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SUMMARY

Problem

Research projects have demonstrated that computer-aided instruction
is an effective alternative to classroom instruction (Ford, Slough,
& Hurlock, 1972). However, the majority of investigations have cen-
tered around concept oriented, cognitive skills. Very little research
has been directed at the question of developing operational skills
by having the computer terminal "stand in" for operational equipment
which may be very expensive to buy or maintain, or may be susceptible
to damage in the hands of trainees. If it could be demonstrated that
the general-purpose computer terminal can be used successfully to
simulate operation of such equipments, training costs can be appreci-
ably reduced in a great many areas.

Purpose

This research was conducted to explore the technical feasibility of
computer-based simulation of operational equipment as a training method.

Background

Most investigations have concentrated on presentation of cognitive
lesson materials, with little thought given to using the terminal to
develop operational skills. Feurzeig and Lukas (1971) and Rigney,
Morrison, Williams, and Towne (1973) have shown that general-purpose
computer terminals can be used successfully to precondition skills
requiring time-related responses to simulated operational situations,
but there is no evidence of using such terminals to "stand in" for
operational equipments in training on operational procedures, This
study and another reported elsewhere by Stern (1975) investigated
this possibility.

Approach

Trainees from one learning center of the Basic Electricity/Electronics
(BE /F.) School were randomly assigned to receive either CAI or conven-
tional individualized instruction for a segment of their course using
a multimeter to measure resistance and current flow. Experimental
students received instruction from. two lessons presented at PLATO IV
terminals. The lessons taught the use of the Simpson 260-1 multi-
meter as an ohmmeter and as a DC ammeter using graphic simulations
of the multimeter response. All instruction was self-paced, with the
computer-aided instruction using learner control of lesson strategy
as the instructional paradigm. Results on laboratory tests and
module examinations were used to compare the performance of experi-
mental and control groups.

vii
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Findings and Conclusions.

There was no significant difference in performance between control
and experimental students in their module exams or performance tests.
Experimental students spent more time studying than control students
and were enthusiastic about their training. It was assumed that the
longer training time could be explained by the novelty of the situa-
tion, the greater opportunity for practice, and time taken for indoc-
trination to the system. It was concluded that dynamic simulations
of equipment on an interactive general-purpose computer terminal such
as the PLATO IV offer a feasible alternative to developing or pro-
viding special training equipments.
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INTRODUCTION

Problem

Although computer-based training is becoming more acceptable as a
practical and useful educational medium, many questions related to the
nature and extent of practical computer-based training programs must still
be answered. Among these are questions about the kinds of materials
appropriate for computer-assisted instruction and the degree of control
to be exercised by students. These questions are currently being addressed
by the Navy Personnel Research and Development Center (NAVPERSRANDCEN),
San Diego, California as part of an Advanced Research Projects Agency/
Joint Services Training Technology Program which has as a principal focus
the development of computer-based training technology for DoD-wide applica-
tion. Of particular interest to the Navy is the possibility of using the
computer during training as a substitute for expensive, easily damaged
equipment which may be in short supply, or as an alternative device to
equipment whose operation is hazardous for the trainee.

Purpose

This research was conducted to explore the technical feasibility of
computer-based simulation of operational equipment as a training method.

Purchasing and maintaining special training devices and operational
equipment for use in schools is an item of expense in the Navy's budget.
Substitution of a programmable device like a computer terminal for even
a small percentage of these training equipments could represent a large
savings in operating costs. At the same time, it would make computer
terminals available to schools for these functions and could accelerate
the day when computer-based training plays a more important role in in-
dividualized naval training.

Background

Previous research projects have demonstrated that computer-aided in-
struction is an effective alternative to classroom instruction (Ford,
Slough, & Hurlock, 1972). However the majority of investigations have
centered around concept-oriented, cognitive skills. The need to expand
the scope of CAI to techniques other than those utilized in training
intellectual tasks has been pointed out by Feurzeig and Lukas (1971).
Rigney, Bond, Mason, and Macaruso (1966) and Higget, Davis, and Rigney
(1960 have mentioned the following advantages of using computer-based
simulations for training:

1. The ability to illustrate processes that, if performed on real
equipment, could cause damage.

2. The ability of the computer to automatically, and therefore more
quickly, complete processes which would otherwise have to be done manually
by the instructor.

1
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3. The relative ease with which graphics may be developed and modified

for computer simulations.

While the cost benefits and other advantages of such simulations are
fairly obvious, the effectiveness of training performance-oriented skills

in this manner, as opposed to hands-on experience with actual equipment,

must be examined.

Recent studies have been positive with respect to transfer of training.

For example, Feurzeig and Lukas (1971) used computer programs to train

complex perceptual and motor tasks. Students were taught to "fly" a

holding pattern in a simulated aircraft through instrument indicators.
The programs simulated necessary displays and monitored and analyzed the

student's learning difficulties while he was in the process of performing

the task. Student responses were input through a teletype and/or "joy-
stick" linked to the computer. The authors found positive transfer between
the computer simulation and actual flight, and concluded that the feasi-

bility of this kind of training had been demonstrated. In a second experi-

ment, students were taught ship maneuvering and collision avoidance skills

by simulating a PPI scope on the computer. These results were also posi-

tive.

In a novel implementation of computer graphics and concepts from
cognitive and information processing psychology, Rigney, Morrison, Williams,

and Towne (1973) developed an individual skills trainer designed around

a programmable graphics terminal. This trainer gave radar intercept
officers practice in procedures required during air intercepts. Experi-

mental training results showed an improvement in performance of simulated

air intercept procedures.

In 1974, Rigney, Towne, and King developed computer programs to evalu-

ate the use of graphics in equipment simulations to serve as substitutes

for physical devices and operations and to explicate invisible processes.

The front panel topography and internal functional relationships of a

piece of electronic equipment were simulated so that a student could study

troubleshooting by investigating front panel symptoms and internal organi-

zation. Tests of the effectiveness of this approach to training are

planned for the future.

Stern (1975) compared students trained on a computer-simulated oscillo-

scope to others that had undergone traditional training (individualized
instruction plus hands-on experience with the equipment). Results of a

performance test administered after training showed equivalent overall

training for both groups. Although there were differences in subskills,
these differences were not present in results of a second performance

test given after lab practice with the oscilloscope. The author concluded

that the computer-based simulation of the equipment had provided acceptable

training, since performance after the integration of skills using the

actual equipment was the same for both groups.

8

2



Research on student control of lesson strategies has proceeded by
trial-and-error from a position where students had no control of lesson
strategy to positions where they have almost complete control. Early
research using linear programming was inefficient, since all students
had to go through all training frames. Branching techniques, such as
those reported by Slough, Ellis, and Lahey (1972), Hurlock (1972), and
McCann, Lahey, and Hurlock (1973), provided adaptive programming and
superior performance (usually) over straight linear programming. In much
of this research, the student still had no choice of lesson strategy,
but his performance controlled the extent and nature of the training he
received.

A significant input to the question of student control of lesson
strategy was provided when Evans, Glaser, and Homme (1960) questioned
the proper order for presenting materials within a particular training
objective. In other words, whether the student should be given the rules,
followed by example(s), or example(s) followed by the rule. Neither their
research nor that of others has been able to resolve this question, sug-
gesting that perhaps there is no one "best way."

Mager (1961), Mager and McCann (1961), and Mager and Clark (1963),
in an imaginative set of experiments, discovered that when students are
given complete control of their learning situation, they not only learn,
but learn faster than students given instruction according to parameters
developed by "experts." This research, plus that of Evans, et al. (1960),
suggests that lesson strategy may safely be put in the hands of the learner.
The TICCIT System, developed by researchers at the Mitre Corporation and
at Brigham Young University, takes advantage of this construct. The system
hardware and software is designed to give students substantive control
of lesson strategy. The major premises and propositions underlying the
learner control strategem used are presented by Merrill (1973).

Research at NAVPERSRANDCEN (Slough et al., 1972; Hurlock, 1972;
McCann, et al., 1973; and Lahey, Hurlock, and McCann, 1973) has determined
that learner control of lesson strategy has a desirable effect on attitude
and does not degrade performance. Follow-on investigation of learner
control is now underway. One effort has developed a paradigm for use
on the PLATO IV system which gives the learner freedom of choice in his
selection of training objectives, content (i.e., rule, example, or prac-
tice), and level of difficulty (i.e., easy, medium, or hard). A descrip-
tion of the paradigm was used as a basis for preparing the lesson materials
used in this study, which is reported by Lahey, Crawford, and Hurlock
(1975, in press).

9
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METHOD

Sub'ects

The subjects were trainees assigned to Learning Center C, Basic Elec-
tricity/Electronics (BE/E) School, Naval Training Center, San Diego.
A total of 116 participated, 74 in the experimental group and 42 in a
control group which studied the same lesson materials via the individualized
course materials used by the BE/E School. Students going through Learning
Center C were selected randomly for the CAI training as they reached the
appropriate lesson space. Data for 32 of these students had to be re-
jected due to irregularities in the selection process, because of failure
of the data system, and because of PLATO IV operational failures, leaving
a total of 42 for this group. Data for an equal number of controls was
obtained by random selection out of the pool of students not selected
for the experimental group who went through Learning Center C during the
same period.

Apparatus

The CAI lesson materials were presented via PLATO IV plasma-screen
terminals located in individual carrels (Figure 1) at the BE/E School.
The terminals were connected via multiplexers and leased phone lines to
a Control Data Corporation CDC 6500 central processing unit located on
the University of Illinois campus in Urbana, Illinois. Twelve terminals
were available to two shifts of students from 0600 to 1145 and 1200 to
1730 daily during the experimental period, 7 October to 22 November 1974.

CAI Training Materials

The CAI training materials consisted of two lessons on the use of
the Simpson Model 260-1 multimeter. The lessons taught the use of the
multimeter as an ohmmeter and a DC ammeter, and were equivalent in content
to Lesson IV, Module 3 and Lesson I, Module 4 of the materials (NAVPERS
94558-3 and 94558-4a) used by the BE&E School.

All lesson materials were presented via the plasma-screen, using
graphics to simulate the multimeter. Major emphasis was placed on pre-
paring the CAI materials so that meter functions were symbolically repre-
sented. For example, needle deflections reliably reflected specified
meter readings, and the student could change range and function switch
settings and specify how to connect the meter to a schematic of simple
circuits. A photo of the simulated multimeter as presented on the PLATO
screen is shown in Figure 2.

Within the lessons, the student could decide both what and how much
he wanted to see of the lesson materials. Following a presentation scheme
developed by M. David Merrill and others of Brigham Young University,
the total lesson content was segmented by (1) training objective, (2)
type of content (i.e., rules, examples, and practice problems) and (3)
level of difficulty (i.e., easy, medium, and hard). In this way, the

5
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Figure 1. Student terminal. PLATO IV system.
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student could study as much or as little of the materials that he felt
he needed to understand the individual training objectives. The func-
tion table used to select content and level of difficulty categories is
shown at the bottom of Figure 2. The various categories of learning
objectives available to the student are depicted in Figure 3. A "typical"
sequence of instruction is presented in Appendix A, a student trail for
one of the students.

Positive feedback was used for all practice problems. With minor
variations, this consisted of "Very Good!" for correct answers and "No.
Try again" for incorrect answers to problems. Help sequences were avail-
able for all learning objectives. For major objectives, the help se-
quences gave the correct answers to practice problems.

Experimental Design

The students in the experimental group were informed when they began
Module 3 of the BEEINLES materials that they were to go to the CAI lab-
oratory to study the ohmmeter and DC ammeter lessons. Students in the
control group use4 material normally provided by the school,- The data
collected for comparison of experimental and control group performance
were final examination test scores and time required to complete Modules
3 and 4 of the BEEINLES course. It was hypothesized that there would
be no difference in final examination scores or in time required to com-
plete the modules.

Procedure

As each student in the experimental group reported to the CAI room,
he was placed at a carrel and signed onto an introductory CAI lesson which
told him how the lesson materials were arranged and how to use the terminal
keyboard for accessing materials and answering practice problems. After
completing the introductory lesson, he was transferred automatically to
the ohmmeter lesson.

All CAI training was self-paced. Students had substantive control
of lesson strategy in that they were free to select any objective at any
time. They were also free to select any type of content (i.e., rule,
example, practice) in any order and at any time.

The student could take a short on-line quiz on the lesson materials
at any time. When the student satisfactorily completed the ohmmeter
lesson, he was sent back to the learning center for a performance test
and the final examination on Module 3. Upon satisfactorily completing
these tests, he returned to the CAI laboratory for the DC ammeter lesson.

When the student finished the DC ammeter lesson, he was asked to
complete a 34-item questionnaire which sought his reaction to (1) the
lesson materials and (2) computer-based training in general. The ques-
tionnaire concluded the CAI experience for each student. He then returned
to the learning center to complete the second and third lessons of Module

8
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4, which consisted of studying the DC aid AC voltmeter functions of the
multimeter. Upon concluding ModuleA, he took the school's performance
test and the Module 4 final examination.

9
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RESULTS

The data analyzed were: (1) total time required to complete each
of the modules, (2) test scores on the final examination given by the
school, and (3) answers to the questionnaire. The time required to com-
plete and the final examination scores on Modules 1 and 2, which were
common for all students, were used as concomitant variables with time
and scores on Modules 3 and 4 in a one-way analysis of covariance. The
module data were obtained from computerized BE/E School records. The
questionnaire, which was administered online at the PLATO IV terminals,
was analyzed separately.

As indicated in Table 1, the experimental group took significantly
longer, (roughly 2 hours more) to complete Modules 3 and 4 than did the
control group (F = 4.79, df = 1/81, p < .05). There was, however, no
significant difference in the overall test scores of the two groups.

TABLE 1

Comparison of Experimental and Control Groups:
Multimeter Training

Variable

Experimental
Group

Module Examination (% correct)

Selected Questions (% correct)

Training Time (in hours)

91.9

92.0

13.8*

Control
Group

93.6

91.0

11.9

*p < .05

Five questions on the module examinations, which were related to
reading the multimeter, were considered to be critical to the evaluation
of the simulation. A separate analysis of variance was therefore run
to compare the experimental and control group responses to these ques-
tions.

Selected results of the questionnaire are presented in Appendix B.
In general, the student reaction to the training was very enthusiastic,
with many students asking if additional lessons would be programmed.
In judging the proportions of training which they would prefer to be
classroom, individualized training booklets, or computer-aided instruction,
the student responses indicated they would prefer equal times for each
method. Seven students wanted no classroom instruction, three wanted
no individualized training booklets, and only two wanted no computer-aided
instruction. Answers to questions about using the special keys (the
student's way of selecting content) and writing delays (as occurred when

11
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the multineter was being put on the screen) indicated that the system
of selecting content was acceptable to the students and that there were
no objections to the delays. There were no questions related to directly
evaluating the learner control mode of learning.

12



DISCUSSION

This research was primarily exploratory in nature. The intent was
to investigate the feasibility of simulating a simple training device,
with a view to establishing a criterion for conducting more elaborate
simulations. The results were salutory. Students were generally enthu-
siastic about the training and achieved results comparable to those achiev-
ed by individuals using the actual equipment. While they spent more time
in training (13.8 hours versus 11.9 hours; F = 4.79., df = 1/81, p < .05),
they performed no differently on the laboratory tests (verbal report)
or on the module examinations.

It may be assumed that part of the time spent in the computer-assisted
instruction is chargeable to the novelty of the situation. At least 3/4-
hour of the differential. can be charged to getting the students to the
CAI laboratory and back, plus getting them indoctrinated. Some of the
additional time would appear to be ascribable to overlearning, as quite
a few students practiced extensively in reading the multimeter, an area
in which the simulation offered an infinite number of examples as opposed
to the very limited number of examples available in the school.

Several students had difficulty with the training mode. They did
not seem to understand either the extent of their options or the mechanics
of accessing different materials. A number of the earlier students ex-
hibited perseverative performance, pressing a particular key again and
again because "I didn't know how to get out of there." When these be-
haviors were observed, the introductory materials were immediately ampli-
fied or altered. Toward the end of the research period, students spent
less time in the introductory segment and the perseverative behavior was
not observed, indicating that the presentation had been considerably improved.
The portion of the training time attributable to the lack of understanding
of how to manipulate the lesson is not known.

The simulation accomplished in this research depended in large measure
on the technology of the PLATO IV system. It required particularly the
calibrated point-by-point control of images and the ability to erase as
well as write on a portion of the screen without affecting other portions.
The plasma screen dynamics were also important. To show the meter response
to measurement, the multimeter needle had to deflect quickly and accurate-
ly. The degree of needle position control was more than adequate for
both the ohmmeter and ammeter presentations, as was the degree of control
of the range switch, function switch, and zero ohms rheostat positions.

The PLATO IV typewriter keyboard provided adequate response input
capabilities. The function keys situated to the right of the regular
typewriter keys, which were used to access the different types of lesson
materials, proved quite satisfactory. The directional arrows on the
PLATO IV keyboard were used to rotate switches. Only two students in..!
dicated a lack of understanding of this latter function.

13
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The simulated multimeter (Figure 2) took several seconds to be dis-

played on the screen. During the lesson, the multimeter was redrawn for
each type of content selected. However, it was possible to keep the meter

display on the screen through any set of examples or practice problems,

as long as the student stayed in the same file (PLATO unit). The student's

acceptance of the delay while waiting for the meter to be redrawn speaks

well for their desire to learn and their acceptance of t e computer-aided

mode. The same may be said for their acceptance of delays while waiting

for circuit diagrams to be written. In short, the simulation was success-
ful and was readily accepted by the students in the experimental group.
It presages further developments of this type.

Many kinds of training equipments could be simulated using dynamic,

interactive, general-purpose computer terminals. The Simpson Model 260-1

_multimeter is only one of a great many equipments whose operation naval

trainees must learn. While technically easy to simulate and not dangerous
in itself, it is representative in its elements of many types of equip-

ments which trainees can easily damage or whose use under particular cir-

cumstances could create conditions hazardous to the trainee. Other types

of equipment might easily have been selected, but the multimeter offered

the distinct advantage of immediate access to students for whom this

training was essential.

It might be worthwhile to note that the simulation described herein

was developed empirically rather than scientifically. It was concluded

that the meter deflections might be developed more economically by trial-

and-error with simple algorithms than by trying to find and use the opera-

tional algorithm within the equipment. This approach is recommended so

long as it is feasible. There is nothing to be gained by developing
elaborate algorithms where a simple algorithm will do the job. The oppor-

tunity to use either approach suggests that the number of equipments which

could be simulated is not limited by technical complexity.

19
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CONCLUSIONS AND RECOMMENDATIONS

This research confirms the capacity of an interactive, general-purpose
computer terminal such as the.PLATO IV student terminal to simulate train-
ing equipment functions. Equipment functions can be dynamically repre-
sented and presented via the student terminal, and training seems to
transfer adequately to the actual equipment. Use of the general-purpose
computer terminal thus becomes'an interesting alternative to the purchase
and use of special training equipment. It is suggested that additional
research on other types of equipment and on the transfer of learning to
actual equipments is needed to broaden the findings of this experiment.
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STUDENT TRAIL

The student trail reported here and shown on Table A-1 is roughly typical
of those made by students taking these lessons. It shows the responses
made to the ammeter lesson for one student. The sequence proceeds down
the first column then to the top of the next column, etc. The code for
each response identifier is as follows:

1st Digit - Lesson objective number (e.g., 9 = test).

2nd Digit - Type of content (i.e., 1 = rule, 2 = example,
3 = practice)

3rd Digit - Level of difficulty (i.e., 1 = easy, 2 = medium,
3 = hard)

4th Digit - Nature of response (0 = sequencing, 1 = right
answer to practice, 2 = wrong answer to practice,
3 = help sequence)

This student took the objectives in order (as indicated by the first
digit in each response identifier). He also adapted a rule- example -prac-
tice strategy (as indicated by the second digit). He made about the
average number of responses before taking the lesson quiz. His quiz score
was excellent. (As indicated by the last digits in the 9000 series re-
sponses), he had one wrong for a score of 94%. Data on the effect of
content selection is being developed separately.
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RESPONSES TO SELECTED QUESTIONNAIRE ITEMS

3. Using a scale from one to five, rate the ease of using the special
keys:

I F,1
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I I

> > > F- > I-
(C V) N i V) < J CJ
uJ IIC 411C C IC 7C = W=
> ga uJ 311 ga 3IF 0 >0

W W a tr.
g 3
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1 kgN

10. Did you experience any degree of fatigue or strain while taking your
training?
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13. Were the words, drawings and figures clear and easy to read?
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2-

0
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z
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16. Did_the delay in having to wait for new displays to fill the screen
bother or annoy you?
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25. How do you rate CBT (computer-based training)?
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27-28. Please indicate the proportion of classroom and textbook, self-
instructional module booklets, computer-based training you would
prefer?
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2

0
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BOOKLET CBT
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100% 75% 50%
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7-

30. Rate the instructional effectiveness of the lesson:

.J
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T,

34. Arrangement (spacing, format, distribution, etc.) of materials on the
screen was excellent.
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