X), and the 
rate of change or velocity of the tape in the 
column (~) were obtained. 

The magnetic tape reels are controlled by 
two identical isolated reel control systems. The 
right reel control system, as shown in Fig. 18, 
consists of a standard d-c motor which is con­
nected to the reel hub through a 4: 1 pulley 
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Figure 18. Reel Drive System. 
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ratio, thus making it possible to use a relatively 
small motor with only 1,4 the torque required 
to control the tape. To control the power to the 
motor, the output of the loop position sensor is 
detected, amplified and added to a reference 
signal (V,,), then differentiated by the use of a 
lead network. The output of the lead network 
is a function of the position (X) and velocity 
(X) of the loop in the column. The net signal 
is then amplified and used to control the current 
to the motor's armature by the use of magnetic 
amplifiers and silicon controlled rectifiers. 

The loop position signal (X) controls the 
power to the motor when the loop is stationary; 
i.e., when the velocity of the tape leaving or 
entering the column equals that of the tape 
over the capstan. When a dynamic reversal 
takes place, an appreciable signal (X) develops 
due to the loop's velocity. This signal results in 
an increase of the power to the motor. 

The motion of the motors is also controlled 
during the tape load and unload cycle. During 
these operations the torque applied is controlled 
by the various column and catenary sensing 
stations. 

CAPACITIVE LOOP-POSITION SENSOR 

Sensing the location of the loop in the column 
is accomplished by the use of the following 
capacitive method. This method was chosen 
because of its high reliability coupled with 
simplicity of construction and linearity of out­
put. 

A capacitance value that is a function of the 
loop's position in the column is obtained by 
utilizing the pressure differential in the vacuum 
columns to activate a moving diaphragm be­
tween two metal plates, as shown in Fig. 19. 
The diaphragm consists of a metal layer with 
Mylar on both sides. 

GLASS DOOR OF 
VACUUM COLUMN 

ATMOSPHERIC 
PRESSURE 

(AIR) 

I 
BOTTOM OF TAPE LOOP 

VACUUM 

OSC. 

Figure 19. Capacitative Loop Position Sensor­
Exploded View. 

An insulating plate connects the diaphragm 
area to the back surface of the vacuum column 
through ~~ tl-inch holes spaced % inch apart. 
The perforated metal plate on the back side of 
the unit is connected to a common chamber 
which has a vacuum level equal to half that of 
the column vacuum. The half vacuum is ob-
tained from the main column vacuum source, 
and therefore any change in the column 



vacuum is reflected in the half vacuum, thereby 
maintaining a constant ratio. 

To obtain a large capacity ratio, the entire 
rear of each column was utilized for this unit, 
giving an approximate capacitor range 0.002 
to 0.020 /Lf. 

The method of operation of this sensor is 
seen by referring to Fig. 19 which shows a loop 
of ta pe in the col umn. The section of the 
diaphragm above the loop is pulled against the 
back perforated plate due to the differential of 
pressure which is atmospheric in front and 
half vacuum in the back. The section of the 
diaphragm below the loop, on the other hand, 
is pulled against the front perforated plate, 
since the front is at full vacuum versus half 
vacuum for the back. 

READ-WRITE SYSTEM 

The Hypertape system uses phase encoding 
type of recording. There is a signal for both 
ones and zeros, as shown in Fig. 20. Hence, 
when the tape is read, the sensing and decod­
ing of a bit depends on the phase of the 
recorded signal rather than its magnetic 
strength.2 
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Figure 20. Waveforms for a Series of Bits. 

The data head (Fig. 21) is a two:-gap write­
read head with a .5 inch radius around each 
gap to hydrodynamically air lubricate it when 
the tape is in motion.3 The distance between 
the write-read gaps is 0.150 inches. The width 
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DISTANCE BETWEEN THE 
READ AND WRITE GAPS 

Figure 21. Data and Erase Heads Configuration. 

of the tracks is 0.060 inches for write and 
0.050 for read. An erase head (Fig. 21) is 
located 0.125 inches from the write head and is 
positioned such that erasure through the base 
material takes place while maintaining a slight 
clearance between the erase head and the back 
of the tape. The erase head is active any time 
the transport is in write status. 

Sensing the amplitude of the recorded signal 
during writing plays an important part in con­
trolling errors. Should the signal fall below 
25 % of the nominal level, the record (under 
program control) is erased and rewritten on a 
new section of tape. 

Error detection and correction while reading 
are dependent on the redundancy check pro­
vided by the two check bits written on tape and 
the amplitude of the read signa1.4 The two 
~heck bits Co and C} (Fig. 2) are generated 
during the write operation according to the two 
equations: 

Co Equation C()~ I()~ II -v- IiI-v-14-v- I6-v-17 = 1 

C1 Equation C1 ~ Io"¥" I:l"¥" l{-¥ 15~ I(i = 1 

Where "'V' means exclusive OR 

The bits are divided into three zones from the 
two check bit equations: 

Zone 1 Contains only the bits that appear in 
equation C .. and not in equation C1 

Zone 2 Contains only the bits, that appear in 
equation C} and not in equation C .. 

Zone 3 Contains only the bits common to 
equations G. and C1 

Hence, 

Zone 1 Contains C .. , I}, It, 17 
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Zone 2 Contains Ch 12, 15 

Zone 3 Contains 10' la, Is 

During the read operation, the ten bits of 
each tape character are checked for parity 
against equations Cu and Cl. A single incorrect 
bit within a tape character will be detected by 
one or both of the check bit equations. 

The check-bit equations determine if a par­
ticular character contains an error, and the 
envelope detector monitors the amplitude of 
the signal. If the signal drops below a certain 
level in one track, the track is "dead tracked". 
This essentially resets that track for the rest 
of the record. Thus, if a parity error is found 
to occur in the zone containing the "dead 
track", the bit in the error correction register 
is inverted; a zero is made a one, or vice versa. 

If two or more tracks in the same zone are 
dead tracked an uncorrectable error results. 
However, equations Co and Cl were written so 
that no adjacent tracks would be in the same 

zone. Hence, all adjacent double errors are 
correctable along with some non-adjacent dou­
ble errors. If a double error does occur, it is 
more probable· it will be an adjacent double 
error. 

There are 45 possible combinations of double 
errors. Of these 33 are correctable. All correc­
tions are performed on the fly without program 
interruption or loss of processing time. 
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1. INTRODUCTION 

It would appear that the rapid growth of 
computing facilities in major life science in­
stitutions in this country has brought with it 
an obligation on those enjoying the privilege of 
these aids to experimental design and data 
analysis to view critically the utilization of 
these methods, as they may determine broad 
research philosophies in particular problem 
areas, and thus also, both the conduct and prob­
able outcome of such research. 

in neurophysiological experiments will assure 
capability for later complex analyses critically 
dependent on meeting stringent experimental 
formats. Thirdly, it is both important and 
highly desirable that the analytic techniques 
themselves progress in sophistication as the 
physiological research likewise evolves progres­
sively more complex frames of organization. In 
other words, it would be hoped that the present 
major gaps in mathematical techniques appro­
priate to the analysis of complex living systems 
would sufficiently challenge the mathematician 
so that he would contribute significantly to his 
own field at the same time as he participates 
in the frontiers of life science research (1). 

2. ANALYSIS TECHNIQUES 

At the outset, it would appear that there are 
certain tenets which necessarily govern the 
optimal utilization of computing analyses of 
physiological data. Firstly, the analysis should 
contribute at a conceptual level to the progres­
sive development of that particular field of 
physiological research. There can surely be no Our attempts to achieve a truly interdisci-
justification for the use of computer analysis plinary approach to problems of information 

transaction and storage in brain systems have to guild poor data in a poorly designed experi-
proceeded on the basis of close collaborative ment. Secondly, the methods of analysis should 
activity between life scientists, mathematicians 

be selected as optimal for the particular area of and engineers. These studies have involved 
research, and should be tailored in close col- novel applications of computing techniques to 
laboration between physiologists and mathema- patterns of electrical brain wave records, in-
ticians to suit the needs of the particular re- cluding continuous measurement of phase and 
search project. It is obvious, therefore, that amplitude characteristics of single wave trains 
there must be prior consideration of the pro- by digital filtering techniques, the use of cross-
posed methods of analysis in the course of the spectral analyses with calculation of complex 
experimental design. It is scarcely feasible to transfer functions, and averaging of records 
hope that the serendipidous collection of data during repeated behavioral performance with 
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calculation of coherence functions in cross­
spectral examinations. By these and ancillary 
techniques, such as establishment of probability 
bounds in cross-spectral analysis, with the use 
of polar coordinate displays, it has been pos­
sible to detect major differences in phase rela­
tions between different brain regions in the 
course of correct and incorrect responses to a 
learned task. These findings have suggested a 
stochastic model of the cerebral system, with 
a possibility that this electrical wave process 
may play a fundamental role in the handling 
and storage of information. 

This hypothesis has been described in detail 
elsewhere (5, 6, 9, 10). We have suggested that 
the rhythmic wave process characterizing ac­
tivity in many cortical and subcortical cerebral 
structures may be fundamentally correlated 
with the ability of these tissues to undergo 
permanent changes in excitability as a result 
of their prior participation in specified patterns 
of excitation. These electric wave processes 
appear closely associated with the physical 
overlap of the dendritic parts of nerve cells. 
We have discussed the possibility that the cell 
may function as a phase-comparator Qf waves 
arising "intrinsically" with those reaching the 
cell "extrinsically", or that it may exercise this 
comnarator function in relation to complex 
spatio-temporal wave patterns sweeping across 
its surface. In either case, the initiation of 
cellular firing might depend on the precise re­
currence of a spatio-temporal wave pattern, 
to which the neuron had been previously ex­
posed, and which might determine the perma­
nent physicochemical change underlying the 
"memory trace" (3). 

These studies have attempted to define, by 
techniques not hitherto applied to the examina­
tion of electrophysiological data, components 
in the apparent imprecision of electrical brain 
wave records which are either phase-locked in 
leads from circumscribed cortical or subcortical 
zones in relation to repeated performance of a 
learned task, or which may have constant phase 
relations to wave patterns appearing simultane­
ously in other cortical or subcortical localities, 
or' which may have aspects of phase or fre­
quency modulation on a "carrier" wave train 
appearing in the course of attentive or dis-

criminative behavior. It is obyious that any 
one of these three possibilities would provide 
a frame in which either the nerve cell or the 
organized cerebral system might adequately 
"sense" the informational basis of afferent vol­
leys, and the data provide evidence that all 
three phenomena may have important roles in 
the various hierarchies from the microcosm of 
the individual neuron to the macrocosm of com­
plexly organized but profoundly interrelated 
cortico-su bcortical systems. 

3. REALISTIC MODELS, OF CEREBRAL 
ORGANIZATION 

More importantly, however, some of the evi­
dence from these studies would appear to bear 
significantly on the fundamental nature of es­
sential cerebral processes, viewed as either 
deterministic or probabilistic phenomena. For 
example, the phase patterns in correct and in­
correct responses have been examined, and in 
a population of correct responses, displayed a 
considerable scatter about a mean phase dis­
placement. Similar, but less extensive data in 
incorrect responses also showed such a scatter. 
The calculations of complex transfer functions 
from cross-spectral analyses strongly empha­
size the possibility that there is a stochastic 
mode of operation in the handling of informa­
tion in the brain on the basis of a wave process. 
Such a scheme would envisage the excitability 
of the individual neuron as depending not only 
on its previous experience of complex spatio­
temporal patterns of waves, as outlined above, 
but additionally, would suggest that the effec­
tiveness of any subsequent wave pattern in 
eliciting neuronal firing might depend on its 
multivariate relationship to an "optimal" wave 
pattern, capable of inducing firing of that 
neqron at its lowest threshold. 

Such a notion appears to significantly extend 
the basis for a mathematical model of the 
neuronal organization of cerebral systems over 
previous considerations of unicellular systems 
and nerve nets. There is, as yet, no categoric 
evidence relating the physiological events in 
any noncerebral neuronal system, or the phe­
nomena in neurons in natural or artificial isola­
tion from other nerve cells, to the essential 
processes of information storage. It would ap-
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pear that a comprehension and utilization of 
data relating this process to stochastic aspects 
of both neuronal firing patterns and the wave 
process pervading the surrounding cortical do­
main may provide an exciting avenue directly 
approaching the essential questions of the 
uniqueness of cerebral structure and function 
in the memory process. 

In a search for other evidence on the pat­
terned relationship between rhythmic brain 
wave activity in different brain regions, we 
have examined the aspects of mutual informa­
tion between two physiological records (11). 
The mutual information connecting two par­
tially random functions is a general measure 
of interaction, and can be numerically estimated 
for physiological data. For two Gaussian proc­
esses, the only relations possible are linear ones. 
Here the cross-correlation function is sufficient 
to define the mutual information. Correlation, 
however, underestimates the mutual informa­
tion for other distributions of amplitudes, or 
for such physiologically interesting relation­
ships as non-portional responses, or modulation 
of one signal by another. Lagged mutual in­
formation generalizes this cross-correlation 
function, and can be assembled into a cross­
information function, according to the tech­
nique of Balakrishnan. Additional insight can 
be obtained from multivariate mutual informa­
tion, calculated for several lags at once. The 
degree of relationship indicated by cross-cor­
relation versus that indicated by lagged and 
multivariate mutual information in pairs of 
related electroencephalographic traces has been 
compared, and has provided considerable addi­
tional insight into the subtly shifting phase 
patterns. Yet another approach initiated in 
these studies has been the calculation of equiva­
lent-noise bandwidth, which has permitted as­
sessment of deviation from a Gaussian distribu­
tion of brief epochs of electrical brain records 
at varying stages of consciousness, sleep and 
pathological unconsciousness (8). 

These computer oriented studies have led to 
the construction of a series of realistic mod~ls 
of the cerebral system, which may be considered 
both in the large, from the point of view of the 
organization of the major aspects of cerebral 
systems, and also at the microcosmic level of 
the single cell. At the level of major cerebral 

system organization, the studies have disclosed 
a pacemaking function for the brain waves 
arising in the deep parts of the temporal lobe, 
with the induction of similar but not neces­
sarily identical patterns of waves elsewhere in 
the process of informational recall. The ques·· 
tion thus arises as to the relationship of these 
waves to physicochemical changes in the stor­
age of information (2, 7). Interruption of the 
wave processes by small brain lesions or hal­
lucinogenic drugs such as LSD has been shown 
to profoundly interfere with the processes of 
informational recall. This in turn has led us 
to the concept that the waves might change in 
frequency, and thus in pattern, by electrical 
impedance loading of adjacent tissue elements, 
including non-nervous tissue. 

We have developed a technique for the meas­
urement of electrical impedance in very small 
volumes of brain tissue in the course of the 
acquisition of learned habits. By the extensive 
use of computing techniques, this method per­
mits the examination of brain impedance with 
currents as small as 10-13 amperes per square 
micron of electrode surface. With the aid of 
computational analysis, it is possible to detect 
changes in current flow of the order of 10-15 

amperes per square micron. This technique is 
sufficiently sensitive to reveal changes in brain 
impedance associated with the performance of 
a previously learned task, and these changes 
appear only after the learning of the habit (4). 
These findings have led to the concept that the 
non-neural parts of brain tissue, the neuroglia, 
may be involved in the storage of information, 
and that the "memory trace" may involve a 
consideration of the interface between the 
neural tissue and the neuroglial elements. 
Neuroglial tissue provides a preferred conduct­
ance pathway for the impedance measuring 
currents, since the membrane resistance of glial 
cells is but one hundredth to one thousandth of 
that of nerve cell membranes. 

The model of the cerebral system proposed 
from these electro-physiological and impedance 
studies would therefore have non-linear a.1ld 
stochastic characteristics. This hypothesis of 
a probabilistic mode of operation would infer 
that the excitability of the cortical neuron 
would depend upon the relationship of the 
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spatio-temporal pattern of wave phenomena 
at the cell surface to an "optimal" pattern of 
waves for which its firing threshold would be 
lowest. This "optimal" pattern of waves would 
be determined by the previous experience of the 
cell, with the wave phenomena intimately con­
cerned in the physicochemical changes associ­
ated with the deposition of the memory trace. 
It is a characteristic of such a model that it 
would exhibit a distributed memory function 
through the totality of those cells which dis­
playa participation in a rhythmic wave proc­
ess. At the same time it would separate sharply 
from consideration in the storage function those 
parts of the nervous system, such as the spinal 
cord, which do not exhibit a rhythmic wave 
process. I t would lay particular emphasis on 
the interrelations between one nerve cell and 
another through proximity effects, and between 
nerve cells and neuroglial tissue, based on inter­
actions through slow graded analog wave proc­
esses, rather than the restrictive aspects of 
pulse coded phenomena. 

4. CONCLUSIONS 

In conclusion, if we turn away from the 
specifies of detailed data analysis to the broad 
philosophies which may guide us into the future 
in this type of research, we may examine the 
general purview of the growth of mathematical 
analysis in physiological research, asking our­
selves what may be the most appropriate fra;'e 
for the conduct of computer-oriented research 
in the life sciences. It may be argued with 
some validity that it is far from sufficient for 
the mathematician to participate on a con­
sultative basis, and that it is necessary for him 
to be it full member of the research team, closely 
associated with every phase of the research on 
a daily and even hourly basis. 

In achieving such a~ arrangement, it is in­
escapable that the mathematician or computer 
scientist should find in life science institutions 
the requisite opportunities allowing him to 
shape his own career with full and appropriate 
recognition of the significance of his role by 
his colleagues in the life sciences. 

It therefore follows that the life science in­
stitutions should accept the responsibility for 
programs of technological and mathematical 

research as an integral part of their own re­
search, to be conceived as of equal merit with 
their fields of special interest in the life 
sciences. This is indeed a substantial respon­
sibility, but without it, there is little reason to 
suppose that adventitious association with 
limited facets of the mathematical and engi­
neering sciences can provide the basis for a full 
and vigorous pursuit of those areas which are 
at the very core of future life science research. 
It also follows that there is little reason to 
expect a satisfactory degree of continuing suc­
cess from programs in these areas of mathe­
matical biology conducted as an appendage to 
the research programs of institutions whose 
prime interest is in the mathematical and physi­
cal sciences. The substantial nature of the life 
science requirement in these areas demands 
that they assume the full responsibility for 
their development, and that those whom they 
seek to attract as colleagues from mathematical 
sciences should feel that these fields are indeed 
an appropriate vehicle for their life's work. 
Without such a frame of reference, our early 
efforts may face a difficult and even perilous 
future (1). 
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COMPUTERS AND THE ADMINISTRATION OF JUSTICE 
Richard F. C. Hayden, Judge 

Superior Court for Los Angeles County, California 
Los Angeles 12, California 

Lawyers and judges have been thinking about 
using computers to help in their work at least 
since 1950 and active research is only a little 
more recent. Today there are several working 
research projects going on across the country 
and at least one of them has been productive 
of an extremely useful working product as well 
as theoretical information. There is a Special 
Committee on Electronic Data Retrieval of the 
American Bar Association and it is no longer 
accurate to say that most lawyers have never 
heard of the idea. On the other hand it would 
be misleading to suggest that active partici­
pants in this field constitute more than a tiny 
fraction of even that minority of lawyers and 
judges who are inclined toward theoretical 
speculation. The momentum is such however 
that even in the most depressive swings of my 
personality cycle I no longer suspect that it is 
all a fantasy. If Western industrial civilization 
does not destroy itself, computer technology 
with its concomitant theory will become an in­
tegrated instrument in the American legal sys­
tem and will make significant contributions to 
the administration of justice. 

This is not to say there are no problems. My 
qualification to speak about them is solely that 

,I have talked about them with dozens of ex­
perts in your field and have never yet had one 
fail to tell me that the problems of applying 
computers to legal problems were closely analo­
gous t6 those of most other fields of application. 
So you all can supply the portion of my talk 
that should be deyoted to "problems" from your 
experiences in other fields. 

609 

The principal focus of my remarks will be on 
possible applications of computers to the man­
agement of records of trial courts and to the 
use of computers in the making of management 
judgments in the operation of trial courts. 
These are relatively undeveloped fields of 
thought or application, however, and before 
taking them up I should like to note briefly 
some of the other areas in which lawyers have 
felt or demonstrated that computers could be 
of help. 

COMPUTER OUTPUT AS EVIDENCE 

Obviously computers, their operations and 
their ·products are all facts. In the trial of a 
case relevant facts are· usually admissible. 
Therefore in an appropriate case the output 
of a computer operation could be admissible 
as evidence to prove any relevant fact. If this 
is too obvious I apologize, but it is often over­
looked by lawyers and, when it is considered, 
it frequently is seen as a very difficult proce­
dure. Back in 1952 I had no difficulty in per­
suading a United States District Judge in San 
Diego that he should permit me to prove the 
results of a statistical analysis by an IBM elec­
tromechanical installation. It involved the 
processing of 10,000 Veterans Administration 
loan guarantee applications and without ma­
chine processing I am quite sure we would 
never have attempted to make the analysis or 
prove its results. It was very effective in win­
ning the trial, in.cidentally. 
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COMPUTERS TO PREDICT LEGAL 
CONDUCT 

The behavior of judges as judges, jurors as 
jurors and parolees as parolees are all in­
stances, also, of human behavior and as such 
are susceptible to the types of analysis available 
elsewhere in the behavioral sciences. When the 
computations become complex,and they very 
frequently do, it is manifestly useful to put 
the data into computers. Very useful results 
have been achieved by the California Adult 
Authority in predicting the conduct of parolees 
by this means. These have shown a significant 
improvement over informal intuition. A number 
of studies have developed quite promising meth­
ods for predicting the voting conduct of Su­
preme Court justices. As yet I know of no at­
tempt to predict the in-court conduct of trial 
court judges, such as myself, or of jurors, such 
as any of you might be, but both of these have 
been suggested and in all probability are ulti­
mately susceptible of as accurate estimates as 
either appellate justices or parolees. 

LOGICAL ANALYSIS AND SIMULATION 

If "the life of law has not been logic but 
experience" nevertheless even Justice Holmes 
who said this, would have conc'eded that logic 
has always had a place in that life. Digital 
computers operate on a system of logic into 
which at least some legal concepts can be trans­
lated and then be analyzed for internal con­
sistency. A model for such a procedure was 
worked out some years ago in connection with 
the drafting of an insurance contract. It is said 
of insurance contracts that, what the large 
print giveth the small print taketh away. Per­
haps computer analysis would make more ex­
plicit the real nature of the agreement. 

Substantive fields of law are extremely com­
plicated systems. An amendment of one por­
tion of the Internal Revenue Code, for in­
stance, can have quite unpredicted effects else­
where in the revenue laws or even in the field 
of contracts or of copyright. It is possible to 
translate the concepts of a legal system into 
machine manipulatable form and simulate the 
effects of amendments throughout the system. 
This is a wholly feasible procedure. I do not 
know that it has been applied. 

MACHINE PREPARATION OF 
DOCUMENTS 

Once again perhaps I should apologize for 
presenting a quite trivial example; I do so how­
ever because it is a case where several law 
firms are currently using components of com­
puter systems to do work-a-day tasks because 
they have tried them out and found them eco­
nomically advantageous. The preparation of 
many legal documents such as wills, trusts, 
contracts and so forth is usually done by 
dictating appropriate collections of form lan­
guage. I will not take your time to argue, as 
I could, that when this is well done the assem­
blying and modifying of such documents re­
quires a high skill. Whether creative work or 
hack work, it involves the typing of collections 
of largely standard text and then the retyping 
of largely the same text material with inter­
mittent corrections. Obviously, the tape driven 
and tape producing flexo-writer typewriters 
used as input components for some computer 
systems can be used as a cheap and reliable 
substitute for scissors and paste and in the 
redrafting of the documents can reduce the 
drudgery of proofreading enormously. In the 
two offices about which I have first-hand knowl­
edge, the first such typewriter was followed in 
less than a year by the purchase of at least one 
more. 

LAW LIBRARY RESEARCH­
INFORMATION RETRIEVAL 

By far the greatest amount of speculation, 
experimentation, and actual development work 
on the use of computers in law has been in the 
field of information retrieval. When a lawyer 
speaks of "research" he means library research. 
It is in this area that most of us first considered 
the likelihood of using computers. Our prob­
lems are not different in principle than those 
of any large information field. When we read 
the articles in _4 merican Docu.mentation, for 
instance, they seem quite relevant to our prob­
lems. 

Our existing library tools seem very defec­
tive to us as we work with them but when our 
discontent makes us study the matter we find 
that we have a better collection of existing 
library research tools than any other learned 
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discipline. This is doubtless the result of cer­
tain characteristics of our library that are of 
interest in considering how we might use com­
puters to help ourselves. First of all our col­
lection of information has a very large number 
of inquiries made of it. Second it is a very 
large collection which has a high, though n'ot 
exponential acquisition rate and a very slow 
rate of obsolescence. Storing and indexing of 
only current and future acquisitions would 
probably be of too little use to justify a com­
mercial venture so limited. For this reason the 
principal obstacle to any extensive testing has 
been the high cost of putting material into the 
system. But in spite of these problems a num­
ber of trial systems are in existence. There are 
in service already at least two indexing serv­
ices using the KWIC program. The most im­
pressive venture to date is the collection in 
machine readable form of the language of the 
entire text of the Pennsylvania statutes and of 
the statutes pertaining to health law of fifteen 
states. This material is currently being 
searched on a computer for statutes by calling 
out appropriate words from the unedited text. 
It has been of practical help not only for library 
research, but in legislative drafting. 

It may seem like a crude and unpromising 
procedure but there are many of us who think 
that it is very likely that in the end the most 
satisfactory system of searching legal materials 
will be just in this fashion of searching through 
the entire body of unedited text for appropriate 
natural language words or phrases in promis­
ing combinations. Weare not unaware of many 
theoretical difficulties that stand in the path 
of making such a system effective, not the 
least of which is the intentionally non-uniform 
vocabulary that characterizes our largest and 
perhaps most important corpus, the appellate 
court decisions. Nevertheless the great advan­
tage of having jndexing designed by the infor­
mation requester according to his ,actual needs 
rather then predesigned by an editor who must 
guess what the requester will want, seems to 
us to justify valiant efforts to develop strate­
gies for searching the raw text. 

COMPUTERS TO INDEX THE 
EVIDENCE FOR A TRIAL 

In routine litigation the lawyer's notes and 
memory are generally adequate to enable him 
to collect, marshall, present and argue from the 
evidence. But when a case gets up to say two 
weeks in length and most particularly when it 
involves the use of many documents the index­
ing problem becomes most burdensome. In the 
truly large anti-trust case, it is a fact that 
there is no lawyer on either side who has 
actually studied each bit of evidence available 
to his side. Indexing then becomes a necessity. 
Though not widely used, systems for indexing 
'the evidence of large cases by both computer 
and by the analogous punched card have been 
developed and there is little question that they 
will be increasingly used. 

Having outlined some of the more important 
areas where lawyers have believed or proved 
that computers could help them, I turn to my 
principal topic, the use of computers in the 
administration of justice in the trial court. 

COMPUTERS TO STORE AND SEARCH 
TRIAL COURT RECORDS 

The trial courts of our country receive for 
storage and internally generate and store stag­
gering numbers of words each business day. 
Take for example the Superior Court of the 
State of California in Los Angeles County, 
where I participate in this massive pack-rat­
tery. 

A recent civil case number in the Los Angeles 
Superior Court was 800,000. This numbering 
system does not include divorce, probate, crimi­
nal, and a number of other types of cases. 

An examination of a not untypical civil case 
file on my desk at the time I wrote this talk 
showed that it contained 156 32-line pages of 
typed material on 81/:/' X 13" paper. When the 
cover sheets, copies of the court's minutes, 
affidavits of mailing and primarily printed 
court forms are added to these it measures 11/8" 
thick at the binding. This case file did not yet 
include the findings of fact, conclusions of law 
and judgment. 
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In addition to the case file of court documents 
there is maintained: 

(1) An index to all cases by the names of 
the parties; 

(2) A docket which is a sort of ledger of all 
court transactions; and 

(3) A minute book which is comparable to 
the journal in an accounting system. 

I would not venture to guess as to the number 
of millions of words that are preserved by our 
County Clerk nor as to the number of new 
words added to his store every day. 

But these words have certain characteristics 
in addition to their numbers. First of all they 
are often very repetitive and are made up 
largely from a restricted vocabulary and are 
ordered, generally, by a somewhat special syn­
tax. Moreover, they are capable without loss 
of meaning of being made more orderly. Sec­
ondly, the collection is consulted very frequently 
not only by court personnel, but by the public 
at large. Thirdly, the rate of obsolescence is 
theoretically zero and for practical purposes is 
indeed very slow. 

Because the persons who use the indexes are 
accustomed to a pretty blunt instrument, and 
because the search is typically for one special 
case file only, a purely prospective program for 
storing and indexing the materials would prob­
ably be quite acceptable so that input could be 
integrated into daily operation of the system. 

The users of the existing index are not ac­
customed to paying anything for the . service 
they now get, and since the court is not ex­
pected to make a profit, the rationalization of 
a computer storage system will doubtless have 
to be reduction in operating costs or significant 
improvement in performance by the court. 

For the last two years the Los Angeles Su­
perior Court, under the direction of our Presid­
ing Judge, McIntyre Faries, has been cooper­
ating with System Development Corporation 
and the Law Science Research Center at UCLA 
in a study of our system to determine what 
kinds of economic or social payoff might be 
expected from the use of computers on our 
records or in our ·management. Mr. Eldridge 
Adams has conducted the study for SDC and 

Professor Edgar A. Jones, Jr., has represented 
UCLA on the project. I have been the chair­
man of the committee of judges who have been 
directly involved. The study is now being com­
pleted. It would not be appropriate for me to 
comment on it in detail but my reaction at the 
moment is quite consistent with the generally 
optimistic tone of this talk. 

I have said our present indexing is unsatis­
f.actory. This is how it works: 

If I know the name and number of a case I 
can in about 20 minutes of walking, searching 
through docket volumes and waiting at file 
counters, get access to most of the information 
about that case, although to be certain of each 
court action I might need to spend twice or 
three times this amount of time hunting 
through minute books. 

This is a typical access time to the records 
of a particular case when I know its full ad­
dress, that is, the case number. It may be half 
again as long if I know only the name of a 
party. 

This· is the nature of the problem of search­
ing our Superior Court records if I know the 
name of one or more of the parties. If I do not 
know this or the case number there is no way 
to get access to the file. It does not help me to 
know the names of both attorneys (assuming 
their private records are not available), the 
judge, every witness, and even the names of the 
bailiff, the clerk and each juror. It does not 
help me to know where the accident happened 
or wh_ere the parties were married or what the 
lawsuit was about. Unless I find someone who 
can say, "Oh yes, that was Smith vs. Jones" 
I will never find the file or its contents. 

I cannot by any means find out from the 
court records who has sued or h.een sued for a 
swimming pool accident or what lawyers end 
up representing most of the defendants who 
are bailed out by a particular bail bond broker. 

The probation department, both adult and 
juvenile, the conciliation counselors and the 
mental health counselors of the court collect a 
great deal of detailed information about in­
dividual cases. At the present time this is not 
being correlated in any significant fashion and 
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the task in Los Angeles County is probably 
beyond the capabilities of any hand-operated 
system. 

Let us assume that we could index the m.ate­
rial presently being collected by the courts on 
a variety of different dimensions, for instance, 
in addition to the individual parties to litiga­
tion we could index to the names of witnesses, 
attorneys, jurors, the judges, receivers, execu­
tors, and any other name which appeared in 
the file. Similarly we could index by types of 
persons. It would be interesting to know, for 
instance, some of the characteristics of the par­
ties to litigation, and certainly of jurors, and 
there might well be similar areas of interest 
relating to witnesses, lawyers, and judges. In­
dexing by the aspects of the litigation other 
than the parties is at least conceivable, for in­
stance, by subject matter, by procedural steps, 
even by minutes of proceedings and by judg­
ments either in civil, criminal, or other proceed­
ings both as to type of judgment, and amount 
of judgment. It is not at all difficult to envision 
the procedure for indexing the names of in­
dividuals involved, or of assigning to them the 
characteristics in which one is interested, such 
as, occupation, race, or similar classifications. 
The apparent difficulties in the way of indexing 
by procedural aspects are not as great as they 
would appear. The Probate Court of St. Louis 
County, Missouri, is at the present time making 
all minute entries by pre-punched IBM cards 
which are so coded as to punch out, not only 
the text of the minute order, but the fee in­
volved in that proceeding. The purpose for 
which they have adopted this practice is pri­
marily an accounting one, and it is not entirely 
clear to me what complications it has created 
in the functions of the clerk's office, but a cur­
sory examination of the forms which have been 
provided to me suggest that it probably simpli­
fies the clerk's function. Manifestly, if this 
aggregate detail can be placed in machine 
readable form, virtually every step of the 
court's activities could be made accessible. 

Some of the possible products of such ac­
. cessibility that occur to me, are the following: 

At the present time in the Los Angeles Su­
perior Court there are two privately operated 
services, o'ne of which gives information about 

the individual members of the jury panel to 
plaintiff's attorneys, and the other which gives 
similar information to defense attorneys. There 
have been some complaints about the existence 
of these services, but they are now well estab­
lished and have their duplicates in the District 

. Attorney's office and most of the busier prose­
cutive agencies. There is no similar service 
to the best of my knowledge for defense counsel 
in criminal matters. :Th'lanifestly, the court itself 
could collect this kind of information quite 
automatically if it recorded in machine read­
able form the names of trial jurors on cases, 
and if the service is available to one side of 
criminal litigation, there would seem to be some 
arguments for making it available to both sides. 
These jury "books" typically contain a small 
amount of background information on the in­
dividual juror, and a record of the cases on 
which he have acted, and occasionally specific 
items of information which have come to the 
attention of the lawyers which tend to disclose 
a specific bias. 

If you assume the desirability of a jury 
"book" is there not an equal need for a judge's 
"book" ? It is manifestly impossible for any 
attorney to have detailed knowledge from first 
hand experience about each of the 120 judges 
who regularly sit in our Superior Court, and 
certainly some estimation of how a judge would 
be likely to perform in a given case can be 
made with equal reliability based on years of 
recorded performance as can be done for a 
juror based on only a handful of trials. 

In this latter connection, there is a great deal 
of current interest in the bar and among judges 
in the problem of the disparity of sentencing. 
We are all conscious of the fact that individual 
judges vary extremely in various kinds of cases 
as to the sentences which they impose, and 
while I have never heard any lawyer argue for 
absolute uniformity of sentences, really gross 
disparities suggest that injustice must have 
been done. It would be extremely interesting 
to any judge sitting in a criminal department 
to be able to compare his sentencing patterns 
with those of his colleagues. Similarly, it would 
be extremely interesting to qualify the known 
disparity in sentencing in various parts of the 
country. '. 
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Even more troublesome than the question of 
the disparity of sentencing between judges, is 
the fact that the individual judge has virtually 
no means of determining afterwards what the 
effect of his sentence was on the individual 
defendant. He imposes the sentence and only 
in very rare cases does he thereafter hear of 
the man again. A similar problem is presented 
in other types of judgments which have a con­
tinuing effect, such as child custody orders. If 
the sentencing judge periodically had fed back 
to him the record of what has happened to the 
defendant after a sentence, it certainly could 
be expected that the judge could be benefited 
by the "feed-back." This is particularly true in 
the case where the judge experiments in a 
questionable matter with a probation type sen­
tence. 

At the present time, many courts keep rec­
ords of the productivity of the individual 
judges. This could be done in much more de­
tailed fashion and with greater ease by data 
processing procedures. It would be interesting 
to observe, for instance, how frequently judges 
resubmit cases in jurisdictions such as Cali­
fornia where the payment of the judge's salary 
is dependent upon the fact that he not have any 
matters under submission for more than 90 
days. Similarly, it might be possible to evaluate 
the effectiveness of individual ju"dges in partic­
ular kinds of proceedings such as pretrial 
hearings. 

If the individual judges are thus to be re­
vealed in that white light of subsequent anal­
ysis, is it not equally fair that attorneys be 
similarly treated? Conceivably, the statistical 
analysis of the judgments obtained by individ­
ual lawyers might blast some now impressive 
reputations. Likewise, by being able to get 
access to the files in which an opposing counsel 
had been involved, an attorney might very well 
obtain some valuable insights as to the likely 
strategy of his opponent. There have been 

.' instances when it was rumored that a substan­
tial amount of criminal business was obtained 
by attorneys as a result of illegal arrangements 
with bail bond brokers. A comparison between 
identity of bail bond broker and the attorney 
in a number of cases might show up interesting 
correlations that could be the basis for further 

investigation. Likewise, the suspected relation­
ship between attorneys and doctors in personal 
injury matters, and in adoption matters, might 
similarly be revealed or refuted. 

There are some persons whose occupation 
takes them into Court as witnesses on many 
occasions. It would be a favorable aid to an 
advocate to be able to obtain information as to 
testimony given by such persons in previous or 
similar cases. I know of one instance of a 
well-known forensic scientist whose testimony 
as to his technical qualifications was completely 
destroyed in one trial, and yet to the best of 
my knowledge he has continued to testify in 
many cases without this issue being raised 
again. 

The discussion earlier in this talk of the pre­
diction of the Supreme Court Justices' rulings 
suggests the possibility of prediction of the 
dollar value of trial court cases in advance of 
trial. Every lawyer, with greater or lesser skill, 
engages in the practice of placing a value on the 
cases which he tries, that is, endeavoring to 
predict the dollar value of judgments either by 
a court or by a jury. There is a surprising 
amount of agreement among experienced judges 
and attorneys on a case-by-case basis of the 
value of any particular claim, just as attorneys 
accustomed to consider constitutional law do 
particularly well in predicting the conduct of 
the Supreme Court without resorting to statis­
tical procedures. Nevertheless, even the limited 
success of the decision-predicting techniques 
developed to date suggests that more sophisti­
cated procedures might result in greater ac­
curacy than is given by the "hunch" of the 
specialist, and I can picture the court itself 
using the results for increasing the number of 
settlements by providing attorneys with a range 
of values for particular litigation. This would 
be most likely to be possible in personal injury 
cases and in domestic relations support orders. 

Courts are public agencies and are account­
able for the over-all' quality of their perform­
ance to the public and its representatives. This 
is not inconsistent with the demand that judges 
should be independent of pressure or public 
passion or prejudice in their decisions of cases. 
Case by case we have a duty to be independent; 
over all cases we are accountable for the quality 
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of our performance. My colleagues can be a 
testily independent group of men, I am happy 
to report to you, and they can respond with 
vigor to what they feel is uninformed criticism. 
I have never heard one who suggested that we 
were not subject to informed criticism, how­
ever. Over and over again the criticisms we 
receive are purported to be based on statistics. 
We examine the numbers and the logic of the 
statistics and usually we see that they are only 
a part of the story. Then we start the laborious 
task of assembling the meaningful numbers and 
weeks later we are able" to satisfy our critics, 
or at least the persons to whom we must account 
that the criticism as first phrased is not helpful. 
In the meantime the impression has often been 
created that in some particular where, in fact 
we are not subject to criticism, we have done 
wrong. 

This is not to suggest that we are never 
wrong, nor more so to suggest that statistics 
are not valid instruments by which to demon­
strate this fact. It is to say that in a contest 
between statisticians it is important to have a 
rejoinder ready at hand if the war is not to be 
lost in the first battle. 

The data required to analyze our perform­
ance, or to help us in our administrative deci­
sions, is to be found in our records. Or at least 
that is where we, and those who analyze our 
performance, have routinely looked for them. 
Experience has made us accumulate, on a 
routine basis, more and more detailed informa­
tion about our activity. But, this data collection 
is over and above our routine information 
storage procedure. In other words we do not 
record the significant events in an automatically 
retrievable form, but instead record it one place 
as a record and at another place as an item for 
statistical analysis. This has the readily recog­
nized but actually minor disadvantage that it 
requires extra personnel. The real flaw in this 
procedure is that it requires you to decide be­
fore you collect the data what events you believe 
will be relevant and significant. This decision 
must be made, of course, before calling out from 
a computer-readable store, data which has been 
stored as a part of record keeping, but the time 
delay could be enormously reduced and the 

varieties of choice for analytic procedures 
would be much greater. 

COMPUTERS AS AN AID IN COURT 
ADMINISTRATION 

The use of statistics to criticize or defend 
existing procedures is only a contentious vari­
ation on the much more important function of 
analyzing and selecting between procedures. 
Clearly greater and more rapid access to the 
facts of our operations should improve our 
understanding and enable us to improve upon 
our methods. 

The possibility of using such simulation pro­
cedures as PERT for analyzing the work flow 
of a large court calendar has been suggested by 
a number of persons and I believe has some 
merit. It has not been applied as far as I know 
There are two possible problems or limitations 
on its· usefulness that should be noted. The first 
of these is the relation between the cost of 
obtaining the input time range estimates and 
the value of the unit being estimated. It is no 
particular expense item to add one engineering 
man day per quarter to keep tabs on a million 
dollar component. It is a very different thing to 
add a similar expense to the cost of a fifteen 
thousand dollar law suit. 

The second reservation I would have is more 
fundamental. There is a serious doubt in my 
mind as to the extent to which the important 
problems of running our courts lie in the area 
of queveing or calendar programming. The big 
payoff, I suggest, would be in increasing the 
amount of time the judges and the jurors can 
be sitting in the courtroom and increasing the 
amount of work they can get out in a unit of 
courtroom time. 

We have the operations research tool and we 
should see if we can use it profitably, but I 
suspect it is not a tool designed to solve our 
biggest problem of delay in court. 

PROBLEMS AND PROMISES 

It would be presumptuous for me to tell this 
group what the problems are likely to be' in 
implementing the use of computers for trial 
court record keeping and management, but I 
will simply list some that occur to me. First the 
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problems to be solved in order to get a satisfac­
tory system in operation: 

(1) Rationalizing the cost. 

(2) Deciding whether to convert to machine 
readable form prospectively only. 

(3) Meeting the problem of inconveniences 
to the inquirer. 

(4) Integrating the system with those of 
related agencies such as Police, Proba­
tion, Adult Authority, etc. 

(5) Maintaining security of closed files. 
(6) Developing effective programs for (a) 

indexing, (b) statistical analysis, and 
(c) prediction. 

Second the problems created by greater access: 
(1) Difficulty of creating useful statistics 

without having them be used unfairly. 

(2) Increasing pressure for undesirable uni­
formity in sentences or other judgments. 

(3) Too much information about individuals 
eroding a way the privacy of a large 
society. 

(4) Unfair comparisons between productiv­
ity of individual judges. 

What are the likely social benefits of using 
computers in the trial courts? 

Economic savings? Perhaps, although I am a 
little skeptical. It has been suggested to me that 
in other computer installations the sale has been 
made on the basis of potential savings which 
have seldom been realized and the payoff has 
been in increased information. 

Increase in public confidence? We want our 
court to be a little conservative but not too 
much so. If they are able to integrate the com­
puters effectively, it may tend to make us feel 
that they are still able to deal with the problems 
of society. 

Reduction of the delay in the court's calen­
dar? Maybe a little. But, as I noted above, my 
suspicion is that the cause of delay is not in the 
calendar department, but in the trial depart­
m~nt. A really good record of how we do our 
business would, if my suspicions are correct, 
force us to stop focusing on the calendar flaw 
and turn our attention to how we try our cases. 

Behavioral science insights? This could well 
be the biggest benefit of all. If access to our 
records could increase our understanding of 
why the parties ever came to court in the first 
place, we might well be able to address the 
problems of court congestion at its social 
source. Historically, courts have focused their 
attentions on the most difficult and pressing 
then current social problems. This is inevitable 
given the court's function of determining other­
wise unresolvable conflict. rhe court's business 
today is primarily: with the automobile and its 
40,000 fatal accidents a year; with the dis­
integrating American family (in Los Angeles 
County last year there were 44,922 marriage 
licenses issued and 37,535 Domestic Relations 
actions filed-I make no guess as to the effect 
on either of these numbers of having Las Vegas 
as conveniently close at hand as it is) ; with 
crime and its essentially incalculable cost which 
is only suggested by the permanent presence in 
our prisons of nearly one-half million men and 
women and a nearly equal permanent jail 
population. 

Clearly the source of our crowded calendar 
is in our crowded society. We cannot complain 
of this. It is our stock in trade. But we could 
hope that if we understood better the cases we 
prove, we could reduce them to more manage­
able numbers. We judges have no fear of auto­
mation as threatening our security of employ­
ment. 
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INTRODUCTION 

When "computers" and "education" are men­
tioned together, one might visualize the com­
puter, as a tool for scientific research, as a 
teaching aid for instructing students in the use 
of computers, or as a device for helping in the 
business operations of an educational institu­
tion. In these three roles, the computer has 
amply demonstrated its utility. Few would ques­
tion that the computer is now an important 
adjunct of the university research program; 
that computers in schools are necessary for 
teaching our future generation of computer 
engineers, programmers, and computer users; 
or that a computer can do much to facilitate and 
to permit integration of the various business 
activities of a large school system. 

Although these have been the first uses of 
computers in education, investigators more re­
cently have been studying the possibility of em­
ploying computers in instructional and organi­
zational-administrative aspects of education. 
The explorations of these new applications of 
computer technology have been primarily stim­
ulated by some recent developments in instruc­
ticnal methodology and in organizational pat­
terns. The characteristics of these educational 
innovations must be understood before the com­
pute~ applications can be discussed. Therefore, 
this paper deals with (a) new developments 
in instruction and organization of schools, (b) 
the role of computers in implementing these 
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developments, and finally, (c) the implications 
of using computers in education. Although 
there is no sharp line of demarcation between 
the instructional and non-instructional aspects 
of education, for clarity we will discuss these 
topics separately. 

INSTRUCTIONAL ASPECTS OF 
EDUCATION 

Recent Developments in Instruction 

In considering a school, most of us envision 
a class of 30 to 35 students, the teacher at her 
desk or the blackboard, and the students at 
their individual desks. But modern technology 
is beginning to provide equipment that may 
well change this configuration. We shall discuss 
three of these technological innovations that 
are particularly pertinent to the topics of this 
paper: programmed learning, educational tele­
vision, and language laboratories. 

Programmed Learning. Programmed learn­
ing or, as it is more popularly called, the teach­
ing machine movement, has a very brief history, 
briefer even than that of the digital computer. 
As early as the 1920s S. L. Pressey13. 14 pub­
lished articles describing test-scoring devices 
which also performed teaching functions. Rel­
atively little interest was attracted, however, 
to the field until 1954 when B. F. Skinner 17 

published his article "The Science of Learning 
and the Art of Teaching." In this article Skin-
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ner described a device " . . . about the size of 
a small record player" which presented prob­
lems or questions, gave immediate reinforce­
ment for correct answers, recorded errors, and 
made provision for the individual to progress 
at his own rate. The programmed learning 
movement, as it has developed over the past 
few years, can really be said to have had its 
beginning with this paper. 

By programmed learning, we refer to the 
autoinstructional procedure wherein the stu­
dent studies materials (programs) which have 
been carefully prepared and organized in se­
quential steps with each step being set off in 
a separate rectangle called a frame. Some 
frames contain statements together with ques­
tions based on these statements; other frames 
simply contain statements; and still other 
frames contain answers to questions. The 
frames appear one at a time either in a text 
or in a machine viewer. 

Programmed learning involves four features: 
first, it presents the material in a carefully 
organized, closely controlled manner; second, it 
asks questions; third, it provides for student 
response; and fourth, it provides a way for 
the student to check his answers. Since the 
material in programmed learning is autoin­
structional, the student proceeds at his own 
rate. Thus, the bright student who reads and 
computes quickly is able to move .ahead more 
rapidly than those students who do not. On 
the other hand, students are not forced to go 
on to new concepts until they have fully mas­
tered previous ones. The provision for student 
response forces the student to be an active par­
ticipant in the learning situation and prevents 
him from simply daydreaming his way through 
the material. Providing the student with the 
answers to questions gives him immediate feed­
back about the correctness of his response. 

Programmed learning is essentially of two 
types, linear and branching. In the pro­
grammed-learning field, linear programs are 
programs in which each student goes through 
the same sequence of frames. Branching pro­
grams are those in which different students may 
study different sets of frames depending upon 
their answers to questions in the programs. 
Like the tutor, the branching program responds 
differentially to individual students. Thus one 

student who learns the material very easily may 
study only a relatively few frames. Another 
student who has some difficulty with a particu­
lar part of his material may be branched 
through remedial sequences to give him a fuller 
understanding of this section. A third student 
may be able to answer almost all of the ques­
tions correctly but when asked how well he 
thinks he is doing indicates that he would like 
to have some remedial work on either all or 
part of the material covered. In this instance, 
he is branched by his own request to new pres­
entations of the same material. Programmed 
learning, then, introduces a new concept to 
education: the student can study material so 
prepared as to give individual tutoring with a 
minimum of attention from the teacher. 

Educational' Television. The term "educa­
tional television" refers to a great range of ac­
tivities. It may be either open or closed circuit. 
I t may be broadcast from a large studio in a 
metropolitan center and carried over a number 
of channels in many different cities, or it may 
be televised from a small room in a local school 
district and received by only a few receivers 
in the schools of that district. It may be a year­
long course in some subject such as physics, 
or it may be a series of relatively unconnected 
20- or 30-minute programs. The producer­
director may be a person with relatively limited 
experience in the local district, or he may be a 
career professional with many years of ex­
perience in a metropolitan center. The actors 
may be teachers whose primary responsibility 
is classroom teaching with television being a 
side line, or they may be paid professionals who 
mayor may not have appeared as a teacher in a 
classroom. 

Some local districts own their educational 
television facilities; others use the programs 
broadcast from other sources; and still other 
districts make no use ~t all of educational televi­
sion. An example of al small school district that 
uses television rather extensively is the Weber 
District in Ogden, Utah. The Weber District 
has 17th hours of television time available every 
week at the elementary level and would like 
even more. For any given grade level this 
amounts to from two to four hours per week. 
The basic philosophy of this program is to en­
rich, supplement, and motivate. In very few 
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cases does television become the total teacher. 
In fact, Weber District personnel feel that the 
success of even the best television programs 
depends upon the role that the teacher plays in 
integrating the program into the course. 

In addition to the open circuit which broad­
casts elementary and junior high school pro­
grams, in each of its two high schools the Weber 
District has a closed circuit which is used in 
English, social studies, science, and mathe­
matics classes. In the Weber District and else­
where, students give indication of liking televi­
sion instruction, not as a steady diet, but as 
it is currently used they feel it adds materially 
to their education. Moreover, studies indicate 
that children learn well using television. 

Language Labor-ator'ies. A language labo­
ratory is a facility in which a student can 
receive individual instruction in both speaking 
and listening comprehension of a foreign lan­
guage. The students listen to a foreign lan­
guage spoken by a model, presented through a 
series of tape recordings. The student can also 
speak and compare his speech against a cri­
terion. In some instances, his speech is recorded 
and he can compare the recording against the 
criterion. In other instances, he simply speaks 
and hears his own voice directly against the 
recorded criterion. 

Language laboratories have proved to be 
very successful in teaching listening and speak­
ing, and they are widely used to supplement 
the live teacher in foreign-language instruction. 

In most schools at the present time the three 
innovations just described-programmed learn­
ing, educational television, and language labo­
ratories-are used in fairly traditional class­
room settings. However, revolutionary uses, 
including computer control of these instruc­
tional devices, are being considered. Research 
projects involving experimentation with such 
uses are described in the next section of this 
paper. 

Role of Computers in Implementing Instruc­
tional Innovations 

Although a number of organizations, includ­
ing International Business Machines,18 Bolt 
Beranek and Newman,12 and Thompson Ramo 

Wooldridge3 have been experimenting with the 
use of computers in instructing students, we 
shall limit our discussion to the activities of two 
of these groups-System Development Corpora­
tion and Coordinated Science Laboratory of the 
University of Illinois. 

CLASS. CLASS stands for Computer-Based 
Laboratory for Automated School Systems and 
is a facility developed and operated by System 
Development Corporation.5 The CLASS facility 
is not considered a prototype of a school system 
but is devoted rather to educational research 
in a system context. The laboratory permits the 
integration of (1) individual student automated 
instruction, (2) group instruction, both auto­
mated and conventional, and (3) centralized 
data processing- for administration, guidance, 
and planning functions. For flexibility, the cen­
tral control of the laboratory is exercised by a 
digital computer, the Philco 2000. Various in­
novations in instru·ctional load, administrative 
data processing, and counseling procedure can 
be provided by computer program modification. 
The facility itself consists of an administrative 
area, a counseling and observation area, and 
an automated classroom area. Individualized 
automated programmed instruction is made 
possible through electronic components on each 
student's desk. Each student has two compo­
nents a film viewer and a multiple-choice re­
spons~ device, connected to the computer 
through a buffer system. Each student response 
is checked for correctness by the computer, and 
the appropriate feedback message is trans­
mitted. 

A cumulative record is kept of the student's 
performance on each of the topics. These per­
formance measures include the student's re­
sponse time, error count, and pattern of errors. 
If a student's performance falls below an ac­
ceptable level for a topic, the student is 
branched or detoured to a special set of reme­
dial items on that topic. 

The student may be taken through the entire 
remedial routine or may be brought back sooner 
to the basic series if he performs well on the 
remedial set. If he makes a good record on any 
given topic demonstrating by his overt be­
havior that he understands that topic, he may 
not be branched at all but may proceed rap­
idly, skipping some material as he proceeds. 
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In the CLASS facility, the teacher has four 
sources of information available to monitor 
student learning behavior: (1) a teacher's dis­
play console, (2) an educational data display, 
(3) a response device similar to the student's 
unit, and (4) a film viewer for monitoring the 
educational program. 

The teacher's information sources permit him 
to locate students who are having difficulty, call 
up supplementary information about students, 
and to follow a student step by step through his 
lesson material. To initiate a period of auto­
mated, individual instruction, the instructor in­
puts the student assignments from punched 
cards and activates the first action button. This 
causes the student history tape to be brought 
into the computer memory indicating the stu­
dent's IQ, his previous grade record, and where 
he is in his lessons. Another magnetic tape is 
read into the computer assigning the day's les­
sons to each student. With the assigned lesson 
thus available the student can begin his work 
with the teacher monitoring via his automated 
devices. 

As has already been stated, CLASS flexibility 
provides students with the opportunity of work­
ing individually at self-paced speeds on differ­
ent material, in large groups or in mixed groups 
where some are individually tutored and others 
receive group instruction. In all cases, however, 
continuous computer analysis of student per-' 
formance provides the teacher with cross-diag­
nosis of student weaknesses. The teacher is thus 
liberated from most record-keeping and paper­
grading, no matter what the mode of instruc­
tion. 

In the group mode of instruction, the TV 
screen and speaker serve as a common group 
output for different kinds of audio-visual pres­
entations. The audio-visual system incorporated 
in CLASS is modeled after one proposed for 
the University of California at Los Angeles, 
which offers remote controls and slide and film 
projectors. This system enables the teacher to 
(1) call up films or other displays from the 
front of the classroom, (2) stop the display 
wherever appropriate for group discussions, 
(3) repeat short film strips or sequences of film 
when needed for repetitive learning, and (4) 
select a particular slide on command. I t also 
provides the important capability of scheduling 

and calling up displays at the moment they are 
appropriate to the topic being taught. In short, 
a laboratory such as CLASS enables us to try 
out educational ideas and developments before 
implementing them on a large scale. Techniques 
and procedures can be tested frequently enough 
to determine which procedures will be most ap­
plicable to the actual school setting. 

PLATO. PLATO, which stands for Pro­
grammed Logic for Automatic Teaching Opera­
tions, is another laboratory for educational re­
search. I It uses an ILLIAC computer-controlled 
system of slides, TV displays and student re­
sponse panels for simultaneously instructing a 
number of students. (Initial work has been with 
only two student stations.) It is part of the 
Coordinated Science Laboratory of the Univer­
sity of Illinois. 

In the PLATO system, the computer accepts 
each student's request in sequence, but because 
of its high speed students can be served without 
noticeable delay. Each student has a key set and 
a television set. The key set, used by the stu­
dent to communicate to the central computer, 
has keys of two types: character keys, such as 
numerals, letters and other symbols; and logic 
keys such as "continue," "reverse," "help," 
"judge," and "erase." These logic keys are used 
by the students to proceed through the instruc­
tional material. From the student's response or 
from the position he has reached in the pro­
gram, information is selected by the computer 
for display on the student's television screen. 
This information has two sources: (1) a cen­
tral slide-selector, and (2) an electronic black­
board. Although a single slide-selector is 
shared by all students, each student has inde­
pendent access to any slide. Each student has 
an . electronic blackboard on which the central 
computer can write characters and draw dia­
grams. Information unique to a student, such 
as his answer to a question, is written on his 
own blackboard by the computer. The images 
from the slide-selector and the blackboard are 
superimposed on the student's television screen. 

Each lesson is divided into a main sequence 
and a number of help sequences. The main se­
quence is designed as a minimum instructional 
program which is presented to all students. 
Help sequences are available for students who 
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need assistance in answering questio.ns fro.m 
the main sequence. These help sequences typ­
ically present further info.rmatio.n and leading 
questio.ns which are helpful in finding the co.r­
rect answer to. pro.blems fro.m the main se­
quence. 

The student may use the "co.ntinue" and "re­
verse" butto.ns to. mo.ve fo.rward and backward 
through the material. Ho.wever, when a ques­
tio.n is asked by the co.mputer, the student must 
answer that questio.n co.rrectly befo.re he is al­
Io.wed to. pro.ceed. After inserting the answer 
to. a questio.n, the student pushes the "j udge" 
butto.n and the co.mputer writes "OK" o.r "NO" 
next to. the answer. If the answer is co.rrect, 
the student may pro.ceed. If the answer is in­
correct, the student may erase his wrong an­
swer and try again. Or he can ask to. see the 
help sequence by pushing the butto.n labeled 
"help." 

While the student is pro.ceeding thro.ugh the 
lesso.n material, the co.mputer is keeping de­
tailed reco.rds which are essential fo.r evaluating 
instructio.nal material and fo.r pro.viding info.r­
matio.n fo.r future system design. 

ORGANIZATIONAL AND ADMINISTRA­
TIVE ASPECTS OF EDUCATION 

As has been indicated in the preceding sec­
tio.n, such inno.vations as educatio.nal televisio.n, 
language laborato.ries, and pro.grammed teach: 
ing have o.pened the way to. alternative instruc­
tio.n appro.aches. Unfo.rtunately, the traditio.nal 
school canno.t be readily adjusted to. acco.mmo.­
date these innovatio.ns. With its students di­
vided into. classes all the same size, Io.ck-step­
ping their way thro.ugh the curriculum, the typ­
ical public scho.o.I has maintained a structure in 
which o.nly mino.r mo.dificatio.ns are Po.ssible. 
Furthermo.re, even mino.r changes in an o.ngo.ing 
pro.gram o.ften face majo.r o.bstacles which pre­
vent their implementatio.n. 

Pro.blems asso.ciated with inno.vatio.ns are no.t 
unique to. educatio.n; large industrial and mili­
tary o.rganizatio.ns have faced similar difficul­
ties.7• H. lJ In such fields, studies attempting to. 
reso.lve implementatio.n o.bstacles and related or­
ganizatio.nal pro.blems have resulted in develo.P­
ment o.f extremely effective techniques fo.r ana­
lyzing systems and fo.r intro.ducing changes to. 

these systems. These recently develo.ped tech­
niques appear to have applicatio.n to. a wide 
range o.f systems, including scho.ols.Io,19 

Recent Developments in School Organization 

Thro.ugh the inno.vatio.ns that have beco.me 
available to. educatio.n in recent years, a single 
teacher in a central studio. can give a lecture o.r 
demo.nstratio.n visible and audible to. hundreds 
o.f students in numero.us classro.o.ms in each of 
many scho.o.ls; o.r the teacher in a given class­
ro.o.m may wo.rk with o.ne student while o.thers 
are pro.ceeding at their o.wn pace with pro.­
grammed materials; o.r teaching teams can be 
fo.rmed so that while o.ne teacher is lecturing 
to. a large gro.up o.f students, o.thers can be pre­
paring fo.r future lesso.ns. 

Bo.lstered by such inno.vatio.ns, so.me scho.o.I 
administrato.rs have been experimenting with 
the structure o.f scho.o.ls. One such variation in 
o.rganizatio.n, the Trump Plan, with its empha­
sis o.n team teaching, o.n multisized gro.upings, 
and o.n use o.f clerks and teacher aides, has been 
intro.duced in a number o.f scho.o.ls. One o.f the 
mo.re pro.mising directio.ns being attempted is 
the experimentatio.n which so.me scho.o.ls are 
co.nducting to. pro.duce greater individualizatio.n 
o.f instructio.n. 

Experimenting with the o.rganizatio.n of a 
scho.o.I presents many difficulties and can be ex­
pensive; hence, even in those districts where 
plans are given Io.ng and careful co.nsideratio.n 
kno.tty pro.blems are faced. Description of 
three schoo.ls experimenting with their o.rgani­
zatio.ns will illustrate types o.f innovations and 
so.me o.f the pro.blems that are develo.ping. 

School 1. An eastern high scho.o.I which re­
cently received natio.nal publicity is permit­
ting students to. progress at different rates 
thro.ugh the curriculum. This has been ac­
co.mplished by describing each co.urse as a 
series o.f study units; dividing students ac­
co.rding to. ability and then further subdivid­
ing each class homogeneo.usly, much as an 
elementary schoo.l teacher do.es; helping each 
subgro.up to mo.ve at its o.wn rate through the 
units of study in a co.urse; and defining com­
pletio.n o.f the co.urse as mastery o.f all the 
units and passing o.f a final examination. 
Thus, o.ne student gro.up may co.mplete a 
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course in six months while another requires 
fifteen months. A student who moves at a 
rate different from the rest of his subgroup 
is placed in a more appropriate group. 

Student progress is reported in terms of 
(a) extent of progress and (b) quality of 
work. Thus, each parent is informed how 
far his child has progressed in each subject 
and also how thoroughly he has mastered the 
work covered. 

School 2. The personnel of a junior high 
school in southern Los Angeles County are 
attempting to provide individualized instruc­
tion at the ninth-grade level in a manner quite 
different from that of School 1. Children all 
spend the same amount of calendar time on 
a course, but the daily time units may vary, 
thus providing opportunity for such elective 
activities as special science projects, typing, 
or remedial or speed reading. To effect this 
plan, the ninth grade is rescheduled each day 
in the following manner: 

a. The school day has been divided into four­
teen 20-minute time modules with five 
minutes between modules. 

b. Every day each teacher submits a time re­
quest for four days later, indicating the 
number of modules needed for each class. 
(The day the teacher turns in the request 
will be referred to here as Day 1 and all 
subsequent days will be numbered from 
there.) 

c. On Day 1, team leaders, using the teacher 
time requests, assemble a schedule unique 
to Day 4. This schedule is then repro­
duced. 

d. During the first time module of Day 2, 
the students meet in groups of 20 with a 
teacher-counselor and each student pre­
pares his personal schedule for Day 4 in 
quadruplicate, using pressure-sensitive 
paper. The student first registers for mod­
ules which his teachers have requested and 
then registers in the remaining modules 
for activities of his own choosing. 

e. During Days 2 and 3, the teacher­
counselor checks the schedule for every 
student to determine whether he is prop­
erly registered for Day 4. 

f. On Day 4, the student carries his sched­
ule with him so that each teacher may 
stamp it to indicate attendance. 

g. The stamped schedules are collected cen­
trally and checked to insure that each 
student has been present for each se­
lected activity. 

School 3. At the present time, a strikingly 
different plan is being prepared for a high 
school in eastern Los Angeles County. While 
this school will not be operational until 1964, 
education and building plans are both being 
advanced rapidly. The Continuous Progress 
Plan, described by Read and Crnkovic,15 
forms the basis for the educational plan being 
developed. This plan is designed to permit 
students to move at their own rate through 
the curriculum. To achieve this goal, instruc­
tion is oriented around individuals and small 
groups. The physical plant will have a large 
central room with individual study stations 
(carrels) where it is estimated each student 
will spend from 50 to 70 per cent of his time. 

While instructional procedures will vary 
from course to course, a typical academic 
course will proceed somewhat as follows: 
Those students ready to begin the course at 
a particular time will go to a small lecture 
room where a teacher will introduce the 
course, outlining content, procedures, etc., 
answering questions and leading discussion. 
At the conclusion of this introduction, ap­
propriate materials will be issued to each 
student and he will proceed to individual 
study in his carrel using programmed mate­
rials, library resources, etc. As a student 
completes each instructional unit in a course, 
his 'York will be evaluated and, if it is judged 
satisfactory, the student will have the next 
unit introduced to him. In addition to the in­
dividual and lecture-discussion work of the 
course, small groups of students will also 
complete appropriate group projects and will 
participate in seminars and other group ac­
tivities. 

Student registration will be an individual 
matter and may occur at any time during the 
year. Registration will take place most fre­
quently at the time of completion of a course, 
but it may also occur at other times. 



THE COMPUTER IN EDUCATION MALEFACTOR OR BENEFACTOR 625 

Each of the three schools just described is at­
tempting to make better provision for individ­
ual differences. The solutions developed differ 
greatly in some respects but are parallel in 
others. Schools 1 and 3 provide for a differ­
ence in course calendar time, while School 2 
requires that students spend the same calendar 
time in a course but permits the daily period to 
vary. Schools 1 and 2 retain traditional class 
groupings, but School 3 considers the individual 
to be the unit. Traditional instructional mate­
rials and media are used in Schools 1 and 2, 
but School 3 will employ programmed instruc­
tional materials, film strips and other innova­
tions. 

The three schools described share some inter­
esting and perplexing problems. Two of par­
ticular interest to us are: 
(1) Scheduling, typically a relatively simple 

matter occurring only twice a year, be­
comes much more complex. How can this 
problem be solved so that a minimum of 
teacher-administrator time is required? 

(2) Student progress, once controlled by the 
student's schedule and by his teachers, now 
becomes an open problem. Especially in 
School 3, how can there be assurance 
that students are progressing at rates and 
in directions commensurate with their abil-
ities and interests? -

Role of Computer's in Implementing 
Oiganizational Innovations 

Although computer uses in education have 
been limited in the past, even a cursory con­
sideration of the needs of the three schools just 
described indicates that a computer could be 
of real value to them. Of the various needs 
which a computer could fill in a flexibly organ­
ized school such as School 3, using the Continu­
ous Progress Plan, we shall briefly discuss two: 
(a) command and control, and (b) guidance 
surveillance and detection. 

Command and Contr'ol. "Command and con­
trol" is a phrase which is rarely used in edu­
cation. In fact, the two separate nouns carry 
a negative affect value for most educators. How­
ever, if we view much of what takes place in 
the administrative aspect of education, we must 
certainly come to the conclusion that the com-

mand-and-control function is extremely impor­
tant. For example, the whole processes of hir­
ing, purchasing, and scheduling involve com­
mand-and-control functions. For our purposes 
here, we shall limit our discussion of command­
and-control processes to scheduling. 

In a school utilizing the Continuous Progress 
Plan, scheduling will be a much more complex 
problem than in a traditional school. Under 
this plan, scheduling will exist at a number of 
different levels. 

(1) The first level of scheduling, that of as­
signing students to courses, will be somewhat 
parallel to scheduling in the traditional schools. 
However, under the Continuous Progress Plan, 
the procedure should be somewhat easier since 
the space limitation will not be as rigid as in 
a traditional school. 

(2) The second level of scheduling under the 
Continuous Progress Plan will be assigning 
specific facilities to students on a day-by-day 
basis. For example, there will be a limited 
number of stations in the language laboratory. 
If students are to have some freedom in when 
they use the language laboratory, scheduling of 
the stations must take place. The same is true 
of various other items of equipment sueh as 
bunsen burners in the chemistry laboratory and 
duplicating equipment in the business-educa­
tion laboratory. In a traditional school, this 
individual - student - matched - with - a - piece -
of-equipment type of scheduling is handled by 
the teacher concerned. Under the Continuous 
Progress Plan, this kind of scheduling must be 
much more flexible and hence could probably 
be '-handled better on a day-to-day basis with 
some sort of central control such as could be 
provided efficiently with data-processing equip­
ment. Students might turn in their specific re­
quests each day; these could then be scheduled 
and each student's printed _schedule handed 
back to him the next morning on his arrival 
at school. 

(3) The third level of scheduling is substan­
tially more complex than either of the other 
two and is the type of scheduling that occurs 
with relative infrequency in a traditional 
school. This level involves forming subgroups 
of students with similar problems and with 
other characteristics which the teacher may 
desire. For example, let us suppose that a 
teacher of algebra wants to form groups of 
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students to discuss quadratic equations. Sup­
pose also that in a given period of time 20 
students need the teacher's help on quadratics. 
This is more than the maximum number that 
the teacher wants to work with at one time and 
also, incidentally, more than the number that 
can be accommodated in one of the teaching 
studios. The teacher might earlier have given 
the instruction that if more than a particular 
number of students need a discussion of a spe­
cific topic on a given day, these students will 
be subdivided according to their immediate past 
history of success in the subject matter. When 
this general rule has been specifically stated, 
the computer, of course, can make the assign­
ments as needed. 

This type of subgroup formation would be 
impossible for the individual teacher to accom­
plish, and real coordination across subject mat­
ter areas would be impossible without the fa­
cilities of a high-speed computer. 

Guidance Surveillance and Detection. The 
counseling function, as it operates in the tradi­
tional secondary school, does not appear to max­
imize the use and processing of student infor­
mation. More efficient operation would be pos­
sible if the following factors were taken into 
consideration.6 

The Continuous Progress Plan s~ems to pro­
vide a kind of environment in which the stu­
dent's awareness of his responsibility is greatly 
heightened. The lock-step system, on the other 
hand, provides a learning environment in which 
the student can more readily project the re­
sponsibility for learning onto the teacher; by 
keeping students close together in progress, it 
reduces the wide differences that will emerge 
when motivation is allowed a free rein. The 
lock-step system can help to engender an atti-

tude of "I'll do as little as I have to." How­
ever, early experimental work with the Contin­
uous Progress Plan indicates that many stu­
dents express a wish to return to the old sys­
tem in which the teacher continually told them 
what to do. This heightened awareness of their 
responsibility is indicated by expressions of 
guilt about not applying themselves. There 
seems to be a consciousness of the fact that it 
is they themselves and not the teachers who 

are suffering the greatest loss when this re­
sponsibility is ignored. 

In short, it seems evident that the learning 
conditions created by the Continuous Progress 
Plan will result in an increased need for coun­
seling. As student awareness of the responsi­
bility for learning increases in the presence of 
poor learning habits and attitudes, students will 
experience greater conflict and psychological 
tension. If the procedures do not provide for 
counseling where it is needed, the increase in 
disturbance may result in the development of 
maladaptive ways of solving the problem. Thus, 
if the system is not sensitive to the perform­
ance of students and appropriate action is not 
taken early, the Continuous Progress Plan may 
repre3ent a negative learning experience for 
seme students. 

A guidance surveillance and detection system 
should serve a range of functions all the way 
from (1) checking on a student to insure that 
he carries out a task he has been instructed to 
do, to (2) accepting student requests for help, 
to (3) frequently sensing or evaluating whether 
a student is meeting normal expectations in his 
academic achievement. If this third function is 
to be performed, one of the more significant 
steps of the school should be an establishment 
of a reasonable expectancy level for the student. 
This expectancy level can then serve as a guide 
to the student, to his teachers, and to the guid­
ance surveillance and detection system. 

In essence, the guidance surveillance and de­
tection system should facilitate the functions of 
surveillance and detection of trouble. It should 
maintain an accurate and up-to-date record of 
each student in relation to such critical ques­
tions as whether the student is achieving at 
his expectancy level. In a very general sense, 
the system should function in accordance with 
the flow diagram in Figure 1.* First, the in­
formation pertinent to a question is collected 
(1). Then the information is analyzed (2), and 
a decision is made about whether the student 
needs help or not (3). If help is needed, the 
appropriate personnel are alerted (4), and the 
information describing the problem is provided 
(5) . If no help is needed in relation to the 
question, the system carries out the same steps 

* Figure 1 was developed by Dr. John F. Cogswell of 
System Development Corporation. 



THE COMPUTER IN EDUCATION MALEFACTOR OR BENEFACTOR 627 

Collect all Does 
information Analyze 

student START - related to the 

T <luestion X data 
1 2 

Yes 

Alert the 
appropriate 
personnel 
of trouble 

4 

Provide 
description 
of trouble 

5 

Collect all Does 
information Analyze 

student related to the 
need help? 

<luestions x1--m data 
8 

6 7 

Yes 

Alert the 
appropriate 
personnel 
of trouble 

1 

Provide 
description 
of trouble 

10 

Figure 1. General Flow of Guidance Surveillance and Detection Function. 
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in terms of all other questions that need to be 
asked (6-10). When all the questions have been 
answered, the cycle is repeated to keep the 
function updated in relation to new informa­
tion that may reflect dynamic changes. 

Role of Computers in Designing 
New Educational Systems 

At the present time the typical procedure for 
designing a new educational system is for an 
educator who is dissatisfied with the outcomes 
of the system with which he is working to try 
to think through a better system. He then 
checks this new system with his faculty and 
various other educators, secures community 
support, and installs the new system. For a 
system simpler than that of a school, these 
procedures might work effectively. In fact, in 
some instances educators are relatively success­
ful in redesigning new systems for their schools. 
Typically, however, many unanticipated prob­
lems arise. Because these unanticipated prob­
lems can result in costly revisions and poor re­
sults, some groups are now experimenting with 
computer simulation of schools to enable an in­
expensive testing or study of the new system 
before it is actually implemented.2, 4, 16 

If a school is simulated, the model should 
probably involve computer representation of 
students, teachers and other school personnel, 
curriculum, space, and equipment. A simulation 
model of a school should be sufficiently flexible 
to accomplish many purposes. ll For example, 
representation in the model should be possible 
for each of the three schools described earlier 
in this paper. In addition to representing a 
number of different school organization pat­
terns, a generalized model of a secondary school 
should permit the investigator to employ and 
study a wide range of theories, theories about 
students and their behavior, about instruction, 
and about school organization and management. 
If the goals are to be attained, the model must 
be able to construct and manipulate student 
groups varying greatly in size; it must be able 
to depict students being registered individu­
ally as the need arises, all being reregistered 
each day, or all being reregistered each semes­
ter; it must have the capacity to cope with a 
school day consisting of short moc1ules; long 
modules, or periods of varying lengths; it must 

be able to represent students always studying 
under the direct guidance of a teacher and stu­
dents studying alone with the capability of re­
questing help as needed; it must able to show 
both degree of achievement and sp~ed of prog­
ress for each student; it must have very few 
rules governing its operation as a school and 
it must be able to accommodate many different 
rules as desired by the investigator; it must be 
able to represent students with no predeter­
mined characteristics which influence outcomes 
and those having a variety of traits affecting 
their school progress; and it must be able to 
show the changes in the student as he pro­
gresses through the curriculum. 

If an educator, in attempting to design a 
new system, had access to a computer model 
such as is mentioned here, the chances of his 
producing an effective and efficient shool sys­
tem would be greatly improved. 

IMPLICATIONS OF THE USE OF 
COMPUTERS IN EDUCATION 

In this paper we have attempted to outline 
a number of developments that are occurring 
in education, developments that are becoming 
available to those schools interested in consid­
ering change. We have also briefly examined 
some of· the experimental programs that have 
implications for the future in education. Both 
in the new technology that is now availaWe 
and in that which appears possible in the fore­
seeable future, problems exist that are of con­
cern to educators and noneducators alike. Sev­
eral of these problems might be mentioned 
briefly. 

(1) To what extent should teaching be di­
rected toward producing uniformity? In pro­
grammed learning, the assumption is inherent 
that students should all arrive at the same goal 
at the end of the lesson. The computer pro­
vides a particularly effective means for insur­
ing that the needed material is presented to 
each student in a sequence that insures that all 
will arrive at this same goal. Depending upon 
subject matter and on one's point of view, this 
mayor may not be good. If, for example, we 
consider certain elementary aspects of mathe­
matics, we might all agree that we want stu­
dents to arrive at the same answer: and a pro­
gram of teaching that enables each student to 
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secure this answer would be judged good. On 
the other hand, we may not want all students 
in a social studies class to arrive at the same 
conclusion. Diversity of opinion may be desired. 
Is there some danger, then, in our providing 
detailed assurance through programmed, com­
puter-controlled materials that all students will 
eventually reach the same goal? 

(2) At any given time, how much information 
should be available to one person about another? 
This question, of course, refers to the guidance 
surveillance and detection system. In our ear­
lier description of such a system, the positive 
results were given primary consideration. Along 
with the positive outcomes, however, perhaps 
we should consider the "big brother is watch­
ing" attitude which might develop both among 
school personnel and among students. In an 
idealized guidance surveillance and detection 
system, the person who has a need to know may 
be able to secure, with very little effort, ex­
tremely detailed information about a student. 
The student concerned may not want this per­
son to have that much detailed information. At 
the present time, relatively limited amounts of 
information are available and this information 
is difficult to acquire. With a highly organized 
guidance surveillance and detection system such 
information might be acquired much more 
readily. The degree to which this is desirable 
is open to question. 

(3) In a school making extensive use of tech­
nological innovations, with computer assistance 
in its operation, will there be a change in the 
role of the teacher? This is one of the questions 
asked most frequently in discussions of tech­
nology in education. Usually this question car­
ries two implications: first, that a reduction in 
pupil-teacher interaction will follow introduc­
tion of "machines," and second, that there will 
be a decreased need for teachers. With the in­
formation now available a definitive answer to 
this question is not possible. Certainly the 
teacher's role will be modified, but the extent 
and nature of the change are uncertain. In 
general, repetitive activities ranging from roll­
taking and attendance-reporting to presenting 
routine lectures and demonstrations will be 
most amenable and attractive to technological 
replacement. Activities which require constant 
thought and adaptability on the part of the 

teacher will be much less susceptible to new 
technological substitutions. 

(4) If teacher roles undergo metamorphosis 
because of computer-aided innovations, what 
training and retraining problems will result? 
As technological innovations are introduced, 
teacher-training programs will need to increase 
emphasis on how to make use of the new devel­
opments and on how to work with individuals 
and small groups. There will be a correspond­
ing decrease in emphasis on control functions 
of the teacher. 

(5) What will be the implications of new edu­
cational technology for school architecture? For 
a number of years foresighted school building 
planners have sought to construct schools with 
flexibility such that they could accommodate a 
variety of innovations. This flexibility has 
stressed interior walls that could be moved 
readily. In addition to even more readily adapt­
able space, future schools will certainly need 
greater provision for electronic equipment for 
administration, instruction, counseling, and for 
the various library services. 

(6) Will the educational community accept 
computer-aided innovations? The anSWfr here 
is "yes," but slowly and with reservations. In 
fact, the reservations will be so extensive and 
the progress so slow that some skeptics will feel 
that acceptance is totally lacking. However, a'S 
has been true with other developments, edu­
cators will gradually accept computer-aided in­
novations. Continued pressures of population 
jncreases, budget problems, and demands for 
more effective and efficient education will pro­
vide the needed impetus. 

Computers have contributed greatly in fields 
other than education and seem to hold similar 
promise as an aid both in developing and im­
plementing educational procedures and tech­
nology. However, problems such as those men­
tioned raise serious questions on specific com­
puter applications in education. 

SUMMARY 

In our paper we have outlined some recent 
developments in instruction and we have de­
scribed two programs in which computers are 
being used in work with instructional inno­
vations. We also have mentioned some recent 
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developments in school organization and have 
described possible roles for computers in im­
plementing organizational innovations. Finally, 
we have raised some representative questions 
which we think merit serious consideration 
concerning implications of certain educational 
innovations which are either facilitated through 
the use of computers or which are possible 
only through using computers. 
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COMPUTER-ORIENTED PEACE RESEARCH* 
Dr. Louis Fein, Consultant 

Palo Alto, California 

INTRODUCTION 

Imagine a management consulting and re­
search type of organization called, say, the 
Universal Study Center for the Salvage and 
Reorganization of Institutions in Imminent 
Danger of Destruction Applying Computers 
Wherever Feasible (USCSRIIDDACWF), 10-
tated on a planet in our solar system. Its serv­
ices are available for hire to planetary social 
institutions. One of its newly formed divisions 
called, say, the Peace on Earth Research Center 
(PERC), has on its staff historians, social 

scientists, physical scientists, artists, and mem­
bers of the computer profession. Suppose, fur­
thermore, that ~arth, a planetary social in­
stitution in imminent danger of self destruction, 
has called upon USCSRIIDDACWF to produce 
considered and documented alternative ad­
visory opinions on how Earth might prevent or 
indefinitely postpone its demise, and on how 
to establish conditions favorable to future 
Earth peace, health and prosperity. The con­
tract is assigned to PERC-the division of 
USCSRIIDDACWF specializing in Earth's 
problems. 

In the light of the combined experience of 
PERC's staff with the process of analyzing 
problems of institutions of many kinds and 
sometimes applying computers, to a wide 
variety of problems, how would we in PERC 
proceed on this assignment? What tasks and 

schedules would we allocate to individual PERC 
researchers? What kind of technical, political, 
and psychological problems should we expect 
them to encounter? What should we caution 
them about? What validated procedures and 
tested hypotheses may they use with a high 
confidence level? What kind of problems 
should we expect to be amenable to solution 
with present computers and programs? What 
kinds not amenable? What kinds of problems 
can people alone solve? What kind of problems 
are so far imponderable? 

Social and physical scientists have had a good 
deal of experience and some success in trying 
to solve moderately complex problems with the 
aid of computers. Regardless of how much 
more complex are the problems of attaining 
and maintaining world peace, the distinctive 
analytic approach to practical problems and 
computing instruments of computer-oriented 
analysts may. be fruitful in finding solutions to 
some of the problems of peace. 

Relevant Experience of Computer-Oriented 
Analysts to Peace Researcht 

The combined experience of computer­
oriented problem analysts has been gained 
prima' ily within the last decade in many fields, 
including banking, insurance, combinatorial 
mathematics, chemical engineering, and war 
gaming. We are quite familiar with the role 

*This is a revision of the author's paper "A Proposal for a Scientific Computer-Oriented Project on World Peace 
Research" that appeared in BACKGROUND; Journal of the Internat'onal Studies Association, Vol. 7, No.2, August 
1963. Excerpts from that paper are published with permission of the copyright owner: Institute for Research on 
International Behavior, 1600 Halloway A venue, San Francisco 27, California. 

t Expressions in parentheses in this section highlight the relevance of this experience to peace research. 
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of computers as problem solvers, as calculators 
and as simulators, emulators, and imitators. 
But computers play their most significant role 
as a socratic goad to analysis and problem for­
mulation. The mere attempt to decide how com­
puters may be helpful in a situation (e.g., iden­
tifying causes and preventives of war), stim­
ulates analysis of that situation often resulting 
in insights into solutions of problems not nec­
essarily requiring subsequent use of computers. 

Ascertaining the specific tasks for which 
computers may be helpful has turned out to be 
one of the last steps of long and tortuous se­
quences of events in company salvage and re­
organization programs. Clients (Earth) usu­
ally need established facts and solutions to 
problems obtained with or without the aid of 
computers. They appreciate computers as 
means, not as ends. 

Management consultants and system analysts 
have found a certain distribution of opinion 
among client managers and staff (national 
leaders and their counsellors) about the desir­
ability of calling in help at all. While admitting 
that their institution (Earth) is in trouble, 
some (statesmen and politicians) feel that they 
themselves could salvage the situation. To 
understate the case, such persons usually ,do 
not cooperate with outside helpers. Others 
accept outside suggestions with reservations 
only incidentally related to the good of the in­
stitution (Earth). If the outsiders' (PERC's) 
recommended reorganization, policies, and 
practices serve to maintain or enhance a man's 
(nation's) empire, position, prestige, or ego, or 
if the recommendations do not conflict with 
strongly held beliefs (ethos) then the sugges­
tion is acceptable; otherwise not. The attitude 
of such individuals (nations) will be somewhat 
cautious. 

In gathering background information, we 
should expect to find objectors among those 
(leaders, statesmen, politicians) who for the 
very first time will be asked to state clearly 
what they do, and why they do it in the way 
they do. Many conscientious and hard working 
persons have learned to cope satisfactorily with 
their tasks more or less empirically, making 
such fundamental inquiries unnecessary. As a 
critical analysis proceeds, and as rationales (or 
lack of them) are revealed, people feel threat'-

ened by the possibility of a further uncovering 
of their inability to give orderly and specific 
explanations of what they do, how they do it, 
and why. Since practitioners (leaders, politi­
cians, statesmen) have learned to do their jobs 
with a considerable investment of study, prac­
tice, money, and self-involvement, one should 
expect them to resent and reject what seem 
like attempts by outsiders to undermine their 
situation. Furthermore, a man who fears com­
puters will not respond in the same way as one 
who expects computers to make his work 
"right" and "efficient." These feelings will 
determine whether computers are acceptable at 
all, or whether they will be used exclusively, 
and will affect the credibility of results obtained 
with their aid. 

It would be wrong, of course, to hold that if 
only there weren't vested interests and fearful 
people, all problems arising in the salvage and 
reorganization of institutions (Earth) would 
be soluble, and that for most of these, computers 
and programs would be helpful. Even if we 
were unencumbered by conscious or unconscious 
sabotage, there are many tasks that can neither 
be satisfactorily performed by computers alone, 
by people alone, nor by both in combination. 
For example, while trying to identify the cur­
rent problems of an institution, one often finds 
that although clients can identify problem 
areas, they are hard put to state clearly specific 
problems within these areas. Problems (of the 
institution Earth) that can't be formulated 
cannot be attacked-let alone solved. But, even 
having well-formulated problems is no guar­
antee that they are soluble or, if soluble in 
principle, that a solution is practical. Many in­
stitutions are obsolete, i.e., their organizations 
and procedures are no longer equal to satisfy­
ing present needs for growth and prosperity. 
Solving even well-formulated problems in the 
context of an outmoded institution (social struc­
ture) is useless to the client (Earth); it can 
only show him how to solve yesterday's prob­
lems. 

Furthermore, well-formulated problems even 
of up-to-date organizations may be unsolvable, 
if no efficient method of solution is known or 
if the input data for what would be an efficient 
solution are irrelevant, inaccurate, or incom­
plete. For example, a highly placed administra-



ter in ene ef eur large cempanies is said to. have 
cemplained that he cannot perferm his well­
fermulated task ef planning fer the next five 
years because mest ef his department managers 
lie to. him abeut their present and anticipated 
situatien. In internatienal affairs, the head ef 
a gevernment weuld be hard-pressed to. make 
apprepriate decisiens if the reperts en lecal 
situatiens frem his ambassaders were falsified. 

Conditions for Solution of Problems 

Seme cenditiens under which preblems can 
be selved by human beings are: 

(1) The phenemena, behavier, er situatiens 
to. be centrelled, predicted, and under­
steed must be "lawful" rather than acci­
dental events; the "laws" may be em­
pirical, deterministic, er prebabilistic. 

(2) Human beings must semehew "knew" 
the laws, having ascertained them by in­
tuitien, by experience, by test, er by 
accepting the untested hypetheses er rev­
elatiens ef eracles, prephets, histerians, 
legicians, er philesophers. 

(3) The particular preblem to. be selved must 
be well-fermulated. 

(4) An efficient methed ef selutien must be 
knewn in a ferm that can be imple­
mented by human beings. 

(5) Relevant input data, sufficiently accurate 
and cemplete, must be available er in­
ferred as needed. 

If we supplement the human preblem selvers 
with cemputers (er substitute fer them alte­
gether) then similar cenditiens must ebtain : 

(1) The phenemena, behavier, er situatiens 
to. be understeed, predicted, and cen­
trolled must be cemputer medellable (er 
simulable) . 

(2) Analysts and pregrammers must seme­
hew knew the medel, having ascertained 
it by intuitien, by experience, er by test. 

(3) The particular preblem to. be selved mast 
be cemputer fermulable. 

(4) An efficient pregram fer selutien must 
be knewn and the cemputer must be ca­
pable ef carrying it eut. 

(5) Relevant input data, sufficiently accurate 
and cemplete, must be available er in­
ferred as needed. 
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A Hypothetical Peace-Research Program­
PERC 

A typical salvage and reerganizatien pre­
gram undertaken by management censultants 
who. already knew the nature (the "lawful­
ness") ef their client's business censists in gen­
eral ef six everlapping phases: 

(1) Identifying and accumulating relevant, 
substantiated, and accurate backgreund 
knewledge unique to. the institutien 
under study, to. previde the basis fer the 
subsequent diagnesing ef the ills and the 
prescribing ef treatments, 

(2) Diagnesing the reasens fer imminent 
cellapse ef the institutien, 

(3) Identifying cenditiens under which 
lenger-range success may be expected, 

(4) Inventing alternative strategies and tac­
tics fer the salvage eperatien, and esti­
mating their prebable success, 

(5) Inventing alternative strategies and tac­
tics fer the lenger-term reerganizatien 
eperatien, and estimating their preb­
able success, 

(6) Inventing and evaluating feasible reutes 
ef getting frem the present cenditien to. 
a desired set ef future cenditiens. 

If the nature ef the client's business is net 
knewn at the eutset, then gaining this knewl­
edge is the researcher's first cencern. 

Let us (PERC) plan a six-phase pregram 
whese results weuld be well-censidered, dec­
umented and tested theses en the preventien ef 
nuclear war and the establishment ef the basis 
fer future peace en Earth. In the first phase, 
backgreund data is gathered. This might in­
clude ascertaining the past, present, and near 
future values, meres, aspiratiens, needs, meti­
vatiens, beliefs, interests, attitudes, abilities, 
and physical and spiritual reseurces ef the na­
tiens ef eur client, Earth, ef the greupings 
within the natiens, and ef the individuals with­
in the greupings. We may also. have to. ascer­
tain past and present pelicies, strategies, tac­
tics, erganizatienal structures and precedures, 
and the ratienales ef all five ef these; first fer 
natiens, then fer greupings ef individuals, and 
finally fer individuals. We .may want to. char­
acterize these items still further by ecenemic, 
pelitical, ,secielegical, technelegical, psychelegi-
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cal, cultural, military, moral, ethical, ideological, 
legal, semantic and any other aspect required 
by the diagnosticians trying to identify and 
trace the causes of the present dire straits of 
Earth and required by the prescribers and ad­
ministrators of the palliatives and o.f the cure. 

The statement that diagnosticians and the 
prescribers of palliatives and cures determine 
the sort of data to be gathered, implies that 
Earth's illnesses are diagnosable and treatable, 
which in turn implies that world events and 
international and individual behavior are "law­
ful"; that we somehow know the "laws" or we 
can find them; that we can thus make valid 
inferences and derive useful conclusions with 
the aid of these "laws." Furthermore, if com­
puters are to be used as aids in diagnosing and 
prescribing, then the implication is that world 
events and international and individual be­
havio.r can be modeled and that computers can 
be programmed efficiently to investigate the 
properties of the model and thus to solve specific 
problems of war and peace. 

Unfortunately, it is by no means clear which, 
if any, of the phenomena and behavior patterns 
observed and studied in "peace research," do 
follow "laws" or which can be modeled. Nor 
do we know how to ascertain beforehand that 
they are either "lawful" or modellable. Those 
who would diagnose and prescribe treatment 
for the ills of the world must have an abiding 
faith in the "lawfulness" of world events and 
a conviction that, by intuition, experience, ex­
periment, or revelation, they have or can attain 
both a sufficient knowledge o.f those laws and 
of all necessary data to allow them to. make 
accurate diagnoses and to prescribe adequate 
cures. 

Indeed, there have been a large number and 
wide variety of theses purporting to specify the 
causes of war as well as the conditions fo.r world 
peace and prosperity. National and world move­
ments, and cults and cultures have sprung from 
some of these theses, advanced by Plato, Marx, 
Freud, Darwin, Buddha, Christ, Malthus, 
Thoreau, Moses, Ghandi, Nietzsche, Jefferson, 
and others. Inasmuch as it devolves on PERC 
to invent and to evaluate short-term and long­
term strategies and tactics for the prevention 
of war and the establishment of peace on Earth, 
PERC will have to obtain by experiment, ex-

perience, or otherwise, a causal (deterministic, 
probabilistic, or empirical) model of the wo.rld, 
which would be used to indicate what relevant 
data to gather. This model, together with the 
processed data, would later be used to deduce 
and evaluate alternative strategies and tactics. 
Without a suitable model, PERC cannot get 
started just as a management consultant, with­
out a knowledge of the natur~ of the business 
of his client, cannot plan a program. The 
adopted model will determine what data are 
relevant. 

Let us examine just two of these theses that 
might influence PERC modellers and "law" 
seekers or from which they may even borrow. 
Some of these theses include, explicitly or im­
plicitly, a formula fo.r saving the world now 
and assurance of future peace and prosperity; 
they provide both a diagnosis and treatment. 
How would a six-phase research program be 
affected by the adoption of such theses? 

If Christ's teaching on universal love were 
accepted as a necessary and sufficient condition 
for wo.rld peace, then data-gatherers may be 
directed to ascertain how the characteristics 
and behavior patterns of nations, groups within 
nations, and individuals correlate with the 
principles of universal love. These data would 
be analyzed with a view to.ward recommending 
strategy and tactics for getting from the 
present world condition to the world condition 
accommodating universal love. Computers 
would certainly be useful in the vast data-proc­
essing chore of sorting, calculating, correlat­
ing,_etc. They might also be useful in prescrib­
ing an optimum Earth reorganization, if a 
suitable model were devised and· if programs 
for attaining and maintaining the conditions 
of universal love could be tried o.n this com­
puter model. 

If PERC diagnosticians and prescribers of 
treatment were to accept the Marxian hy­
pothesis that wherever one finds capitalism 
(primarily corporate and individual capitalism 
as in the U.S., or state capitalism as in the 
USSR) war is inevitable, then data-gatherers 
would be instructed to ascertain the character 
and behavior patterns of nations, gro.ups within 
nations, and individuals that affect and reflect 
its capitalistic nature. (These data would prob­
ably be different from those requested with the 



adoption of Christ's hypothesis.) These data 
would be used in determining the optimum 
route for going from a capitalist society to a 
so-called democratic socialist society where the 
Augustinian slogan "from each according to his 
ability and to each according to his need" would 
be the guiding policy for the prevention of war 
and the establishment of peace and prosperity. 
Here, too, computers might be useful in data­
processing and in trying alternatives on models. 

The reader can imagine for himself how the 
magnitude and the course of each of the six 
phases of the PERC _ investigation would be 
influenced by the adoption of other world views, 
and also how computers may be helpful. But 
on further contemplation, it is logical for you 
to insist that any world view that is adopted 
must be correct; if not, then diagnoses and 
treatments based on it will be wrong and might 
result in our destruction. Perhaps PERC is not 
at the moment in any position to adopt with 
confidence a world view or model, despite the 
plethora of views available to it. Perhaps PERC 
has a seven-phase program rather than a six­
phase program with the first phase being to 
ascertain the "laws" which explain national, 
group, and individual behavior, or to find 
models which simulate this behavior. I myself 
think so. In this· new first phase, existing views, 
hypotheses, and formulae should be tested, 
evaluated, and new ones should be invented, 
tested and appraised. Of course, we shouldn't 
expect to find "the" explanation. But the re­
maining six phases could then b~ carried out 
in the light of the clearly exhibited character 
of, and evidence for, the adopted world view. 

To pick assumptions to pieces till the stuff 
they are made of is exposed to plain view is a 
commonplace procedure used by mathemati­
cians in order to understand the foundations 
on which theorems are built. Is it not just plain 
good sense (and I daresay more important to 
society than for mathematical theorems) to 
pick our assumptions about human behavior 
and "laws" to pieces till the stuff they are made 
of is exposed to plain view in order for us to 
understand the basis on which our actions are 
guided? Indeed, it may be ridiculous to expect 
us to be able to find a world view or model In 
which we could have sufficient confidence to use 
it as a safe guide for prescribing Earth pal-
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liatives and cures. Even if we did find one, the 
data-gathering phase would be a mammoth 
task, especially if it turns out that we must 
ascertain past, present, and near-future values, 
mores, aspirations, needs, motivations, beliefs, 
interests, attitudes, abilities, and resources of 
nations, groupings within nations, and individ­
uals; also ascertain strategies, tactics, struc­
tures of organizations, procedures, and their 
rationales; and also classify these data possibly 
by tens of aspects including economic, political, 
sociological, psychological, cultural, military, 
technological, moral, ethical, ideological, legal, 
and semantic. The next five phases of diagnos­
ing the reasons for imminent destruction of 
Earth and of inventing and evaluating alter­
native palliatives and cures may seem im­
possible tasks. All these fears may turn out to 
be well-founded. But we won't know until we 
have tried to carry out such an applied peace­
research program. It is premature to give up 
now -on our intellectual resources to figure out 
ways to our immediate survival and ultimate 
salvation. Computer-oriented analytic ap­
proaches may be an important resource. Com­
puters may be key instruments. 

Organization for World Peace Research 

I therefore propose that a PERC type of or­
ganization be established with international 
sponsorship, support, and participation. Its 
charter will be to plan and carry out the kind 
of integrated and coordinated seven-phase peace 
research program already outlined. PERC ad­
ministrators and researchers, representing 
most of the disciplines, will consider that the 
peace problem is technical-not political. They 
will proceed as scientists do; they will insist on 
valid procedures and critical testing of hypoth­
eses concerning "lawfulness," problem solu­
tion methods or algorithms, diagnoses, and 
treatments. If they find that on occasion they 
have no valid procedures or ways to test hypoth­
eses, then they will apply their efforts to try­
ing to find valid procedures and hypotheses­
testing methods. They will not adopt an 
untested procedure or hypothesis because they 
do not yet have a way to test its validity. To 
do all this, their minds must be unintimidated, 
unconstrained, arid uncoerced. The criterion for 
professional participation in PERC will be tech­
nical competence and disciplined objectivity. 
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International backing for PERC is needed 
for two reasons. The seven-phase program is 
extensive, time consuming, and expensive; such 
a job may require financial, material, and in­
tellectual resources from every part of the 
world. PERC's suggested diagnoses and treat­
ments must. be as "scientifically" valid as pos­
sible; this can be assured only if practitioners 
are able to work in an unconstrained environ­
ment. Imagine the reaction of both the govern­
ments and peoples of the USSR, the U.S., or the 
People's Republic of China to such possible 
PERC recommendations as: there ought to be a 
world government and a communist economy; 
there ought to be a world government and a 
capitalist economy; both the USSR and the U.S. 
should give aid to China; there should be a 
world common market; every nation should be 
given a nuclear deterrent. International back­
ing is most likely to provide appropriate condi­
tions of freedom of thought for PERC practi-
tioners. 

One integrated and coordinated peace re­
search project directed by a central organiza­
tion is recommended, rather· than several 
specialized programs, both because this is of 
necessity a crash project and also because the 
problems to be dealt with in each o,f the seven 
phases are too closely interwoven and interde­
pendent to allow for effective operation other­
wise. In the U.S. alone, there are hundreds of 
scattered and uncoordinated peace research 
studies in progress, attempting attitude surveys, 
peace gaming, conflict resolution, economic 
modelling, etc., at universities, volunteer re­
search groups, government agencies, industrial 
establishments, think factories, and research 
institutes. None of these research groups or 
individuals who claim to be doing peace-re­
search seem to be engaged in a program which 
has all the required elements of a technically 
competent, orderly, and goal-oriented piece of 
applied research. These elements include at 
least: 

• clearly stated and well-formulated specific 
goals and objectives of a total peace re­
search program, 

• clearly stated and well-formulated specific 
goals and objectives of the particular ap­
plied peace research in progress, 

• tested hypotheses, validated procedures 
competently carried out, and substantiated 
relevant data. 

Finally, the element which is universally 
missing in proposed and on-going peace re­
search is the knowledge or even concern of how 
the results of a particular peace research proj­
ect might contribute to the attainment of the 
goals and objectives of a total peace research 
program. In short, if every single one of these 
isolated projects succeeded at this very instant, 
we would not be one step ahead in our pursuit of 
peace; i.e., in learning under what conditions 
the people of the world will live at peace with 
each other, or in determining feasible routes for 
getting from our present condition to these con­
ditions. Indeed, we might be behind because 
of the mistaken notion held by most "peace­
researchers" that their results are relevant. 

Results of peace research ha ve been dis­
appointing to sponsors perhaps because they 
(the sponsors) failed to comprehend the essen­
tial ingredients and implications of genuine 
and effective applied (as opposed to pure) re­
search. This is not a task for one professor, or 
for one "five-man" research team, working on 
a problem of its own choosing in the best tradi­
tions of pure research. A lone genius or prin­
cipal investigator on a government or founda­
tion or dedicated philanthropist's grant, will 
not emerge some Tuesday and present the world 
with realizable and the least-risky means of 
getting from our present condition to one con­
genial with peace. The sucessful completion of 
the Manhattan (Atomic Bomb) Project was due 
to a vast research team of scientists working 
under the administrative direction of General 
Groves. Despite his E == mc2, Einstein alone 
couldn't possibly have accomplished it. Project 
PERC would be fundamentally different in 
spirit, size, direction, organization, and com­
petence from current fragmented and miniscule 
research. This is not to imply that scholars out­
side Project PERC should stop working on 
peace research and development problems, but 
their contribution to an integrated and co­
ordinated effort could be fortuitous at best. 

Opposition to PERC 

Obtaining moral and financial support for 
PERC may be extremely difficult. The opposi-



tion is all-pervasive, including lay "peace­
seekers" and "war-mongers"; journalists; 
professors and other individual researchers 
working in isolation on problems of peace; their 
sponsors, their institutions, and their go.vern­
ments. The grounds for opposition are ideo­
logical, tactical, organizational, jurisdictional, 
pragmatic, moral, economic, emotional, intel­
lectual, and scientific. 

In the West, peace is not respectable; by some 
it is considered a dirty word. Many feel that 
PERC would be infiltrated or used by insincere, 
non-peace-Ioving organizations and nations fo.r 
nefarious ends. A great number think that the 
determination of the causes and treatment of a 
disease like polio, for example, is clearly th~ 
job of a well-directed, integrated, and coordi­
nated team of qualified, professional, medical 
researchers and clinicians to whom the lay pub­
lic must give only moral and financial support 
rather than amateurish medical advice. Aston­
ishingly, at the same time, they believe that the 
determination of the causes and treatment 
of the social diseases of world nuclear war is 
just as clearly not a job for a well-directed, 
integrated and coordinated team of qualified, 
professional researchers and practioners in in­
ternational relations to whom must be given 
only moral support and financial support rather 
than amateurish advice on how to prevent 
world nuclear war. They think that current 
problems of war and peace are primarily of a 
moral and empirical nature and can be coped 
with by national leaders if only they would use 
"common decency" and "common sense" as 
Leo Szilard said, or as Bertrand Russell wrote, 
"if only they (the leaders) could be stopped 
from acting insanely." These are but two 
representatives of the belief that the orderly 
scientific method in the pursuit of world peace 
is irrelevant; long-haired theoreticians whether 
in a library, a laboratory, or a vast research 
organization, such as PERC, are not needed 
to solve these problems. Others, especially 
among participants and supporters of peace­
action groups, feel that research takes too long 
and we just do not have the time. They have 
been saying this for the last eighteen years. 

Furthermore, there is the vast majority of 
us who know the answers and who obviously 
couldn't see any advantage whatever in sup-
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porting research which would seek solutions 
that we already know. Among us we believe 
that: 

(1) If we arm, then peace would result be­
cause arms are deterrents, 

(2) If we disarm, then peace would result, 
because without arms natio.ns would 
have to find alternatives to nuclear vio­
lence for resolution of conflict, 

(3) If we strengthen the UN, then peace 
would result, because a strong UN would 
mediate any aggravating situations 
among nations, 

(4) If we dissolve the UN, then peace would 
result, because it is organized to favor 
one group of nations, 

(5) If we abolish capitalism, then peace 
would result, because capitalism leads to 
war, 

(6) If we abolish communism, then peace 
would result, because Marx, Lenin, and 
Stalin said that the overthrow of capital­
ist nations by violent means is inevi­
table, 

(7) If we had a world government under 
world law, then peace would result, be­
cause .... 

That these views, however sincerely and 
dearly held, and on whatever empirical evi­
dence and moral or religious conviction they are 
based, are nevertheless untested hypotheses in 
the scientific sense, is largely unrealized by their 
adherents. PERC would insist on testing all of 
these hypotheses in its Peace Hypothesis Test­
ing Laboratories. Adherents may fear that 
such tests might serve to. invalidate their opin­
ions. 

The remainder of those that would oppose 
PERC believe that even if PERC came up with 
a set of well-considered recommendations, 
arrived at in an orderly, scientific manner­
sometimes using computers-the world would 
reject them anyway, so why bother? 

There will be opposition to PERC even from 
among those who believe in the necessity and 
relevance of what they consider to be peace 
research. 

Slowly but surely, peace research (usually 
coupled with arms control) is taking on the 
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character of some military-sponsored and 
some other government-sponsored research. 
The pursuit of grants by universities mainly 
for support of graduate students and the pur­
suit of contracts by industry, institutes, and 
think-factories mainly for fees, or notoriety, 
or just to remain in business, is concomitant 
with mediocrity and indifference to accomplish­
ment. A few grantees and contractors will 
oppose PERC as a threat to their way of life. 

Those who believe that the appropriate for­
mulation of the problems of peace and war and 
the pursuit of their solutions are matters for 
scattered and uncoordinated grantees and con­
tractors with lots of national and international 
conferences to increase communication and 
integration, will oppose PERC on organization­
al grounds. 

There are many who deplore the fact that the 
U.S. military budget for 1962 was $52 billion; 
for the U.S. Arms Control and Disarmament 
Agency, it was $6 million. They believe that 
technically and organizationally we are doing 
peace research in an adequate manner. They 
merely think that what is being done should be 
given much more financial support. They will 
be PERC opponents. 

Actually, most, if not all, of the work pro­
posed and proceeding under the rubric of peace 
research is, in fact, peace development. ~ In an 
applied scientific research program, an objec­
tive (not requiring validation) is first agreed 
to and then hypotheses (requiring validation) 
on means for attaining this objective are pro­
posed and tested. In the succeeding develop­
ment program, validated theoretical means 
that survived the tests are made realizable 
within the constraints imposed by the environ­
ment, economics, etc. The process of searching 
for the most practical of these means is often 
described as research. In many peace research 
programs a favorite hypothesis of the grantee 
or principal investigator is first adopted with­
out subjecting it to a test; then they proceed to 
develop this untested opinion. (This has also 
been called axe-grinding research.) A common­
place example of this appears in those pro­
grams, and in the writings of supporters of the 
scientific method 'in peace research, where the 
adoption of peace as an agreed goal (not re-

quiring validation) is confused with the adop­
tion of the untested hypothesis: "If we disarm, 
then peace would result" as the agreed goal. 
Not appreciating, this crucial distinction, they 
proceed to investigate scientifically and to do 
research in realizable ways to disarm. This is 
disarmament research, i.e., the agreed goal is 
disarmament, whether or not it may turn out 
that in the process of its attainment war would 
result! Disarmament research is not the equiv­
alent of peace research until we establish the 
validity of the hypothesis: "If we d'isarm, then 
peace would result." Armament researchers, 
world-government researchers, and others fall 
into the same trap. When one makes his hy­
pothesis his objective, then he has disavowed 
a key step in the scientific method. Such per­
sons will oppose PERC ideologically. 

It has already been mentioned that supporters 
of "peace research" have been disappointed. 
If no difference is seen between PERC and what 
they supported as "peace research," they will 
(at best) be indifferent to PERC. 

There are those who will point out, and rightly 
so, that specialists in international relations, 
apparently the very ones on whom PERC would 
have to depend most heavily, admit that their 
data is anecdotal and their theory untested; 
that their models and procedures are inade­
quate. In short, our intellectual cupboard for 
pursuing peace research is almost bare. Per­
haps most important, we have no ways, and we 
may never be able to find ways to test hypothe­
ses, such as "If we disarm, then peace would re­
sult." Persons appreciating this situation will 
urge caution and deliberate slowness in acti­
vating PERC. 

But it would be unwise to allow these diffi­
culties to deter us. We would be unfair to our­
selves. It would be foolish to disregard the 
advantages of such an insurance policy. PERC 
should fulfill its contract. It should try to de­
velop dependable hypothesis-testing methods, 
procedures, and models, which would give Earth 
the opportunity to consider well-considered, 
well-documented, and evaluated hypotheses on 
alternative solutions to the problems of war and 
peace. These may have a higher probability of 
success than the untested hypotheses Earth now 
considers and acts on. Even if PERC failed to 



develop the required techniques and was thus 
unable to say which combination of conditions 
and actions were most likely to lead to peace, it 
would have been worth the try (the premium on 
the insurance policy). 

Possible Ways of Planning and Starting PERC 

The United Nations probably has the re­
sources and the motivation to undertake such a 
program. It may take the form of a U.N. 
World Peace Organization perhaps patterned 
after, and in the spirit of, the U.N. World 
Health Organization. 

Another possibility is that thousands of peo­
ple all over the world might, as individuals, 
support a PERC organization financially and 
some might participate in its technical work. 
Researchers often receive letters from physi­
cists, engineers, behavioral scientists, etc., 
asking how they could participate profession­
ally in peace research. For every letter writer, 
there must be many who feel this way but don't 
write. If so, perhaps, grass roots financial sup­
port might be obtained from such individuals 
who would also feel a sense of professional 
participation if PERC sent them reports of 
work in their specialty so that they could ad­
vise, criticize, and comment at their leisure. 

Laymen the world over, especially women, 
may be willing to support an orderly, unin­
timidated investigation of the conditions under 
which the people of the world will live at peace 
with each other, even though the outcome may 
conflict with their most precious convictions 
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that the solution lies in disarming or arming, 
in or out of the United Nations, in capitalism 
or communism, in world government or nation 
states, in religion or atheism. The March of 
Dimes may be a model of the organization for 
financing PERC. 

Other possible sources of moral and financial 
support include scientific and literary organiza­
tions and publications; international labor or­
ganizations; churches; individuals and founda­
tions; and world trade organizations. 

The estimates given in this essay on PERC 
organization, financing, and personnel are 
necessarily tentative. PERC, which might cost 
a billion dollars in the course of fifteen or 
twenty years, should be competently and care­
fully planned in detail, well in advance of its 
starting, as should any billion dollar enterprise. 
During two years, ten experienced senior men 
of high caliber (indeed ten of the world's best 
planners), playing the role of the corporate 
planning staff of a billion dollar organization, 
should plan PERC finances, personnel, facili­
ties, equipment, sites, research and priorities, 
organization, administration, policies, etc. This 
planning and starting phase would cost about 
one million dollars. To identify and recruit 
these ten key men would take about one year 
and might cost about $100,000. 

Thus, if in 1963, the planning staff were re­
cruited, PERC could be planned and started 
during 1964 and 1965. By 1966, PERC would 
have gained good momentum. 
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