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ABSTRACT

DEVELOPMENT OF A GENERAL KNOWLEDGE TEST FOR
USE IN MOTORCYCLE OPERATOR EDUCATION
AND EVALUATION PROGRAMS

By

Thomas Lee McDole

Statement of the Problem

The purpose of this study was to develop parallel
test instruments (written knowledge tests) which would:

a) have the statistical power to differentiate
between two groups of motorcycle operators--those operators
who possess and can demonstrate that knowledge necessary to
operate a motorcycle on the road and those operators who can
not demonstrate such knowledge.

b) be able to serve as a comprehensive general
knowledge test suitable for use as a final examination in a
motorcycle rider education class or as an examination for

use in motorcycle operator licensing programs.

Methods of Procedure

Beginning with a set of 463 items, prepared according
to a set of criteria from a comprehensive source document, a
full scale evaluation and test development project was under-
taken. Comments about the items from experts and subjects

were used to evaluate and re-write the 463 multiple choice
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items. The resulting 282 items were formatted into six
tests to be administered to approximately 650 subjects--
high school seniors of varying motorcycle riding experience--
in a test-retest data collection program. Information was
also collected on their riding experience (dependent
variable) age, sex, and a reading achievement score. An
item analysis was performed on each item by: (1) examining
the response distribution; (2) correlating the response to
the item with the dependent variable, age, sex, total score,
and reading achievement score; (3) calculating the item diffi-
culty; (4) calculating the test-retest reliability.
(5) computing an index of discrimination based on the
dependent variable. Each item was reviewed according to
guidelines for each of the above criterion and rejected if
it failed. One hundred and seventy items were retained as
good items and included in the final item pool. Of these 170
items, 107 positively discriminated between riders and non-
riders and were formed into the parallel test item pool.
Forty of the 107 items discriminated statistically.

Inter-item correlations were calculated for the items
as grouped by the 24 major content areas.

Two 40 item tests were extracted from the parallel
test item pool in such a manner as to maintain a balance of

content between the test item pool and the tests.
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An effort was also made to assign equal numbers of
statistically discriminating items to each form and to fill
in the balance of the test with those items which demon-
strated a high probability of discriminating between operator
experience groups. The items for each test were randomized

within each test and the forms were reproduced.

The Major Findings

Tests for parallelism and discrimination were run
on each test form. The tests were found to be absolutely
parallel (T statistic = .006) and to statistically discrimi-
nate between the experienced operator and novice rider--
T statistic = 4.82 for form A and 4.99 for form B. This
indicates significance beyond the .001 level of confidence.

This test item evaluetion and test. development
exercise has produced two parallel test forms which are
suitable for use in measuring the on-the-road knowledge of
high school age motorcycle operators. The tests, in theory,
have the statistical power to differentiate between two
groups of riders--those who know how to operate a motorcycle
on-the-road and those who do not know how to operate a

motorcycle on-the-road.
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CHAPTER I

INTRODUCTION

Motorcycles, while with us since the advent of the
automobile, have become increasingly popular as a mode of
transportation and as a means of spending leisure time.
Recently, the number of registrations of motorcycles in the
United States has mushroomed exceeding 3,293,400 in 1971.
Registrations in the State of Michigan over a five year
period from 1964-1969 increased 222.2 percent, growing at a
rate of 25.06 percent per year (compound annual growth rate).l
Several states now require a separate motorcycle operator's
license and testing procedure(s) before one can legally
operate a motorcycle. In the future, all states will be
required to issue separate licenses (or license endorsements)
and give separate examinations under the provisions of the
driver licensing program standards issued by the Department
of Transportation.

Until now there has been little systematic develop-

ment of tests of operator knowledge for any class of

lThomas L. McDole, "Motorcycles: Random Particles
in the Traffic Stream," HIT LAB Reports (December, 1970)
1-7.

2Highway Safety Program Standards (Washington, D.C.:
National Highway Safety Bureau, February, 1969), p. 9.

1




vehicles--including motorcycles. Recently the National
Highway Traffic Safety Administration (NHTSA) supported
research in the field of driver education and licensing.
Two of these projects are of particular interest at this
time.

One of these research projects, undertaken by the
Human Resources Research Organization (HumRRO), dealt with
the development of a Driver Education Task Analysis (here-

after referred to as HumRRO).3 The other, undertaken by the

Highway Safety Research Institute (HSRI), dealt with the
development of a "Test Item Bank for Tests of Driver Know-

4 The results of these projects are: (1) source

ledge."
documents describing the tasks necessary to operate various
classes of vehicles on the road (préducts of both the HumRRO
and HSRI projects), and (2) multiple choice test items
suitable for use in driver education and licensing tests for
various classes of vehicle operators (solely the work of
HSRI).

The research conducted at HSRI called only for a
rudimentary test item development and analysis activity for

the motorcycle operator class license while permitting a

full scale test item development and validation activity

3A. James McKnight, Driver Education Task Analysis,
I, IV (Alexandria, Virginia: Human Resources Research
Organization, August, 1970).

4

U.S. Department of Transportation, Final Report,
Contract FH 11-7616, National Highway Traffic Safety
Administration.




(including the development of sample tests) for the basic
(passenger vehicle) class license. Furthermore, the motor-
cycle test item analysis was conducted on a small sample
(n=35) of experienced riders thus providing only limited data
for that riding experience group.

Due to the rapidly expanding motorcycling population,
increasing pressure from the Federal Government on the states
to implement the provisions of the driver licensing standard,
and the desire by some educators to expand motorcycle
operator education programs, it has become very important to
identify and evaluate a sub-set of these motorcycle test
items to serve as the basis for a motorcycle operator know-
ledge test.

Therefore, the motorcycle test item pool as it
currently exists will serve as the beginning point in a com-
prehensive activity to evaluate the items and develop
multiple choice test forms suitable for use in motorcycle

operator education and knowledge testing programs.

The Problem

Statement of the Problem

Coupled to the expanding motorcycle riding population
and drastically increasing accident rate is an increase in
the availability of motorcycle rider education programs.
Several organizations are in the process of developing and

distributing curriculum materials, teacher preparation



courses, and legislative guidelines5 aimed at better and
perhaps mandatory hotorcycle rider education for beginning
riders.

Of the multitude of problems facing an area such as
motorcycle rider education,6 two are of interest here:

1. How to identify the various levels of riding
knowledge possessed by individuals and hence separate those
who know how to ride from the novices. Thus rider education
programs can be developed to best serve the needs of each
group (assignment to alternative treatments) or to identify
those individuals who will benefit from a basic rider
education course.

2. There exists a need for a valid, reliable instru-
ment to serve as either a pre-post test and/or final examina-
tion. The pre-post test will permit the assessing of the
change in knowledge on the part of the student while the
final examination will assure that the student has gained
the minimum knowledge necessary for safe operation of a

motorcycle.

SIncluding the Motorcycle Industry Council, Inc. (1001
Connecticut Ave.,N.W., Washington, D.C. 20036) has prepared a
number of booklets and curriculum guides for use in the class-
room as well as providing funding for short courses, including
one at Michigan State University, August, 1973. And the U.S.
Government through their nghway Safety Program Standards,

U.S. Department of Transportation, Federal Fighway Adminis-
tration, National Highway Safety Bureau, February, 1%69.

6Others include inputs for curriculum development,
task analysis, the level of basic traffic (four wheeled
vehicle) knowledge.



Origin of the Problem

Over the years the author taught driver education7
he felt a need to be able to classify students according to
entrance level skills--both in the knowledge domain and
manipulative aspects (BTW)--and to be able to assign them to
alternative treatment programs. Such an assignment would
permit a stronger program, geared more closely to the needs
of the student and at the same time increase the educational
efficiency of the program.

An opportunity presented itself in conjunction with
the author's work at HSRI to pursue the development of a
device which would classify students entering a motorcycle
operator education program based on their level of knowledge
of operating a motorcycle. Once developed and tested, such
an instrument would pave the way for meaningful assignments

to alternative treatment programs in motorcycle education

programs.

Purpose of the Study

This paper addresses itself to the development of
parallel test instruments (written knowledge tests) which
will:

a) have the statistical power to differentiate
between two groups of motorcycle operators--those operators

who possess and can demonstrate that knowledge necessary to

7The author has over seven years experience as a
teacher of Driver Education on both the high school and
college (teacher preparation) levels.



operate a motorcycle on the road and those operators who
can not demonstrate such knowledge.

b) be able to serve as a comprehensive general
knowledge test suitable for use as a final examination in a
motorcycle rider education class or as an examination for

use in motorcycle operator licensing programs.

Importance of the Study

Students come to a traditional driver education
class with varying backgrounds based on their prior
experiences, interests and observational skills. The tradi-
tional approach has been to take all "comers" and give them
the same treatment--namely, begin from what educators think
is an appropriate starting point for the class. This
approach may bore students who have extensive backgrounds
and/or interest in the subject and already know what is
being "taught." Often times too, it is assumed that students
possess certain knowledges and no attempt is made to verify
the assumption. Both situations can be dangerous--either
boring the student so that he may miss important information,
or by beginning the instruction at a level which 1is over
his head.

Students entering a motorcycle education program are
no different than those who are entering a regular driver
education program (as described above). In fact, the
interest of those entering the motorcycle program may be

more intense.



Several test development exercises have been under-
taken to develop better tests and items for use in driver

education8 and driver licensing.9

Likewise, programs have
been undertaken to provide for second level driver education
courses. However, no test has been devised and widely
disseminated which would classify students according to prior
knowledge and hence provide a mechanism for assigning them
to alternative treatment groups.

Likewise a few attempts have been undertaken to
develop test items for motorcycle riders. These include a
basic item writing exercise done by the AAMVAlO to a more
sophisticated analysis program done by Texas.ll

No evidence could be found, however, of an attempt

to: (1) develop a general knowledge test which discriminated

8W. G. Berger, T. L. McDole, W. T. Pollock, Develop-
ment of a National Item Bank for Tests of Driving Knowledge,
Interim Report to the National Highway Traffic Safety
Administration, U.S. Department of Transportation, Contract
FH-11-7616. (Ann Arbor, Michigan: The Highway Safety Research
Institute), October, 1971.

9Letter, R. S. Coppin (Chief of Research and Statis-
tics, State of California, Department of Motor Vehicles) to
W. T. Pollock (Head, Countermeasures Group, Highway Safety
Research Institute, University of Michigan), July 31, 1973.

loAmerican Association of Motor Vehicle Administrators,
Suggested Questions for Motorcycle Licensing, A Report pre-
pared by the Motorcycle Industry Council in cooperation with
the National Highway Safety Bureau (undated).

11Lewis A. Locke, Motorcycle Operator Licensing:
Design, Analysis, and Revision of the Texas Licensing Program,
A Research Study Jointly funded by the State of Texas and
the U.S. Department of Transportation, conducted in coopera-
tion with the Texas Department of Public Safety and Texas
A & M University, College Station, Texas.




between groups of riders for the purpose of assigning them
to alternatate treatment groups, and (2) base it on a set
of test items developed from a comprehensive source docu-
ment12 containing descriptions of riding tasks where the
items' content had been selected according to a pre-

defined set of criteria.

Scope of the Study and Limitations

It must be noted that the candidate test items and
the resultant tests measure only knowledge necessary for
on-the-road operation. Also, the test items do not duplicate
those items used in examinations for basic operator licenses.
No items concerning the measurement of the attitude or
behavioral characteristics (affective domain) of the operator
are included. No attempt was made to relate any of the items
or tests to the safety performance of the operator (accidents
and violations). The tests and items were geared to those
with seventh to eighth grade reading abilities. Also, the
tests reflect content validity only. The items are based on
task descriptions deemed unique or critical to the operation
of a motorcycle. No definitive task analysis is yet avail-
able which will permit the identification and selection of

content areas (and items) crucial to the successful operation

12T. L. McDole and W. G. Berger, Item Writers' Guide

for Motorcycle Riding: A Preliminary Outline. Prepared

under Contract FH-11-7616 for the National Highway Safety
Administration, U.S. Department of Transportation, Washington,
D.C. (Ann Arbor, Michigan: The Highway Safety Research
Institute, August, 1971).




of a motorcycle and hence the items and tests may lack
predictive validity.

The test development is best charactérized as a
basic test and item development exercise and the resultant
tests are at best tentative. While the sample size used
in the item evaluation phase of the development is suffi-
cient for reliability, it does not constitute a random
sample of all motorcycle operators and hence the results are
generalizable only to the parent population (Seniors in the
three schools tested). No attempt has been made to provide
normative data on the performance of the tests. Hence, any
attempts to project student performance on the basis of
these tests must await the establishment of normative data.
The tests, as developed, are not to be considered as a pana-
cea to the chronic problem of motorcycle crashes and
fatalities. Any attempt to use them in this manner consti-
tutes a gross misapplication of the tests. Instead, they
are intended to be but one of the tools a practitioner keeps

at his disposal to gain insight into his subjects.

Definitions of Terms Used

Dependent Variable: A collection of informational items

designed to quantify the on-the-road riding experience and

motorcycling interest of the respondent.

N Dep Var: For New Dependent Variable--a revision of the

Dependent Variable.
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Test Item Pool: A collection of multiple choice test items

available for use in forming tests.

Original Test Item Pool: Four hundred sixty three (463)

multiple choice test items that served as the input to this

thesis.

Revised Test Item Pool: The 282 test items resulting from

the revision of the 463 test items in the Original Test Item

Pool.

Final Test Item Pool: Those items which were judged "good"

after the 282 test items from the Revised Test Item Pool had

been subjected to an item analysis.

Parallel Test Item Pool: Those items selected from the Final

Test Item Pool which would be available for use in developing

the Parallel Tests.

Parallel Test: A test composed of multiple choice test items,

for which there is a companion version of like subject matter
and similar statistical characteristics which if substituted

for the original test would yield similar results.

Multiple Choice Test Item: A statement or question (complete

or incomplete) followed by four answer choices for which the
respondent is expected to choose the one he feels best or

correctly answers the statement or question.
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Reliability: How consistently a test item (or test)

measures what it purports to measure.

Validity: How accurately a test item (or test) actually

measures what it is supposed to measure.

Organization of the Remaining Chapters

In Chapter II, the pertinent literature relevant to
passenger vehicle and motorcycle operator testing is
reviewed along with that literature pertaining to the develop-
ment and evaluation of multiple choice tests and their items.
In Chapter III the methodological details of the study are
presented beginning with an overview of the development of
the source document and parent test item pool. The details
of the revision and testing of the test items are given
followed by the evaluation procedures used. The chapter is
concluded with the procedures used to derive the parallel
test forms. Chapter IV contains the final test item pool,
the parallel test item pool and the data associated with each
item that comprises these pools. The Topic Index and items
catalogued thereby are also shown. Given also are the
parallel test forms and answer keys. A final table gives
the results of the pilot test of the parallel test forms.
Presented in Chapter V are the summary, conclusions,

recommendations for further study, and discussion.



CHAPTER 1II

REVIEW OF LITERATURE

The review of literature is divided into two major
sections dealing with (1) the availability of source infor-
mation for both motor vehicles and motorcycle operation and
testing, and (2) references to traditional methods of test
item development, evaluation, and test construction.

Review of Traffic Safety Literature and

Testing Materials for Motor Vehicles
and Motorcycles

Motor Vehicles

There existed a preponderance of literature asso-
ciated with owning and operating an automobile. 1In
addition to the legal regulations established by each state
and printed in the state driver manuals13 there existed

national guidelines for the establishment of laws and regu-

lations. Two of these guidelines were the Uniform Vehicle

Code (UVC)14 and the Manual of Uniform Traffic Control

13Michigan Vehicle Code, compiled under the Super-

vision of the Secretary of State, Revision of 1965, Lansing,
Michigan; What Every Driver Must Know, Michigan Official
Driver Manual, Michigan Decpartment of State.

14Uniform Vehicle Code and Traffic Ordinance, Revised
1968, including Supplements (Washington, D.C.: National
Committee on Uniform Traffic Laws and Ordinances) .

12



13

Devices.15 A wealth of traffic safety literature, teaching
materials, course outlines, have been prepared. The most
notable of these source documents is the HumRRO Driver
Education Task Analysis16 which performed two functions.
First it was in itself a source document containing a vir-
tually completc compilation of tasks associated with owning
and operating a motor vehicle and second, it contained a bib-
liography cataloguing 1006 documents, studies, publications,
etc. highly relevant to the field of driver and traffic

safety. Malifetti in his A Description of the Driving Tasks

Adaptable for a Manual for Beginning Driversl7 also listed

several hundred references pertaining to driver education and

traffic safety literature.

Motorcycles

Unfortunately no such preponderance of literature

existed for the two wheeled vehicle--namely, the motorcycle.

5Manual on Uniform Traffic Control Devices for Streets
and Highways, U.S. Department of Transportation, Federal
Highway Administration (Washington, D.C.: U.S. Government
Printing Office, 1970).

16A. J. bMcKnight, et al., briver Lducation Task
Analysis, Volume I, Tasi. Descriptions, prepared under Con-
tract DOT--FH-11-7336 for the National Highway Safety Bureau.
Federal Highway Administration, U.S. Department of Transpor-

tation, (Alexandria, Virginia: Human Resources Organization .
August, 1970).
17

J. L. Malfetti, A Description of the Driving Task
Adaptable for a Manual for Beginning Drivers, prepared for
the American Association of Motor Vchicle Administrators
under a special Crant by the Insurance Institute for Highway
Safety (New York: Teachers College, Columbia University,
1970).
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Each state vehicle code18 contained sections dealing with
rules and equipment for motorcycle operation. Many states
publish these rules and regulations in their operator
license manuals or separately.19 The Motorcycle Industry
Council Safety and Education Foundation (MIC)20 has pre-

pared a list of references. Other lists of references

appear in such documents as Wisconsin's Motorcycle

Instruction Series 21 the the U.S. Navy's22 Motorcycle

Safety Course. These documents, in addition to containing

bibliographies, are also curriculum guides. Included in the

list of curriculum guides is the MIC Beginning Rider Course

23 The American Motorcycle Association (AMA)24 has

Guide.

18Michigan Vehicle Code, op. cit.

lgAn example is the State of Michigan Motorcycle pub-

lication, What Every Motorcyclist Must Know, Michigan
Department of State, (undated).

20Motorcycle Industry Council Safety and Education
Foundation, Inc., Selected References and Resources, Motor-
cycle Safety Education, Connecticut Avenue, Washington, D.C.
April 19, 1973.

21Frazier Dameron, A Programmed Instruction Series
for Motorcycle Riders and Instructors and Other Motorist
Drivers (Madison, Wisconsin: Safety Research and Education
Center, June, 1972). Prepared under contract #DE-71-005(001)
for the National Highway Safety Administration, U.S. Depart-
ment of Transportation, Washington, D.C. , June, 1972.

22The Naval Safety Center, Motorcycle Safety Course
(Norfolk, Virginia: Naval Air Station, June, 1972).

23Motorcycle Industry Council Safety and Education,
Inc., The Beginning Rider Course Guide, Washington,D.C.,
July, 1973.

4American Motorcycle Association, Two Wheeled Wisdom.
Columbus, Ohio (undated pamphlet).
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has a number of pamphlets, etc. available including Two

Wheeled Wisdom. A collection of articles originally pub-

lished in Cycle World have been reprinted in the booklet

Intelligent Motorcycling. 25 Popular magazines such as

Cycle World26 are also sources of information on how to

ride. The cycle companies themselves publish riding

materials such as Suzuki Motor Corporation's Freedom of
27

the Road. In addition there are some research reports

relating accident and driver characteristics. Examples of

these would include The California Motorcycle Study by

Harano and Peck28 and "Motorcycles: Random Particles in the

Traffic Stream" by McDole.29 A rudimentary set of task

descriptions has been prepared by McDole and Berger which
attempts to describe many phases of owning and operating a

motorcycle. Titled Item Writers Guide for Motorcycle

25William Kaysing, "Intelligent Motorcycling,"
Published originally in Cycle World, Long Beach, California:
Parkhurst Publishing Company. First Printing, June, 1966.

26Cycle world, Long Beach, California: Parkhurst
Publishing Company. Monthly.

27United States Suzuki Motor Corporation, Freedom
of the Road. Prepared in cooperation with the Public Safety
Department, Automobile Club of Southern California, Copyright
1965 (Studio City, California: Consultants to Management,
Inc.).

28R. M. Harano and R. C. Peck, The California Motor-
Cycle Study: Driver and Accident Characteristics, Research
Report 28, California Department of Motor Vehicles, July,
1968.

29T. L. McDole, Random Particles, op. cit.
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Riding: A Preliminary Outline, 30 it is intended to be a

companion to and complement the HumRRO Driver Education Task
31

Analysis.

While this may appear to be a fairly extensive list
of references, it nowhere nearly matches the large number of
references available for the operation of a passenger
vehicle.

Review of Testing Materials for
Motor Vehicles and Motorcycles

Motor Vehicles

A variety of tests existed for operators of motor
vehicles. These included the tests administered by each
state as well as tests developed for use in driver education
courses. State driver license examinations traditionally
have been prepared and administered without regard to
extensive psychometric exercises to test the efficacy of the
examination. Some states have begun to examine their driver
licensing items in detail and apply the principles of test

construction to new and revised tests. North Carolina32 and

30T. L. McDole and W. G. Berger, Item Writers'
Guide, op. cit.

31

A. J. McKnight, Task Analysis, op. cit.

32N. E. Freeberg and F. R. Creech, Development of
Measures for a Driver Licensing Program in the State of
North Carolina, Phase I: Analyses of Current Licensing
Tests, under Contract with Highway Safety Research Center,
University of North Carolina (Princeton, New Jersey:
Educational Testing Service, July, 1971).
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and California33 are good examples of this. To assist the

states in upgrading their tests, the NHTSA issued a

contract34 to prepare and evaluate multiple choice test

items based on the HumRRO Driver Education Task Analysis. 35

This is the most extensive undertaking of its kind ever and
should provide a guide to those who wish to upgrade driver
licensing tests in the future. It also will serve driver
education as well.

Test items for driver education have been prepared
by many individuals for many purposes, and to varying levels
of test construction sophistication. They range from the
published tests accompanying textbooks in driver education36

to the specially constructed and evaluated items used for

special studies.3

Motorcycles

As in the lack of availability of safety oriented
literature for motorcycles (as contrasted to the availability
of literature for motor vehicles), there is a similar lack

of availability of test materials for motorcycles.

33R. S. Coppin, op. cit.

34
op. cCit.
35

W. G. Berger, et. al., National Item Bank,

A. J. McKnight, Task Analysis, op. cit.

36As an example, Sportsmanlike Driving, American
Automobile Association, prepared by Driver Education
Specialists, McGraw-Hill Book Company, Inc., 1962.

37

An example, . . . Robinson, op. cit.
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The states which require a separate motorcycle
license or endorsement generally have a separate test.
Currently, less than one third of the states require such a
test although it is being encouraged by the Federal Govern-
ment's Highway Safety Program Standards.38 Texas39 has
undertaken an extensive study of its motorcycle licensing
program including a full scale evaluation and revision of
its written test. This represents, perhaps, the best effort
in the motorcycle licensing field to that date. A study by
Malany40 suggested that a continuing effort be made to main-
tain a motorcycle test item book and periodically evaluate
it.

The AAMVA has prepared a list of Suggested Questions

for Motorcycle Licensing4l which was subjected to an expert

and subject review. No indication of an item analysis was
indicated.

In all, no program of motorcycle test item develop-
ment appears to have taken the direction of this thesis--

namely:

38Highway Safety Program Standards, U.S. Department
of Transportation, Federal Highway Administration, National
Highway Safety Bureau, February, 1969.

39

Lewis A. Locke, op. cit.

4OL. L. MalLaney, A Report Developing a Comprehensive
State Program of Motorcycle Driver's Licensing, Research
Report No. 3 (Urbana, Illinois: Highway Traffic Safety
Center, August, 1969).

41American Association of Motor Vehicle Administra-
tors, Suggested Questions for Motorcycle Licensing, op. cit.




19

1. The preparation of test items from a compre-
hensive source document whose content is
supported by data, and then

2. subjected to a full scale test and item
development and evaluation program.

Review of Test Construction

A test is a measuring instrument. It is used to
measure and quantify--in the educational sense--what a
student knows about a particular subject. To construct an
adequate measuring instrument, two fundamental questions
must be answered: (1) What is to be measured, and (2) how
is it to be measured. Micheel and Karnes42 state that these
two questions must be answered in "developing . . . [a]
measuring instrument"--namely . . . " (1) Determine exactly
what 1s to be measured and (2) obtain or construct a
measuring instrument that will best do the measuring."

These two principles are embodied in this thesis.
The first (determination of what is to be measured) is

generalized in the title of this thesis ( Development of a

General Knowledge Test for Use in Motorcycle Operator Educa-

tion and Evaluation Programs ), and the second (construct a

measuring instrument . . .) is the thrust of the thesis. The
first sub-part of this literature review will detail the
accepted principles of test construction and the second will

deal with item preparation and evaluation.

42W. J. Micheels and M. R. Karnes, Measuring

Educational Achievement (New York: MacMillan Company,
1952), p. 7.
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General Principles of Test Construction

Each test should begin from a precisely stated set
of objectives of what is to be measured or what is expected
of the individual being tested.

Before a successful test can be constructed, the

test maker must be able to answer the question,

'just what am I trying to measure.'43
Having established the content of the test through an exami-
nation of the objectives of the test and content of the
course or expected knowledge of the individual, one can

proceed with a degree of assurance that the test will have

content validity. Mager concluded his book Preparing Educa-

tional Objectives by saying:

Once armed with objectives that communicate and an
intent to demonstrate their achievement, you are
ready to accomplish the next step in instructiona%4
design--that of preparing your . . . examination.

Berger45 listed several of the characteristics for

a good test ". . . 1if it 1s to serve as an effective
. . . 4 . -
measuring device." Micheels and Karnes 6 also give a similar
43

Ibid., p. 99.

Robert F. Mager, Preparing Instructional Objectives

(Palo Alto, California: Fearn Publishers, 1962).
45w. G. Berger, Understanding Test Construction:

The Design of License Knowledge Tests, Ann Arbor, Michigan,
The Highway Safety Research Institute. (Prepared for
inclusion in A Handbook for Driver Licensing Knowledge
Testing under Contract FH-11-7616 for National Highway Safety
Administration, U.S. Department of Transportation, December,
1971).

6y,
pp. 103-124.

J. Micheels and M. R. Karnes, op. cit.,
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list of good test characteristics in their Chapter 4
"What Makes a Good Test." Summarized from Berger, these
characteristics are:

1. The test must be reliable.

a. The test must be objective.
b. The test must contain a sufficient number
of items.

2. The test must be valid.

3. The test must be economically and logistically
feasible.

4. A reliable and valid test begins with good items
and a good format.

Reliability as applied to educational measurements,
may be defined as the level of consistency of the
measuring device. In general, this consistency
reflects the degree to which the test . . . may be
depended upon to yield similar test results under
similar circumstances.47

Objectivity in a test refers to that property of the

test which renders it free of bias when evaluated (scored)

by different people.

When a test contains a sufficient number of items,

"the impression inherent in individual items tends to be less

important in determining an applicant's score as more items

are added to the test."48
"Validity is generally defined as the degree to

which a test measures what it claims to measure."49 Four

47W. R. Borg, Educational Rescarch: An Introduction
(New York: David McKay Company, Inc., 1965), p. 84.

48

W. G. Berger, op. cit., p. 2.

49W. R. Borg, op. cit., p. 80.
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types of validity are recognized as important, and each test
should have all four. However, two are of paramount impor-
tance.

1. Content validity is the degree to which the
sample of test items represents the content that
the test is designed to measure.

2. The concurrent validity of a test is determined
by relating the test scores of a group of sub-
jects to some concurrent criterion measure . . .

3. Predictive validity is the degree to which the
prediction made by a test are confirmed by the
later behavior of the subjects tested.

4. Construct validity is the degree to which a test
is based ugon a particular theory or theoretical
construct.>0

To be economically and logistically feasible, the

test must be easily administered and scored--multiple choice
questions and mark sense answer sheets for example--as well
as be formatted in such a manner as to be easily followed,
with clean, concise, and uniform instructions. It must also
have that number of questions which can be answered in the
allotted or available time.

Finally, the test must consist of good items in a

readily readable and consistent format. Figure 1 from

Berger provides a good summary of what constitutes a good

multiple choice test and acceptable item format.51

>011id4., pp. 80-83.

51

op. cCcit.,

W. G. Berger, Understanding Test Construction,
p. 8.
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Micheels and Karnes52 listed twelve steps to follow
in building a test. They were:

l. List the major obejectives for which an appraisal
is desired.

2. Examine the course content for additional
objectives.

3. Analyze and define each objective in terms of
expected student outcomes.

4. Establish a table of specifications [reasons for
selecting topic or objective for testing].

5. Construct one or more test items for each objec-
tive listed.

6. Assemble the items for the test.

7. Write clean and concise directions for each type
of guestion.

8. Study every aspect of the assembled test.
9. Construct the key.

10. Have other instructors (experts) criticize and, if
possible, actually take the test.

11. Make any necessary revisions.

12. After the test has been administered to one or two
groups of students, analyze and improve it.

Also given in Micheels and Karnes,53 were guidelines
for actual construction of the individual multiple choice
items. These guidelines overlapped both the above suggestions
aind those given by Berger in Figure 1 and, therefore, are

not repeated here.

52W. J. Micheels and M. R. Karnes, Measuring Educa-
tional Achievement, op. cit., pp. 126-129.

>31bid., pp. 160-193.
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Once the tests have been formatted, reproduced, and
administered to subjects, the items must be subjected to an

item analysis and the overall test scrutinized.

Item and Test Evaluation

With the statement "all tests can be improved"54 in

mind, one begins a careful and prudent analysis of both the
test and its items.

To evaluate the test, one can look to Micheels and
Karnes and other references on test construction for sugges-
tions on analyzing the total score. However, two guestions
posed by Micheels and Karnes will be helpful here:

1. Does this test really measure the objectives that
I set out to measure?

2. Do the scores on the test provide me with informa-
tion that is really useful in evaluating my 55
students' achievements and my teaching efforts?

The former is a subjective judgment. The latter can
be determined by an analysis of the total score as discussed
in the above reference. However, a more important step is
an analysis of the individual items.

Under the general heading of Item Analysis, Berger56

listed several steps in evaluating the individual items.

54W. J. Micheels and M. R. Karnes, Mecasuring Educa-
tional Achievement, op. cit., p. 454.

55

Ibid., p. 457.

56W. G. Berger, Understanding Test Construction,
op. cit., pp. 10-37.
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Micheels and Karnes57 and Garrett58 also gave item analysis
techniques.

Summarized, they included: (1) an examination of
the item construction and difficulty looking for alterna-
tives (answer choices) which are not performing well i.e.,
one or more not being chosen by any subjects or for items
which are too difficult (no one gets it correct) or too
easyi (2) a determination of the inter-relationship between
items of similar content so as to determine which appear to
be measuring the same thing; (3) a selection of statisti-
cally similar items to reduce their number and avoid
duplication; (4) reliability of the items to eliminate those
which are unreliable; and (5) validity to determine if the
items are more closely associated with external factors
such as age, educational achievement, etc.59

Other measures of item analysis often employed

include building an index of discrimination60 for each item

using the responses of the high and low scoring students

57W. J. Micheels and M. R. Karnes, op. cit.

58H. E. Garrett and R. W. Woodworth, Statistics
in Psychology and Education, Fifth Edition (New York:
David McKay Company, Inc., 1958).

59The formulae necessary to calculate the statisti-
cal values can be found in elementary statistical tests
such as Downie and Heath, and Hayes; W. L. Hays, Statistics
(New York: Holt, Reinhart and Winston, 1963); N. M. Downie
and R. W. Heath, Basic Statistical Methods, 2nd Edition
(New York: Harper and Row, Publishers, 1965).

60Mimeographed information obtained from Michigan
State University Test Score Office.
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based on a criterion variable--usually total score. The

use of a nomograph can also be used to assign discriminating

values to test items.61
Items which fail to measure up to acceptable

standards can then be either re-written and re-evaluated or

eliminated from the test. Thus one is left with good items

for a test. The process of item analysis permits one to

build a test with the power to discriminate.

Summary

In Chapter II, the literature pertinent to the safe
operation of motor vehicle and motorcycles and testing of
their operators was reviewed. Also included was a review
of the general principles of test item and test construction
and evaluation. Described in Chapter III---Methodology of
the Study--are the procedures and details of the study.
Topics covered include: Origin of the Motorcycle Test Item
Pool and Source Document; Preparation of the Test Items;
Data Collection; Data Analysis and Test Item Evaluation;

Development of the Parallel Tests.

61C. H. Lawske, Jr., Principles of Personal
Testing (New York: McGraw Hill Book Company, Inc., 1948)
p- 190.




CHAPTER TIII

METHODOLOGY OF THE STUDY

The methodology of the study details the procedures
employed and steps taken to extract the parallel test forms
and items from the original set of 463 multiple choice test
items. Major topics include: Origin of the Motorcycle
Test Item Pool and Source Document; Preparation of the
Test Items; Data Collection; Data Analysis and Test Item
Evaluation; Development of the Parallel Tests; and Summary.
The flow chart (Figure 2) depicts the steps described in
this chapter and serves as both an overview of the pro-
cedures used and as a means of portraying the sequence of

events.

28
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Origin of the Motorcycle Test Item
Pool and Source Document

Overview
The National Highway Traffic Safety Administration
(NHTSA) awarded a contract to the Highway Safety Research

Institute (HSRI) for the "Development of a National Item

Bank for Tests of Driver Knowledge" for all classes of

operator licenses and vehicles. Under terms of the contract,

HSRI was to use the Driver Education Task Analysis (HumRRO)

and the Uniform Vehicle Code (UVC) as source documents for

the development of several hundred written driver license
test items to be used as an item pool for developing written
driver license tests.62 The test items were to be arranged
in four pools corresponding to each of the vehicle classes
under the classified license system: passenger cars and
small trucks, straight trucks, combination vehicles, and
motorcycles. Included in this exercise was to be an in-
depth evaluation of the passenger car and small truck (basic
license) test item pool.

To complete the activities in Phase I of the con-
tract, each of the states was asked to furnish copies of all

of their written driver license tests. The responses were

divided into the respective license classes and each item

62Additionally, the Manual of Uniform Traffic Control
Devices was adapted to serve as a source document for traf-
fic control signs, signals, and markings. The adaptation
is known as An Item Writers' Guide for Traffic Control
Devices.
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catalogued. The content areas to be used for writing the
test items were selected from this catalogue of items and
from among the topics rated critical in HumRRO. In all,
1328 test items were written covering the operation of

basic vehicles. To adequately cover the other classes of
vehicles it became necessary to develop source documents for

motorcycle and truck operation. The Item Writers' Guides,

as they are called, provide an outline for and information
about operating these classes of vehicles. Using these
source documents, test items were written for the remaining
vehicle classes. The motorcycle item pool contained 463
items; the truck item pools contained approximately 800 items.
In each of these item pools, the items covered only those
aspects of operation which were different from or critical
to that particular vehicle class. Thus, the pools did not
overlap in subject matter. The basic item pool is requisite
to all other license classes or pools. Each of the test
items in all pools was reviewed and rewritten where necessary,
catalogued, and prepared for publication.

Phase I1 of the contract consisted of an evaluation
of the items in the basic pool only which closely followed
the "classic" methods of test item evaluation. Included in
this evaluation were such activities as item prescreening,
item analysis, item pilot testing, item norm development,
and some preliminary work on item validation.

The motorcycle item pool, while published along with

the basic item pool, was only to be evaluated at a much



33

later date. The truck item pool was not to be evaluated.

This left large gaps in important areas of driver know-

ledge testing.

Development of the Source Document

The motorcycle test item pool and companion item

writers' guide (Appendix B, Item Writers' Guide for Motor-

Cycle Riding: A Preliminary Outline)63 were developed through

a joint effort of Dr. W. G. Berger and the author. Each
shared responsibility for the implementation of the driver
license knowledge testing project at HSRI. The following
narrative explains the major steps involved in the implemen-
tation of the project so that the reader can gain an insight
into the preparation of the source document and the item
pool--both comprehensive in scope.

Following the awarding of the driver licensing con-
tract to HSRI in 1970, correspondence with the driver
licensing administrators in the 50 states and the District of
Columbia requested that copies of all driver license written
tests be forwarded to HSRI.

Forty-six of the 51 licensing administrators res-
ponded. The replies were divided into the respective
license classes (operator, chauffeur, etc.) and catalogued.

The replies for the motorcycle class were catalogued

63Originally published as a part of the interim
report for Contract FH-11-7617, National Highway Traffic
Safety Administration. Now published under the title Item
Writers' Guide for Motorcycle Riding: A Preliminary Outline
and subsequently referred to as the Guide.
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according to the HumRRO indexing scheme (as used for
cataloguing the basic class items). When duplicate ques-
tions were eliminated, a total of 904 unique questions were
found to be used by the various states on their motorcycle
license examinations. Subsequently, 182 items were added
from other sources providing an item base of 1086 items
currently in use for testing motorcycle operators (Septem-
ber, 1970).

Through an extensive search of the available
literature including library searches, discussions with local
motorcycle dealers and riders, it was determined that the
bulk of the motorcycle literature was addressed to those
tasks necessary for learning how to ride, but that little or
nothing was said about the tasks used in day-to-day operation.
Thus, it became apparent that a comprehensive source document
was necessary which detailed the procedures associated with
a large number of motorcycle riding tasks and which was
organized in such a manner as to permit identification of
riding tasks which were unique and/or critical to riding a
motorcycle.

A careful examination of HumRRO revealed that it
would provide a suitable framework for the development of
a similar document on motorcycle operation. Hopefully, the
development of a preliminary description of the tasks
involved in motorcycle riding would: (1) identify those
unigque and critical aspects of motorcycle operation, and

(2) provide an outline for the cataloguing of existing
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motorcycle test items and for those yet to be written
and/or revised.

Contact was made with the Cycle Conservation Club
of Michigan through the Michigan Department of Education
and the Greater Lansing (Michigan) Safety Council and an

agreement reached whereby three members of the Club (Presi-

= -.-Wﬂ

dent, Secretary-treasurer and a member) would sit as a
committee to rewrite HuUmRRO to reflect motorcycle riding.

The committee rewrote existing statements, deleted

inappropriate statements and added new statements where -
applicable, deleted several entire sections inappropriate to

motorcycle operation, and added new sections where necessary

to reflect the spectrum of motorcycle riding tasks and

situations. Listed in Figure 3 is the table of contents for

the Guide (Item Writers' Guide for Motorcycle Riding: A

Preliminary Outlim_a).64 A reader familiar with HumRRO will
be able to see the similarities and note the differences.
Once the task of adapting the original document had
been completed, it was checked for content and completeness
using the available literature and the existing motorcycle
license test items as references. Modifications were made
where necessary, while retaining as much of the original

HumRRO statement numbering and structure as possible. Those

64The Guide 1is probably best thought of as a taxonomy

of tasks necessary to ride a motorcycle on the road. It is
but one of the steps necessary for a complete task analysis,
and in its current form represents only a compilation

of tasks.
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statements which were identical to HumRRO statements were
designated by all numeric (HumRRO) code whereas those state-
ments which were unique to motorcycles were designated by
alpha-numeric codes. The Guide was then reproduced in a
limited quantity and sent to experts (Motorcycle Safety
Specialist, NHTSA, Professor of Safety Education, Representa-
tive of a Recreational Cycle Club) for review.

The arrangements made with the experts were to have
them review the document and comment on its contents. Each
expert performed the following tasks:

1. In the process of reading the Guide,

a. Change any statement that may be unsafe or
improper on a motorcycle.

b. Delete any statement that may be totally
improper or wrong by crossing out same.

c. Add statements or indicate sections to be
included which have been omitted and where
these sections should be placed.

2. Circle the NUMERIC codes (i.e., 21-111, etc.)
associated with statements felt to be significantly more
important for motorcycles than for passenger cars from a
safety and traffic flow standpoint.

Upon return of the documents by the experts, the com-
ments were reviewed and, where indicated, changes were again
made in the Guide by the author. An item designated by the
experts as representing a behavior more important for motor-
cyclists than passenger car driving was considered a
"critical" statement. The criticality ratings indicated by

experts were not incorporated in the final document, but

[ p s
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were reported in Appendix E of the project technical
report.65 The manuscript was then prepared for publica-
tion and distribution.

The resulting document, Item Writers' Guide for

Motorcycle Riding: A Preliminary Outline (the Guide) repre-

sents a compendium of tasks associated with owning and

operating a motorcycle on the street.

Development of the Test Item Pool

At this point in the project, work had been completed
on the Composite Topic Index (the final organizational scheme
for indexing all the test items in all vehicle classes). All
of the existing test items as collected from the states were
then recatalogued according to this index.

To assist in identifying those areas of motorcycle
operation which should be tested, data on motorcycle acci-
dents were gleaned from the HSRI Accident Data Files and
other sources. Using the data gathered, the criticality
ratings, the unique statements as identified from the Guide,
and the existing items from the states, statements in the
Guide were identified as being either unique to the operation
of a motorcycle, critical to the operation of a motorcycle
(as identified by experts and verified with supporting data),
or items already being used as supported by guestions from
the various state licensing examinations. Thus, areas of

motorcycle operation were identified for which test items

65W. G. Berger, et. al., National Item Bank, op. cit.
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should be written. Also, all the sections of the UVC
applicable to motorcycles were included.

Multiple choice test items were formulated based on
the statements previously identified in the Guide. Each
item was carefully constructed using accepted rules of
multiple choice test item construction. Once the rough
questions were completed, they were reviewed by other staff
persons at HSRI and revised where necessary. Reading level
spot checks and vocabulary checks were made. Also each item
was examined for grammatical and structural problems and for
content consistency and scope with the Guide.

Each major content area in the Guide was represented
by items in the pool. 1In all, 463 items were prepared
reflecting not only the scope of the Guide but on-the-road
riding as well.

Listed in Figure 4 is the Composite Topic Index used
as the master index for all the test item pools.66 As
reproduced here, it reflects those topics which were
included in the motorcycle test item pool.

As a final exercise, each test item was subjected to
a two phase review. This procedure consisted of (1) a
review by experienced motorcycle riders acting as paid sub-
jects to take every test item, and (2) a review by motorcycle
riding experts of each item. The paid subjects (nine in all)
answered each of the 463 items. After scoring the items,
the subjects who received the highest scores were interviewed

about why they chose the answer they did on the items they

661pia.



A.* Pre-Operative Procedures

1.

Vehicle Related

a. Pre-trip inspection and
procedures

After entering vehicle
Upon mounting motorcycle
(See also: Carrying
Passengers)

Starting and stopping
the engine

After starting engine

b.

c.
da.

Navigation and Trip Plannin
a. Planning
4. Prepares for long tri
b. Navigation
l. Location and route
awareness

B. Basic Knowledge

40

g

P

1. Fundamental Control Informa-

tion and Maneuvers
a. Shifting gears
1. Standard
2. Automatic
3. Downshifting when
necessary
4. Difficulty shifting
5. Emergency downshift

b. Lane usage

1. General

2. Multi-lane
c. Following

1. Following distance
2. Speed adjustments
d. Hauling and towing loads
1. General
e. Carrying passengers
2. Seating Passengers

Directional Control

a. Steering general

b. Turning (See also:
Backing up)

3. Speed control

5.

a.
b.
da.

e.

Br
a.

b.
c.

Starting on a hill
Starting on snow or ice
Speed control--normal

(see also: Shifting gears)
Speed control--slow speed

aking and Stopping
Technique and procedures
(See also: Rapid stop)
Distance

Emergency (See also:
Shifting gears and
Emergency situations)

Driver Perception and

Communication
a. Surveillance
1. General
2. Traffic

a.

C.

4. Vehicle interior and
operating conditions
Signals and signaling

. Maneuvers

Entering and leaving

traffic (See also: Free-~

way driving on ‘and off

ramps)

1. Entering traffic

2. Leaving traffic

3. Entering and leaving
off street areas

. Negotiating intersections
1. Approaching intersections

2. Traversing intersections
Negotiating curves
1. Approaching curves

2. Driving through curves

(continued)

*The alpha-numeric section indicators follow the scheme used in the

basic test item pool for passenger cars (see footnote 8).

all sections are applicable to motorcycles,
from this listing.

Since not
they have been deleted

Figure 4.--Test Item Pool Organization, Composite

Topic Index.
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Negotiating hills

1. Upgrades

2. Downgrades

Lane changing

1. Prepares to change

2. Completes change

Passing

1. Prepares to pass

2. Changes lanes (See
also: Lane changing)

3. Passes vehicle

Turnabouts

1. U-turns

Parking

1. General

2. Legal regulations

3. Parallel

4. Angle

5. Perpendicular

6. Securing vehicle

7. Leaving space

9. At edge of roadway
(See also: Entering
and leaving traffic,
Disabled vehicle)

(parking lots, loading
areas, deliver areas, etc.)
(See also: Entering and
leaving off-street areas)

Road and Weather Conditions

a.

b.

Road surface and obstruc-
tions

1. Surface type

2. Surface irregularities
3. Road cover

4. Roadway edges

5. Roadway obstructions
Weather conditions

1. Visibility

2. Temperature

3. Wind

. Emergency Situations and

Maneuvers

a.

Vehicle emergencies

1. On-road critical

2. On-road non-critical

3. Preparations for pos-
sible emergencies

Figure 4.--Continued.

4. Emergency downshift
(See also: Shifting
gears)

5. Emergency stop (See
also: Stopping, Skid
control)

6. Seeks emergency assis-
tance for disabled
vehicle (See also:
Reacting to Traffic,
Roadside Services and
Parking)

b. Skid control
l. Preventive measures

3. Arrests skid (See also:
Skid control, Decelera-

tion)
4. Deceleration
c. On-road emergencies (See
also: Reacting to
Traffic)

Driving Situations

1.

Urban driving

a. General

b. Commercial areas
c. Residential areas

Highway driving

a. General highway driving
b. Rural highways

c. Mountainous terrain

. Freeway driving

a. On-ramps
c. Moving with traffic
f. Off-ramps

Reacting to Traffic--
General On-road Emergencies

a. Reacting to other vehicles

b. Reacting to pedestrians

Night driving
a. General

b. Urban

c. Rural

(continued)
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6. Railroad Crossings, Bridges
and Tunnels, Toll Plazas,
Weigh Stations
a. Railroad crossings
b. Bridges and tunnels
c. Toll Plazas

D. Vehicle and Driver

1. Physical and Emotional Condi-
tions

a.

b.
d.
e.
£.

g.

Temporary (fatigue, carbon
monoxide, etc.)

Alcohol

Vision

Hearing

Illness

Preoccupation and distraction
--emotional conditions

2. Vehicle Care and Servicing

a.
b.
c.

Fuel Stop service
Roadside service
Routine service

E. Driver Responsibilities

1. Driver Responsibilities to the
Laws

a.
b.
c.
g.

Driver licensing
Vehicle registration
Insurance

Required equipment

2. Post-Accident Responsibilities

a.
b.
c.
d.
e.
f.

Stops vehicle

Notifies police

Offers assistance to injured
Warns other traffic
Exchanges information
Reports accident

F. Vehicle Code--Laws and Regulations

1. Definitions

2. Vehicle Registration and Title

4. Drivers' License

Figure 4.--Continued.

Rules of the Road
h. Speed restrictions
n. Special rules for motorcycles

Equipment of vehicles
e. Equipment on motorcycles and
motor driven cycles
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missed. Their responses were recorded to be used later in
revising the items. The experts (32 in all) were given a
sub-set of the items along with a copy of the Guide and a
reference list of where the source could be found in the
Guide and asked to evaluate each item in terms of its accu-
racy in reflecting the context of the Guide. Their comments
were also recorded for later use.

The publication of the items in the final report
constituted the completion of this phase of the contract.

As a result of these efforts, three documents were

prepared and available for use: (1) An Item Writers' Guide

for Motorcycle Riding: A Preliminary Outline (the Guide);

(2) a test item pool containing 463 multiple choice items

covering the range of critical on-the-road riding tasks;

(3) a set of comments about each item as compiled from

experienced motorcycle riders and motorcycle riding experts.
This set of test items ([2] above) and set of com-

ments ([3] above) form the basis for the test item evaluation

and test development efforts described in subsequent chapters.

Preparation of the Test Items

Materials Available

In September, 1972, the following documents and

materials were available for use in carrying out the objective

of this study:
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l. The Guide67 which served as a source document
for the item content along with the UVC.

2. The item pool consisting of 463 multiple choice
test items (four responses per item) indexed
according to the Composite Topic Index.

3. A review of each item by: 69
a. nine paid subjects who answered every item,
b. at least two "experts" in the field of
motorcycle riding.

4. Comments on each of the items by:
a. subjects who scored well on the test but missed
specific items,
b. experts who felt that an item did not
accurately reflect the intent of the Guide,
good riding practice, or both.

Item Revision

The first task in this study consisted of scanning
each of the 463 items, searching for those which duplicated
or otherwise provided overlapping coverage of sections in the
Guide. There were thirty such items, and they were flagged
for combination into one item or for the elimination of one
of the duplicating items. Often times a section was covered
by two or more detailed items. These were subsequently
rewritten into one item of a more general nature. This was
also the procedure in the cases where a section was covered

by a general item and a detailed item. Some of the

67T.L. McDole and W.G. Berger, Guide, op. cit.

68W.G. Berger, et. al., National Item Bank, op. cit.

69All 463 items were combined into one test which
was taken by all nine subjects.

70Experts included educators, lawyers, policemen,
industry representatives, etc.
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duplicating items were simply omitted after determining
that their content was covered.

The comments made by the experts and paid subjects,
an indication of the source material location for the item
in the Guide, and the item were assembled for review. 1In
all, 316 items were identified for review and possible
revision and 147 were left as originally written.

Each item, thus identified for review, was carefully !

examined in light of the comments made by the experts and

the paid subjects. 1In addition, the source material (as
shown in the Guide) for each item was also reviewed.
One of four actions resulted. The item was either:
(1) retained as originally prepared; (2) revised, rewritten,
edited, or illustrated as necessary; (3) combined with
another item of similar or like content; (4) discarded. The
goal was to correct and strengthen the item and to eliminate
duplicity in the pool. As a result, 96 items were omitted,
161 items were revised, 129 items were retained in their
original form, and 77 items previously marked for revision
were retained as usable in their original, unrevised form.
A total of 367 items emerged from the review and revision.
The ideal test size for a one hour testing period
is about 50 items per test. With the item pool at 367 items,
this meant approximately eight test forms. Since the desired
sample size per test is 100 subjects, this meant approxi-
mately 800 students would be needed. 1In preliminary talks

with schools it became apparent that obtaining this large
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a sample would be difficult as one school system would have
difficulty providing that many students. Also cost became
a factor, not only in increased material expense, but per~
sonnel to administer the tests. Also, the larger the
sample, the more costly the analysis. It therefore seemed
imperative to reduce the item pool to a more manageable size.
In the process of negotiations with school systems, it
became apparent that two systems would be able to provide
about 600-650 students. Thus, an attempt was made to reduce
the number of items in the pool to less than 300 so that
the number of subjects per test could be maintained at 100.

The items in the revised item pool (arranged by
topic) were reviewed again with an eye to eliminating or
combining items so as to reduce their overall numbers, but
not to reduce the content coverage. This was a judgmental
exercise resulting in the elimination of an additional 85
items, leaving 282 items in the pool for an average of 47
items on each of six test forms.

This final pool of 282 items was then reviewed for
(1) the correct answer, (2) consistent vocabulary (language),
(3) correct and consistent grammar, punctuation and format.
A reading level check was not made on the items as (1) they
had been spot checked during their initial preparation under
the contract, and (2) the correlation of the responses to
each item with an independent measure of reading achievement
for each subject would provide an index of verbal difficulty

for the items.
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Once verified, the 282 items in the pool were

grouped according to their content area and organized
according to the Composite Topic Index (see Figure 4 for
the Topic Index). These 282 items were consecutively num-
bered so that individual items, when removed from the pool, r—
could be uniquely and readily identified. This number is
subsequently referred to as the 282 number.

Figure 5 shows the grouping of the items according

to the Topic Index with the Index outline numbers given,

o

number of items in each category, and a brief identifica~
tion of the content. Sub-totals give the numbers of items
in each major grouping. Since the Index is an outline form,
it is possible to identify major topics and their related
items. These major topics are somewhat autonomous and
hence can be lifted out and tested without fear of dis-

rupting any interaction between topics.

Preparing the Items for Testing

Item Format.--Each of the six proposed tests was

constructed from the major topics described above, thus pre-
serving the ability to test for inter-item correlation
between items of like subject matter. Figure 6 shows the
groupings of the major topics comprising each of the six
tests, and the total number of items per test. A very con-
certed attempt was made to maintain the integrity of the
major topics. Only one (Section C6) had to be broken apart.

However, it consisted of topics which were not closely
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Topic
Index

Major Topic

No. of
Items

Sub Topics

Pre-Operative
Procedures

25 items

Fundamental
Control

77 items

Maneuvers

32 items

[+ o]

=
[l (S0~ S I -

VOOANHWBRBN®HMMHNDW

wWHENMDNDW

HHENMNEFEFODO NS

Pre-Trip Inspection

Carrying Passengers

Mounting Motorcycle

Starting the Engine

After Starting the
Engine

Preparing for a Long
Trip

Shifting Gears
L]

Lane Usage
Following
"

Carrying Passengers
n

Steering
n

Speed and Starting
and Stoppinag

Braking and Stopping
Emergency Braking
and Stopping

Surveillance
n

Intersections
L1]

Curves
n

Hills

Lane Changing

(continued)

Figure 5.--Number of Items Grouped by Content According
to the Topic Index.
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Topic . . No. of .
Index Major Topic ITtems Sub Topics
B.6. (continued) 5 Passing
l "
1 U-Turns
1 Parking
1 " r
l " ;
1 " q
l n
B.7. Road and Weather 6 Road Surface
Conditions 6 "
2 2 L
48 items 3 " g
4 n
4 Weather
l L}
2 "
B.8. Emergency 9 Emergency
Situations and 1 "
Maneuvers 1 "
l "
22 items 5 Skidding
4 n
l ”
C.1 to Driving 3 Urban Driving
c.3 Situations 1 "
l "
13 items 1 Highway Driving
2 11
4 Freeway Driving
l "
C.4. to Reacting to 23 Reacting to other
C.6. Traffic Vehicles

3 Night Driving
36 items 2 "
4 Railroad Crossings,
etc.
3 "
l n

(continued)

Figure 5.--Continued.
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Topic . . No. of .
Index Major Topic Ttems Sub Topics
D.-to Vehicle and Driver 3 Physical--Driver
E. 1 L]
14 items 1 "
2 Vehicle Care
7 L]
F. Legal 1 Laws
l n
15 items 8 "
5 11]
nt=282

Figure 5.--Continued.

|
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Test Major Topics No. of
Number Items
1. A (except carry pass) + D + B5 + C6b + Cé6c

22 14 6 3 1 46
2. Bl + B2 + Carry Pass.

29 16 3 48
3. B3 + B4 + B8

12 14 22 48
4. B7

48 48
5. Cl +C2 +C3 + C4 +C5 + Cé6a

5 3 5 23 5 4 45

6. B6 + F

32 15 47

.Description of Major Topics (see also Figure 5)
A: Pre-Operative

B1l-B5: Basic Control Tasks

B6: Maneuvers
B7: Road and Weather Conditions
B8: Emergency Maneuvers

Cl-C6: Driving Situations
D: Vehicle and Driver

F: Legal

Figure 6.--Topic Layout for Each Test.
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related. In no instance were individual items from any
lower level topic spread among several tests. Each test
therefore contained items from one or more major topics with

an average of 47 items per test.

Marker Items.--To complete the subject matter por-

tions of the six tests, two marker items (Figure 7) were
chosen from the basic test pool7l to serve as common items
between the various test forms. These two items would be
the only points of commonality between the tests. These
items (Figure 7) also served the same function in the
evaluation of the items in the basic test item pool.72 Thus
‘something was known about their performance and hence one

could evaluate the performance of the subjects responding to

these tests in light of experience with similar groups.

Randomizing Test Items.--As a final step in the

subject matter portion of the six tests, the items for a par-
ticular test were randomized so that no two adjacent items
(like subject matter) in the pool were adjacent in the
test.73 Since the items were arranged by content in the pool,

it was possible (and probable) that an adjacent item in the

pool could contain a tip off to or the answer to a neighboring

71Basic item pool and report.

721p54.

737he two marker items were placed as number 1 and
2 on each test.
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Marker Estimated It
Item P Value? em
Ml 94 This sign means:
a) Slow down to 35 mph —
and prepare to enter
a curve.
b) Exit ahead, exit speed MPH.
35 mph. -
c) Construction area, slow down ¥
to 35 mph and use the right
lane only.
d) Vehicle turning right must
reduce speed to 35 mph,
M2 75 In making a left turn, you should not:
a) Pull halfway into the inter-
section and edge into cross
traffic.
b) Signal before you arrive at the
intersection.
c) Slow down to a stop if traffic
is heavy.
d) Stay in one lane while turning.

*Correct answer

aAverage P Value obtained from testing done on

high school driver education graduates in Iowa in 1972.

Figure 7.--Marker Items for Inclusion on Each Test.
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item. Randomization reduces this possibility as well as
makes the test more interesting by presenting alternating
subject matter.

The items were then typed onto masters, proof-read,
checked again for adjacent items and prepared for repro-
duction. The test items, as prepared for reproduction, are

shown in Appendix A.

Dependent Variable

Subject Definition.=-~-Several items were written

dealing with subject definition, cycle ownership, and cycle
interest and riding experience. The first category, con-
sisting of three items, was simply a description of the
subject and permitted a definition of the sample. The

three subject definition items are shown in Figure 8.

1. How old are you?

a) 15 years old or younger.
b) 16 years old.

c) 17 years old.

d) 18 years old.

e) 19 years old or older.

2. What grade are you in?
a) 9th (Freshman).
b) 10th (Sophomore).
c) 1l1th (Junior).
d) 12th (Senior).

3. What is your sex?

a) Male.
b) Female.

Figure 8.--Subject Definition Items.
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Motorcycle Interest Inventory (Dependent Variable).--

The items prepared for the latter two categories--cycle
ownership and cycle interest--are an attempt to measure the
interest and riding experience of the subject in owning and
operating a motorcycle. The seven questions covering these
two topics would be combined into a Dependent Variable for
the purposes.of answering the amount of experience the sub-
ject has had riding a cycle. This value would be used
later to group the subjects and sub-set the data into
experienced and non-experienced cycle rider groups. The
seven questions as formulated are shown as Figure 9, along
with the definitions and introductory material.

The items can be grouped into those dealing with
cycle ownership--both self, family, and friends (items 4-6)--
and those dealing with cycle interest and riding experience,
both as a passenger and as an operator (items 7-10). To

permit a study of the stability (reliability) of this
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- .
1. How old are you? 2. What grade are you in?
a) 15 years old or younger. a) 9th (Freshman).

b) 16 years old. b) 10th (Sophomore).
€) 17 years old. c) 1llth (Junior).

d) 18 years old. d) l2th (Senior).

e) 19 years old or older.

3. What is your sex?

a) Male.
b) Female.

The next seven questions (numbers 4-10) are about motorcycle ownership and riding experience
on-the-road.

The term:

MOTORCYCLL a3 uscd here also includes the smaller machines such as motor-driven cycles,
motor scooters, mini-bikes, etc.

OWNERSHIP or QWN mcans either it is yours legally or yours but someonc else had to sign for it.
FAMILY means all people, other thun yourself,who live in the same house.

4. Do you or does any member of your family - either now or sometime within the past two years =~
own a motorcy :le?

a) No one own- a motorcycle.

b) Someone els: i{n the family (other than myself) owns a motorcycle.

c) I am the oniy O7e in the family who owns a motorcycle.

d) I own a motorcycle and so doecs another member of my family (two or more motorcycles in
the family).

5. Do any of yeur friends own a motorcycle?

a) No. .
b) Yes.

6. Do you plan on buying or owning a motorcycle this year?

d) I already own one.

7. How many tiwmes have you becn the driver (cperator) of a motorcycle cr._tre rcad?

a) Never ojerated a motorcycle.
b) Once or twice.

c) Several times.

d) Many tires.

8. Estimate th.e total number of niles you have driven (operated) a mectorcycle on the road
during the past year.

a) Don't drive a motorcycle.
b) Less than 10D miles.

c) loC - 1,560 miles.

d) 1,500 - 3,000 miles.

e) More thun 3,000 miles.

9. How many times have you been a passenger on a motorcycle?
a) Never bcen a passenger.
b) Once or twice.
€) Several ti.es.
d) Many times.

10. How much time do you spend working on motorcycles - yours or someone else's (mechanical
repaits, cleanipj, etc.)?
a) None.
b) Less than one hour per week.
c) One - thLr@e hours per week.
d) Four - eight hours pcr week.
e) More than eight hours per wecek.

1 Continue to next page...

Figure 9.--Motorcycle Interest Inventory (Dependent
Variable) Items.
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measure, an alternative form of questions 7 and 9 were

prepared. These are shown in Figure 10.

7. How many times have you been the driver (operator)
of a motorcycle on the road?

a) Never operated a motorcycle.
b) One or two times.

c) Three - ten times.

d) More than ten times.

9. How many times have you been a passenger on a
motorcycle?

a) Never been a passenger.
b) One or two times.

c) Three - ten times.
d) More than ten times.

Figure 10.--Alternate Forms of the Two Dependent Variable
Items.

The complete page of items for the subject definition items
and the depencent variable items is shown in Appendix A.
Also the page for the alternate form of the dependent vari-

able is in Appendix A.

Preparing the Tests

As a final step in the preparation of the items for
the initial testing, a cover was prepared stating the pur-
pose of the test, directions for taking the test, instructions
for marking the answer sheet and providing for a place to
record the subject's name and number. An example of this
cover can be found in Appendix A. The masters for each of

the six tests--one set of items, the dependent variable
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page, and cover--were assembled and proof read. Once satis-
fied that they contained no errors, a sufficient quantity
(125 copies of each of six tests) of tests were reproduced.
The tests were then ordered in sequence of six tests so that
when distributed, every 6th student would get an identical
test. This, coupled with the arbitrary seating arrangement
found in many classrooms and random starting point in
distributing test booklets in the classroom (not always
starting at the same place in passing out booklets) assured
random assignment of the various tests within a classroom

and across the entire sample.

Obtaining Permission to Test

To obtain permission to test students in a test-
retest program, contact was made with several school districts
in Western Wayne and Washtenaw counties in Michigan. Two
school districts (one suburban, one rural) agreed to permit
the testing of seniors in the American Government programs,
In one of the school districts, students (mostly seniors) in
some of the World Geography classes were also tested. 1In
all, the required number plus additional students were
available. A schedule was established whereby the testing
would take place on consecutive days during the first and
second weeks of March, 1973. Each class would be contacted
twice--one during the first week and again one week later.
Arrangements were also made with each school district to ob-

tain achievement test scores for the subjects.
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Written Testing Instructions

As the final task in preparing to test the students,
written testing instructions to guide the test proctor and
provide verbal direction (and uniformity) were drafted.
These instructions included directions to the proctor for
administering the test, maintaining decorum in the class-
room and giving instructions to the students. Materials
were prepared for both the testing and re-testing exercises.
Copies of these instructions can be found in Appendix B.
Also included in Appendix B is a copy of the mark sense
answer sheet used to record the students' responses. Pencils
were also furnished for those who came without them. As a
gesture of thanks, bumper stickers (left over from another
project) were passed out to the students at the end of the
re-test session. The bumper sticker is also shown in

Appendix B.

Data Collection

On the appointed days a test proctor and the author
administered the tests to the students--high school seniors
enrolled in the required American Government classes--and
to selected mixed grade level classes in World Geography.
The materials were distributed in accordance with the
instructions (Appendix B) and at the end of a class period
collected and placed in a specially marked envelope for that
particular class. At the end of the first testing, all

materials (booklets and answer sheets) were processed and

recycled for the restesting exercise. Each test booklet and
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answer sheet was given a subject number. The test booklet
was then scanned for stray marks and placed in the envelope
for re-testing. For those tests used in the rural district,
the alternate form of the dependent variable page was
inserted. The answer sheets were set aside to await further
processing. On the appointed days one week later, the
second administration of the test took place. Students
were given the same test booklet they had had the previous
week and asked to retake the test. For' those who were pre~
sent for the first time, they were given a fresh booklet
and asked to take it as the first test. Those students who
were absent for this second testing had the cover of their
booklet marked absent. Again, the booklets and answer
sheets were collected at the end of the testing period and
placed in their proper envelope. While the test was made to
appear mandatory, it was in fact voluntary and any student
who objected was excused. Two classes voted not to take

the re-test. At the end of the re-test session in each
class, bumper stickers were distributed (see Appendix B).

At the end of the re-testing, the answer sheets were given
the subject number that appeared on the booklet cover. 1In
the case of those booklets which did not have a subject
number, one was assigned. The booklets were then returned
to their respective envelopes and the answer sheets coupled
with those from the first testing to await further pro-
cessing. Six hundred twenty-five (625) participated in

the first testing and 484 participated in the re-test. Of
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the 484 taking the re~test, 33 actually took the test for
the first time. Thus, a total of 658 students took the
test for the first time, while 451 took the test both times.
One hundred seventy-four (174) students were absent or
elected not to take the test the second time. 1In all, 25
classes of students took the test for the first time with
23 of the 25 classes taking the re-test also.

With the testing completed, work began on processing

the 1109 valid answer sheets.

Data Analysis and Test Item Evaluation

Preparing the Answer Sheets

The first task in preparing for the data analysis
included checking over the answer sheets, adding selected
data and reducing the answer sheets to punched cards.

Optically scannable answer sheets were used by the
subjects. The use of these provides a quick and inexpensive
means of reducing the student responses to a machine readable
form--in this case, punched cards. An example of the answer
sheet used is shown as Figure 11. Shown also on this form
are the places where additional data was recorded. The
steps taken to complete the answer sheet were as follows:

1. Write in Achievement Score - An independent

reading achievement score was obtained for a sizeable por-

tion of the sample. Both of the urban high schools



62

W w0 w0 WY W U W e
e v DM@ W W @) LB D LD W@ ML

@ W wny

LD Wi W@ WD) D D M0 WD wra

< gD

et W G G Gt SWs Al W W P AU Gt
QP QY Q' Q% OF DY O €01 Q) 1O O O QY QP
/J QP SUT SUY QP U SO U SOV SUY 0P B WYY WY W
NS ENT TN VRSP I TR ACHT I T A T IR TR )
X clmJ e rhol. m-ﬂr S\ e [ it SRR e L G
Sa" MBI W Jr 2 3 2 8 8 2 T %
[cZxr «8rnxggn: por —.o‘-. RETAXGR ) ! G G tw) e’ G gl AN RU S AN eud ey Awt
CAX 1 YQ2QR RYA. P _.oionuvnncilu W Q' Q¢ 02 08 @1 Or ") o - -
CRIEYY RIS N . (IR YR NRTENE] LXT U T TT R TP TR 1T } wWar I W VY WY W
M3t cgx g fa 1o €920 €92 1 X 9X 99 O L@ W@ O wr@Y D) WD) MED) U B KD WUD I Wl B 6D “wwnsr weane
TIYETTERTY DYEN B (624 S2A ST L weel men (o e SIS0 s meta 1 eey mits ie) ags ias -y -t
iz1cerv.yor }eo cyrrapnp ety @ 9= a3 5 ﬂ = R -] 4 8 = 1 I ] 9
g LIX) <CaF LC §F €C Yo v KCaC 2Cx L eCx 0 W W swe fw e Wt ML BuY AU WY nuD W S cwy ewe
IIRETEINETE FETE B TIYRTITTEITY - TIY - DR - TRY- TR T 1) 101 € @ W N1 O O LTI
kMan el 2l §0 C) Y-l JEYEIEYRIE NF! “wr U W oY s S L Y R ST Y ST BTSN S Y R 13 PR TS 1) w0
kOrv v O3] ewi® v (@ w.3: @ wems @Y WweDI WD) Wil WD Wi W@ W e weED) wemy
¢ Cd .r'l - . ww , e Pl B T €D Pt ) (€D - ECD UKD ity
clePPP;. 0_0_0_0 [°] &= % a8 22 = g = 8 % 3 2 = 8 2 32
ata towl ‘on 1miohis L I T TR T PR TR T Wl o R e tw W POLI W
Qs «Os O O. O Q) D B3 DI O WO - IY-T]
ﬂ— M‘. W 0 s Uy WU Wr W W W W W W W e
Q ) 9 " ”. (3L TIRNT AT TR et N SI01 S (O) WD B ED) WIDY WInD Ny Wl e ew
N ¢ wr v -~ @ A nde oty - ~an - oy Q) g3 ey - rQ) IS i) €y meds ced
O L ¢ 4° X a3 82 g T R 83 2 g & s 0z 2
L 1z wT M e I N TR MRV - e e
< &4 - < @1 O Q3 O 108 @1 D G2 O als @3 @2 0 O - YIRE- Tt -1)
H ] !
14 -
= {

¢ oy - G .oy s Cwm - 1‘—&.‘0“—V.A. I S e I S RS A L AT
»~

L
cud i cuni sy funsuxy Ty uxd TInT = T RS oxn 3 G2 53 Q4 3 & & ¥ g & =2 =

0] b0 02N O 0 DFNRDIE LD B0} e e te s nes fas car W) QW e med dwd P .“. o s emr mas
caf i cana gaw fard rananand carangsar] Or (v sGr 07 D D1 €A <O 01 &> @2 1 O D Oy Oy TR TRRY-1)
QAGEGEBELIEY ARG DAL RFLINEL TN TR aOh AU U U U a0 s U U aUr el s U e s Wr U W
NP TN T N END S N NS TR XN RN LB, L€ LB WD M Dy W L@ LB v eTa M) WD) W iDs WD WD) e WD, @y wemy
EN] Ca O WS L BT I VRIS ST IR - Sme s e e - G ey - GRD ee ¢ B <) EC) €Y e 0D i) el b e b e e
et fuaeiaresienn] BTS2 228283 I3 X2 5 ¢ 3 5 & 3 2 8 5 2 3
(1 KRR PIPRYTRS VIRESTRRFINESTARITET O e e fwl W et SWGe Gl Wl B W Gl GwP Sk W W e s
NSNS NS NR SANEIs NN NaNe A g N 10r ¢Cr sOs Q0 N8 D) Qs S0t w0 eCa Oy Gy 0 03 Qs 4O 10 QO
AEERSFEEIENE SENNSENRIENRILRRIE XE COF G EUS U W1 WU sOr U eUs e WU s Gds U Us o W O
(0 KU ARTRITERTE FIINTRITE STE U STRTERTR (TN T] MBS GoE) L) S D oD LEON WM M il3 HID) WiD7 WD) w el By @y kemy
(R ML UK SAP RS DR PTG E £ ERTE 1 PR N '"-ﬂ.’ llﬂl Yl--q fll‘ ".I' - euge -~ emm >l c.a“- e - g +idD '-u. -ty i<y Sy ety
esd teamigr g pax gy cgngngrgegrg ~ 3% = *2 T nu 2 -3 3 R ] 2 ] -] 3 m M F]
3 1¢3) 1237 1§32 I IRIR AKX JE) ] U SWE MW swr T T MR SWE BNl ewd W fwd SWP aed TWD W - o
tQ] NeQGra 2@ QPP A2 LAY N QX () XA Q)| Qs 03 (€4 Os O O3 Q1 O: O Or O3 Q> Q2 WO O O -1} [-1]
I ETFIREINEY SY EPLIEEI TR ISR ALY W W 0 U W W U U O e U S0 108 . s WOy w9 s
' ORNTEANCEIUPRANZE HIGRGCIRNULER @I @ WO W) WD WD) w0 WS wO; W01 YD W0 LD W ID1 W, BBy LD W0 WD, Lo B0, WDy 3
tw} VY)Y VXY RV Y CyYlv Cy XY CY) V YV ) o - ehe t-gfie ~afe - Gis e (afe WD ey ekt HI@) P Ed) Qs el eds ey il (s g '-H- -l “
. 9"z  aS¥eyRgst2s 8 £ g & & 8 2 5 § B € F &
- _ _ _ _ _ _ _ _ _ _ 4408 s € 3 W a AvH A 4 212WN0D
= «[w[imiswiivnoa IWiN_15V1 VN0 2 @ 3 | ¥:3wwvxa 'wwi 13 aww muts Swvie unoA Tuvie 0N BSUN0D' BN BEUNCD
@3iews RO B91 181 KOV 60 NOR by

ANVESEIIN MM AN 3TN0 BEVET "ATNO UINI¢ BN

TN ONAD BHE DUVER ML WOV

/tn..........u.. e T

Figure ll.--Answer Sheet.
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administered the Stanford Achievement Test Battery74 to

virtually all of the students in the sample during the fall
semester of the 10th grade (October, 1970). The Reading
Test portion of the Battery was used as an independent
measure of the student's reading comprehension. The Per-
centile Rank score available for each subject was recorded
on the first testing answer sheet.

2. Write in Test Phase - A four level variable was

created and recorded on the answer sheet which gave an
indication of the first and second testing and also whether
an achievement score was available and which student took
the alternate form of the dependent variable. This variable
permitted sorting the tests into first and second (re-test)
testing phases.

3. Calculate Dependent Variable - The alternative

choices for the seven items which made up the dependent
variable were assigned a numerical value (see Figure 15 for
values). These values were summed and the total entered on
the answer sheet as the dependent variable value.

4. Mark in Written Numbers - All values entered as

a part of this coding phase plus the previously recorded
subject number were marked in so that the scanner could
read them.

5. Check over Answer Sheet - Each answer sheet was

visually checked for stray marks and legibility. Improperly

74E. Gardner, J. Merwin, R. Callis, R. Madden, Stan-
ford Achievement Test High School Battery (Grades 9-12)
Manual (New York: Harcourt, Brace and World, Inc., 1965).
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recorded answers were re-marked, light marks darkened, and
stray marks erased so as to present to the optical scanner
answer sheets with as few induced errors as possible,

6. Sort by Test Number - The answer sheets were

then sorted by test number as each test had a different
answer key.
Figure 11 shows the location of the various data groups on
the answer sheet and Figure 12 summarizes the layout.
During the scoring operation, the total score (number cor-
rect) would be calculated and placed in answer sheet
cblumns 13 - 15.

The test keys (an answer sheet with the correct
answer shown) were prepared and placed on top of the
corresponding answer sheets.

Answer Sheet Tape Output-

Information

Column : Card Column
1-2 Dependent Variable-reversed 1-2
3-4 Achievement Score-reversed 3-4
5 Test Phase 5

1 Test

2 Re-test

3 Re-test - alternate form
6 Blank 6
7-10 Student Number-reversed 7-10
11 Blank 11
12 Test Number 12
13-15 Total Score-Number Correct 13-15
16-75 Responses to Items 16~75

Figure 1l2.--Answer Sheet Code Layout.
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Scoring the Answer Sheets and Data
Reduction

The answer sheets were scanned on the Optical
Scanner at the Michigan State University Office of Evalua-
tion Services. The machine "read" each answer sheet,
scored each test item according to the key, printed the
total score on the sheet and transferred all the information
on the answer sheet onto magnetic tape. The tape was then
taken to the MSU Computing Center where a computer card deck
was prepared from the tape. Figure 13 shows the location
of the information on the answer sheet and corresponding
position of the data on the card.

At this point the data cards were listed and the
listing scanned for obvious errors and omissions. Since the
data cards were .in the same order as the answer sheets,
retrieving the answer sheet and noting corrections was a
relatively easy task. The necessary corrections were made
to the card deck.

Since the Optical Scanner reads the answer sheet from
top to bottom'and certain of the data information was
recorded from bottom to top, the resultant data contains
code values (two fields or wider) in which the digits are
reversed. Thus it was necessary to go through a reversal
process. At the same time as this conversion, certain of
the data columns were rearranged so as to make the analysis
easier. The final data card layout and example data card

are shown in Figure 14.
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Output Card

Column Read

1-3 3 digits of COURSE

4 2nd digit of DAY

5 lst digit of DAY

6 Blank

7-12 STUDENT NUMBER

13-15 place TOTAL SCORE (number correct)
here.

16-75 responses to items 1-60. Note:
only Items 11-60 are Scored.

76-80 Blank

Figure 13.--Position of Data on Card Following the
Scoring of the Answer Sheets.
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Card Column Information
1 Test Number
2 Blank
3-6 Student Number
7 Blank
8 Test Phase
9 Blank
10-11 Achievement Score
12 Blank
13-14 Dependent Variable
15 Blank
16-75 Responses to Items 1-60
76 Blank
77-78 Total Score
79-80 Blank
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Figure 14,--Final Data Card Layout,
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As previously done, this data deck was listed and
carefully scanned for errors. Frequency distributions were
also made to facilitate the location of errors within the
data set. The necessary corrections were made. Also, at
this time incomplete cases were eliminated from the data
set. These few cases resulted from subjects not completing
the test during the allotted time. 1In all, 658 valid cases
were available for analysis distributed across the six tests

as shown in Table 1.

TABLE l.--Number of Valid Cases for Each Test.

Test Number
1 111
2 112
3 107
4 110
5 108
6 110

Total 658
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Computations

In the subsequent steps, the computing facility at
the University of Michigan via the MERIT Network75 was used
whenever possible, either with programs written specifically
for this task, or through the use of the pre-packaged MIDAS76
statistical program system. Further reference will not be
made to the use of the computer or to specific programs.

The computer and programs represent a quick, inexpensive tool

for data reduction and analysis. All programs used here

employed standard computational formulae and techniques.

Marker Item Summary.--Two marker items were placed

on each of the six test forms such that there would be two
identical items across the six tests. The P values from
each of these items could be compared against a known value
obtained from previous testing exercises with similar groups
of subjects. The items and estimated P values are shown in
Figure 7.

Table 2 shows the results of the analysis of the

responses to the marker items for the subjects who respcnded

75The MERIT Computer Network connects three separate
university computers: IBM 360/67 computers under MTS at the
University of Michigan and at Wayne State University, and a
CDC 6500 under SCOPE at Michigan State University. The Net-
work provides the technical means whereby a user of any of
the Network's computers can access all resources available
at each of the other computers.

76Daniel Fox and Kenneth Guire, MIDAS-Michigan Inter-
Active Data Analysis System, Ann Arbor, Michigan: University
of Michigan, The Statistical Research Laboratory, 1972.
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TABLE 2.~~P Values for the Marker Items for Each Test.

Est.

Test 1 2 3 4 5 6 Avg. Value*
Item 11 (M1) 96 95 94 94 97 93 94.8 94
Item 12 (M2) 73 71 73 80 76 66 73.2 75

*Average P value obtained from testing done on high
school driver education graduates in Iowa in 1972.

to them in the context of this testing. While the average

P values varied from test to test, the average P values for
both items were very close to the estimated value suggesting
that these subjects were not greatly different than those

who had previously responded to these marker items.

Response Distribution.--As a first step in the data

analysis, a response distribution was calculated for each
item. This consisted of counting the number of students who
responded to each of the alternatives. Because of the
varying numbers of students responding to each test, the
components of the response distribution for each item was
divided by the number of subjects taking each test. This
linear transformation converted each response distribution
to the base 100 or, in other words, expressed it as a
percent. The response distribution (and all data) for each
item are shown in Appendix C. The sum of each may not total
100 percent in each case, due to some missing data (some
students omitting a question, or mismarking the answer sheet)

or rounding error in calculating the percentages.
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Item Difficulty.~~The item difficulty (P) is the pro-

portion of the students selecting the correct answer. It
is found by dividing the number of students responding to
the item (or test in the presence of minimal missing data).
Since there was little missing data and a percent response
distribution was calculated, the P value becomes the value
of the response distribution for the correct answer divided

by 100.

Dependent Variable Summary.=--The focus of the data

analysis then turned to the dependent variable since it
would be used in subsequent analyses. The analysis proceeded
along two fronts: (1) an investigation into its structure,
and (2) an evaluation of its stability (reliability). The
numerical value assigned to each of the dependent variable
item responses are shown in Figure 15. The value for the
dependent variable was found, as previously explained, by
summing the values for items 4-10. A summary of the res-
ponse distribution for variables 1-10 (three information
items, i.e., age, grade, sex--plus the seven items forming
the dependent variable) are shown in Table 3 in the column
labeled "%-All." The values given are expressed in terms
of percentages. The other columns--"%6-9" and "%15-30"--
show the responses for two sub-groups of riders, i.e.,

non-experienced and experienced.
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4. Do you or does any member of your family - either now or sometime within the past two years -
own a motorcycle?

.1 a) No one owns a motorcycle.

2 b) Someone else in the family (other than myself) owns a motorcycle.

4 ¢c) I am the only one in the family who owns a motorcycle.

3 d) I own a motorcycle and so does another member of my family (two or more motorcy:les in

~ the family).

8. Do any of your friends own a motorcycle?

' a) No. 1y
3 b) Yes.

6. Do you plan on buying or owning a motorcycle this year?

1 a) No.

2 b) Don't know.

4 c) Yes. :

£ d) I already own one.

7. How many times have you been the driver (operator) of a motorcycle on the road?

1 a) Never operated a motorcycle.

2 b) Once or twice. .
4 c) Several times.

8 4} Many times.

8. Estimate the total number of milas you have driven (operated) a motorcycle on tte road
during the past year.

! a) Don't drive a motorcy<cle.
2 b) Less than 100 miles.

3¢c) 100 - 1,500 miles.

44) 1,500 - 3,000 miles.

s @) More than 3,000 miles.

9. How many times have you bcen a passenger on a motorcycle?

1 a) Never been a passenger.

2 b) Once or twice.

4 c) Several times. .

8 d) Many times.
10. How much time do you spend working on motorcycles - yours or someone else's (mechinical
repairs, cleaning, etc.)?

a) None.

b) Less than one hour per week.
One - three hours per weex.

d) Four - eight hours per week.

e) More than eight hours per week.

GaAW -
a
-~

Figure 15.--Dependent Variable Items and Code Values,
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TABLE 3.--Summary of Components of the New Dependent
Variable (N Dep Var).

. E % %
Variable Value All 6-9* 15-30%*
1. Age 15 0 0 0

16 2.13 3.07 0.98
17 62.10 61.69 60.49
18 34.25 34.10 36.59
19+ 1.25 1.15 1.95
2. Grade 9 0 0 0
10 .30 0 0
11 3.20 3.45 3.90
12 96.50 96.55 96.10
3. Sex M 50.84 34.10 - 79.02
F 49.16 65.90 20.98
4. Own Cycle None 59.51 85.69 26.34
Someone
else 26.79 13.41 31.71
Self 7.61 0 22,44
Self and
family 6.09 0 19.51
5. Friend Own No 14.92 26.44 5.37
Yes 85.08 73.56 94.63
6. Buy or Own
this year No 59.97 91.57 13.17
? 19.18 8.43 26.34
Yes 13.24 0 36.59
Already
Own 7.61 0 23.90
7. Times
Operator Never 46.12 90.80 2.44
1-2 20.55 9.20 10.24
Several 15.37 0 30.24
Many 17.96 0 57.07

*No experience.

**Experienced.
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TABLE 3.--Continued.

. % % %
Variable Value All 6-9 15-30
8. Miles

Operated Never 49.92 93.87 4.39
100 31.81 6.13 40.00
100-1500 9.89 0 28.78
1500-3000 5.02 0 16.10
3000 3.35 0 10.73
9. Times
Passenger Never 11.72 27.59 0
1-2 28.77 53.64 8.29
Several 32.12 13.31 34,15
Many 27.40 0.38 57.56
10. Times
Working
on Cycle None 75.65 99.23 33.17
1 Hr. 12.18 0.77 29.76
1-3 6.54 0 19.02
4-8 2.89 0 9.27
8 2.74 0 8.78
Number of Subjects=Nt= 657 261 205

Dependent Variable Stability.--To assess the value

of the dependent variable as a measure of the riding
experience, correlation coefficients (Pearson product moment
correlation) were calculated between the total value and
components (seven items). Also, inter-item correlation
coefficients were calculated, as well as a histogram of the
range of the dependent variable value (7-33), and descriptive
measures of each of the components of the dependent variable.
On examination, these values showed that all components
except the item on Friend's Ownership of Cycle correlated

very high with the dependent variable value (.64 and above).
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The item on Friend's Ownership correlated at .3356. While
this was high enough to constitute a significant correla-
tion, it was felt that it was unduly influencing the
dependent variable as the histogram of the dependent variable
frequencies showed many of the students placing above the
lowest levels. It was decided to recalculate the dependent
variable and to establish a new dependent variable (N Dep
Var) which would eliminate the Friend's Ownership question.
Thus, the o0ld dependent variable (0ld Dep Var) would not be
used. The N Cep Var had a range of from 6-30 and, when the
correlation coefficients, histogram and descriptive measures
for it were examined, they were found to indeed be
satisfactory.

The correlation coefficients for all ten items, plus
the old and new dependent variables are found in Table 4,
with the descriptive measures shown in Table 5, and the
histogram in Table 6.

All of the components for the new dependent variable
correlated with it at .63 or above--well above the .1006
required for significance at the .01 level of confidence and
they were clustered closely together. Thirty three and one
half percent (33.5%) of the subjects were clustered in the
first three levels of the dependent variable. Also, the old
and new dependent variable correlated at .9921, indicating
they were very closely coupled. Thus, the deletion of the
item on Friend's Ownership did not hurt the new dependent

variable, and may have helped it.
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Descriptive measures were calculated for the N
Dep Var for each of the tests. They were very close
together and indicated a high degree of stability of the
N Dep Var over each of the six tests. This summary is shown
in Table 7.

To test the stability (reliability) of the dependent
variable, two independent tests were undertaken. For the
students in the two urban high schools, the same dependent
variable items were administered to them at the second
testing one week later. Table 8 shows the correlations
between both the dependent variable and its components for
the 329 students who participated in both the first and
second testings. All values were acceptably high--.67 and
ébove. However, when the Friend's Ownership question was
omitted, the remaining correlations were .82 and above. The
low reliability (stability) of this item thus lent more
credence to the argument for omitting the question from the
dependent variable.

A second stability exercise was undertaken with the
students in the rural high school where the response format
was changed for two of the items (see Figure 10). This was
an attempt to see if the wording of the responses to these
two items (verbal range v.s. numeric range) would make a
difference in the stability of the responses to them. Table
9 gives the correlation coefficients for the dependent
variable and its component items. They too were high with

the previous comments applying. For questions 7 and 9
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(op and Pass) the correlation coefficients were .77 and .71
respectively, indicating some instability, but not enough to

be concerned with.

Partitioning the N Dep Var

The N Dep Var was partitioned into three groups--
those values indicating little or no experience, those values
indicating a high level of experience, and the middle ground ;

- indicating a mixed level of experience. The value ranges

ﬁere 6-9, 15-30, and 10-14 respectively. They were derived
by (1) determining the minimum and maximum values for each
item of the N Dep Var, and (2) the resultant sample size for
each level of the N Dep Var. Each item was examined in the
light of how a student with little or lots of experience
might respond to it and values were assigned to establish a
minimum and maximum value for each item. Table 10 summarizes
these values.

If the split was based on these value ranges, how-
ever, the number of subjects in each group would be
disproportionate. Table 11 summarizes the number of subjects
in each N Dep Var level and also gives the cumulative N both
up and down. For an ideal grouping, a 1/3, 1/3, 1/3 split
would be satisfactory. This would place 219 subjects in
each group. However, this split (1/3) falls in the middle
of a group and the total number at a level must be included.
Therefore, the split occurs at 6-9 and 15-30 establishing a

compromise between the two considerations. The three groups
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TABLE 10.--Minimum and Maximum Expected Values for Two
Experience Groups of the N Dep Var

Item No.* No Experience Lots of Experience
Min. Max. Min. Max.

4 1 2 2 5

6 1 1 2 5

7 1 2 4 5

8 1 2 3 5

9 1 2 4 5

10 1 1 3 5
Total 6 10 18 30

*Refer to Figure 15 for the items.
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TABLE 1l.--Distribution of the N Dep Var and Subjects
for Grouping the Response Distribution.

N Dep Var

Value N Cum NV Cum N+#
6 59 59 657
7 86 145 598
8 51 196 512
9 66 262 461

10 47 309 395
11 45 354 348
12 38 392 303
13 33 425 265
14 26 451 232
15 34 : 485 206
16 29 514 172
17 17 531 143
18 21 552 126
19 12 564 105
20 10 574 93
21 12 586 83
22 5 591 71
23 14 605 66
24 10 615 52
25 6 621 42
26 17 : 638 36
27 7 645 19
28 7 652 12
29 4 656 5
30 1 657 1

of N Dep Var (riding experience) were established as sum-
marized in Table 12. The response distributions for the
dependent variable items subdivided into the: experienced

and non-experienced groups can be seen by examining Table 3.

Identification of Responses by Experience Group, -~

The responses for each test item were divided into three
groups on the basis of the N Dep Var groupings. A Student T

statistic was calculated between the responses to each item
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TABLE 12.~-Summary of the Grouping of the N Dep Var and
Number of Subjects.

Level N Label Percent
6-9 262 No Experience 39.88
10-14 189 Mixed 28.77
15-30 206 Experienced 31.35
Total 657 100.00

by those students in the No Experience Group (6-9 N Dep Var
value) and the Experienced Group (15-30 N Dep Var value).
The results were recorded for each item in Appendix C to be

used later as an aid in selecting items.

Correlation Coefficients.--To continue the develop-

ment of statistics for evaluating each item, the items were
scored eiﬁher right or wrong. The scored data for each item
was then used to calculate a correlation coefficient between
the response for the item and the following variables: age;
sex; N Dep Var; Achievement Score (vocabulary); total score.
A test-retest reliability coefficient was also calculated
(correlation between the responses to the items for the first
and second testing). These statistics in addition tc the P
value were used to screen each item and judge its "goodness"
according to the criteria shown in Figure 16.

These definitions and value ranges were applied to
the statistics for each item and became the rules of thumb for

deleting bad or problem items from the pool.
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(1) Age: If the item shows a significant correlation--generally
+ .30 or above,* then it should be rejected as the age of
the 'subject may be a factor in his getting the answer right or
wrong.

(2) Sex: If the item shows a significant correlation, generally
+ .30 or above, then it probably is influenced by the sex of
the respondent.

(3) N Dep Var: If the item shows a negative (-) correlation, then
.those who are more knowledgeable about motorcycle operation
tend to get the item wrong and vice-versa.

(4) Achievement-Reading Score: If the item has a high correlation
(+ .30 or above), then the ability of the subject to read may
be a factor in his getting the item correct.

(5) Total Score: If the item has a negative (-) correlation with
the total score on the test, then the knowledge of the subject
may be a deterrent to his getting the item correct--some other
choice may seem more correct.

(6) Test-Retest Reliability: If the item, when responded to twice
separated only by time by the same subject, shows a non-
significant correlation--generally + .29 or lower--then an
unacceptable number of subjects changed their responses the
second time. Hence, the item is unstable.

(7) P Value: A range of item difficulty (the proportion of
students responding to the item correctly) between .50 and
.95 is desirable. Below .50 means less than 1/2 of the
students got the item correct and over .95 means that
virtually everyone got it correct. For reporting purposes,
the decimal point has been dropped. The P value given is for
all students.

*When using samples of about 100, the correlation coefficient
generally became significant (x = .05) at about .30. The specific
levels for each sample size were used.

Figure 16.--Criteria for Screening Each Test Item.
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Additionally, the Student's T statistic (computed
for the response distributions between the experienced and
non-experienced groups) was used for screening the items.
If the statistic was significant, i.e., value of -1.67 or
above, then the item was labeled as discriminating between
the experienced and non-experienced rider groups. If the
statistic was positive and significant, the item was
labeled as discriminating in the wrong direction. This

constituted immediate grounds for deletiorn from the pool.

Item Selection

The above guidelines were applied to the statistical

measures computed for each of the 282 items in the pool.

77

Forty of the items were labeled as discriminating, 130 of

the items passed all the above tests and 112 were dropped
from the pool for one or more of the above reasons. This
left 170 items in the pool as "good items." As a result of
this item review, no major topic section in the pool was
lost due to bad items. This fact, coupled with a sufficient
number (170) of good items available, led to the decision
not to rewrite the bad items and retest them.

At this point the item pool was reformatted to

include only the 170 items which were "good." These items

77Some of the items which discriminated had P values
of less than .50 for all respondents. They were retained
at this point and examined more closely later on the basis
of the P value for the experienced and non-experienced

riders.
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and associated statistics are shown in Chapter IV as the

Final Test Item Pool.

Development of the Parallel Tests

The process of the final item selection and extrac-
tion of the parallel test forms was begun using this final

pool as a starting point.

Item Review and Elimination

Each item and its statistics were reviewed with par-
ticular attention being paid to the Student's T value. All
items were eliminated which showed a positive T value., This
meant that the P value for the subjects in the no experience
group was higher than the P value for the subjects in the
experienced group. While this is not a significant positive
T statistic, it indicates at least for this testing that the
item has reverse discrimination. (All items with a positive

significant Student T value were eliminated earlier.) Also

the items which had a negative significant Student T value
(items which discriminate) coupled with a low P value (less
than .50) for all subjects were examined to see if the low P
value was also true for the experienced group. If the P
value for the experienced group was markedly below .50, the
item was eliminated. If the P value for the experienced
group was near .50 or above, the item was retained. These
two exercises (positive T statistic and low P value) reduced
the number of items in the pool to 107. The items were

regrouped into a third item pool called the Parallel Test
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Item Pool which formed the basis for the parallel test
forms. Thus, 107 items remained as candidates for inclusion
on the parallel tests. The items covered 24 major topics of

the Test Item Pool Topic Outline.

Parallel Test Item Pool

Of the 170 items comprising the Final Test Item Pool,
107 of them were identified as also belonging to the Parallel
Test Item Pool. To save space, both item pools were combined,

with those items constituting the Parallel Test Item Pool

identified as such.

Inter-Item Correlations

To facilitate the selection of items for the parallel
test forms, the inter-item correlations were calculated for
each item in the Parallel Test Item Pool within a major
topic area. Thus, a relationship could be established
between items of like subject matter so that those which
appeared to be measuring the same thing could be assigned to
alternate forms or eliminated as duplicates. Table 13 shows
the results of this correlation exercise. All pairs of items
which had significant correlations at either the .01 or .05
levels of confidence are listed by giving the item numbers
and correlations between them (by pairs). Also shown are the
groups of items which are intercorrelated, i.e., three pairs
of items intercorrelated and two pairs of intercorrelated

items linked by a common item.
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TABLE 13.-~-Inter-Item Correlations for Items by Major
Topics Included in the Parallel Item Pool.

. 2824 . .
Section Item Pair r « Item Groups
A 16 17 .29 16,17,24 (3 Pairs)
24 17 .28 = ,01
24 16 .24
1l 15 .21 1l > 15 or 17 (common
1 17 .21 = ,05 item)
16 18 .19
D2 259 264 .35
263 265 276 < = ,01
260 262 .275
263 259 22 264 > 262, 263, 265
264 263 .20 _ 05 263 » 259, 264
264 262 .20 ‘
265 264 .19
Bla2 30 31 26 « = .01
Ble2 11 49 .28 « = ,01
11 47 .22 47 > 11, 54
54 47 .21 « = ,05
B2 57 68 .20 « = .05
63 65 =-.19 « = .05 (note negative cor-
relation)
B3 80 76 .20 <« = ,05
B4 92 93 .36 « = .01 92 -» 93, 86
92 86 .28
B8al 93 86 .22 «< = ,05
186 190 .27 <« = ,01 186 - 190 or 193
186 193 .20 « = ,05
B8hb 197 198 .29 _ 01 197 ~» 198, 202
197 202 .26 :
204 198 .23 « = ,05

(continued)



TABLE 13.-~~Continued
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Section igii Pair r « Item Groups
B7b 160 161 .38 144 -~ 169, 173, 159
144 169 .35 140 » 173, 162, 155
144 173 .32 169 > 144, 162
165 173 .30 162 - 140, 155
158 147 .29 _ _ 01 159 > 144, 153
140 173 .28 oo 173 » 144, 165, 140
140 162 .28
144 159 .28
140 155 .27
153 159 .27
155 162 .27
162 169 .25
146 164 .24
146 160 .24
140 165 .24
153 175 .23 _ 05
161 144 .23 :
159 148 .22
155 165 .22
169 140 22
Not all pairs,
but enough
B7b 176 177 27 « = ,01
180 177 .23 « = ,05
c4 219 235 27 « = .01
B6b 110 112,32 <« = .01
110 113 .21 107 » 112, 110
112 107 .20 _ 05 110 » 113, 107
110 107 .19 : 113 > 109, 110
109 113 .19
F8 278 272 .24 _ 05 278 =+ 272, 279
278 279 .23 o
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Item Selection

With 107 items in the Parallel Test Item Pool and a
large number of them intercorrelated, it became apparent that
two parallel tests of 40 items each would be satisfactory.

To achieve a balanced selection of items within the major

topics, the number of items within each major topic was

listed (see Table 14). The number of items per section to
achieve a total of 40 items per test was calculated by

dividing the total number of items (107) by the number of

items desired per test (40) to get a ratio of 2.675. The
number of items needed from each section was then deter-
mined by dividing the number of items in the major topic
section by the ratio and rounding the result to the nearest
whole number. Four of the topic areas contained only one
item each which were of questionable discriminability. These
four were not included in the final selection. Thus the
number of items to be selected from each content area was
determined. Also given in Table 14 are the actual numbers

of items included on the tests.

Item Assignment to Test Form

Item assignment began by examining the items in
each major section and assigning them to the two alternate
test forms according to the following guidelines:

(a) All items which discriminate were considered
first.

(b) All remaining items were assigned to complete
the required number.
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TABLE 14.--Item Count by Major Topic.

Items Form A Form B
Major Total Needed Actual Actual
Section Item for Rounded Number Number
Test Used Used
40
A 8 2.99 3 4 3
Bla 5 1.85 2 2 1
Blb 1 .37 1 1 1
Ble 6 2,24 2 2 2
B2 7 2.61 3 3 3
B3 3 1.12 1 2 2
B4 4 1.49 1 2 2
B6b 6 2.24 2 2 2
B6d 1 .37 1 1 1
B6e & £ 5 1.86 2 2 2
B6i 1 .37 - - -
B7a 18 6.72 7 7 8
B7b 4 1.49 1 1 1
B8a 6 2,24 2 2 2
B8b 6 2.24 2 2 2
Cl 1 .37 - - -
C2 1 .37 - - -
c3 1 .37 2(1)* -
c4 4 1.49 1 1
Céa 1 .37 - - -
Céc 1 .37 ?2(1)* - -
D1 2 .74 1(2)* 1 1
D2 8 2.90 3 3 3
F 7 2.61 3 2 2
Total ¥ =107 40 40 40
Nt— 24
X =4.45
*?2 (1) = value close to zero--section probably will
not be included,
*]1(?) = value close to one--section probably will

be included.
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Within (a) and (b) above, the following selection rules

were used:

(1)

(2)

(3)

(4)

Pairs of items which had a significant inter-
item correlation at .99 level.

Pairs of items which had a significant inter-
item correlation at .95 level.

Pairs of items which had the highest T statis-
tic and were content related (came from the
same major content area).

Major content areas represented by only one item
had that item placed on both test forms (common
item). If only one item was to be selected from
the content area and it discriminated, it was
made common to both tests provided it had no
item significantly intercorrelated with it.

Table 15 shows the results of this item selection. 1In all,

seven items out of 40 were common to both tests with 33 of

the items being different on each form.

To achieve a balance between the test forms, each was

assigned an equal number of items which discriminated--22 on

each form.

To further achieve a balance, the item diffi-

culties for each test were averaged. Items (paired, of

course) were switched between the test forms to bring the P

values as nearly equal as possible. Table 16 lists the

items for each test along with the P values for all students,

the non-experienced group and the experienced group. The

seven common items are listed at the top, with the balance

following.

Summary statistics in Table 17 show the average

P values for the common items and unique items. The P values

given are for all subjects, and also those subjects which

comprised the non-experienced and experienced groups.
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TABLE 15.-~Item Pairs Based on Inter-Item Correlations.

. Number . Number
Major Select Major Select
Section ::E:ed Items Code Section :i::ed Items Code
Section Section
*
A 1 l6D** 17D R1 B7b 1 180D 181D S
2 1 15 R2
3 50 24D S B8a 1 186D 190D Rl
2 180 191D -8
Bla 1 30D 31D Rl
2 26 28 S
Blb 1 34D 34D c
B8b 1 202D 204D S
Ble 1 11D 49 Rl 2 197 198 Rl
2 47 54D R2
c4 1 219 235 Rl
B2 1 55D 55D C
2 57 68 R2 D1 1 256 256 Cc
3 61 63 S
D2 1 263D 265D R1
B3 1 76D 80 R2 2 257 264D Rl
3 267D 267D C
B4 1 92D 86D Rl
84D 93D S F 1 270D 270D C
2 273 274 S
B6b 1 109D 113D R2
2 107 110 R2 71 71 C
18 165 c
B6d 1 119D 113D C
Total 40 items
Boe & f L 122D 125 S
2 124n 127 S
* k] = =
B7a 1 167 161D R1 §§= z:iZEEZ ez :gé
2 14 D 173 R1 S = similar
3 11D 064 R2 o = common
4 158D 1?? R1 D = discriminates
5 144 1n9 R1
? izi %?f ?i *282 Mumber (item identification)
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TABLE 16.--Items Selected for Each Test with P Values.

Test 1 Test 2

Item all* L* H* Item All* L* H*
256 72 67 80 256 72 67 80

% 71 26 20 43 71 26 20 43
81270 87 78 95 270 87 78 95
H 1267 46 37 58 267 46 37 58
§ 119 61 49 76 119 61 49 76
E 55 79 67 91 55 79 67 91
ol 34 28 22 42 34 28 22 42
16 53 39 68 17 59 35 80

15 65 65 73 1 85 82 88

5 49 37 60 24 43 27 55

30 37 24 48 31 56 45 70

26 52 45 58 28 58 53 67

11 79 63 94 49 93 9C 97

47 86 84 88 54 73 59 85

57 54 53 64 68 51 45 55

61 80 78 91 63 73 69 79

76 40 24 71 80 70 63 82

86 36 24 54 92 41 32 57

84 41 32 64 93 36 32 61
109 55 44 68 113 46 36 68
107 91 84 95 110 89 87 92
125 49 47 58 122 42 38 58
124 €8 53 76 127 68 62 71
160 67 44 86 161 47 31 55

n |173 51 46 55 140 56 44 83
§ 146 48 33 72 164 78 77 90
~ |147 92 87 93 158 67 56 76
o |144 78 77 86 169 68 64 76
& [153 89 920 99 159 55 62 72
‘2 155 49 51 62 162 84 79 90
2 1180 80 72 90 181 55 a1 72
186 53 44 75 190 83 76 93
189 61 51 71 191 50 44 64
202 68 51 82 204 42 37 61
197 79 80 82 198 79 78 86
219 82 79 84 235 94 92 95
263 40 22 68 265 63 49 85
264 79 78 90 259 75 67 83
273 91 84 95 274 72 64 76
18 80 78 90 165 69 56 76

*ALL = P value for all subjects.
L = P value for low experience group.
H = P value for high experience group.
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TABLE 17.--Summary Statistics* for the Common and Unique
Items for Each Parallel Test.

2 Parallel Test Forms -- 40 Items Each
33 Related Items ~- 7 Common Items (21.2%)

7 Common Items

All L H
SD 24.31 23.10 21.81
X 57.00 48.57 69.28
X 399 340 485
t -1.72
33 Related Items
Test 1 Test 2
All L H All L H
SD 17.84 21.26 13.94 16,28 18.89 12.89
X 64.27 56.30 76.42 64.24 56.72 75.57
X 2121 1858 25.22 2120 1872 2494
l-(—-——-—) —>
-4.54 -4.73
t - -

.007

*Based on P values--see Table 16.
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Tests for Parallelism

Student T tests were performed on the non-experienced
and experienced groups' P distributions and found to be sig-
nificant for both parts of both test forms indicating a power
to discriminate. A Student's T was also run between the P
values for all subjects on both tests and found to bé non-
significant (.007). Thus, the common items and the unique
items have the ability to discriminate and the test forms are
equal and parallel. The same tests were run on both sets
of each test combined, i.e., the complete 40 item test set.
Table 18 reports the results of these tests and confirms
that the tests are parallel, have the power to discriminate
between experienced and non-experienced riders and are of

equal difficulty.

Test Form Preparation and Reproduction

To complete the construction of the parallel tests,
the items for each form were randomized to avoid the pro-
blems of adjacent items giving away the answer. They were
then typed onto masters in preparation for reproduction. The
dependent variable questions and information items were also
prepared as well as a test booklet cover. When ready,
copies of each of the test forms--A and B--were reproduced.
Also devised was an answer sheet for use by subjects in
recording their responses. The test forms and answer sheets

are shown in Chapter 1IV.



100

TABLE 18.--Summary Statistics* and Results of the Tests

for Parallelism for the Two Parallel Tests.

Test 1 Test 2
All L H All L H
Mean 63 54.95 75.15 62.98 55.3 74.58
SD 18.98 21.49 15.46 17.79 19.62 14.53
SE of
Mean 3.00 3.40 2.44 2.81 3.10 2,30
Minimum 26 20 42 26 20 42
Maximum 92 90 99 94 92 97
All L H All L H
Cor;e— I |
lations .96
I .94 |
|—5c—|
| o1
| o1
.60
Test 1 Test 2
t Tests All - L =1.77 1.83
between
All - H =-3.13 -3.19
L - H =-4.82 -4.99

Test 1 Test 2

All All . 006
L L -.19
H H .17

*Based on P values -- See Table 16.
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Summary
In Chapter III, the procedures of developing the

parallel tests were described. Beginning Chapter III was a

summary of the origin of the source document--Item Writers'

Guide for Motorcycle Riding: A Preliminary Outline--and

the 463 multiple choice test items based upon selected
statements contained in the Guide. The balance of the
chapter was devoted to a description of how the 463 items
were rewritten into 282 items, tested and evaluated, and con-
densed into a Final Test Item Pool of 170 suitable items.
Additional sections of the chapter related the steps
involved in selecting 107 of these items for inclusion into
a Parallel Test Item Pool and the mechanics of extracting
two parallel test forms of 40 items each. Final sections
of the chapter described the test for parallelism applied
to the parallel test forms and the results, showing that
the forms were indeed parallel and discriminate between
high school students who know how to ride and those who do
not know how to ride.

In Chapter IV--Final Test Item Pool and Parallel
Test Forms--are the following: Test Items and Data; Parallel
Test Layout and Use of Forms; Parallel Test Forms and Answer

Keys; Pilot Test of Parallel Test Forms; and Summary.



CHAPTER IV

FINAL TEST ITEM POOL AND PARALLEL
TEST FORMS

The test item pool is arranged by content areas and
organized according to a topic index. The Top Index
(Figure 17) provides for organization of the items but does
not attempt to prescribe a hierarchy of events nor does it
show a relationship between major (lst and 2nd level outline
headings) content areas.

The test items are grouped according to the Topic
Index. Shown in the item pool (Table 19) in addition to
each item are: the associated statistics for it, the cor-
rect answer, and whether or not it is included in the
parallel test item pool. If the item is included in the
parallel test pool, the parallel test (if any) in which it
can be found it also given.

The layout of the parallel test forms (Table 20)
with suggestions as to the structure and use of the tests is
given followed by the actual test forms (Figures 19 and 21).
A sample suggested answer sheet, keyed for each of the tests,
is also shown in Figures 20 and 22.

The results of a pilot test of the test forms is
given and summarized in Tables 20-23.
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Test Items and Data

All test items comprising the TEST ITEM POOL are
listed along with their associated statistical data. An
indication is also made which identifies the items
included in the Parallel Test Item Pool. All items are
indexed according to the Test Item Pool Topic Index
(Figure 17). Figure 18 gives an explanation of the Test
Item Pool Column Headings. The Final Test Item Pool and

Parallel Test Item Pool are shown in Table 19.
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A.* Pre-Operative Procedures

1. Vehicle Related
a. Pre-trip inspection and procedures
b. Upon mounting motorcycle
(See also: Carrying passengers)
c. Starting and stopping the engine
d. After starting engine

2. Navigation and Trip Planning
a. Planning
4) Preparations for long trip

B. Basic Knowledge

1. Fundamental Control Information and Maneuvers
a. Shifting gears
1) Standard
2) Automatic
3) Downshifting when necessary
5) Emergency downshift
b. Lane usage
l) General
c. Following
1) Following distance
2) Speed adjustments
d. Hauling and towing loads
1) General
e. Carrying Passengers
2) Seating passengers

2. Directional Control
a. Steering general
b. Turning (See also: Backing up)

3. Speed Control
a. Starting on a hill
b. Starting on snow or ice
d. Speed control - normal (See also: Shifting gears)
e. Speed control - slow speed

4. Braking and Stopping
a. Technique and procedures (See also: Rapid stop)
c. Emergency (See also: Shifting gears and
Emergency situations)

*The alpha-numeric section indicators follow the scheme
shown in Figure 4. Thus gaps will exist here as there were
no items remaining after the item evaluation to £ill that
particular section.

Figure 17.--Test Item Pool Topic Index.



105

5. Driver Perception and Communication
a. Surveillance
1) General
2) Traffic

6. Maneuvers

a. Entering and leaving traffic (See also:
Freeway driving on and off ramps)
1) Entering traffic

b. Negotiating intersections
1) Approaching intersections
2) Traversing intersections

c. Negotiating curves
1) Approaching curves

d. Negotiating hills
1) Upgrades

e. Lane changing
1) Prepares to change

f. Passing
1) Prepares to pass

i. Parking
1) General

7. Road and Weather Conditions
a. Road surface and obstructions
1) Surface type
2) Surface irregularities
3) Road cover
4) Roadway edges
5) Roadway obstructions
b. Weather conditions
1) Visibility
2) Temperature
3) Wind

8. Emergency Situations and Maneuvers
a. Vehicle emergencies
1) On-road critical
2) On-road non-critical
3) Preparations for possible emergencies
6) Seeks emergency assistance for disabled
vehicle (See: Reacting to Traffic, Roadside
Services and Parking)
b. Skid Control
1) Preventive measures
3) Arrests skid (See also: Skid control,
Deceleration)
4) Deceleration

Figure 17.--Continued
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C. Driving Situations

1. Urban Driving
a. General
2. Highway Driving
b. Rural highways
c. Mountainous terrain
3. Freeway Driving
a. On-ramps
4. Reacting to Traffic - General on Road Emergencies
a. Reacting to other vehicles
b. Reacting to pedestrians
5. Night Driving
a. General
c. Rural
6. Railroad Crossings, Bridges and Tunnels, Toll
Plazas, Weigh Stations
a. Railroad crossings
b. Bridges and tunnels
c. Toll plazas

D. Vehicle and Driver

1. Physical and Emotional Conditions
a. Temporary (fatigue, carbon monoxide, etc.)
d. Vision
2. Vehicle Care and Servicing
a. Fuel stop service
c. Routine service

F. Vehicle Code--Laws and Regulations

8. Rules of the Road
n. Special rules for motorcycles
9. Equipment of Vehicles
e. Equipment on motorcycles and motor driven
cycles

Figure 17.--Continued.
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RD § All - Response distribution for all subjects tested.
r Sex - correlation with sex.

r N Dep Var - correlation with Necw Dependent Variable
(measure of riding experience).

r Ach Score - correlation with independent measure of
reading - achievement score.

r Total Score - correlation with total score (number of
items on test answered correctly).

r Test-retest Reliability - the reliability of the test item.

P - proportion of students getting item correct.

response distributions for
subjects grouped into a no

= High experience group experience group and a high
experience group based on
the Dependent Variable value.

RD § - No experience group

T Statistic - value of Student T statistic based on number of
subjects correctly answering the items in
each experience group.

Discriminates - An indication of when the Student T
statistic is negative and significant.

Figure 18.--Definitions of the Test Item Pool
Column Headings.
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TABLE 19.--Final Test Item Pool;

Parallel Test Item Pool

o -
§ H & 3l &
S H B 8| 8
o @ 3 A
3 R 4l Slal @
a 24 8
ol A. Pre-opera scedures H AR A RAEE] g4 & [z &
§ ). Veniche Relseas 4 L8 I T d %[5k~
H a. Pra¥elp Inspection and > & 2|3 (838 - 11
3 Tocedures = 4 x| a| £]8|85(3 g SR 3
Procedures a3 55833 g 3 |87
o o ad o = | <|&[E€]3 5l 5 |als| &
Bl o~ =~ n D I T Y 2 w |ala)