PLATO 1V - AN ECONOMICALLY VIABLE LARGE SCALE

COMPUTER-BASED EDUCATION SYSTEM

D. L. Bitzer and D. Skaperdas

University of Illinois
Urbana, Illinois

I. INTRODUCTION

For the past eight years a computer-based
teaching system called PLATO (an acrynom stand-
ing for Programmed Logic for Automatic Teaching
Operations) has been under technical development
and educational testing at the University of
Illinois. The present system, PLATO III, has
accumulated over 50,000 student contact hours of
teaching in a variety of subjects.

It will be shown that the computer, usually
considered too expensive to be economically
viable as the central control element in a large-
scale educational system, is actually inexpensive
even when used in sophisticated ways by the stu-
dent. The main factor that discourages the use of
computers for large-scale teaching is the unavail-
ability of inexpensive graphic terminals. Recog-
nizing this factor, the University of Illinois initi-
ated a research and development program aimed at
developing a low cost graphic terminal. A detailed
discussion of the teaching pedagogies presently
used and the new devices under development is not
possible in this paper but can be found in the
references. The purpose of this paper is to give a
more general picture of a proposed economically
viable, large-scale, computer-controlled teaching
system,

II, THE PLATO TEACHING SYSTEM

In 1960 the first PLATO teaching systeml
consisted of a single student station connected to
ILLIAC I, a medium-speed computer constructed at
the University of Illinois. The second model,
PIATO II, had two student stations connected
originally to ILLIAC I and then later to a Control
Data Corporation 1604 computerz. This model was
used to study the problems encountered with
multiple student use. The present model3 R
PIATO III, utilizes the CDC 1604 computer as a
central control element for teaching 20 students
simultaneously while allowing each student to
proceed independently. Some of the areas from
which lesson material tested on the PLATO system
has come are geometry, arithmetic, algebra,
chemistry, biology, library science, electrical
engineering, and maternity nursing. Many of the
courses? were developed to test the capability of
the teaching system; thus, the method of presen-
tation of these courses ranges from drill and
practice strategies to inquiry strategies in which
the students determine the data they require.
Many are based upon combinations of tutorial
presentation and inquiry teaching presentation.
Students have ranged in age from pre-schoolers
through graduate students. In most courses the
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major emphasis was upon developing critical think-
ing skills, where students are taught to ask
appropriate questions, answer well-formulated
questions, gather data, perform critical experi-
ments and select and evaluate pertinent infor-
mation,

In most PLATO teaching programs the students
work independently of each other, although the
system can provide inter-student communication.
Existing teaching strategies permit the teacher to
do on-line testing and editing of lesson material.
One important feature of the PLATO system is its
ability to keep complete records on each student's
performance. Each student's request (the key
pushed, who he is, and the time) is automatically
recorded on magnetic tape which can then be proces-
sed to yleld statistical data for educational and
system evaluation. These stored records show
that on the average each student generates approxi-
mately 1000 requests each hour. On the basis of
50,000 student contact hours, over 5x107 total
requests are available for statistical analysis.

The design features for the proposed PLATO 1V
system are based on this statistical information,

A block diagram of the present PLATO system is
shown in Fig. 1. Each student's teaching station
consists of a cathode-ray tube which displays
video data and a keyset for communicating with the
central computer. An outstanding feature of this
system is the superposition of the video images from
the random-access slide selector (static information)
on each CRT, Information stored in the slide
selector is of the type ordinarily found in a text-
book. The dynamic information display consists of
a computer-controlled electrostatic storage tube
assigned to each student station, Diagrams,
symbols and words are plotted in a point-by-point
fashion on a student's storage tube. Superposition
of the slide and storage tube video images on a
student's CRT display enables the student to do
such things as fill in the blanks on the slide in
response to questions.

III. THE PROPOSED TEACHING SYSTEM

The Computer-based Education Research Lab-
oratory 's (CERL) proposal for a large-scale com-
puter-based teaching system capable of control-
ling up to 4000 student terminals simultaneously
was prompted by two factors. One was the wide
acceptance of an increased teaching load on the
present PLATO system, and the other was recent
technological developments which would make such
a system economically feasible. On the basis of
CERL's experience with early PLATO systems, cer-
tain design philosophies for the proposed system
have been formulated. First, each student terminal
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requires a keyset and a display, both connected to
an inexpensive data transmission system which can
also drive optional equipmentsuch as random-access
audio devices, reward mechanisms, movie films,
lights, and so forth. Second, each student termi-
nal must be capable of superimposing randomly-
accessed color slide images and computer-gener-
ated graphics. Third, the system should be con-
trolled by a large-scale, centrally-located com-
puter rather than many small computers located at
the classroom sites., This decision is based upon
social and administrative factors as well as on
system economics., Semiconductor large-scale
integration techniques may some day make the use
of small computers as effective as large ones, but
the added human expense of operating a computer
center does not promise to scale as effectively.

It is our opinion that the initial low cost of a
single terminal will permit tightly-budgeted public
school systems to economically incorporate
computer-based teaching into their programs. The
number of terminals could be increased or de-
creased as the needs of the school system dictate.
Fourth, the cost per student contact hour for the
proposed system must be competitive with equiva-
lent costs of traditional teaching methods at grade
schools, high schools and colleges.

IV, COMPUTER EVALUATION

Statistical records of over 5x107 requests on
PLATO indicate that the average request rate per
student is approximately one request every four
seconds. These records also show that average
computer execution time per request for the CDC
1604 is less than 20 milliseconds, equivalent to
executing approximately 1000 instructions. The
request rate probability density function versus
computer execution time is approximately an
exponential curve; therefore, student requests re-
quiring the least amount of computer time occur
most frequently., For example, the simple and
rapidly-processed task of storing a student's key-
push in the computer and writing the character on
his screen represents 70 per cent of the requests.
On the other hand, the lengthy process of judging
a student's completed answer for correctness,
completeness, spelling, etc. occurs only 7 per
cent of the time,

Several existing large-scale computers can
perform about 4x106 instructions per second. Even
if we double the number of instructions needed to
2000 per student request, it is seen that these
large-scale computers require an average process-
ing time of only 500 microseconds per request.
Allowing a safety factor of two to insure excellent
system response time, the system can accept an
average of 1000 requests per second. This safety
factor implies that the computer will be idle
approximately 50 per cent of the time. However,
the computer time not utilized in processing the
student requests can be effectively used for other
purposes. Since the average student request rate is
1/4 of a request per second, the system can handle

up to 4000 students simultaneously allowing one
millisecond to process a request. Assume that the
student input arrival time is Poisson distributed

(a reasonable assumption for 4000 independent stu-
dent stations), and that the request rate probability
density function versus computer execution time is
approximately exponential (PLATO statistical
records substantiate this). For an average computer
execution time of 500 microseconds and an average
request rate for 4000 students of 1000 requests per
second, it is determined from queing theory?2.7

that the expected waiting time that elapses before
the computer will accept a given student's request
is approximately 500 microseconds. The probabili-
ty that the student must wait for as long as a tenth
of a second is negligible, Hence, the probability
of a student's request queue becoming long, or of
the student experiencing a noticeable delay is very
small,

Each student needs to be assigned approxi-
mately 300 words of extended core memory to be
treated individually. The maximum used in any
teaching strategy has been 600 words per student.,
Let us allow on the average 500 words (fifty bit) for
each student for a total of 2x108 words for 4000
student terminals. Our data shows that 20 per cent
of the computer instructions refer to these words
individually assigned to the students. Therefore,
the system must be capable of rapidly transferring
data between the slower extended core storage and
the high-speed core memory, -Some existing compu-
ters are capable of transferring data at 107 words
per second, requiring only 50 microseconds to
transfer the data each way between the memory
units. This transfer time is acceptable.

The peak datarate from the computer to each
student station is limited to 1200 bits per second to
permit data transmission over low-grade telephone
circuits, a system feature made possible by the use
of the plasma display panel discussed later. For
4000 stations the worst case data rate would be
about 4.8x106 bits per second, well within the
present state of the art for buffering data. out of a
computer,

Summarizing the computer requirements, there-
fore, the central computer requires about 2x106
words of extended core memory capable of high-
speed transfer rates to the main computer memory,
it must have an execution time of at least 4 in-
structions per microsecond and be capable of trans-
mitting data at a rate of 4.8x106 bits per second.
There should be a sufficiently large memory
(64k to 128k words) in the central processing unit
for storing lessons (1k to 2k words per lesson) and
for the various teaching strategies. Several exist-
ing computers meet these requirements.

V. TERMINAL EVALUATION

The economic feasibility of the proposed
teaching system is dependent upon the newly-in-
vented plasma display panel (or equivalent device)
now under development at the University of Illinois
and other laboratories. This device combines the



properties of memory, display and high brightness
in a simple structure of potentially inexpensive
fabrication. In contrast to the commonly-used
cathode ray tube display, whose images must be
continually regenerated, the plasma display retains
its own images and responds directly to the digital
signals from the computer. This feature will reduce
considerably the cost of communication distribution
lines. The plasma display is discussed in detail
in the listed references. 9, Briefly, it consists
of a thin glass panel structure containing a rec-
tangular array of small gas cells (about .015 inches
in diameter and .006 inch thick) at a linear cell
density of about 40 cells per inch (see Fig.2).

Any cell can be selectively ignited (gas discharge)
or turned off by proper application of voltages to
the orthogonal grid structures without influencing
the state of the remaining cells. The plasma panel
is transparent, allowing the superposition of
optically projected images.

A schematic of a proposed student terminal
using the plasma display is shown in Fig. 3. The
display will be approximately 12 inches square and
will contain 512 digitally addressable positions
along each axis. A digitally-addressable slide
selector and projector will allow prestored (static)
information to be projected on the rear of the glass
panel display. This permits the stored information
to be superimposed on the panel which contains the
computer-generated (dynamic) information. The
projector will contain an easily-removable 4-inch
square film plate containing at least 256 color
images. Based upon models now being tested, a
low-cost image selector with less than 0.2 sec.
random access time is anticipated.

Data arriving from the computer via a tele-
phone line enters the terminal through an input
register. As previously stated, data rates to the
terminal will be held to 1200 bits per second.
Assuming a word length of 20 bits, the terminal
could receive data at 60 words per second. With
proper data formats data rates will be adequate for
the applications envisaged. For example, packing
three character codes per word will permit a writing
rate of 180 characters per second, which is a much
faster rate than that of a good reader. In addition,
continuous curves can be drawn at rates greater
than 300 points per second. The keyset will pro-
vide the student with a means of communicating
with the computer.

VI. DATA DISTRIBUTION

In situations where a large number of students
are located at considerable distances from the
central computer, costs can be lowered drastically
by use of a coaxial line instead of numerous phone
lines. For example, the cost for a 4.5 mc coaxial
line is approximately 835 per month per mile,
whereas the corresponding rate for a 3 kc telephone
line is approximately 83.5 per month per mile. The
coaxial line can handle at least 1500 channels on a
time-shared basis, each channel consisting of 1200
bits per second. Hence, for an increase in line

cost of a factor of 10 over that of a single channel,
an increase of a factor of 1500 in channel capacity
can be obtained. Data to remote locations will be
transmitted by a coaxial line to a central point;

from this point local telephone lines rented on a
subscriber's service basis would transmit the proper
channel to each student terminal. A block diagram
of a proposed distribution system to several remote
terminals is shown in Fig. 4.

VII, COST ANALYSIS

The main frame cost of a computer meeting 6
the above requirements is approximately $2.5x10 ",
The additional cost for two million words of memory
and other input-output equipment is approximately
S2x106. An estimate for the system software, in-
cluding some course development programming, is
another 1,5x106, The total of 6x106 amortized
over the generally-accepted period of 5 years
yields #1.2x106 per year.

Assuming that the 4000-terminal system will
be in use 8 hours a day for 300 days a year, there
are approximately 107 student contact hours per
year. The system costs, excluding the terminals,
is thus 12¢ per student contact hour. In order to
be competitive with a conventional elementary
school classroom cost of approximately 27¢ per
student contact hour, the terminal costs must be
limited to 15¢ per student contact hour, or to a
total cost of about 87 .5x106 over a 5 year period.
The cost for each of the 4,000 terminals, which
include a digitally-addressed graphical display
device and its driver, a keyset, and a slide select-
or must therefore be a maximum of approximately
B1900, Present indications are that this cost can
be met.

These costs, based on the above assumptions,
are summarized in Chart I. The earning power of
the computer for the remaining 16 hours each day
and for the idle time between student requests,
which would further reduce costs, has not been in-
cluded.

VIII, CONCLUSION

Using newly-developed technological devices
it is economically and technically feasible to
develop large-scale computer-controlled teaching
systems for handling 4000 teaching stations which
are competitive with the cost of teaching in ele-
mentary schools., The teaching versatility of a
large-scale computer is nearly limitless. Even
while simultaneously teaching 4000 students, the
computer can take advantage of the 50 per cent
idle time to perform data processing at half its
normal speed., In addition, 16 hours per day of
computer time is available for normal computer use.
The approximate computer cost of 12¢ per student
contact hour pays completely for the computer even
though it utilizes only 1/6 of its computational
capacity. The remaining 5/6 of its capacity is
available at no cost.
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CHART I, SUMMARY OF COSTS

Total Cost
Item in
Computer and extended memory 4, 5x106
Software 1.5x1 06
4000 student terminals 7. 5x106
6
Total 13.5x10
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Cost/year in 8
S_year amortization

6

Cost per student
contact hour

0,9x10 8¢

0.3x106 4¢
6

1.5%10 15¢
6

2.7x10 274
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