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EXECUTTVE SUMMARY

Introduction:

The U.S. Army Air Defense School (USAADS) at Fort Bliss, Texas, made a
decision during the first quarter of 1981, to revise the content of the
Military Occupational Specialist (MOS) 16H10 One Station Unit Training (OSUT)
Program. Students enrolled in the MOS 16H10 OSUT Program were now to receive
instruction on the AN/TSQ-73 Command/Control System. Previously, instruction
on the AN/TSQ-73 System had been limited to those students enrolled in a MOS
25L10 Command and Control System-Operator and Repair Course.

In conjunction with introducing new content to the MOS 16H10 OSUT programs,
it was decided that computer assisted instruction (CAI) materials would be
developed and examined in order to determine what feasibility they might have
for serving as an appropriate interactive instructional delivery system.

Purpose of Evaluation:

The evaluation concentrated on documenting outcomes and, to some extent,
activities in several basic areas of inquiry. The original evaluation request
specifically sought to examine the following questions.

1. Will the CAI delivery system allow the students using CAI
to obtain a statistically comparative performance rating
as those learning in the current system?

2. Will the CAI delivery system allow students using CAI
to complete the training in a time statistically com-
parative to those learning in the current system?

3. Will the students in the CAI delivery system indicate
an acceptance/non-acceptance of the CAI presentation
methods?

4. Will instructors/course managers of the CAI delivery system
indicate an acceptance/non-acceptance of the CAI present-
ation methods?

An important aspect, to the evaluator, was that the new course for the
MOS 16H10 OSUT students included a mixed media delivery system in a individually
paced format, not just CAI materials. However, the evaluation questions were
focused only on the CAI component. In developing the evaluation plan, con-
sideration was also given to collecting some data on the overall effectiveness
of the course.

Evaluation Design:

An evaluation of a program such as the MOS 16H10 OSUT AN/TSQ-73 System
Command/Control course tends to also be complex in its range of activities.
Much careful planning went into the design and conduct of the evaluation so
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Evaluation Design Continued:

that it would both probe critical issues in depth and cover the breadth of
probable effects.

The evaluation rests on a major assumption: that the overall system
represents a curricular program. In this case the CAI and other individually
paced media are not merely an alternative delivery mechanism for the same
instruction. This evaluation treats sections taught by an instructor in a
classroom format and those conducted on the CAI/mixed media individually-paced
with instructor support as alternative curricula. While consistent in content
coverage (tasks identified in MOS 16H10 OSUT course related to the AN/TSQ-73)
the new course obviously differs in strategy and delivery.

The paradigm, for the summative evaluation, used to compare the exper-
imental course to the control course, basically consisted of one independent
variable and three dependent variables. The independent variable was the type
of training method. The dependent variables were effectiveness (achievement,
written/performance, and speed of skill acquisition).

Another part of the evaluation design included subjective ratings (by
students, instructors and staff members using or instructing the CAI exper-
imental course) which provided data for measuring the effectiveness variable
and four other variables including: student acceptance, instructor acceptance,
program implementation and reliability. Cost analysis variables were also
examined in this evaluation. ®

Population and Treatment Groups:

The evaluation design was somewhat restricted by the necessity of having
to use non-equivalent treatment groups. The design was first hampered by the
fact that the control subjects received course content that was slightly dif-
ferent from the experimental course. The control group was selected from a
course that was being used to train 25L10 students on the AN/TSQ-73 System Con-
sole Operations. In other words, the experimental course was developed to
train students on only a portion of the tasks included in the control course.
However, it was believed that those tasks relevant to this evaluation plan
could be isolated well enough to enable 25L10 students to serve as an approp-
riate control group.

The experimental and control groups for the summative evaluation were
selected from available classes already assigned either to the MOS 16H10 OSUT
or the MOS 25L10 courses. The intact class restriction prohibited the selection
of a randomized sample. A1l students (27) assigned to a single control course
were used as part of the control sample. It was necessary to combine two
classes of experimental students to reach the needed sample size. The same
considerations were given to the number of instructors and staff members in
order to provide a reasonable precise estimate of their judgment toward the
experimental course.
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Population and Treatment Groups Continued:

The experimental course can best be described as employing an individually
paced methodology. All materials are under the control of the students as to
how quickly they move ahead towards completion. An average time of 120 hours
for students to finish the course was projected by the staff development team.
The course includes a variety of self-paced media, exercises and exams.

The MOS 25L10 Command and Control System-Operator/Repair Course, which
served as the control group for the evaluation, can best be described as a
traditional course. Its instructional methodology was primarily lecture and
discussion. All students naturally began and completed the course at the same
time. One hundred and seventy clock hours of instruction were allocated to
the control course for completing the tasks included in the MOS 16H10 course.
It is important to note that the MOS 25L10 course also included instruction
for the repair of the AN/TSQ-73. However, additional time was allocated for
teaching these tasks.

T ye—

. Data Analysis:

Data analyses for the evaluation were organized around the variables or
questions of effectiveness, student acceptance, instructor acceptance, program
implementation, reliability and cost factors. A statistical comparison was
made of scores on the written test for the experimental and control classes.
The statistical comparison employed a t-test to determine if there was a
statistical significant difference between the mean scores of the two groups.

Analysis of several subjective questions was addressed through frequency

distributions and statistical measures such as means, medium and standard
deviations for each item.

Findings and Conclusions:

7 1. Effectiveness measurements strongly supported the experimental course.

1 Statistically significant differences were found on achievement measures for

s the experimental course over the control course. The amount of time required

F for acquisition of the skills was also found in favor of the experimental course.

3 2. Student and instructor acceptance of the course was found to be highly
X positive. Students seemed to be more receptive of CAI when it was an integrated
g part of a course, rather than when it was the only medium.

3. Program implementation was carried out in a rather successful manner.
In fact, it was concluded that implementation procedures actually facilitated
the learning process.

4. Both courseware and hardware proved to be extremely reliable. Very
few problems were detected in either.

——— e ———y -




Findings and Conclusions Continued:

5. It is important to note that the basic development cost is a fixed
cost, whether the project is continued for one or ten years. These costs are
amortised over the ten years as a uniform unit cost. The operational costs,
on the other hand, are repeated for each group of students regardless of the
number of groups trained. In other words, it costs as much to operate the
training course for the 15th group, for example, as it does to operate the
course for the first group, provided the operational costs are not changed.
It should be noted that the operational costs have been calculated at a set
dollar amount throughout the ten-year period. In reality, one probably can
expect the operational costs to increase over the years. However, it would
be mere speculation to estimate these increases. Assuming that the cost will
increase proportionally with other increases, one can conclude that the CAI
portion of this course is an extremely worthwhile venture.
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INTRODUCTION

The U.S. Army Air Defense School (USAADS) at Fort Bliss, Texas, made a
decision, during the first quarter of 1981, "o revise the content of the Military
Occupational Specialist (MOS) 16H10 One Station Unit Training (OSUT) Program.
Students enrolled in the MOS 16H10 OSUT Program were now to receive instruction
on the AN/TSQ-73 Command/Control System. Previously, instriction on the AN/
TSQ-73 System had been limited to those students enrolled in a MOS 25L10 Com-
mand and Control System-Operator and Repair Course.

In conjunction with introducing new content to the MOS 16H10 programs,
it was decided that the computer assisted instruction (CAI) materials would be
examined in order to determine what feasibility they might have for serving as
an appropriate instructional delivery system.

BACKGROUND:

The AN/TSQ-73 System is considered to be the state of the art in air
defense command and control systems. It includes many technological advance-
ments which were not part of earlier generations. The application of medium-
scale integrated circuitry has provided further reliability increases comparable
to those attained by use of integrated circuits in place of discrete components.
The application of the state-of-the-art circuiting advancement has permitted
added capability and capacity to be packaged in even smaller, still more
reliable units. The AN/TSQ-73 System is organized on the basis of four
functional subsystems of equipment: display, radar interface, automatic data
processing, and communications. The widespread use of micro-electronic digital
circuiting to replace discrete component digital and a number of analogy elements
has resulted in size, weight and power reductions that enables the entire system
to be housed in a single, highly mobile shelter. The revised training program
for the MOS 16H10 OSUT student would now need to provide instruction on tasks
specifically related to the AN/TSQ-73 System Command/Control console operation.

Staff personnel immediately conducted an analysis of the revised MOS
16H10 OSUT task 1ist to determine which task would be good candidates for
developing into a CAI methodology. The following criteriawere established to
determine the appropriateness of each task:

1. The learning process for the task would require the student
to repeat the procedure until minimal proficiency was attained.

2. Prior to repeating the task (or element of a task) remediation
was often required.

These two criteria produced a large list of potential tasks which could
be developed into CAI materials. Further analysis of the task list led the
staff members to separate the tasks into two categories.

1. Mental Skills - Those tasks that required the student to be
cognizant of the elements/procedures required to perform the task.

2. Motor Skills - Tasks requiring psychomotor memory, i.e.,
Tnstalling the magnetic tape cartridge and changing paper in
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the keyboard printing unit. The resultant 1ist of potential CAl tasks
included tasks that required:

a. Remediation

b. Drill & Practice
c. Repetition

d. Mental Skills

Initially the staff members estimated that approximately 40+ hours of CAI
materials could be incorporated into the portion of the MOS 16H10 OSUT Program
which pertained to the AN/TSQ-73. The staff also decided that the entire AN/
TSQ-73 course should be developed around an individually paced concept.

Since CAI materials were to deliver only a portion of the total course, other
media forms needed to be considered. In addition to CAI materials the course
eventually was designed to include programmed text, synchronized tape/slide
and practical exercises. Written examinations and practical examinations were
also to become an integral part of the course. A goal that the staff members
attempted to use as a guiding principle in developing the course was to pro-
duce stand alone learning elements of approxiamtely 45 minutes which avoided
the structuring of contiguous lessons using the same media.

The application of the above principle resulted in the following media-
mix for the course:

CAI - 23 hours (estimated time required for completion);

Sync-Tape/Slides - 23 hours (estimated time required for completion);
Practical Exercises* - 30 hours (estimated time required for completion);
Programmed Text - 30 hours (estimated time required for completion);
Written Examinations - 11 hours (estimated time required for completion);
Practical Exam-3 hours (estimated time required for completion);

NP wn —~

Staff members, in the initial stage of their work designed, developed and
completed a representative lesson. The representative lesson was then submitted
to the Training Development Institute (TDI) of the Training and Doctrine Com-

mand (TRADOC). The result of submitting the representative lesson to TRADOC
was:

—
.

The endorsement of the CAI training strategy.
2. Funding of an equipment lease/buy contract enabling the staff
members to evaluate other technology applications.

The cost of developing the course received serious consideration. Initially
the manpower required to develop an academic hour (50 minutes) of CAI ran
approximately 200 manhours/lesson. This was expected by the staff but deemed
unacceptable. To reduce the cost, efforts were made to streamline the entire
production procedure. One of the more significant gains was through the use
of a word processor for lTesson authoring. Another time saver was the decision
to not to include high resolution graphics directly through the CAI materials.
Instead, the CAI materials would refer the students to specific pages in technical

*Each practical exercise is concluded with a test of learning requiring
the student to either demonstrate a procedure, answer guestions, or both. In
this regard a portion of each practical exercise is dedicated to practical testing.
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manuals (TM) which depicted the renuired graphic. Since these documents were
what the students would use when they left the school environment it was
decided to simply issue the students the TM and refer them to the appropriate
place. The resultant lesson authoring system and the graphics decision coupled
with other developed short-cuts enabled the production of one academic hour of
CAI courseware with approximately 40 manhours of labor. This level of pro-
duction was deemed satisfactory and enabled the timely implementation of inde-
pendent trials as various lesscns were completed.

In developing the CAI lessons the staff members used the following pro-
cedures:

1. First, a subject matter expert would develop the materials for
selected tasks that were appropriate for a one period lesson.
Then another staff member with a background in CAI would layout,
on an ADP coding sheet, the text and graphics required to adapt
the material to CAI.

2. Second, a typist would enter the lesson from the coding sheets
using the lesson authoring system designed by the courseware
developers (the course authoring system was/is continuously
being refined).

3. Next, each lesson was edited and corrected. A determination
was then made as to whether or not the lesson, as currently
developed, met task standards and also satisfied the training
objective. If not, lesson revision was required.

4. Student trials began with both internal and external con-
scripts. While many of the people who participated in these
trial tests were not from the targeted audience, many mis-
takes were caught and corrected. The people who participated
in the trial test of the CAI materials came from various
backgrounds and included:

a. Officers - Either waiting for their advanced course to
begin or waiting for an assignment subsequent to attend-
ing the advanced course.

b. Reservists - Reserve officers on active duty for a
short time.

c. Noncommissioned Officers and Privates - This group's back-
ground was similar to the target population.

5. The course was implemented on January 11, 1982, with 11 students.
These students, who were from the target population, were used
to continue the validation process. Feedback information from
this group resulted in several changes. Revisions, suggested
from this feedback, were made in the course prior to the
collection of data for the summative evaluation.

I i e B Koo, B e o B b e et i .
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The MOS 16H10 OSUT instruction on the AN/TSQ-73 System Command/Control
Console Operations used 14 Apple II microcomputers w/48K, single disk drive and
Leedex black and white monitors. A1l the microcomputers were located in a
single room which was adjacent to three other rooms used along with the course.
The other three rooms were used in conjunction with the sync-tape/slide lesson,
the programmed text materials, the written examinations and the course admin-
istration and management functions. The practical exercises were conducted
with equipment located in an adjacent building.

A decision was made, in September 1981, to evaluate the new course to
determine its effectiveness. It was decided that an outside evaluator would
be brought in to conduct the evaluation. The first task to be performed by
the evaluator was to examine the intended evaluation purposes and to develop
an evaluation plan that would serve these purposes. The next section of this
report will discuss the purposes of the evaluation.

PURPOSE OF THIS EVALUATION:

What is a goal for a developer is often a question for an evaluator. This
evaluation of training impact covers the breadth of this specific CAl system's
potential and goes into detail on key issues. The questions which the eval-
uation addresses, however, reflect not just the program's goals but also needs
for information for making future decisions about the program and similar
projects. The staff members of the unit involved in the course must plan how
best to use the system in the future. They need to know what's right and what's
wrong with the course. Other instructional units will want sufficient data
to decide about adopting CAI separately or adopting a media mix similar to
that used in this course as a potential instructional resource. This evaluation
by itself does not satisfy all such needs. Rather it contributes to the
information available to diverse audiences in making these decisions.

The evaluation concentrated on documenting outcomes and, to some extent,
activities in several basic areas of inquiry. The original evaluation request
specifically sought to examine the following questions.

1. Will the CAI delivery system allow the students using CAI
to obtain a statistically comparative performance rating
as those learning in the current system?

2. Will the CAI delivery system allow students using CAI to
complete the training in a time statistically comparative
to those Tearning in the current system?

3. Will the students in the CAI delivery system indicate an
acceptance/non-acceptance of the CAI presentation methods?

4. Will instructors/course managers of the CAI delivery
system indicate an acceptance/non-acceptance of the CAIl
presentation methods?
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An important aspect, to the evaluator, was that the new course for the
MOS 16H10 OSUT students included a mixed media delivery system in a self-paced
format, not just CAI materials. However, the evaluation questions were focused
only on the CAI component. In developing the evaluation plan, consideration
was also given to collecting some data on the overall effectiveness of the
course.

It is common to judge the quality of an instructional program by its
effects. This places emphasis on a demonstration of results rather than just
an indication of potential. It was expected that such results would be evident
among students as the group most affected by an instructional program. But
instructors, too, bear the impact of curricular innovation through changes in
their duties and responsibilities. These two groups, students and instructors,
were the sources of data collection for the CAI delivery system.

From students, data were sought on achievement (effectiveness) and their
attitudes toward the instructional system. Instructors participating in the
experimental program were asked to provide data on their reactions to and their
judgments on the effectiveness of the CAI program, as well as information on
their professional role in the instructional setting. These data reflected
the basic questions about student performance and instructor/student accept-
ance addressed in the statement of work.

Program implementation cannot be overlooked in any evaluation plan. An
adequate summative evaluation requires that some attention be given to the
quality of implementation of the courseware. Unless the implementation is
carried out in accordance with project plans, and is of high quality, conclusions
cannot be made about the impact of the courseware. Therefore, some emphasis
was placed upon collecting data on the implementation of the program.

The reliability of the instructional system is important to the overall
evaluation plan. The reliability issue was addressed with the question, "Are
students able to consistently progress through the lessons without help from
the program facilitators?" Another question concerning reliability focused
upon the issue of "How often is downtime of the system a factor?"

The purpose of instructional cost-effectiveness analysis was to provide
the decision-maker with data on the cost and probable effectiveness for the
alternatives, among which he must choose one course of action. It should be
pointed out that cost-effectiveness analysis involved clarifying the relation-
ships between these two factors (cost and effectiveness) so that the decision-
makers can make reasonable sound choices among the various ways an objective
might be met. The evaluation plan for this instructional system examined
several important variables related to cost-analysis, but was unable to make
recommendations as to the cost-effectiveness of the experimental course as
compared to that of the control course. Too many differences existed between
the courses to make any reasonable cost-effective analysis.

In summary, the purpose of the evaluation was to seek information and
potential answers to the six questions that follow:

1. How effective was the instructional system?

2. Did the students accept the instructional system?
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Did the instructors accept the instructional system?
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3
4. Was the program implementation of the instructional system effective?
5

SN B

Was the instructional system reliable?
6. What cost analysis can be made for the instructional system?
The next section of this report details the evaluation design that was used

in evaluating this program. Specifically, the operational plans used in col-
lecting and analyzing the data are detailed.

£VALUATION DESIGN

An evaluation of a program such as the MOS 16H10 OSUT AN/TSQ-73 Command/
Control System course tends to also be complex in its range of activities.
Much careful planning went into the design and conduct of the evaluation so
that it would both probe critical issues in depth and cover the breadth of
probable effects.

The evaluation rests on a major assumption: that the overall instructional
system represents a curricular program. In this case the CAI and other individ-
ually paced media are not merely an alternative delivery mechanism for the same
instruction. This evaluation treats sections taught by an instructor in a
classroom format and those conducted on the CAI/mixed media individually paced
with instructor support as alternative curricula. While consistent in content
coverage (tasks identified in MOS 16H10 OSUT course related to the AN/TSQ-73)
the new course obviously differs in strategy and delivery.

It should be clear that this is a curriculum evaluation as well as an
evaluation of any specific delivery system. The alternative curriculum happens
to differ along several major dimensions, including their strategy for teaching
and mode of instruction. But the students learning that takes place within a
course should satisfy the same minimal criteria. Comparisons of the course
with similar delivery mechanisms or contrasts across different instructional
strategies for courseware would most certainly be helpful in selecting among
such alternatives. Still, a potential consumer might view such studies as
limited in their value if none of the alternatives matched or exceeded the
results obtained through traditional, proven practices. Thus, this evaluation
concentrated on documenting the course's effects relative to the outcomes of
usual lecture-discussion classes.

The paradigm, for the summative evaluation, used to compare the experimental
course to the control course, basically consisted of one independent variable
and three dependent variables. The independent variable was the type of train-
ing method. The dependent variables were effectiveness (achievement, written/
performance, and speed of skill acquisition). The performance test which was
included in the evaluation plan had to be dropped due to time constraints which
interferred with the control group. This aspect of the evaluation will be
addressed later in the report.
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Another part of the evaluation design included subjective ratings (by
students, instructors and staff members using or instructing the CAI experi-
mental course) which provided data for measuring the effectiveness variable and
four other variables including: student acceptance, instructor acceptance, pro-
gram implementation and reliability. Cost analysis variables were also examined
in this evaluation. These six variables are now discussed in this report. In
addition, a matrix is provided indicating the form of measurement and the data
source used for each variable.

EFFECTIVENESS:

Perhaps the single, most important cirteria in judging a program's success
is its effect on student achievement. Educators tend to look at achievement
results before other outcome, and most new curricula come with a promise to
improve achievement in some manner. Certainly there was interest in whether
the CAI/mix media course would result in higher test performance and a shorter
period of time for completion than that associated with usual classroom practices.
Its developers hoped that the course would lead to 100% mastery of the subject
matter, as measured by a series of examinations, for all students who completed

the course. Achievement, therefore, received a high degree of attention in the
evaluation.

Nine written examinations were used to evaluate student achievement for
various segments of the course. In addition, scores from these nine written
tests were summed to gain a composite score for the entire course.

The evaluation also examined the experimental (CAI/mix-media) group's scores
on written test items relating to course content taught by CAI and compared those
scores to the scores obtained by the control group. Twenty CAI questions were
randomly selected for this comparison. Another examination of achievement was
made by comparing the experimental group's scores on twenty randomly selected
CAI questions to their own scores on twenty randomly selected test ftems which
were taught by other forms of media.

Achievement was also to have been examined through a practical examination.
Due to a time constraint, involving insufficient equipment, this comparison
had to be dropped from the evaluation.

The effectiveness variable was also examined by comparing the speed of
acquisition of learning for the experimental group to the speed of the control
group. Since the experimental group was individually paced, an average time
for completion was derived and compared to the designated time for the control
group which used an instructor controlled method with a designated time for
completion.

Other factors used in judging the effectiveness variables included perceived
speed of skill acquisition, perceived confidence in learning from CAI, perceived
student attention, perceived student need and perceived transfer to task/per-
formance. In summary, the effectiveness variable was examined in the following
manner:
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VARIABLES

MEASUREMENT

DATA SOURCE

1.0 Skil11 achievements.

2.0 Speed of skill
acquisition of experi-
mental group vs.
control group.

3.0 Perceived speed of
skill acquistion

via CAI versus skill
acquisition from other
media.

4.0 Perceived confid-
ence in learning from
CAI versus learning
from other media.

5.0 Perceived Atten-
tion to learning from
CAI versus learning
from other media.

6.0 Perceived meeting
of student need from
CAI versus learning
from other media.

7.0 Perceived transfer
learning from CAI to
actual task perform-
ance versus transfer
of Tearning from
other media.

1.1 Written test scores
and practical exam
scores.

2.2 Number of hours
required to train
student in experimental
and control groups.

3.1 Subjective question
on skill acquisition
5-point scale.

4.1 Subjective gquestion
on confidence of learn-
ing, 5-point scale.

5.1 Subjective question
on attention to learning,
5-point scale.

6.1 Subjective question
on meeting individual
student needs, 5-point
scale.

7.1 Subjective question
on transfer of learning,
5-point scale.

1.2 Course records to
be kept on each student.

2.2 Course records
primarily from
individual student logs.

3.2 Student End-Of-
Course Evaluation;
Instructor End-0f-
Course Evaluation.

4.2 Student End-0f-
Course Evaluation;
Instructor End-Of-
Course Evaluation.

5.2 Student End-0f-
Course Evaluation;
Instructor End-0Of-
Course Evaluation.

6.2 Student End-0Of-
Course Evaluation;
Instructor-End-0f-
Course Evaluation.

7.2 Student End-0f-
Course Evaluation;
Instructor End-Of-
Course Evaluation.

Figure 1.

Effectiveness Variable

The following data sources were used in data collection for the effective-

ness varjable:

oo T

Written Tests found at Appendix A.
Practical Examination found at Appendix B.
Student Usage Log found at Appendix C.
Student End-0f-Course Questionnaire found at Appendix D.
Instructor End-0f-Course Questionnaire found at Appendix E.

Each of the instruments are discussed later in this report under the area

of Instrumentation.




3 . STUDENT ACCEPTANCE:

Over the last several years it has become common, in many institutional
settings, for students to rate their instructors. This practice gives implicit
recognition to the role of students as judges. It also extends the criteria for
teaching effectiveness beyond achievement and productivity to results in forms
of student opinions. Despite the acceptance of student ratings and the study
of student attitudes toward various teaching methods, curriculum evaluations
seldom compare programs along this dimension. Yet comparisons of student
attitudes, expecially with dissimilar programs, offer us insight into how students
react to teaching methods and what they value in their instruction.

The student acceptance variable was employed in an attempt to examine
acceptance or non-acceptance on the part of the student user. The primary
question was, "Would you choose the methodology used in this course if avail-
able to you in future courses?" Several questions, in various forms, were
given to students in order to obtain information about the primary question.

In summary, the student acceptance variable was examined in the following manner:

VARIABLES MEASUREMENT DATA SOURCE
1.0 Attitude toward 1.1 Subjective question, 1.2 Student End-O0f-
the overall course. 5-point scale. Course Evaluation.
2.0 Attitude toward 2.1 Subjective question, 2.2 Student End-0f-
CAI component of the 5-point scale. Course Evaluation.
course.
3.0 Attitude toward 3.1 Subjective question, 3.2 Student-End-0f-
increasing the CAI 5-point scale. Course Evaluation.
component of the
course.
4.0 Willingness to 4.1 Subjective question, 4.2 Student End-Of-
take other similar 5-point scale. Course Evaluation.
courses involving CAI.
5.0 Likes and dislikes 5.1 Open-ended question. 5.2 Student End-Of-
about the CAI compon- Course Evaluation.

ents of the course.

Figure 2. Student Acceptance Variable

The source used in data collection for the student acceptance variable was
the Student End-0f-Course Questionnaire found at Appendix D. This instrument
is discussed later in this report under the area of instrumentation.

T —— ——— —
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INSTRUCTOR ACCEPTANCE:

There was as much uncertainty about what instructors would do in the exper-
imental classes as about student activities.

-10-
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If the experimental program suc-

ceeded in teaching students and enabled them to adjust their own instruction

to fit individual needs, what then would be the instructor's role?

ers of the program foresaw a displacement of instructors from their positions

or certainly a change in their role that they would perform.

perhaps assume new roles as master teachers or as subject matter experts on

teams engaged in courseware production.

the usual teaching role:

facilitate student learning through fts advice. -
imental class would function as a manager-advisor, helping students when required

and controlling and facilitating student activities. )
become another resource available to students rather than the control figure

in instruction.

The experimental course was to fulfill
it would convey and explain materials as well as
The instructor in the exper-

So the instructor would

The instructor acceptance variable was employed in an attempt to examine

acceptance or non-acceptance of the course on the part of the instructors. A
primary question was, "Would you choose to participate with future courses using

an instructional methodology similar to that used in this course?"

Several questions,in various forms, were given to instructors in order to

obtain information about this primary question.

In summary, the instructor

acceptance variable was examined in the following manner.

The develop-

Instructors could

The

VARIABLES

MEASUREMENT

DATA SOURCE

1.0 Attitude toward the
overall course.

2.0 Attitude toward CAI
component of the course.

3.0 Attitude toward
increasing the CAl
component of the course.

4.0 Willingness to teach
other courses using CAI.

5.0 Likes and dislikes
about the CAI components
of the course.

6.0 Perceived change in
conduct of training.

7.0 Perceived change in
job of instructor.

1.1 Subjective question,
5-point scale.

2.1 Subjective question,
5-point scale.

3.1 Subjective question,
5-point scale.
4.1 Subjective question,
5-point scale,
5.1 Open-ended question.

6.1 Open-ended question.

7.1 Open-ended question.

1.2 Student End-0f-
Course Evaluation.

2.2 Instructor End-0Of-
Course Evaluation.

3.2 Instructor End-0f-
Course Evaluation

4.2 Instructor End-0f-
Course Evaluation.

5.2 Instructor End-0Of-
Course Evaluation.

6.2 Instructor End-Of-
Course Evaluation

7.2 Instructor End-0f-
Course Evaluation.

Figure 3.

Instructor Acceptance Variable




£ Jast e o

-11-

The source used in data collection for the instructor acceptance variable
was the Instructor End-Of-Course Questionnaire found at Appendix E. The
instrument is discussed later in this report under the area of instrumentation.

PROGRAM IMPLEMENTATION:

Regardless of results the introduction of an innovative curriculum into

a unit is in itself an achievement.

This is especially true when the curriculum

involves an application of instructional technology with the stated objective

of supplanting traditional methods of instruction entirely.

A particular unit's

personnel may affect the extent to which an evaluation's results depict fairly
what may be expected to happen elsewhere with other students or under different

conditions.

The program implementation variable was used in an attempt to examine the
question, "Did program implementation have any adverse affect on the overall

effectiveness of the program?"

This variable was examined through information

obtained from several questions administered to both students and instructors.
In summary, the program implementation variable was examined in the following

manner:

VARIABLE

MEASUREMENT

DATA SOURCE

1.0 Perceived orient-
ation to using CAI.

2.0 Perceived quality of
instructor assistance.

3.0 Perceived quality
of the environment in
which CAI was used.

4.0 Perceived quality
of CAI equipment oper-
ation.

5.0 Percieved quality
of CAI course material.

6.0 Ability of students

to work without instructor

involvement.

1.1 Subjective question,
5-point scale.

2.1 Subjective question,
5-point scale.

3.1 Subjective question,
5-point scale.

4.1 Subjective question,
5-point scale.

5.1 Subjective question,
5-point scale.

6.1 Subjective question,
5-point scale.

1.2 Student End-Of-
Course Evaluation.

2.2 Questionnaire given
to students at the end
of each lesson involving
CAI.

3.2 Questionnaire given
to students at the end
of each lesson involving
CAI.

4.2 Questionnaire given
to students at the end
of each lesson involving
CAI.

5.2 Questionnaire given
to students at the end
of each lesson involving
CAI.

6.2 Instructor End-0f-
Course Evaluation.

Figure 4.

Program Implementation Variable

.
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The following data sources were used in data collection for the program
implementation variable:

a. Student End-Of-Course Questionnaire found in Appendix D.
b. Instructor End-0f-Course Questionnaire found in Appendix E.
c. Student End-O0f-CAI Lesson Questionnaire found in Appendix F.

These instruments will be discussed in this report under the area of
instrumentation.

RELIABILITY:

The question of reliability was used to examine the quality of both soft-
ware and hardware. Data for software reliability was gathered from students
logs as to how often and on which tasks the instructional facilitator needed to
intercede with CAI lessons. The CAI system is designed in a way that auto-
matically stops a student in a lesson when they are unable to respond correctly
to an item on their third attempt. A log, recording student "errors" in CAI
lessons, was to be kept for each student. The CAI hardware reliability factors
was to be measured in both a quantitative and subjective manner. Daily term-
inal downtime, percent of downtime for each terminal and cause or type of
failure was to be kept. Time phased analyses was to be used to detect any trend.
However, in actuality the hardware and the software proved to be highly reliable,
resulting in a very small amount of negative data., In summary, the reliability
variable included:

VARIABLE MEASUREMENT DATA SOURCE

1.0 Need for instructor 1.1 Number of times per 1.2 Student CAI Usage

assistance in CAl student for each lesson, log.
Tessons. number of times for each

task on a given lesson.
2.0 Daily terminal 2.1 Amount of time from 2.2 Problem Log for CAI
downtime. report of failure to terminals.

repair.
3.0 Cause or type of 3.1 Description of 3.2 Problem Log for CAI
failure. malfunction. teminals.
4.0 Perceived 4.1 Subjective question, 4.2 Student End-0f-
reliability. 5-point scale. Course Evaluation;

Instructor End-Of-
Course Evaluation.

Figure 5. Reliability Variable
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The following data sources were used in data collection for the reliability
variable:

Student CAI Usage Log found at Appendix C.

Student End-0f-Course Questionnaire found at Appendix D.
Instructor End-Of-Course Questionnaire found at Appendix E.
Problem Log for CAI Terminals found at Appendix G.

aon oo

These instruments are discussed in this report under the area of instru-
mentation.

COST ANALYSIS:

This evaluation report includes a limited study of costs associated with
the AN/TSQ-73 Console Operator Course. These costs were related only to the
CAI lessons. Costs factors associated with the CAI lesson were examined in the
following areas:

1. Analysis and development of the course.

Initial/acquisition of materials, equipment and supplies.
Operational costs.

Depreciation of equipment.

g 2w N

Future development costs.
6. Estimated repair costs.

It was assumed that the lifespan for the hardware would be approximately
ten years; and for projection purposes the same period of time was estimated
for the courseware. As useful background information for the whole section on
costs, the evaluation gathered whatever data were available regarding the
acquisition and repair cost of all CAI equipment. It was further assumed that
additional development costs would be incurred as several of the non-CAI lessons
are converted to CAI lessons. These costs were to be estimated along with
other projections. The school instructors and staff members however, were
unable to forecast these projected changes and costs.

Cost analysis for the experimental course were derived from several simple
equations. This type of analysis was made to see how the effects of cost
changes as more students are trained with the system. The future number of
students over the next several years along with the average class size was
estimated for the purpose of our analysis. The formulas considers two types of
costs: basic developmental costs and operational costs. It is important to
note that basic developmental costs, once the investments are made, do not
contribute to the costs of training a few. In other words, basic development]
costs can be amortized over the 1ife of the course. On the other hand,
operational costs remain the same for each group of students, regardless of the
number of groups trained. In other words, it costs as much to operate the
training course for the 15th group, for example, as it does to operate the
course for the first group (provided the operational costs are not changed).
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#t The formulas for calculating training output-unit costs can be stated as:
- Output unit as a group of students:
Cq-‘-%"'o
5 where: Cq = Cost per group
g = Basic costs
0 = Operational costs
N = Total number of students groups
OQutput unit as each student:
B O
= 4 —
where: Cg = Cost per student
B = Basic cost
0 = Operational costs
¥ N = Total number of students who have taken the course
_ (including the present group)
n = Number of students in the present group
In summary, cost analysis variables were examined in the following manner:
.
VARIABLE MEASUREMENT DATA SOURCE -
1.0 Research and 1.1 Cost in dollars. 1.2 Available records.
development of the
course.
: 2.0 Initial/acquisition 2.1 Cost in dollars. 2.2 Available records.
. of hardware/software.
if 3.0 Operational costs. 3.1 Cost in dollars. 3.2 Available records;
I also projected increases
by staff.
4.0 Equipment 4.1 Number of years. 4.2 Available data;
Depreciation. staff projection.
A 5.0 Repair costs. 5.1 Projected dollars. 5.2 Available data;
staff projection.
Figure 6. Cost Analysis Variable
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POPULATION DESCRIPTION AND TREATMENT:

The evaluation design was somewhat restricted by the necessity of having
to use non-equivalent treatment groups. The control group was first hampered
by the fact that the subjects received course content that was slightly dif-
ferent from the experimental course. The control group was selected from the
course that was being used to train MOS 25L10 students on the AN/TSQ-73 System
Operation and Repair. The experimental course, to be implemented for the first
time, was designed to train MOS 16H10 OSUT students on AN/TSQ-73 System Console
Operations. In other words, the experimental course was developed to train
students on only a portion of the tasks included in the control course for MOS
25L10. However, it was believed that those tasks relevant to this evaluation
plan could be isolated well enough to enable MOS 25L10 students to serve as an
appropriate control group.

Secondly, MOS 25L10 students and MOS 16H10 OSUT students were not equivalent.
Students in the proposed control group were required to have a higher score on
an aptitude measurement then students in the experimental course. Therefore,
it was deemed essential that scores from an aptitude test be used to control
for possible differences in ability.

The experimental and control groups for the summative evaluation were
selected from available classes already assigned either to the MOS 16H10 OSUT
or the MOS 25L10 courses. The intact class restriction prohibited the selection
of a randomized sample. A1l students (27) assigned to a single control course
were used as part of the control sample. It was necessary to combine two classes
of experimental students to reach the needed sample size. The same consider-
ations were given to the number of instructors and staff members in order to
provide a reasonable precise estimate of their judgment toward the experimental
course.

Deciding on the size of the sample is always a difficult task. However,
one rule-of-thumb best applies: Make the sample best represent the whole group;
the smaller it becomes, the less one can expect its outcomes to reflect accurately
what you would have obtained by testing everyone. Generally, for performing
statistical analyses, a sample size of 30 is considered adequate for gaining a
stable measure no matter what the size of the group being represented.

Considerable writing and discussion have been spent on the issue of sample
size. Formulas have been derived for calculating a minimum sample for obtaining
reliable differences. If one predicts that a 10 percentage point difference in
means might exist between the experimental and control groups on the achievement
tests we can calculate the required sample size from:

N=202(7a/2 + ZB)Z/d2

N = minimum sample size.
o? = estimated population variance
a = 1- the confidence level, or the probability of rejecting the null
hypothesis when it is true (a=1-,95=.05)
g = the probability of accepting the null hypothesis when it is false
Z = fractile of the normal curve
d = difference between independent means (10 percent)
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It is estimated that the sample variance is likely to be 100 percentage
po..ts. If o02=100, a=.05, and 8=10, then the required minimum sample size in
each group is approximately 20 students.

The control group assigned to the evaluation had an enrollment of twenty-
seven students, exceeding the minimum. The two intact experimental groups had
a combined student enrollment of 31. A1l 31 students took part in the experiment,
however it was decided to randomly select 27 of these students, keeping the
control and experimental groups equal in number, for data analysis.

The subjective judgment questionnaires are based upon a 5-point rating
scale. In calculating the sample size required, it is assumed that the desired
precision of estimation is just under one-half a scale step {.49). The usual
level of confidence selected is 95 percent. In other words, one would make an
error only 5 times in 100 replications of the study. The following formula can
be used to calculate the required sample size:

N = 402(Za/z) 2/W?

N = minimum sample size
o? = estimated population variance
a = 1- the confidence level, or the probability of rejecting the null
hypothesis when it is true (a= 1-.05 = .05)
Za/? = width of confidence interval (W = +.49 = .98)
w = fractile of the normal curve corresponding to a/2(Za/2=1.96)

Generally it is considered that a 5-point scale has a sample variance
between 1.00 and 1.96. If ¢%= 1.96 then the required minimum sample size of
approximately 30 students.

The evaluation used data from all 31 students for analysis of the subjective
data. However, only an N of 15 was obtained for instructors and staff members.

The treatments received by the experimental and control groups have been
discussed previously in this report, however, a brief description is now repeated.

The experimental course can best be described as an individualized methodology.
A1l materials are under the control of the students as to how quickly they move
ahead towards completion. An average time of 120 hours for students to finish
the coi rse was projected by the staff development team. The course includes a
variety of individually paced media, exercises and exams. The actual forms of
media and their estimated time for completion are:

1. CAI - 23 hours (estimated time required for completion).

2. Sync-Tape/Slides - 23 hours (estimated time required for completion).

3. Practical Exercises - 30 hours (estimated time required for completion).

4. Programmed Text - 30 hours (estimated time required for completion).

5. Written Examinations - 11 hours (estimated time required for completion).

6. Practical Exam - 3 hours (estimated time required for completion).




Laml

——

L e

-17-

The main function to be served by the instructor was to help facilitate
student learning. As a facilitator, they assisted the student when called upon.
Their role was considered to be a very important part of the system. Naturally,
this role varied tremenduously from that of a traditional classroom instructor.

The MOS 25L10 Command and Control System-Operator/Repair Course, which
served as the control group for the evaluation, can best be described as a
traditional course. Its instructional methodology was primarily lecture and
discussion. Al1l students naturally began and completed the course at the same
time. One hundred and seventy clock hours of instruction were allocated to the
control course for completing the tasks included in the MOS 16H10 course. It is
important to note that the MOS 25L10 course also included instruction for the
;ﬁpair ofkthe AN/TSQ-73. However, additional time was allocated for teaching

ese tasks.

INSTRUMENTS :

Special instruments were used for assessing student achievement, student
acceptance, and faculty acceptance. Several other instruments were also developed
for the evaluation. The achievement instruments enabled the evaluation to focus
on the tasks taught in the target courses. Special questionnaires met the
specific need for collecting attitudinal data. Using these instruments permitted
the evaluator to engage in constructive exchanges with course developers and
instructors. Several revisions were made in the instruments as a direct result
of comments from the developers and instructors. Other revisions were made
after the pilot trials.

The process of preparing instruments was especially critical to the assess-
ment of student performance. Not only did the evaluation need f&’: measuri. of
achievement, attitudes and activities, but the staff also had to develop iuvems,
conduct pilot trials and revise the instruments prior to their uce for the
summative evaluation. When the evaluation began, the achievement tests, student
and instructor attitude questionnaires and other instruments were ready.

The following instruments were used during data coliection:

1. Achievement Tests: In order to obtain the desired specificity in
the assessment of student achievements, criterion designed tests
relating to the assigned instructional materials were employed.
These tests included nine objective tests addressing the training
tasks. The written portions of the tests were given in segments
throughout the course. Scores from the combined sub-tests for
each subject were used for analysis as well as sub-tests scores
for each subject. The experimental course required a 100%
mastery from the students before they were allowed to proceed
to the next segment of instruction. Students who did not obtain
100% mastery in the experimental course were recycled for further
instruction. The control group students were not expected to
reach 100% mastery on the exams for progressing in their course.
Therefore, the evaluation only considered scores obtained by the
subjects on their first attempt. The plan also examined stud-
ents' scores on test items which were taught entirely by CAI.

In addition, the experimental subjects' scores on test items
taught by CAI were compared to their own scores on test items
taught via other media.
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‘ A Performance Test was to have been administered at the end of

*‘ the course. The performance test was developed around a go, no/go
1 approach. The student was to have up to three opportunities to
successfully complete each test item. However, as indicated

. earlier in this report, the performance test had to be dropped
from the evaluation. See Appendix B for a copy of this instrument.

2. Available Logs and Records: Measures of time to complete train-
ing were made available for the experimental subjects via the
computer clocking system. Other booking procedures were used
with the other media forms. The control group's speed of skill
acquisition was obtained via summation of the assianed hours

4 of training. Logs and records were also to be used to collect

data on the reliability of the system.

3. Attitude Questionnaires: Attitudes toward the experimental pro-

1 gram were solicited from three sources (students, instructors, and
. other staff members). The attitudes of subjects about the exper-
imental courses were measured as appropriate via specially prepared
data gathering techniques. These primarily involve the direct
questionnaire approach. The attitude questionnaires consisted of
both five scale items of opinion and open-ended questions which
were amendable to content analysis. The Attitude questionnaires
solicited data for effectiveness, student acceptance, instructor
acceptance and program implementation.

DATA ANALYSIS:

Data analyses for the evaluation were organized around the variables or
questions of effectiveness, student acceptance, instructor acceptance, program
implementation, reliability and cost factors. Instruments used for collecting
data about each of these variables have been discussed in a previous section.

A statistical comparison was made of scores on the written test for the
experimental and control classes. The statistical comparison employed a
t-test to determine if there was a statistical significant difference between
the mean scores of the two groups. The t-test is most often used in conjunction
with research and evaluation designs to scrutinize differences in scores, such
as achievement, between experimental and control groups. In general you can
use a t-test to search out statistically significant differences between any
two groups you can identify on any measure you can administer - though how you
interpret the results will differ from one situation to another. There is one
qualification to this sweeping statement, however: the t-test is most approp-
riate for determining the significance of the difference between means when the
number of subjects in each of the groups is about equal. Therefore, 27 subjects
for the experimental group were randomly selected from the available pool of 31
subjects. Twenty-seven subjects were available for the control group, making
the experimental and control group equal in size. The t-test was also used to
check tc see if a significant difference existed between the two groups on a
pretest. The pretest used in this case was from the Aptitude Area and Subtest
components (Operations and Foods). It was anticipated that there was a sign-
ificant difference between the aptitude scores of the two groups, in favor of
the MOS 25L10 students. A comparison of these scores, however, indicated that
there was no significant difference between these groups. Data for this compar-
ison and other comparisons are presented in the next section of this report.
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Analysis of the subjective questions was addressed through frequency
distributions and statistical measures such as means, medium and standard
deviations for each item.

DISCUSSION

This section of the report describes the procedures used in conducting the
evaluation and reports the findings. The procedures used in conducting the
evaluation are outlined in a manner that presents an overview for the reader's

understanding. The findings are then repeated through standard data analysis
procedures.

CONDUCT OF STuDY:

A person from the school personnel at USAADS was assigned to administer
the data collection procedures. This person was responsible for the distrib-
ution and collection of various instruments at appropriate times and also pro-
vided the evaluator with periodic up~dates on the data collection procedures.

Before starting the summative evaluation several activities were conducted.
First, the evaluator held a briefing for the participating instructors and other
staff members. At the briefing, the following items were discussed.

1. Record keeping for the written exams.

2. Record keeping for the practical exams (later dropped).

3. Administration of the instructor and student questionnaires.
4. Usage log.

5. Problem log.

Secondly, each of the fourteen computer terminals were numbered and copies
of the Problem Log (See Appendix G) were placed at a convenie