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OVERVIEW

This'report is the first of a two-part document repreS'enting

WeStinghonse Learning Corporation'S delineation of the4iajor

aspects of research to be carried =out in the Experimental Leader-

_CourSe instituted at the United States Naval Acadety. Part

submitted as, la -separate document at a later date . The

total doCpMent is priMarily a diSCussion,Of the research proced-
1

nre-SiandiMethOdOlogieS to`-be'etplOyed'dnfing the initial phaSe.of

thethree-ear project It is expected that the xesearChyprOCed=-
_ ,iite§00g0Y04 brISnbteiluent,phaSet det040,00,aut.,

tr,Ohtifthe inta=i research:

Major aspects of research outlined thronghcint this report are

validation of the instructional syStem developpent of eValnatiVe

measures -'of achievement, deVelopMent of evaluative measures of

time,tost.effiCienty of learning modules, and research on stu-

dent characteristics:.

Procedures for the validation, and evaluation of total in

structional system effectiveness, topic'unit effectiveness, and

Segment or module effectiveness will be presented in Section II. The

total instructional system refers to all media, media-mixes,

and variations in presentation forms used to communicate the con-

tent and objectives of the entire course. Topic unit effective-

ness refers to the media, media-mixes, and presentation forms

used to-communicate the content and objectives of specified topics

or in-depth learning units within each chapter. Segment effective-

ness refers to the instructional methods used to communicate the

content and objectives contained within a single learning module

of approximately forty minutes of, instruction. Procedures for
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validation will take the, form Of nj statistical evaluation based

on -gain se-ore ratios and test-content-objective Tables of Speci-

fications and (2)Subjectiveeyaluation based on subject-matter

4pert, instructor, -án4 StUdent-ratings of instructional materials.

Section IiL, the bevelopment of Evaluative Measures of

Jkchieveilierit,inCludes the development of adMinistratiVe tests,
.

cumulative post-tests, and progress checkt. ,Procedures for the

developMent of these teStS afe outlined'with reference t,l) test

Validity, reliability, objectivity, item analysis, administration,

and .scoring., All ,proCedures, to be followed in test development

:4re#4Adardlif_OCedUteS for standardized achievement test don-

-tfUCtiOn-

StUdent chdradteristics to be Studied and the research

methodology to- employed are presented in SeCtion IV. Speci-

,fically, the areas Stressed ate:

(1) the isolation of student variables which bear relation-

ship to learning throUgh specific media and presentation

design forms.

.(2) the isolation of student variables which predict aca-

demic success in the Leadership course.

(3) the assessment of student preference for specific media

and presentaton design forms.

Student characteristics or student variables will be studied

primarily by correlation methods.

Time-,...ost criteria measures are discussed in Section V.

Time will be deteimined for each module by simply providing a

time response blank at the end of each progress 'check answer card.
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Cost effectivenett will-be determined by applitation. of the pre-

sent cost accounting system to each module,.

Settion_VI contains tutmary of-the probable statistics Ito

.be applied in botiv.Parts I and II and a description of'research

implications for subsequent phases of the project. Procedures

for processing data generated throughout the project 'in all

phases of research are outlined in Section VII.

Part If-is concerned with Ithelexperimental design consdera-

tions-for research on media and presentation design. This section

-includes discussion of the rationale for.stating 'Several hypo-

theses which are felt relevant to overall instructional systems.

Although all of the hypotheses may not be tested in the initial

phase of the project, they are thought to Ce worthwhile Considers-.

tions for inclusion at somejoint.

The stated hypOtheses have grown out of an intensive library

study of experts', statements of problems associated with media .

and instructional presentation research. Th'e following quotation

from the Journal of Educational Research is representative of the

direction that leaders in the field of educational technology feel

researchers-should be taking.

...in the future we will see more studies in

which the purpose is to determine the relative

effectiveness of various methods, techniques,

or conditions of programed instruction.

Through systematic study of different pro-

graming methods,, principles and conditions,

it will become possible to indicate the im-
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portant conditions that deterene the effec-

tiveness of a program and/or machine.

The main staying.quality of. programed in-

struction.that will be- recognized more and

more is is capability of controlling con-

ditions whlich heretofore it was not possible

to control. With programed instruction and

machines,...it is, possible to be quite explicit

about either a method or a teaching sequence.

Added to this Wantage is that of. reprodudi

bility of the:.Conditiont. They make_ it

possible to .study teathingitself in a -way

that .We could not do in the past. Ihvolved

is-the possibility-of doing research on

methods independently of the teacher's per-

sonality, later on we can study the methods

when combined with different personalities

to determine whai-happens to their effective-

ness. While there has'been considerable

interest in this problem in the past, up to

now, the capability for studying it did not

exist. Since it does now exist, the predic-

tion is that we will see studies of how these

two sets of variables interact with one

another. This will make a science of teach-

ing a genuine pOssibility. (Stolurow, 1962)

The explicit rationale for the selection of variables to be

studied has been derived from A"Behavioral Approach to Instruc-
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tionallqie and Media Selection (Tosti and Ball, 1968). In
.

designing a behavioral change system, the = several classes of

variables. recommended for study are illUitrated in the follow-

ing diagram/

TailsVatiableS ; -

(e.g. ue-gc:e.

StOdegtiferiables-
f(0.0:-Agei-,14ete
Moat Achievement,
Learning Styyle, etc.

are

reteiititighal
Mitiablea

`PPC*i0601 System
-Variables-Variables (e.g. E Media-
fAiic;!.1ristru-31orcem-

. 'petenee;=ittiplettiefita
Von :task etc)-

4 Behavint
Change,

In studying these several classifications, major hypotheses

grouped around three considerations:

(1)

(2)

the distinction between medium and presentation

the dimensions of presentation

(3) types of learning

As mentioned,, student characteristics, student preference, and

time and cost will also be studied in relation to these consider-

ations.
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II. VALIDATION OF MATERIALS

A. INTRODUCTION

Evaluatioh of the instructional system instituted in the

Naval Leadership course will be continuous throughout the project;

it will be aimed at oi verall system effectiveness, the effective-

ness of the topic un't, and the effectiveness of the lesson.

Evaluation will take two major forms. One is an objective or

statistical evalhation based on measurement of criterion objec-

tives. The second is a: subjective or personal evaluation based

on reports by subjectmatter experts, students, and the instructor.

B; OVERALL SYSTEM EFFECTIVENESS

Ellis (1964) has indicated four major types of studies which

,are.typically conducted to evaluate the overall effectiveness of

instructional systems. These are:

(1) a comparison of some existing instructional procedure

1and teacher against the progra .

(2) a comparison of some existing instructional procedure

and teacher against the 7ombination of the same instruc-

tional procedure and ',.tacher, plus a program.

(3) a comparison of one type of program with another type

of program dealing with the same subject matter.

(4) studies of pre-test to post-test gain.

The first study is often referred to as the "control group"

versus "experimental group" comparison. This study assumes that

all of the characteristics of 'the existing instructional system

and teacher can be defined,, and that only one variable is varied
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fOr the experimental group (Holland, 1961). It is felt that

this assumption is too gross to be accepted in the present pro-

ject. There is little reason to believe that all present in-

structors of the Naval Leadership course employ exactly the same

teaching techniques or principles 'f learning and that all of the

variables can be controlled across classes. Without these stip-

ulations, any comparisons of the experimental class with ongoing

instruction would not be "controlled" comparisons.

A second consideration in experimental versus ongoing teach-

ing comparisons- is the nee4- for 4 common examination which is

appropriate to both clastes. To the extent that individual in-

structors differ in the educational objectives they set 2or their

students, the references they use, the sequence of presentaticoa,

examples used, and other content-related aspects, a common

examination for any two classes set by one instructor is doubt-

lessly.unfair to the other.

A third consideration in experimental versus control or

ongoing instructional comparisons is the possible hawthorne and

:Rosenthal effects which may biai experimental results. These

two experimental effectt Are respectively the;telliencies
1

(1) for students .to realize they are in an experiment and per-

form beyond typical expectations (U.S. Department-of HEW, 1964),

and (2) for teachers to realize they are being compared and

alter their typical patterns of instruction (Rosenthal, 1966).

In other words; if differences are found, they can be at-

tributedito a multitude of factors such as different teachers,
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materials, objective tests, students, teaching methods, motiva-

tional techniques, experimental influence, etc. The lack of

similarity between possible control classes limits any.conclu-

sions drawn from comparisons of the experimental course and

traditional course to the particular courses being compared

(Stblurow, 1962).

Despite a strong indication that experimental.versus-Control

comparisons are not desirable methods of system validation, there

have been.a number of such studies conducted. The Office of Edu-

cation, Department of Health, Education, and Welfare (1964), has

reported 36 experimental studies which have compared programe-d
-

instruction with conventional classroom teaching, with the fol-

lowing results:

Of the 36 comparisons, 18 showed no signif-

icant difference when the two groups were

measured on the Same criterion test, 17

showed a significatn superiority for stu-

dents who worked with the program, and-

only 1 showed a final superiority for the

classroom students. Eight of the experi-

menters mentioned a time advantage for the

students who worked with the program, and

only 1 (an industrial user), a cost

advantage.

These results seem to indicate that almost any-experimental

course which emphasizes the use of programed materials can be

expected to at least compare favorably with ongoing classroom

. I-8



instruction. Even so, such studies are nonanalytic in that

they do not isolate the particular factor which may-produce no

effect.

The second type of study (Ellis, 1964).of comparing some

existing instructional procedure, in conjunction with a program

against the effects of the same instructional procedure alone,

is subject to many of the same criticisms as the first. Although

the same instructor can be used, there are nevertheless multiple

variables which cannot be controlled, and if differences-are*

found, the significant variables accounting for the difference

cannot be identified. Also, to the extent that conventional

classroom instructional procedures_such'as lectures and discus-

sions will be used in the multimedia course, there will be, in

effect, internal control classes within the course.

The third type of study (Ellis, 1964) is that of comparing

two programs employing different presentation forms simultaneously.

In order to use this method in validation of instructional materi-

als, a program covering the same content has to be compared with

the experimental materials developed by WLC. Since such a pro-

gram does not exist, i.e., specifically covering leadership

objectives, the programs to be compared have to be developed.

This will, in fact, be done to a certain extent. Various pro-

grams will be developed over certain segments of the same content

area and presented to different students in the form of parallel

modules. However, these programs will not be compared for pur-

poses of overall instructional validation, but rather for purposes

of determining the most effective media or presentational design

1-9



'forms for the program.

The fourth type of study (Ellis, 1964) is the pre-test to

post-test gain over the same program. The comparisons made in

this manner evaluate the amount of lerning that has actually

,taken place as the result of an instructional sequence. The

student is given a pre-test to determine entering knowledge

and a post-test to determine knowledge gained as a result of

instruction. This type of study is susceptible to the least

criticism. Consequently, the procedure to be used for evalua-

tion in this project will be similar to the pre-test to post-

test gain. It will, however, involve more than the simple raw
.

Score difference between the pre-test and post-test- (Stolurow,

1968; Ellis, 1964). A detailed description of'the procedure to

be used is presented in the next section.

1. Statistical Evaluation

The derivation and analysis of the gain score ratio

for 'individual students will be used for objective analysis

of the instructional system's effectiveness. Essentially,

this method involves the development of tests which evalu-

ate how well students have attained the task-level objec-

tives (HumRRO, 1966; Stolurow, 1968). In assessing the

overall effectiveness of the Leadership course, at least

one major criterion measure will be used. (See Section

III, Development of EvaluatiVe Measures.) This will take

the form of an administrative test which will be given in

two parts: at the middle and end of the semester. Addi-

tionally, both parts of the test will be given at the

I-10
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begirining of the course to determine the studehts' entering

level of knowledge. The administrative test will be divided

into two testing periods in order to increase the reliability

of measures used for assigning course grades. Mid-term and

final examinations will give a more reliable index of a stu-

dent's performance than a single test. In addition, it is

believed that this will best fulfill the administrative needs

of the Naval Academy.

After the administrative pre-test is given, pre-test

scores will be used to determine the maximum possible gain

each student can'mate as a result of instruction. At the

end of the mid -term test, the actual gain will be computed

for each student by subtracting his, scores on the correspond-

ing half of the pre-test from his score on the mid-term test.

The-ratio of the student's actual gain to his maximum possi-

ble gain will provide an index of that half of the course''s

instructional effectiveness for that particular. student.

For example, if the mid-term test consisted of SO items, and

a student scored 15 on the first half of the pre-test and

45 on the mid7term, his gain score ratio would be 30/35 or

roughly 85 percent. The same procedure would be followed for

the final exam (Stolurow, 1968; Ellis, 1964).

To obtain an index for the overall system effective-

ness for all students, the actual gain which is made by-

all students will be compared with the maximum possible

gain which could be made by all students (Ellis, 1964). An

alternative method, for evaluation of course effectiveness
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may also be used. This method considers the proportion

of objectives successfully attainediby the students, i.e.,

A/BC, in which A is the total number of objectives attained

for all students, B is the total number of objectives

measured by the test, and C is the total number of students

(HumRRO, 1966). The advantage of the gain score ratio over

this method is that it provides a way of estimating the ef-

ficiency of learning by controlling for differences inthe

incoming knowledge of the students. The ratio of gain to

total possible gain takes into account how much it is

possible to learn from the program and provides an objective

index of the program's subsequent efficiency (Ellis, 1964).

2. Criterion Performance

As objectives are developed and approved by the subject

matter expert, test questions will be developed to cover

these objectives. Test questions may also be synonymous

with objectives (Evans, 1968). To the extent that the test

questions adequately measure the attainment of objectives,

performance on the test will provide further indication of

overall course effectiveness. In order to evaluate this

aspect of program effectiveness, a table of objectives and

test questions which measure those objectives will be

developed (Stolurow, 1968). In this way, one can deter-

mine from test items missed which educational objectives

are not being met. This type of table will be developed

for the class as a whole rather than for the individual

student. The percentage of students who miss each test

1-12



item related to an objective will indicate whether or not

the instruction has been adequate.

3. Subjective Evaluation

In addition to evaluating the instructional'objectives

by criterion performance and statistical procedures, sub-

jective evaluations will be made by subject-matter experts,

students, and the instructor (Ellis, 1964).

Although it may be shown that learning takes place

and specific objectives are mastered, subject matter experts

must agree that the content to be learned is related to the

educational objectives set by the Naval Academy. In other

words, it must be agreed that the materials developed have

,content validity.

Student evaluation will take the form of general atti-

tudes toward the instructional materials. (See Section V,

Research-Student Characteristics.)

C. TOPIC UNIT EFFECTIVENESS

The effectiveness of instructional materials for content

topics will be determined in essentially the same manner as over-

all system effectiveness. The chief difference will be in terms

of the smaller number of objectives covered and the length of the

evaluative measure. The test covering units of instruction is

referred to as the cumulative post-test (CPT). (See Section III,

Validation of Evaluative Measures CPT.)

The CPT will be keyed to the same behavioral objectives as

the administrative test. The appropriate CPT will be administered

at the beginning and end of each topic unit, and the gain score

1-13



ratio computed. A table of specifications will indicate which

educational objectives are,not.being met by a majority of stu-

dents. Based on these findings, materials will be revised to

better teach the-specific objectives.

Subject-matter expert, instructor, and student evaluations

will be made with regard to specific materials over topic units.

D. SEGMENT EFFECTIVENESS

Segment effectiveness will be determined in a manner similar

to that of the topic unit effectiveness. The number of objectives

will be fewer: The objectives may be .more specific, but the
)

length.of the test will be much shorter. Specific lessons cover-

ing approximately one class period or outside class work will be

evaluated by progress check tests, and criterion performance will

be assessed. (See Section III, Validation of Evaluative Measures

- Progress Checks.) As in the previous two sections, it will be

possible to pinpoint specific areas of difficulty within the mat-

erials through the use of a table of specifications. (See Table

1 on page 1S and HumRRO, 1966.)

Progress checks will be given at the end of each lesson to

determine the number of objectives attained. Subjective evalua-

tion of lesson materials will be made by spot-checks over a

randomly selected number of lessons.

A second method for assessing the effectiveness of individual

segments considers the degree to which the learning module is

effective in accounting for individual differences inthe entering

ability level of students. This estimate is the correlation

coefficient of pre-test scores with post-test scores, or more

1-14



specifically, the correlation, of CPT pre-test scores with module

progress checks. To the extent that the learning modules within

the instructional system are effective in minimizing the initial

effects of individual differences, correlations between CPT pre-

tests and progress checks should approach zero. That is, regardless

of the variation in student performance on the pre-test, all stu-

ents should perform at the same level of 90 percent criterion on

.progreSs checks. The lack of variation in progress check 7scores

would, therefore, yield a near zero correlation with/pre-test

scores.

Although correlations will be made between CPT pre-tests and

progress checks, the correlation coefficients will not be con-

sidered as indices of segment validity. A zero correlation may

indicate segment effectiveness, but it might also be accounted

for in terms of a small number of subjects or the limited p14-

sible range of scores'on progress checks. Since thiscould be

the case, a zero correlation would not necessarily be an index

of segment effectiveness.
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III. DEVELOPMENT OF EVALUATIVE MEASURES OF ACHIEVEMENT

A. INTRODUCTION

The basic evaluative measures to be developed for the project

-are administrative tests, cumulative post-tests and progress checks.

Administrative tests will be represented by a .sample of questions

covering the entire course content. Administrative tests are ac-

tually one test divided into two parts, administered at the

middle and end of the course. Cumulative post -tests will be keyed

to the behavioral objectives and administered at the end of topic

units. ProgresS checks will also be keyed to objectives and ad-

ministered at the end of.each segment. Specific-steps for.

the development of these measures will be presented in this sec-

tion of the report.

In general, the administrative tests and cumulative post-tests

will be developed according to basic principles for achievement

test construction. Basic characteristics of the tests to be con-

sidered are content validity, reliability, objectivity, test or

item analysis, administration, and scoring.' Progress checi. -::1

be developed with these characteristics in mind, although the

exact statistical analyses for all characteristics will not be the

same (Section D).

B. ADMINISTRATIVE TESTS

Administrative tests will be developed to provide a basis.

for evaluating total course achievement and for evaluating the

effectiveness of the overall instructional system. As stated

above, these tests will actually' be one test which samples the

most basic and important aspects of the entire course, and which

J -17



is administered in two sections at the middle and end of the se-

mester. Additionally, the entire test will be presented at the

beginning of the course to assess students' entering familiarity

with course content. Differences between pre-test and post-test

scores will provide the basis for the gain score ratio discussed

in Section II, Validation of Materials.

1. Validity

A test is said to be valid if it measures

what it purports to weasure. How well it mea-

sures what it is supposed to measure can be

determined statistically by correlating the

test with another test of the same content

or with some other external criterion mea-

sure, or it can be determined subjectively

by consensual agreement of experts (Levitt,

1961; Lyman, 1963; Loree, 1965).

In the first case, validity could be

determined on the basis of how well the

'test differentially predicts those students

who make good leaders and those students who

make poor leaders. However, predictive valid-
.

ity depends on a quantifiable criterion mea-

sure of good and poor leadership which may not

be available. In addition, it would be a num-

ber of years before this type of validity could,

be established. Concurrent validity, or valid-

ity determined by correlation with a criterion

(measure obtained at about the same time (such

as an external test of the same material), is
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also not feasible because of the lack of such

external criteria, i.e:, there are no stand-

ardized tests of leadership, and the leadership

rating scales which do exist cover more vari-

ables.than academic ability.

Therefore, the validity which will be

established will be content validity based

on subject-matter experts' agreement of the

correspondence between test items, content,

and the stated behavioral objectives. Con- .

tent validity refers not only to a matching

of topics covered in the course, but also in-

cludes a matching of the type of behavior

implied in the objective to the type of be-

havior measured by the test item (Loree, 1965;

Stolurow, 1968). To the extent that test items

will be developed directly from behavioral ob-

jectives, it is felt that test items will have

the highest possible degree of content validity.

This assumption will be further verified by

agreement between subject-matter experts. Sub-
:

ject-matter expert approval will be solicited

for purposes of determining correspondence of

test items to educational objectives and rele-

vant examples.

2. Reliability

A test is said to be reliablif it is accurate

and consistent in measuring what it purports to

1719



measure. The reliability of a test can be esti-

mated either in terms 'of its stability of measure-

ment over time or its internal consistency.

The stability of a test is typically deter-

mined by Test - Retest correlations, i.e., by admin-

istering the same test to students on two occa-

sions separated by a short time interval. In this

way, scores on both tests are correlated and the

resulting coefficient is taken as an estimate of

the test's ability to consistently measure the

same behavior. The obvious problem with this

method in the present project is that between

test administrations, instruction will be given

which is geared toward the objectives measured by

the test. To the extent lhat the instructional

materials themselves are valid, Test-Retest

correlations, or in this case pre- and post-
.

test correlations, should approach zero because

individual differences are minimized by the in-

structional materials. Therefore, Test-Retest

correlations wourd not reflect the reliability

of the test, due to the intervening instruction.

An estimate of internal consistency as an

index of reliability is possible and will be

made by the split-half correlation method.

Total scores on odd-numbered items will be cor-

related with total scores on even-numbered
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items of the same test. In this way it can be

estimated whether all test items have been drawn

from the samc population of test items. That is,

since all test items included in the test re-

present only a sample drawn from all the items

whiCh could be used to measure the behavior,

some estimate of the degree to which representa-

tive sampling has =been made must be included.

The coefficient of equivalence or split-half

method of correlation will yield this informa-

tion

3. Objectivity

. A third major characteristic to be considered

is the objectivity of achievement tests. A test

is said to be objective if two competent judges

scoring the test independently arrive at compar-

able scores for each paper graded. The maximum

objectivity of scoring that can be obtained is

that derived from objective tests as opposed to

essay and short-answer tests. Objectivity is

important to the extent that it is necessary to

be unbiased in the assigning of grades or other

evaluative indices, and to the extent that maxi-

mum reliability of scores is desired (Wood,

1960; Loree, 1965; Levitt, 1961). In the pre-

sent project, it is necessary to obtain both

unbiased estimates of achievement and highly

reliable, consistent estimates of achievement.
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Other major considerations of objectivity which

have influenced the selection of the'project

test format are scoring economy and adequacy of

content sampling.

Scoring economy is the second feature of

objectivity of the administrative tests to be

used in the project. By using objective tests,

scoring can be done by an administrative

clerk. Most important is the fact that test.

results can be made availableto-students and
,..

instructors shortly after test administration.

This feature of immediate feedback may have

important implications for maintaining a high

student motivation level.

The third feature of objective tests is

the increased probability of adequate content

sampling. In a 50- minute administrative test

period, more content can be covered by fifty

or sixty objective questions than would be the

case if essay exams were given. With the ob-

jective test, the student is not likely to be

asked the two or three questions he has not

studied instead of the several questions he

has studied in detail. Objective tests sample

the entire content area the student is res-

ponsible for knowing, and consequently by com-

i

parison,.is more fair to the student who has

studied appropriately. Also objective tests
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do not penalize students who lack the ability

for written expression.

The particular format for objective ad-

ministrative tests will be multiple-choice

selection of items. The literature compar-

ing the multiple-choice format with true-

false, matching, and completion formats

seems to indicate that multiple-choice sele-

tions have most of the advantages of the for-

mats without their disadvantages (Wood,. 1960;

Levitt, 1961; Loree, 1965). .A further advantage

of the multiple-choice format which has impli-

cations for the present project is that it lends

itself to item analysis and item validity'assess-

ment more readi:fy than the alternative formats.

4. Item Analysis

The process of item analysis provides informa-

tion on how well students have performed on each

item of a test. Poor performance may be due to

inadequacy of student learning or to faulty con-

struction of the item.

a. Item Validity

Procedures for item analysis will be

based on the assumption that the total test

is a valid measure of student competency.

Since this assumption is made, the validity

for a single item is estimated by correlating

a single item with the total score of the

test for:each student.
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A similar method to be employed will

compare the performance on the item of the

students who score high and the students

who score low on the total test. The item

will contribute to whdtever is measured by

the-total test if a significantly higher

proportion of the top group of students,

as opposedto the bottom group of students,;

gets the item right. Item-total test cor-

relations will provide an index of how

well each item measures what it is supposed

to measure.

Steps for determining item validity

for administrative tests will be taken
,...:

following the first institution of the

experimental course. It will not be

possible to determine item validity dur-

ing a pre-testing of students' outside

the Naval. Academy because the validity

of the test is based on how s.A.1 the

test measures instructional objectives.

Therefore, unless all pre-tested stu-

dents are given the entire course

sequence, item-total score correla-

tions would reflect only chance rela-

tionships.

b. Item Discrimination

The discrimination power of items

will be determined fOr all items included

1-24



in administrative tests. Discrimination

power refers to how well a particular

.item differentiates good students from

poor students. If an item can be an-

swered equally well by students who do

.well and students who do poorly on the

total test, it does not discriminate

among students and should be improved.

Discrimination power will be as-

sessed in two ways. The first method

is to compare the performance on each

item of the top and bottom group of

students. Top and bottom groups will

be represented by the upper and lower

33-1/3 percent of students on the

total test (Loree, 1965). The dis-

crimination index will be determined

by consulting a table which presents

minimum contrasts required between

the top and bottom groups of stu-

dents on a test item in order to be

statistically significant at the

5 percent level (Mainland & Murray,

1952) .

The second method of analysis

will be to compare the proportion

of students in the top and bottom
1
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gfoups who pass the item on.the pre-test to

the proportion of the same students who pass

the item on the final test. This type of

comparision will yield information on items

designed to measure growth. The desirable

discriminating item then will be the item

in which students perform better after in-

struction than before instruction (Loree,

1965).

Both methods of analysis are important

in order to determine: (1) if the item

does, in fact, discriminate between good

and poor students, and (2) if the item

is one which allows sufficient room for

growth. For example, four students in

the top group and two students in the lower

group may answer an item correctly on the

pre-test. Since there are eight students

in each group, there would be room for

growth on the item as a result of instruc-

tion. If, on the pre-test, seven students

in the top group and five students in the

lower group answer the item correctly,

and if this contrast is significant, the

item can be said to provide room for grolith

in addition to discriminating among students.

c. Item Difficulty

.Item difficulty will be expressed simply

as the percentage of students who answer the
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item correctly. This difficulty index will

be determined at two points in the adminis-

tration of administrative tests. The first

index of item difficulty will be derived

from the pre-test administration. If a very

high percentage of students answer the item

correctly on the pre-test, the item is too

easy and does not allow room for growth.

For a multiple choice question of four or

five alternatives, it is expected that only

20-25 percent of the students would choose

the correct answer by chance alone; therefore,

a good item would be one which is answered by

only 25 -:5 percent of the students.

The second index of item difficulty will

be derived from the final test given after in-

struction. The difficulty index at this point

will serve to rule out items which are too dif-

ficult for inclusion as well as those items

which do not discriminate among students.

d. Administration and Scoring

Administrative tests will be given at the

beginning, middle, and end of the course by

the course instructor. They will consist of

approximately 50 to 60 multiple choice ques-

tions with four or five alternatives. Tests

will be hand-scored by an.administrative

clerk, and students will be given knowledge
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of results immediately after mid-term and

final exams. No feedback will be provided

for pre--tests given at the beginning of the

course.

C. CUMULATIVE POST-TESTS (CPT)

CPT will be developed to provide a basis for evaluating

student achievement over topical units and for assessing in-

structional effectiveness over those units. CPT will be keyed

to terminal objectives and administered at the beginning and

end of topic units, which will cover approximately five to ten

lessons. The number of CPT will be designated as the number .

of topic units is specified.

CPT will be developed and administered in the same manner

as administrative tests except that they will-be shorter and

more numerous. Results of these tests will be used as measures

of effectiveness of mixed-media presentational forms and for

research purposes rather than as bases for evaluating student

performance and assigning grades.

The validity and reliability for CPT will be derived in

the same manner as administrative tests. CPT validity will be

established on the basis of subject-matter experts' agreement

of the correspondence between test, items, content, and the

stated terminal objectives. Since the test items will be de-

rived directly from the terminal objectives, the highest pos-

sible content validity is expected.

Reliability for CPT will be estimated in two ways. First,

is by split-hall method of correlating odd- and even-numbered

items frbm the same test for all students. By this method, it
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is possible to estimate if all test items have been drawn from

the same population of test items. Second, since the CPT will

be shorter than administrative tests, the reliability will also

be estimated from the mean and variance of scores from each

test using the Kuder-Richardson "formula 21" (Gulliksen, 1950).

The Kuder-Richardson formula will be applied following an item

analysis of difficulty of items, since the formula is based on

the assumption of equal item difficulty.

CPT will be objective tests of the multiple-choice variety.

Multiple-choice items will be used to insure objectivity, reli-

ability, and ease of scoring. Other advantages of this format

are ease, practicality of administraiton, and actual testing

'considerations. 'Multiple-choice items also allow for item anal-

ysis in the same form as)administrative tests.

Item analysis will be conducted to assess item validity,

item discrimination, and item difficulty. Item validity will be

determined by both item-total'test correlations, and subjective

consensual agreement among content analysts as to the correspond-

ence of items to content and objectives.

Item discrimination and item difficulty for CPT will be as-

sessed by statistical analysis of responses to items made by mid-
.

shipmen taking the first experimental course. It is yet unde-

cided whether CPT will be pre-tested by a sample of students drawn

from a population similar to Naval Academy students. Reasons for

the indecision lie in the excessively large number of items con-

tained in the CPT. At best, if pre-testing of CPT items was made,

only item difficulty could be assessed, since item discrimination

is based on the discriminating power of an item following instruc-
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tion. The advantages of pre-testing CPT items will be assessed

in relation to time and cost considerations.

CPT will be administered in the classroom by the instruc-

tor. Answer sheets will be provided which can be both machine

and hand scored. It is expected that students will be given

knowledge of results on tests shortly after the class testing

period.

Advantages of the CPT are that:

(1) they provide a means of assessing student

achievement over topic units and diagnos-

ing areas of student difficulty.

(2) they provide a means of assessing instruc-

tional effectiveness over topic units.

(3) they provide a criterion measure which can

be used for research purposes in evalua-

ting the effectiveness of specified mixed

presentation or media designs.

(4) they provide a review session and evalua-

tion of long-term retention over specific

lessons.

D. PROGRESS CHECKS

Progress checks will be developed to provide a basis for eval-

uating the effectiveness of the presentation of a segment, to

evaluate student achievement over specific modules, and to eval-

uate different instructional strategies in presenting the same

segment. Progress checks will be generally keyed to a specific

objective covered in a single segment. In this way, when a stu-

dent meets the criterion score of approximately 8 out of 10
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points on the progress check, it is safe to assume that he has

also met the objective. If he does not meet the criterion score,

it is possible to assess the area of his difficulty and pr!scribe

some form of remediation to insure that he ,ill eventually attain

the objective.

Progress checks may be developed in a manner somewhat simi-

lar to administrative tests and CPT, with the exception that

some of the statistical procedures used in developing the; latter

will vary. For example, validity for the tests will be determined

by consensual agreement among subject-matter experts and content.

analysts, the same as for the administrative and CPT. However, total
..

progress check scores for each of the lessons within a topic unit

will be correlated with CPT scores. This maneuver is equivalent

to item validity where total progress check scores are viewed as

items which are correlated with total scores.

The reliability for progress checks can only be estimated

from the mean and standard deviation of group scores on indivi-

dual tests using the Kuder-Richardson "formula 21" (Gulliksen,

1950). Reliability can also be estimated by correlations for

validity between progress checks and CPT. (It will follow from

this comparison that the reliability can be no greater than the

assessed validity.)

To insure objectivity, progress checks will take the form

of multiple-choice questions or specific constructed responses.

Where constructed responses are used, care will be taken to avoid

eliciting alternative responses which could be considered correct.

That is, questions will be worded in such a way that only one re-

sponse will be correct so that maximum objectivitfin scoring can
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be obtained. An additional precaution in scoring constructed re-

sponses will be that scoring key will be prepared prior to the

course and tests will be scored by independent graders. Correla-

tions for inter-grader scoring will be made.

Item analysis for item difficulty will be made following the

institution of the course in the Naval Academy. Item difficulty

indices will insure only that no items are so difficult that they
T

cannot be answered by more than the theoretical percentage of stu-

dents, i.e., 20% of students over five alternatives. Items will

not be eliminated from progress checks simply because they are

answered by a high percentage of students; the very nature of the

instructional system in accounting for inJividual differences is

that most students will be able to answer most of the questions.

Instruction will be strictly directed at teaching objectives

measured by the progress checks so that it would be considered a

weakness of the instructional system if most students did not

answer the majority of progresscheck questions.

The same*reasoning which governs the exclusion of item dele-

tirm on the basis of high percentage-correct, also governs the

exclusion of an item analysis for discrimination power of items.

It is felt that progress checks, as opposed to CPT and administra-

tive tests, should not consist of items which discriminate between

students but rather should consist of items which students are

expected to know as a result of instruction.

Silberman (1962) verifies the present position on item anal-

ysis by stating that since the purpose of a program evaluation

test is to measure the behavior that should have been produced in

all students receiving the program, the items may be easy, there-
..

fore resulting in low item discrimination indices. In this in-



stance, traditional item analysis data may not 114.:' particularly

useful for program-evaluation tests. Effective programs will

yield a very limited spread of scores on a post-test and conse-

quently attenuate any coefficients which are a function of vari-

ance among the test scores. The validity of the test must be

judged in terms of its relevancy to content and objectives as

well as statistical indices. If progress check questions sample

the essential subject matter. the student has learned froM the

program, and if items are not eliminated on the basis of item -

test discrimination, correlation between success or failure on

each item andthe criterion score may be zero, if everyone an-

swers the item correctly. A progress check may not discriminate

well those students who have had the identical instruction, but

it may well discriminate those students who have had a programed

form of instruction from those who have not (Silberman, 1962).

Administration of progress checks may be outside the class

period as well as inside. Specific administration procedures

have not yet been decided, but a system for self-administration

and self-scoring of progress checks-is being developed. Self-

administration will probably occur for outside modules in which

remediation.and enrichment are contingent on the results. In

order to insure maximum validity and reliability of outside pro-

gress checks, as well as providing students with immediate knowl-

edge of results, specially devised answer cards will be given
to students along with progress check questions at the appropri-

ate in-class session to be answered outside of class for outside

modules. These answer cards will be similar to tab cards and

devised so that students discover the correct answer as soon as

1-33



1

they have made a response. In addition, if students have made

an incorrect choice it will be possible for the instructor at

a later point to make that determination. In this way, it will

be possible to determine all of the students' first responses

on the progress check and to have a reliable estimate of how

much they knew at the exact'time of the test.
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IV. DEVELOPMENT OF TIME-COST EFFECTIVENESS MEASURES

In addition to the evaluation of student achievement which

occurs as the result of differential instruction through learning

modules, the attempt will be. made to assess the efficiency of

the instructional system in terms of both student time needed to

complete the learning mc.j.ules and the total developmental cost

per module.

A. TIME AS.A CRITERION VARIABLE

The rationale for using time as a criterion variable has

grown out of research findings which indicate that it may in

fact be the most relevant variable for making differential com-

parisons among multi-media ,(Silberman, 1962). Since the aim of

instruction via any medium or presentation design is to effect

criterion performance on progress check questions over specific

learning modules, the resulting achievement measures for

all students are clustered together. The clustered scores make

it difficult, if not impossible, to find statistically signifi-

cant differences between methods because of the lack of variance.

Therefore, alternative considerations of the relative efficiency

of methods of presentation are important (Gilpin, 1961). That is,

two presentations may produce the same average amount el' learning,

but one may take twenty minutes and the otYar may take an hour.

Another possibpity is that the method which produces the greater

amount of learning may also require more time. In such cases, it

is advisable to consider the efficiency of the compared methods of

instruction (Stolurow, 19u2).
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One possibility with regard to determining the efficiency

of learning in terms of performance and time is to use an index

which incorpoiates the two. Follettie (1961) has developed an

index which does incorporate accuracy of.performanCe, training,

and test time, but the procedures he has used have not been

examined as yet for inclusion in the present project.

B. COST AS A CRITERION VARIABLE

An additional important criterion for the multi-media course

is the isolation of development and production costs for .the various

media and presentation designs used. In this way the value of

each medium and-design can be economically, as well as academically,

determined.

This type of information is an important consideration for

the Naval Academy and the Office of Education in the development

of future courses. If differences in education effectiveness of

two or more media are comparatively small or non-existent, dif-

ferences in the cost of their development may become a relevant

factor. Cost/effectiveness rates can be established for all

types of materials prepared in the experimental course. The

exact method by which the cost effectiveness study will be con-

ducted will be contained in a forthcoming document, T.P. 6.5.

A cost criterion will not only be compared against immediate

educational effectiveness, but also- against other dependent variables.

Long-term retention, learner time, administrative case, and student

preference are a few which can be used.

By evaluating each module with respect to all of these variables,

a system can be established for the selection of appropriate media

and presentation design on the basis of the priority assigned to any

given set of criteria. Cost/effectiveness rates and cost/time ratios

have long been used as c.iteria for establishing training courses in
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industry. They will be. of comparable value to the Naval Academy

in selecting future modes and media for materials development.

C. COST FOR THE COURSE DEVELOPMENT MODEL

In addition to the resolution of costs with respect to medium

and presentation design, charges will also be itemized for all

major functions with respect to the various types of technological

and professional requirements. This type of breakdown is actually

an extension of the cost per medium analysis. Not only is it

important to determine the specific costs of various *media but

it is also valuable to know what contributes to the variation in

such costs. In this way, possible cost variations might be con-

trolled for, or eliminated in, future projects.

The final result of this type of cost analysis is the de-

velopment of a model for general course development in which all

major functions and tasks can be isolated and evaluated.

D. IMPLEMENTATION OF A COST ACCOUNTING SYSTEM

There are two main objectives in the accumulation of costs

for this project. They are:

(1) to provide material production costs for use in cost

effectiveness studies across presentation form, media,

and learner characteristics.

(2) to provide a detailed breakdown of all costs for the

establishment of a baseline for a course development

model.

For tasks such as these, an extensive cost accounting system must

be established to provide for the accurate collection of cost

data. this section will generally outline the procedures that
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have been developed for accumulating the costs for the Naval

Academy project.

The basis of the present cost accounting system is the

course development model. This model consists of nine major "func-

tional" areas. At present, these are:

(1) project management.

(2) project administration.

(3) research design.

(4) validation.

(5) analysis and materials preparation.

(6) preientation design.

(7) production and control.

(8) implementation.

(9) data processing and computer analysis.

Each of these functions is broken down into a series of tasks.

Many of the tasks are iterative in nature, especially in the

production of various units of course material. Each function

and each task is assigned a specific number. Costs are accumu-

lated on the basis of these numbers.

All labor and non-labor charges to the Naval Academy project

use this numbering structure. The format of the accounting number

for segregating costs is shown on the following page, and each

portion of the format is subsequently explained.
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Number "9" is
used to iden-
tify non-stan-
dard dumber

Function Code

Task Number

(9)

8

33

Chapter 6

Segment 07

r.-,
tetter "9"
used as a
separator

Element

Sub-Element

Budget
Center

(9)

A

C

A99

Figure 1 Accounting Number Format
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The Function Code is a unique digit assigned to each of the

nine functions of the course development model

The Task number is the identifying number for a specific

task under the function heading.

The Chapter number is the number of the particular chapter

to which the work pertains. Chapters are numbered from one.

The Segment number is the number of the particular segment

within a chapter to which the work pertains. Segments are num-

bered from one.

The number "9" appears next as a separator.

The Element letter is the identification of a particular

element within a segment.

The Sub-Element may be used by department managers for

their internal needs or by the research design.

The Budget Center code copies the budget center code of the

standard budget number of which.this number is an extension.

The extension number is a 13-digit number similar in format

to the standard'WLC number except for the identifying 9 in the

first position.

Costs for non-iterated tasks belonging to specific func-

tions will be accumulated within the framework of the standard

13-digit WLC accounting number. When iterated tasks or tasks

related to a specific element of the course are involved, an

extension of the standard number as shown above is mandatory.

However, the extension will be structured in such a way as to

be easily ignored by the standard WLC accounting system.

In summary, the general procedures fo'r each division and

each individual in the WLC Naval Academy contract ala the
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following:

1. Know necessary general function numbers.

2. Specify all tasks per function and update weekly.

3. Instruct all personnel in the use of the single

13-digit number.

4. Instruct personnel in the use of 13-digit extension

numbers, where applicable.

S. Submit Labor Detail sheets each week.

6. Subnit Non-Labor Detail sheets each week.

7. Monitor all updating of the course development model

published so that task charges are appropriate.

Summaries of cost per function. will be submitted to Naval

Academy on a quarterly basis. Summaries of cost per media will

be submitted as they become available toward the end of the pro-

ject.

1
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V. RESEARCH - STUDENT CHARACTERISTICS

A. INTRODUCTION

The primary purpose of this aspect of the research project

is the determination of student characteristics which may be

significantly related to different types of media and/or presenta-

tion designs and the development of a set of criteria for pre-

dicting academic success in the Leadership course. Specifically,

the research.piogram will attempt:

(1) to isolate student variables which bear relationship to

learning through specific media and/or presentation design

.. forms.

.(2) to isolate student variables which predict academic

success in the Leadership course. .

(3) to determine student preference for specific media and

presentation design forms.

Many educators have hypothesized that there may be some

relationship between the learning style or specific personality

traits of the individual student and the specific type of medium

or presentation form which is most effective for that student.

This possibility has important implications for the entire field

of educational technology. For example, it may be important to

know that two students of the same general ability, but differing

in anxiety level, learn at different rates when taught by an

instructor, programed texts, movies, and so on. If significant

differences are found among individual students when taught by

one method or another, it may be possible .to prescribe learning

i
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modules which will maximize individual learning.

To investigate this hypothesis, it is necessary to study all

student variables which have been found to relate or interact

with the learning environment.

B. SELECTION OF STUDENT VARIABLES

The student variables to be studied throughout the research

project have been selected in a variety of ways. Procedures and

criteria for these selections are as follows:

(1) Variables are selected which may bear relationship

to specific media and/or presentation design forms.

These are reading aptitude (speed and comprehension),

listening ability, verbal ability, vocabulary, and

selected personality factors such as group dependence

. versus independent personality traits.

(2) Variables are selected which are identified as sig-

nificant predictors of acadenic success through general

research endeavors. These are high school grade average

and/or high school rank in class, English achievement,

Mathematics achievement, Scholastic Aptitude Test-

Verbal, and Scholastic Aptitude Test-Quantitative.

(Goldman, 1961; Kring and Stolurow, 1968; Educational

Testing Service, 1967).

(3) Variables are selected which are identified as bearing

a relationship to classroom success although lacking in

predictive power. These are authoritarianism-submissive-

ness, need for achievement or motivation, interest, and
-

anxiety (Loree, 1965).

i
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(4) Variables may be included on the basis of mere avail-

ability and studied to determine if they do bear a

significant relationship to either overall performance

in the course or performance on any particular unit.

These would include variables which are measured in

the same test and measures which are already available

at the Naval Academy such as the Fiedler Leadership

'Scale.

C. MEASUREMENT OF STUDENT VARIABLES

Variables have been selected on the basis of their actual or

potential predictive power or performance relationShip. Even so,

a number of variable possibilities have been deleted because of

the lack of a well-developed measuring instrument. Therefore,

the process of test selection in this study has included a care-

ful analysis of test validity, reliability, and other standard-

ization procedures reported by test authors (Buros, 1959, 1965).

1. Psychological Tests

It is felt that the following list of. psychological

tests are among the best possible measures of the spe-

cific traits they purport to measure: (Buros, 1959,

1965).

Variable Test

Aptitude Scholastic Aptitude Test - Verbal
(SAT-V)
Scholastic Aptitude Test -
Quantitative (SAT-Q)

Achievement English Achievement
Mathematics Achievement

Reading Ability Ohio State Psychological Examination
(OSU)
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Variable Test

Personality Edwards Personal Preference Schedule
(F8)
Sixteen Personality Factor Scale
(16P1)

Interest Stronst Vocational Interest Blank
(SVIB

2. Tests Used at the Naval Academy

Test scores available through the Nava? Academy .

which will be included in the student data base, are

the Cornell Word Form - 2, Fiedler Leadership Scale, and

The Adjective Check List.

3. Additional Variables

Other variables to be investigated are:

a. predicted grade average - which incIudes SAT-V,

SAT-M, English Achievement, Mathematics

Achievement, recommendation scores, and con-

verted high school rank in class

-a. high school rank in class

c. recommendation scores (high school)

D. STUDENT VARIABLES AND MEDIA EFFECTIVENESS

Research relating student variables to various media forms

and presentation design variables has been meager and generally

inconclusive. Two studies, for example, have found no correlation

between IQ and aptitudes related to achievement in instructional

systems using a PI presentation form with a workbook medium

(Porter! 1959; Ferster and Sapon, 1958). Two other studies
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report no correlation for IQ and performance on a criterion

test, but do report significant relationships between general

achievement level and performance (Feldhusen and Eigen, 1963; Hatch

and Feint, 1962). A third type of study has been made relating

intelligence to frequency of response demand within a program

presentation, but with no significant results (Shay, 1961).

Studies relating personality variables to learning from pro-

gramed instruction have had similarly negative results (Carpenter

and Greenhill, 1963).

1. Isolation of Variables Related to InstructiOnal
Effectiveness

In the present research project, an attempt will be

made to isolate student variables which may be related

to learning through specific media and presentation

design forms. The procedures used will be: (1) to

study the relationship of variables which research

indicates may be related to general learning and to

learning through specific media or presentation design

forms-, and (2) to study the relationship of variables

which are believed to contribute to learning through

different media independent of previous research

inquiries.

Variables which have been found to be related to

general learning are need for achievement or achieve-

ment motivation and interest. These variables will be

derived from the EPPS and SVIB, respectively, and cor-

related directly with progress checks and end-of-

semester administrative tests.
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Variables which are simply believed to be related

to learning through specific media are reading ability

levels, listening ability, and select personality

traits such as expedient versus conscientious, practical

versus imaginative, conservative versus experimenting,

group - dependent versus self:sufficient, relaxed versus

tense. These variables will be derived from the OSU,

the STEP, and the 16PF, respectively, and correlated

directly with both learning modules and end-of-semester

achievement. Reasons for studying the variables are to

see what relationships exist between reading ability

ald learning through conventional texts; listening

ability and learning through lectures or tapes; group

dependent versus self-sufficient personality traits,

learning.through group discussion versus independent

study, etc.

2. pperimentalpelip Considerations in Variables Related
o Instructions Effectiveness

Although most student variables will be studied by

direct correlation with achievement, the anxiety vari-

able will be used to stratify groups and the anxiety-

media or presentation interaction observed. The reason for

this particular treatment of anxiety is that anxiety is

the one variable which typically yields a curvilinear

correlation with learning, i.e., students who are very

high or low in anxiety perform more nearly the same

than students with moderate anxiety (Loree, 1965).
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Measures of anxiety will be derived from the 16PF.

Need for achievement may also be used as a vari-

able for stratification and subsequent study of inter-

action where instructional management decisions occur

and motivation level is increased. Ar. example of this

stratification would be in learning mcdules where en-

richment exercises or high probability responses are

made contingent on the completion of a given task.

Interaction of anxiety and need fpr achievement

will be studied in conventional two or threi-way

classification analyses of variance.

E. STUDENT VARIABLES AND ACADEMIC PERFORMANCE

There has been much research activity on the relationship

of-student variables to general learning and on the predictive

power of student variables in relationship to academic perform-

ance with conventional presentational forms. However, there is

little evidence which indicates that various student character-

istics will predict learning frem specific instructional media

and presentation forms. In addition, the factors which will

predict performance in a personal-interactive course such as

the Naval Leadership course have not been'isolated.

In general, research has indicated that most variation in acad-

emic success in any conventional classroom is due to an'interaction of
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motivation, study habits, past learning expertwice, and intelli-

gence, plus certain chance factors associated with the students'

performance and the instructor's grading. Where the subjective

aspects of teacher appraisal and grading have been controlled,

such as in standardized achievement testing, academic aptitude

is the most important variable in determining grades of students

(Loree, 1965).

Other variables which have been found to be related to

variations in classroom perforMance are socio-economic background,

need for achievement or motivation, self-perception of academic

ability, and anxiety (Loree, 1965).

The best single predictor of college freshman grades is

high school' grade point average. VariLbies from test scores

which seem to predict early academic success in college most

accurately in decreasing order of effectiveness are:

.(1) achievement tests of high school course contents.

(2) general college aptitude tests such as the ACE and SAT.

(3) general scholastic aptitude tests such as Otis and

Henmon-Nelson.

(4) special aptitude tests, such as verbal and 7:umerical

parts of the multi-factor tests of mental abilities

(Goldman, 1961).

''Although these predictors may be effective for predicting

performance of college freshmen, they lose some of their pre-

dictive powers for subsequent college performance. Kring anC

Stolurow (1968) cite studies which indicate that precollege

variables-are not altogether effective for /long-range prediction.
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Better predictors are the most recently collected data. That

is, rather than high school'grade average, the better predictor

would be grade average from the preceding year. Also, achieve-

ment, aptitude, and especially personality and interest data,

should be collected in close proximity to the semester's perform-

ance to be predicted.

1. Isolation of Variables Which Predict Academic Success

To find that ce-tarn student variables relate;to

academic performance will by no means imply that stu-

dents rich in those traits will make the best leaders.

It will mean, howeirer, that students'high in those

traits can be expected to assimilate more readily the

academic knowledge requisite to the course, and con-

sequently requisite to the theory of military leader-

ship. The extent to which this prediction is important

is proportional to the extent to which the course is

necessary or important.

The steps which will be taken to isolate student

characteristics which predict academic success in the

leadership course are:

(1) to isolate variables which predict general aca-

demic success at the academy.

(2) to study the relationship of the general academic

predictors to success in the Leadership course.

(3) to study the effectiveness of additional select

variables which research indicates may be of

value in predicting success in an academic per-

sonal-interactive course.
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Predictors of general academic success will be

determined for freshmen by multiple regression analysis

of predictor variables available through the academy.

These include SAT-V,'SAT-Q, English Achievement, Math-

ematics Achievement, converted high school rank in class,

and recommendation scores. These variables have been

found to consistently predict academic success in a

variety of undergraduate schools (ETS, 1967).

Computation of the multiple regression equation

will be handled by Educational Testing Service at the

request of the Naval Academy with Westinghouse Learning

Corporation (WLC) serving as liaison. The regression

equation for predicted grade average (PGA) will then

be used to determine the entering base ability level of

stu" is within the experimental class. Predicted grade

averages will also be compared with actual grade average

within the standard error of estimate to determine pre-

dictive efficiency of the variables.

A second aspect of the prediction section will be

to study these basic predictive variables in relation

to end-of-semester success in the Leadership course.

The same six academic predictors will be correlated

with final course achievement, and the obtained multiple

correlations for both general achievement and leadership

achievement will be compared. It is expected that pre-

dictors of general ixhievement will result in a signi-

ficantly higher correlation with freshman grade point



average than with leadership achievement, since the

course is structured to compensate for individual differ-

ences in ability.

The final aspect of the prediction section will

be to study the effectiveness of additional select vari-

ables which may predict success in this particular

course. Variables to be included in the multiple cor-

relation along with PGA predictor variables are interest,

need for achievement, and freshman grade point average.

The interest variable will be represented by select

scale scores from the Strong Vocational Interest Blank

(i.e., academic interest and Air Force and Army officer

interest). Need for achievement will be represented by

scale scores from the Edwards Personal Preference

Schedule. Freshman grade point average will 0,ive addi-

tional information on entering base level of ability and

also motivational level. Unlike aptitude scores, fresh-

man grade point verage may be found to relate signifi-

cantly to end-o -course achievement since is is par-

tially an index of motivation rather than pure ability.

F. ;STUDENT PREFERENCE

Research on student attitudes toward different modes of in-

struction is generally inconclusive. Using programed instruction,

foi. example, group attitudes may be favorable and yet attitudes

may be vastly different from student to student (Eigen, 1963).

General statements from research findings on student atti-

tudes toward programed instruction and automated instruction are:
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(1) Students feel that they learn more from a combination

of programed instruction and conventional teaching than

from either alone (Hickey, 1962; Holland, 1960; Eigen,

1963; Smith and Moore, 1962).

(2) Students feel that with the same amount of time and

effort they learn somewhat more from programed instruction

than from a conventional text (Holland, 1960).

(3) Students have a somewhat more favorable reaction to

programed textbooks than to teaching machines (Eigen,

1963; Smith and Moore, 1962).

(4) Students' attitudes toward programed instruction appear

to have no significant relationship to how much they

actually learn by the method (Eigen, 1963).

Attitudes toward programed instruction among high intelli-

gence students appear to be a function of the program itself.

One expressed attitude among students in this group is that it is

considered the "best method of learning" for good students, be-

cause they are not held back by the rest of the class (Eigen,

1963). On the other hand, other studies report generally favor-

able reactions to programed instruction, but report objections

to the amount of repetition, the short steps in the program, and

sustained exposure -4...o the program (Smith and Moore, 1962;

Van Atta, 1961).

1. Isolation of Variables Related to Student Preference

In this study, the attempt will be made to deter-

mine student attitudes in relation to;

(1) media, e.g., programed textbooks, films, tapes,

etc.
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(2) presentation design features, e.g., size of step,

encoding form, duration, response demand form,

amount of repetition, branching, remediation,

and enrichment exercises.

(3) task variables.

(4) other student variables.

Attitudes will be determined by giving students a

seven-point rating scale at appropriate points through-

out the course. In addition to the rating scale, stu-

dents may be asked to rank order media, or they may be

interviewed individually as a check on the reliability

of the rating forms.
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VI. STATISTICS SUMMARY

To the extent that the exact sequence of course presenta-

tion is undecided, the specific statistics which will be employed

in analyzing media-presentation design comparisons and relation-

ships of student characteristics cannot be specified for the in-

dependent hypotheses discussed in Part II. However, it is possible

to give a general indication of the several statistical Procedures

which will probably be used when the presentation is decided.

Anticipated statistical procedures will be standard data man-

ipulations, which are relatively simple. These statistics are

grouped on the basis of the general outline for the present report.

A. VALIDATION OF MATERIALS

The gain score ratio of actual gain over maximum possible gain

will be derived from pre- and post-test discrepancies. This index

will provide an'estimate of overall instructional system effective-

ness and topic unit effectiveness (Stolurow, 1968; Ellis, 1964).

B. DEVELOPMENT OF EVALUATIVE MEASURES OF ACHIEVEMENT

;._ Split-half correlation methods will be employed to estimate

test reliability. The Spearman-Brown formula will be applied to

. the split-half correlations to correct for test length (Lyman, 1963).

Estimatds of reliability will also be made from the means and stan-

dard deviations of tests (where the assumption of equal item dif-

ficulty can be made) using the Kuder-Richardson "formula 21"

(Gulliksen, 1950).

Estimates of item difficulty will be made using simple per-

centages based on the number of students who respond correctly

to items on the pre-test. Estimates of item difficulty will be

1-55



made based on high and low group item-total score comparisons

and high and low pre-test groups and high and low post-test

groups (Loree, 1965). A table for use in fourfold contingency

tests will be used to assess the significance of group con-

trasts on item discrimination power (Mainland and Murray, 1952).

Item-total score correlations will be made to estimate

the relative contribution and consequent validity of each item

on the test.

C. STUDENT CHARACTERISTICS

The relationship of student characteristics to learning

modules and total course achievement will be assessed primarily

by correlation methods. The Pearson Product Moment correlation

will be used to determine individual relationships. Multiple

correlation analysis and multiple regression will be used to as-,

sess the relative contribution to achievement of a number of in-

dependent student variables simultaneously. (McNemar, 1962).

Where decided relationships exist, analysis of co-variance may be

employed to control for the differences in treatment variance'con-

tributed by student characteristics (Lindquist, 1956)..

Student characteristics may also be studied in conventional

two-way or three-way analyses of variance in relationship to dif-

ferences between media or presentation design forms. Special cases

of student characteristics treated in analysis of variance will pro-

bably be (1)4pre-determined student variables such as anxiety and

need for achievement, which typically yield curvilinear correlations,

and (2) post-determined student variables which have been found to

correlate significantly with one or, another of the treatment vari.:

ables already being compared by analysis of variance.
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D. EXPERIMENTAL DESIGN

Tests of the specific hypotheses proposed in the experimental

section (Part II) will be primarily;

(1) T-tests for the significance of difference

between treatment means (McNemar, 1962).

(2) treatment X subject analysis of variance

in which all subjects receive all treat-

ments (Lindquist, 1956).

(3) two-way classification analysis of vari-

ance in which two dimensions of treatments

or two levels of student variables are com-

pared simultaneously with differences in

treatment means (treatment X levels;

Lindquist, 1956).

(4) three-way classification analysis of vari-

ance in which two dimensions of treatments

and two levels of student variables are

compared simultaneously with differences in

treatment means.

E. GENERAL DISCUSSION

For the most part, criterion measures used in the experimental

design will be test scores. Because of the small number of stu-

dents participating in the initial experimental course, treatments

will be repeated in such a way that all subjects will be exposed

to all treatments. For example, Group A may first be exposed to

a lecture and then be expoSed to a taped lecture. Group B may

first be exposed to the taped lecture over the same content as A



and then be exposed to a live lecture. In this way the treatments

are counterbalanced over the same content and all subjects are

exposed to all treatments. In such a case, total scores for lec-

ture and for taped lecture are obtained by simply adding across

lecture and then adding across taped lecture. The applied statistic

would then be treatment X subject, since the same subjects appear

in both groups rather than replications of treatments for the

same subjects.

In cases where the total group is divided, into two independent

groups, a simple T-test would be made for differences between the

groups. No special statistic will be applied for replication of

treatments ovell.the same subjects since replications are not made

on independently drawn .samples.

Stringent probability levels for acceptance or rejection of

null hypotheses will not be set in the initial stages of this

study, since the overall purpose of the first study is to identify

trends rather than draw generalizable conclusions from the results.

It is recognized that the computation of a large number of T-tests

and analyses of variance may yield a number of seemingly signifi-

cant mean differences which have actually occurred by chance. This

possibility is recognized and has been weighed heavily the selec-

tion of statistics. However, it is felt that since the initial study

is largely exploratory, it is possible to simply note the experiments

which provide significant re!,ults during the first year and repeat

those hypotheses and studies in the second and third years. It is

felt that in the beginning stages of a three-year project, it is

better judgment to risk making a Type 1 error of rejecting a hypo-

!
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thesis of no differences between treatment means than of failing

to reject a hypothesis of no differences between treatment means.

Accordingly, where hypotheses have been rejected as showing sig-

nificant differences, these studies can-be -eplicated to retest

the hypotheses in subsequent courses.



VII. DATA PROCESSING REQUIREMENTS FOR DATA BASE

A. DATA BASE

The data base for the project will consist of a number of

separate files that are accessible to any program, statistical

routine, or retrieval query. The six files, as they are currently

established, will contain:

(1) student information and identification. This file

contains background information on the student,

information on his performance at the Naval Academy,

and scores on various psychological tests.

,(2) data file for content objectives and their classifi-

cations. This file contains identification of each

objective and characteristic data for each student.

This data includes appropriate values as applicable

to the dimensions of presentation.

(3) data file for module' classification. This file, be-

sides identifying the module by chapter and segment,

specifies each presentation dimension (duration,

response demand, stimulus encoding, management deci-

sion, and response demand frequency).

(4) data file for segment test. This file uniquely

identifies each test and each test question, as well

as recording the responses by studentsand the relation-

ship between each test question and the appropriate

objective in the course.

(5) the data file for dependent variables. This file

includes information on module cost, time, decision
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criteria, and preference rating on tests and modules.

(6) data file on classroom performance. This file will

list and summarize student performance on each module

and element in the course.

B. PERFORMANCE CHARACTERISTICS

Before considering the operations to be performed upon these

files, certain characteristics should be noted. The first four

files are fixed. That is, they will be loaded with data before

the course begins and will be referenced for analysis and correla-

tion to student performance. They will not be updatil on a

regular basis. The last two files will be updated o0 almost a

daily basis with data from student tests, questionnaires, and

research analysis. The key characteristic of operations on the

first four files will be the requirement to access discrete and

identifiable portions of the record. There will be no manipu-

lation of string data as in files five and six.

Moreover, since the characteristic of the research will be

to ask how student performance correlates to the characteristics

of learner variables, presentation variables and the like, the

task of file design would be to insure the discrete labeling of

every characteristic or element. Correlations may also be

drawn between student performance and discrete characteristics

from different files. For example, a researcher may wish to

know not only the relationship between a student's test score and

his SAT Verbal Score, but also the performance relationship to

media design and learning styles. Such correlation analysis is

only viable when cross-referencing throughout the file is in-

sured. Hence, each record must contain necessary indices to
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items in the same file or to related items in another file.

The use of indices within the data items themselves are

advantageous in considering another aspect of the data base con-

cept, i.e., information retrieval. While it is obvious that

retrieval data should be ,ertinent to the inquiry only and

unencumbered by extraneous data, it should be remembered that

some responses should be able to append relevant data within the

necessity to detailed parameters. For example, it may be highly

desirable that a response to a query of behavioral objectives

should include information on test questions associated with

particular objectives regardless of number or location.

C. DATA MANAGEMENT SYSTEM

With such requirements, the need for a data management sys-

tem becomes clear, assuming such capabilities are either already

available or can be developed. It is desirable to use an already

existing information handling system rather than attempting to

generate one for this unique purpose. There are file handling

systems already in existence in tested software packages. One,

under current consideration, is the IBM Generalized Information

System, known as the GIS. The IBM GIS system expands upon the

360 operating system data management package to create, maintain,

and query files. It requires the use of configuration of a

360/40 or better, with 132 K bytes.

The GIS system operates on the principle of a common data

base serving multi-users or application programs. The common

data base is essentially a collection of separate data files

which are_unified through the use of a common file descriptor
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table. This file table contains a unique method of access for

each file. Through the creation of synonyms for each file and

each element of the file at creation time, a program can access

a particular data file in the common data base by using the

unique synonym as his key for the search. The data management

system searches the descriptor table and loads the necessary

data for the program. The descriptor table in conjunction with

the common data base makes standardized programing possible

and desirable, and at the same time it allows for flexible pro-

cedures and one-shot report inquiries.

Extension will include specifications for file format, data

collection, I-0 requirement, processing routine, and operation

procedures in accordance with further definitive prescriptions

of project research and requirement.
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