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These relationships will be general ones, resting on common properties of man and machine
which we can then use in specifying and designing our training simulators. 1 think this a more
useful as well as a necessary alternative to the hi-fi design approach. The t, construct is a small
but promising beginning.

I would like to end on a note by the former Secretary of Health, Education and Welfare,
John Gardner, in his book *“No Easy Victories.”

“A...subtle exit from the grimy problems of the day is to immerse yourself so deeply in
a specialized professional field that the larger community virtually ceases to exist. This is a par-
ticularly good way out because the rewards of professional specialization are very great today,
$o0 you may become rich and famous while you are ignoring the nation’s problems.” This is a
point to which we may well give some thought in our own smaller world of simulators and
trainers.
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A GENERAL PURPOSE SIMULATION SYSTEM

RICHARD M. BEINDORFF
J. F. EGLER
Conductron-Missouri

The General Purpose Simulation Systern is an International Business Machines Application
Program based upon statistical techniques, primarily queuing and probability theory. The pro-
gram is written in a language similar to Fortran, The General Purpose Simulation System Pro-
Cessor.

The General Purpose Simulation System has been structured by Conductron-Missouri to
provide a means of examining the loads placed upon an instructor in any specific training sys-
tem and to make a determination of student to instructor ratios based upon the demands
placed upon the instructor by the specific training system.

The program will manipulate input parameters, simulate all interactions between students
and instructors, and tabulate and print out all transactions and their associated elapsed times.
Any transactions between student and instructor which were delayed because of ‘other student-
instructor transactions will be listed with their associated delay time.

68



TWITTEY TIH

NAVTRADEVCEN IH-161

Once the parameters associated with a specific training program dre defined and quantified,
they may be incorporated into the General Purpose Simulation System program. The program
will simulate the training situation, exércise the parameters and print out the desired data which
describes the loading placed upon the instructor. Different instructor/student ratios may be
simulated, and trade offs made based on student waiting time and instructor loading. Because
it involves an iterative process, the program can be run effectively with any progression of stu-
dent/instructor ratios, and by examination of the output, a decision can be made as to the most
effective ratio. The program may be applied to any training system when the parameters of
the system are defined sufficiently to allow the training system to be simulated.

In the simulation of any particular system, the first requirement is the isolation of the
system’s elements and a formulation of the rules which govern their interaction. This formu- -
lation will serve as the model of the system. Manipulation of this model provides a means of
exercising a training systém by simulation, without the cost in both money and time of this
process by means of operational evaluation. This type of simulation is symbolic rather than a
precise analog of the actual system and it can simulate, in 2 matter of minutes, operations
which would take weeks or months for an actual system to accomplish.

The General Purpose Simulation System is comprised of four parts, dynamic, equxpment
statistical and operational.

The dynamic entities are those interactions which take place between the students and
the instructor. They are primarily voice communication, but also include such things as inputs
to the instructor’s equipment for display to the student. These dynamic entities may be thought
of as transactions causing actions to occur as they move through the system. _

System equipment entities are elements of specific equipment in the system which is being
simulated. If, for example, the training system being simulated is an airborne navigational train-
er, system equipment would consist of Tacan, Radar, bubble sextants, and other related navi-
gation equipment. Each element of system equipment is acted upon by transactions.

Statistical entities consist of two types: queues and tables. Queues maintain a list of trans-
actions that are delayed in the system, and keep a record of the length of the delays and the
average number of transactions which are delayed. Tables employed in the General Purpose
Simulation System may be used to contain any appropriate frequency distribution data that
is desired, according to the particulay system being simulated.

The steps which are involved in the construction of the General Purpose Simulation Sys-
tem are as follows:

First, an Event Analysis comprises discrete loading, which is a part of the overall instruc-
tor loading. Total instructor loading includes both the required discrete loading from the Event
Analysis, and a probability loading. Probability loading is a function of unsatisfactory or unsafe
student performance, or the student’s request for assistance from the instructor.

It can be seen in Figure 81 that the General Purpose Simulation System serves as a means
of combining the discrete loading of the detailed Event Analysis with probability loading to
arrive at a total instructor loading figure. It should be noted that percentage of Total Problem
Time minus the percentage of Instructor loading will equal the percentage of availability of the
instructor for other necessary functions, such as monitoring displays.

The Event Analysis shown in Figure 82 is broken down into multiple columns, including,
Function, the Type of task, which includes Communications, Motor, Monitor and Cognitive
tasks, a description of the task and the Equipment Panels which are used, Cathode ray tubes,
Problem panel, Radio Aid Panel, Digital Message Generator panel, Score Insertion, Intercom,
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Figure 81. GPSS Simulation Model Chart
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Figure 82. Event Analysis
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Estimated Variable Times and Probabilities

Table 1.

For Event Analysis Program
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Figure 83. Steps of Event Analysis
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Taped messages, Power panel, Training panel, Computer, and Peripheral Equipment associated
with the Student Control Panel. “Time” column depicts instructor time, the Accumulated
time, and the Student Time. Student tasks are listed. Each particular task is numbered.

Table | depicts the estimated variable times and probabilities associated with the event
analysis. Each task within the event analysis is numbered and is associated across the rows with
corresponding event analysis items. Associated with each step in the event analysis is an assigned
probability that the student will select self diagnosis. The minimum and maximum times that
the student will spend on each task is predicted as well as the probability that the student will
perform in an unsafe manner, or that the student will request assistance from the instructor.
The next columns depict the minimum and maximum times for those tasks in which the student
and the instructor are interacting, and lists the probabilities of unsafe performance for the stu-
dents requesting additional assistance. The times listed, as well as the probabilities of this case,
are of course theoretical and have no real basis other than illustrative. The general purpose sim-
ulation system logic is shown in Figure 83, The student enters the simulator and performs the
various steps of the event analysis. Upon completion of all steps the program ends, but until
then, he continues through the progressive steps in the system. If the student selects self diag-
nosis, a problem description, a demonstration, a playback or student practice is allowed. If he
does not select self diagnosis, he continues the task associated with the particular step and op-
erates within the probability that his performance will be unsafe or that he requests instructor
assistance. If either of these conditions occur, he consults with the instructor until such a time
as he feels that he can complete the task by himself. If the student does request assistance from
the instructor, the instructor and the student work through the task together. This cycle is re-
peated until all tasks have been completed individually by the student.

The General Purpose Simulation System has the capability of determining the equipment
loadings, differential student skill levels and also to provide increased flexibility for examination
of alternate configurations. '

The General Purpose Simulation System results will differ considerably based upon the
assumptions that are made and the mode of system operation. Because of this, it is reasonable
to assume that the manual mode of instructor loading will present the greatest instructor load-
ing condition. )

Inspection of Table 2 shows typical instructor loading where the manual mode is being
employed. In this manual mode, certain assumptions are made. They are one, that the students
began the task at the same time, two, the students progress was a function of random distribu-
tion, three, after each unrecoverable situation where the logic determined that the performance
of the student was unsafe, the student consulted with the instructor before continuing and,
four, several students requested additional assistance during the problem segments. On the
left, the instructor student ratios are presented. Associated with each ratio is the discrete in-
structor loading, the probability loading and the resultant available instructor’s time. Asso-
ciated with this table is Figure 84, which are the student delay times. The delay per time per
student for the | to 3 ratio and the | to 4 instructor to student ratio, as shown in Figure 84,
fllustrates a poor utilization of training time and equipment, due to instructor overload. For
the 1 to 2 instructor student ratio, each student may experience delays totalling 10.5 minutes
during a two hour session, because the instructor would be assisting the other students.

As the student gains proficiency in the system being simulated, it follows that the auto-
matic mode may be employed. In this mode, the computer takes over many of the instructor
tasks which thereby frees the instructor from much of the overloading he would experience in
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the manual modes. In the automatic mode, the student would not request additional instruction
as often as in the manual mode due to the utilization of automated instructional messages, per-
formance playback, and demonstration capabilities of the system. If the system permits student
self diagnosis and if it is assumed that the student’s request for additional instruction would
occur less often, it follows that the total instructor loading would decrease.

GPSS AVERAGE TNSTRUCTOR LOADING
RESULTS FOR PROBLEM U — MANUAL MODE
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Figure 84. .

Table 2.

Utilization of the general purpose simulation system will reveal the optimum student to
instructor ratio based upon objective analysis of the program’s output.

As automated instruction becomes more and more desirable, automated functions such
as adaptive training, student feedback and guidance, permanent recording of resulis, monitor-
ing of procedural actions, instructor feedback, automatic demonstrations and maifunction in-
sertion reduce the instructor’s burden and make it possible for increasing the number of stu-
dents per instructar. Arriving at the effective student/instructor ratio has previously been accom-
plished by a very inexact methodology, primarily trial and error during operational evaluation
of a training systermn. ‘

The existance of the General Purpose Simulation System happily has made this costly
procedure unnecessary and outmoded. It is now possible to simulate a training system with
the General Purpose Simulation System and exercise the parameiers which influence the ac-
tual system to the degree that valid and reliable resulis are obtained which can determine the
optimum number of students that may be supervised by a single instructor.





