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ABSTRACT
COMPARATIVE RELIABILITIES AND VALIDITIES OF
TRUE-FALSE AND MULTIPLE CHOICE TESTS
By

David A. Frisbie

This study was designed to compare the reliabili-
ties of true-false and multiple choice tests and to deter-
mine the concurrent validities of true-false tests. Four
major questions were formulated as research hypotheses:

1. Are true-false and multiple choice achievement
tests that were designed to measure the same ob-
jectives equally reliable?

2. Are true-false tests constructed by the judgmental
method as reliable as those developed by the dis-
crimination method?

3. What is the ratio of the number of true-false
items attempted to the number of multiple choice
items attempted by a group of examinees in a given
period of testing?

4. 1Is there a perfect correlation (+1.00) between
true-false and multiple choice test scores when
the correlation coefficients are corrected for

attenuation?
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Two methods were devised for systematically chang-
ing multiple choice items to true-false form. The judg-
mental method involved the use of teachers to choose the
multiple choice distractor that would result in the most
plausible false statement. The discrimination method
relied on item analysis data from a multiple choice test-
ing to identify the distractor that best discriminated
between high and low scorers on the test. The first of
three phases of testing was needed to gather the item
analysis data.

The true-false items generated by the two conver-
sion methods were tried out in the second phase of testing.
The revised true-false items were incorporated in the
eight test forms used in phase three, the final testing.
Each of the 70-item final forms consisted of 35 multiple
choice and 35 true-false items.

A sample of 1018 non-urban high school students
each responded to one of eight test forms. The three
factors that differentiated the forms were:

1. Subject matter (natural science or social studies)
2. Method of conversion (judgmental or discrimination)
3. Subtest order (true-false first or last)

Kuder-Richardson Formula 20 reliability coeffi-
cients were calculated for the eight multiple choice and
eight true-false subtests. The ratio of the number of

true-false to multiple choice items that subjects attempted
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in the first eight minutes of testing was also computed.
The correlation between multiple choice and true-false
subtest scores was calculated and corrected for attenua-
tion for each final test form. Statistical tests were
performed to determine if the 16 reliability coefficients
were homogeneous and to ascertain if the corrected corre-
lation coefficients significantly departed from unity.

The results associated with each of the major
questions of interest were:

1. The reliabilities of the multiple choice tests
were significantly greater than the reliabilities
of the true-false tests.

2. There was no significant difference between the
reliabilities of the true-false tests constructed
by the judgmental or discrimination methods.

3. Examinees responded to three true-false items for
every pair of multiple choice items attempted.

4. The corrected correlation coefficients for six of
the eight final forms were significantly less than

unity.
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CHAPTER I

THE PROBLEM

Alternative Forms of Test Items

Test construction specialists and teachers who
develop instruments to measure educational achievement
have a wide variety of item forms at their disposal for
accomplishing their specific objectives. Essay, multiple
choice, true-false, matching, completion, simple recall or
short answer, and novel combinations of these forms are
usually mentioned in measurement textbooks as appropriate
item forms for teachers to use.

Presently the multiple choice item is "the most
highly regarded and widely used form of objective test
item" (Ebel, 1965, p. 149). Multiple choice items have
been recommended for achievement testing because of their
apparent versatility and adaptability to the measurement
of outcomes requiring mental processes beyond mere recall
(Durost and Prescott, 1962; Brown, 1970; Ahmann and Glock,

1967). Thorndike and Hagen (1969, p. 102) wrote:

[The multiple choice item] can be used to appraise
the achievement of any of the educational objectives
that can be measured by a paper-and-pencil test except
those relating to skill in written expression and
originality.



Advantages and Limitations of
True-False Items

Many authors who discuss the use of various item
forms suggest that the advantages of true-false items are
outweighed by their limitations (Ahmann and Glock, 1967;
Gronlund, 1965; Brown, 1970). One of the major shortcom-
ings attributed to true-false items is the difficulty en-
countered in preparing good statements that measure more
than simple factual information. Wesman (1971) noted that
many of the important objectives of instruction require
generalizations, explanations, evaluations, and inferences.
He concluded that since these outcomes often cannot be
expressed in statements that are precisely or universally
true, they cannot be tested with true-false items.

There is substantial agreement among the authors
cited above that true-false items are appropriate only for
measuring knowledge of unambiguous factual material, and
that multiple choice items can be used to measure a variety
of outcomes. However, empirical evidence has not been
presented to support this viewpoint. A search of the 1lit-
erature failed to turn up any data that would support or
challenge the statements referred to above.

Though true-false items do have some limitations,
they do have unique advantages in measuring educational

achievement.



True-false items are more efficient than multiple
choice items of comparable quality. Examinees can respond
to more true-false items than multiple choice items in a
given time period. The greater efficiency may lead to a
more reliable test.

A true-false test probably can provide a broader
sampling of the examinee's knowledge than can a multiple
choice test intended to measure the same subject matter.
Since more true-false items can be used in a given time
period, these items should more thoroughly sample the uni-

verse of content than a multiple choice test.

Need for This Study

The arguments for and against either multiple
choice or true-false items for measuring achievement can
be found in many textbooks and journal articles, but
little empirical data is available to substantiate the
viewpoints expressed. The most equitable means of com-

paring the two item forms is through empirical study.

Purpose of This Study

The purpose of this study was to compare the re-
liabilities and validities of true-false and multiple
choice tests that were written to measure understanding of

concepts and relationships in the same content areas.



Two systematic procedures for changing multiple
choice items to true-false form were used so that corres-
ponding items of the two types would be as equivalent as
possible in content. These procedures also made the con-
version processes more objective and reproducable. The
two conversion methods, judgmental and discrimination,
were compared to determine if one yielded a more reliable
or valid test than the other. (These conversion methods
are defined later in this chapter and are described in
detail in Chapter III.)

Data was collected to determine the number of
items of each type that examinees attempted in a fixed
period of time. This information was used to determine
the theoretical length of the true-false tests. The re-
liabilities of the lengthened tests were compared to the
reliabilities of the multiple choice tests with testing
time constant. It was necessary to collect these data
because the data in the literature were not recent or were
not empirically based.

Finally this study was devised to compare items
that were written to measure achievement in natural science
;nd in social studies. Two content areas were used so
that effects due to particular subject matter could be
examined and so that the findings could be generalized

somewhat.



Hypotheses

The major hypotheses in this study were:

1. When multiple choice items are converted to true-
false form, the reliabilities of the two test
forms are not different.

2., When multiple choice items are converted to true-
false form using the judgmental and discrimination
methods, the reliabilities of the true-false tests
are not different.’

3. More true-false than multiple choice items are
attempted by the same group of examinees in a
fixed time period.

4., The simple correlation between individuals' true-
false and multiple choice test scores is 1.00 when

corrected for attenuation.

Definition of Terms

Test reliability is defined as a measure of in-

ternal consistency estimated by the Kuder-Richardson For-
mula 20.

The two methods of converting multiple choice
items to true-false format are defined as judgmental and

discrimination. The judgmental method employs subject

matter experts to choose the multiple choice incorrect
response that would result in the most plausible false

statement when used with the stem. The discrimination




method relies on item analysis data from a multiple choice
testing to identify the multiple choice incorrect response
that best discriminates between low and high scorers on the
test.

Simple correlation is defined by the Pearson

product moment correlation formula found in most elementary
statistics books (see Chapter III).

Correction for attenuation is defined as the pro-

cedure used to estimate the true correlation between two
variables represented by unreliable measures. (The for-

mula used for this procedure appears in Chapter III.)

Overview

In Chapter II the literature relevant to the gen-
eral problem and each of the specific hypotheses is re-
viewed. The design of the study, the sample, the instru-
mentation, and the metﬁods of analysis are discussed in
Chapter III. Chapter IV, the results of the study, is
followed by a final chapter that contains: a summary of
the study, a discussion of the findings, the limitations

of the study, and suggestions for future research.



CHAPTER II

REVIEW OF THE LITERATURE

Introduction

An abundance of research that is concerned with
comparing various item forms has been reported in the
literature. Many studies were conducted during the late
1920's when objective test items made their initial surge
in popularity. The first section of this chapter includes
investigations that deal with the comparison of either
multiple choice or true-false items and some other item
type. Subsequent sections each contain reviews of studies
that are related to each of the hypotheses enumerated in
the previous chapter.

Section two provides an examination of the research
that has focused on the comparative reliability and valid-
ity of both true-false and multiple choice items. The
third section of this chapter deals with studies that have
employed methods of converting items from one form to
another. The final section contains a review of research
reports that provide information concerning the difference
in testing time required for tests composed of different

item forms. Brief summaries have been provided at the



close of each section of this chapter in lieu of a general

chapter summary.

General Studies Comparing Item
Forms

Several studies were reported in which selected
test characteristics were compared. Heim and Watts (1967)
compared multiple choice and completion vocabulary items
and found that the open-ended items were significantly
more difficult. A similar study by Andrews and Bird (1938)
in psychology yielded the same results. In addition they
found higher odd-even reliabilities for completion items.
Choppin and Purves (1969) concluded that multiple choice
and open-ended literature items measured the same thing in
their wvalidity study.

Cronbach (1941) used multiple multiple choice
items (more than one correct alternative per item) and
multiple true-false items (each multiple choice alternative
was marked true or false) based on introductory psychology
content. No differences were found between test forms
with regard to testing time, difficulty, reliability, and

validity.

Validity and Reliability Studies

In what could be considered the pioneer study of

this general problem, Toops (1921) compared the



reliabilities of 50-item general information tests, each
cast into recall, multiple choice, and true-false form.
Each subject took each test but the order of administra-
tion was varied so that six groups ranging in size from

39 to 10 were used. The corrected split-halves relia-
bilities reported were .556 and .507 for multiple choice
and true-false tests, respectively. When testing time was
held constant these reliabilities were estimated to be
.607 and .664.

Completion, multiple choice, and true-false test
reliabilities and validities were compared by Rutledge
(1926) in his dissertation. Three forms of an elementary
psychology midterm exam were constructed so that each form
contained 40 test items of each of the three types. The
examination formats were arranged so that the first 40
items of form A were true-false, the first 40 items of
form B were multiple choice, and the first 40 items of
form C were completion. The following items illustrate a

typical test item in the three formats:

A beginning was made in the study of scientific psy-
chology in the century.

The study of scientific psychology began in the 18th
century.

A beginning was made in the study of scientific psy-
chology in the (1) 17th, (2) 18th, (3) 19th, (4) 20th,
century.
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Corrected split-halves reliability coefficients averaged
.70 and .89 for multiple choice and true-false items,
respectively, across test forms. Nine minutes of testing
time were allotted for each of the two forms; therefore,
no adjustment of reliability coefficients was made. The
average correlation between multiple choice and true-false
subtest scores across test forms was .64, corrected for
attenuation.

In a similar study by Charles (1926), the relia-
bilities of five-, three-, and two-response multiple
choice tests and a true-false test were compared with a
completion test reliability. Fifty factual information
items from introductory psychology were administered to
each subject in completion form followed by 50 items of
one of the other item forms. The results of Charles'
study are summarized in Table 2.1. No statistical tests
were made but one could conclude that there is little
practical difference between the reliabilities of true-
false and five-response or three-response multiple choice
tests. (Charles offered no good explanation for the un-
usual performance of the two-response multiple choice
tests.)

A study carried out by Ruch and Stoddard (1925)
employed a design identical to Charles' and items intended
to measure history and social science general information.

The reliabilities for the five-, three-, and two-response
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multiple choice tests and the true-false test were .886,
.748, .849, and .714, respectively, for 100-item tests.
The reliabilities were recalculated to equate testing time
and the new values were estimated to be .901, .806, .902,

and .820.

Table 2.1. Summary of reliabilities and validities from
Charles' study.

Item Form Ttt rnn rofP
Completion .603 .752 .603
5-R .680 .809 .714
3-R .624 .768 .703
2-R <477 .646 .639
True-false .602 .751 .680

qcorrected split-halves reliabilities.

bAverage correlation between the completion test
score and the score from each of the other item forms.

Reliability studies reported by Watson and Crawford
(1930), Copeland and Gilliland (1943), and Eurich (1931)
yielded conflicting results. Watson and Crawford esti-
mated reliabilities favoring multiple choice items on high
school physics unit tests. Copeland and Gilliland cor-
rected their reliability coefficients to hold testing time

constant and found a higher reliability for the 20-item



12

true-false child psychology test. Two experiments were
reported by Eurich in which educational psychology test
items were used. The multiple choice test reliability was
higher in one trial and the same as the true-false test
reliability in the other trial.

An item conversion method was employed by Bur-
meister and Olson (1966) to aid in determining whether
college-level natural science true-false items could be
written that had the same desirable characteristics as the
multiple choice form. The authors concluded that true-
false items could be constructed that discriminate "almost
as well as" multiple choice items, and that true-false
items were less difficult because of the guessing effect.

Ebel (1971) used a 90-item natural science multiple
choice test as a basis for studying the validity and re-
liability of true-false items. Two forms, each containing
44 items of each item type were administered to groups'of
53 and 50 students in an education course. The mean dis-
crimination indices tended to be higher for the multiple
choice tests. The Kuder-Richardson Formula 20 reliabil-
ities for the multiple choice and true-false subtests were
.81 and .84, respectively, for form one and .86 and .71
for form two. (The true-false reliabilities were estimated
by the Spearman-Brown Formula for a double-length test
under the assumption that two items can be attempted for

every multiple choice item attempted.) The correlations
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between multiple choice and true-false subtest scores on
the two forms were 1.20 and .80, corrected for attenuation.
In conclusion, there was some support for the conjecture
that true-false and multiple choice tests are equally
reliable when testing time is equated, and there was no
difference between item forms in what was measured. It
was recommended that, in future studies of this problem,
larger samples should be used in the initial tryout of the
true-false items and that more time should be spent revis-
ing these items before the final form is administered.

The findings of the research reviewed in this sec-
tion are far from conclusive. There is no overwhelming
evidence to suggest that multiple choice and true-false
tests are equally reliable or that one form is superior on
this count. Only two of the nine studies reported on the
comparative validities of the two item forms. The find-
ings of Charles (1926) and Ebel (1971) lend support to the
hypothesis that multiple choice and true-false tests
measure the same thing.

Except for the studies by Ebel (1971) and Bur-
meister and Olson (1966) the research cited here is not
recent. There is reason to believe that the nature of
objective tests has changed since many of these studies
were conducted. Multiple choice tests, in general, prob-
ably consist of fewer factual information items than tests

constructed in the 1920's. There appears to be a trend
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today toward measuring individuals' understandings of
concepts and relationships and ability to apply or gen-
eralize from learned propositions. This study was devised
in an attempt to answer some of the same questions that

were asked when objective items first became widely used.

Studies Using Item Conversion
Procedures

Only a small number of the studies designed to
compare item forms have specified the methods used for
constructing items on the same content. Some writers,
such as Eurich (1931), gave incomplete details of their
procedures. He wrote essay items to cover midterm course
material and then developed an acceptable response for
each item. The statements in these responses were used
to generate stems for completion items. There is no de-
scription provided, however, for methods used to formulate
true-false or multiple choice items.

The item conversion methods used in this study (as
defined in Chapter I) were used by Owens, Hanna, and
Coppedge (1970) in a study devised to compare completion
and multiple choice geometry items. The judgmental (J),
frequency (F), and discrimination (D) methods were em-
ployed to select multiple choice distractors based on
responses to completion items. Form J was constructed by

using 13 secondary mathematics teachers who chose the
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three most plausible distractors that appeared as errors
in responses to the completion form. Distractors for the
final form were selected from those most frequently chosen
by the 13 judges. Form F was constructed using the most
frequently occurring errors from the completion tryout.
Examinee errors from the completion form were used to
select the distractors that best discriminated between
high and low scorers on the test to build form D. The
three 1l7-item final tests utilized 51 unique distractors
of which 13 were common to forms J and F, two overlapped
in forms J and D, and 21 were identical in forms F and D.
The authors concluded that the three methods were equally
valid and reliable for choosing multiple choice distractors.
They suggested that the study be replicated with test con-
tent as an independent variable.

Loree (1948) used the judgmental and frequency
methods for selecting distractors in his study of the
characteristics of multiple choice items. The validities
and reliabilities of the two multiple choice forms were
not significantly different.

The frequency method was used by Burmeister and
Olson (1966) in a study cited previously. Multiple choice
items were converted to true statements if the incorrect
options were equally attractive in the tryout. If one
distractor was most frequently chosen the item was changed

to a false statement.
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Ebel (1971) and Williams and Ebel (1957) employed
a discrimination procedure in their item conversion proc-
esses. Ebel changed each multiple choice item to a pair
of true-false items (one true and one false item) and
compiled two true-false test forms. These forms were ad-
ministered to a group of subjects and the most discrimin-
ating item of the original pair was retained for inclusion
in the final true-false and multiple choice composite test.

Williams and Ebel (1957) studied the effect on
internal consistency reliability of varying the number of
response alternatives in multiple choice tests. Item
analysis data on 150 four-choice items were utilized to
form three-choice and two-choice items. The least dis-
criminating distractors were eliminated from the original
test items. The findings revealed no significant differ-
ences in reliability on the three forms.

The judgmental and discrimination methods have
been used as procedures for selecting multiple choice
distractors. The two methods have not been used for con-
verting from multiple choice to true-false form in the
studies cited in this section. Although Ebel (1971) used
a discrimination procedure for selecting true-false items,
he did not employ a systematic and replicable procedure

for converting multiple choice items to true-false form.
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Studies Comparing Amount of Testing
Time

Few recent studies dealing with the comparison of
item forms have focused on the amount of testing time re-
quired for each form. Two of the studies reviewed here do
not supply empirical evidence to support their conclusions.
Williams and Ebel (1957) stated that subjects finished
faster as the number of response alternatives diminished,
but they did not indicate how much faster. In another
study it was assumed that subjects typically attempt two
true-false items for every multiple choice item tried
(Ebel, 1971).

More dated studies by Toops (1921), Watson and
Crawford (1930), and Copeland and Gilliland (1943) demon-
strated agreement in their findings that three true-false
items can be tried for every two multiple choice items
attempted.

Two other studies (Charles, 1926; Ruch and Stoddard,
1925) reported on testing time for true-false items and
multiple choice items that varied in the number of re-
sponse alternatives available. The ratio of testing time
for an equal number of true-false and multiple choice
items can be calculated from the data presented in Table
2.2. The ratios in Charles' study for the five-response
and three-response forms are 1.4 and 1.2, respectively.

The corresponding ratios from the Ruch and Stoddard study
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are 1.6 and 1.3. These results coincide with the findings

of the previously cited studies.

Table 2.2. Amount of time required to respond to an equal
number of true-false and multiple choice items.

Time in Minutes

Item Form Study 12 Study 2P
5-R 25.5 8.0
3-R 21.5 6.8
2-R 19.6 5.7

True-false 18.3 5.1

8From Charles (1926).

bFrom Ruch and Stoddard (1925).

There is some agreement in the research reported
here that 1.5 true-false items can be attempted in the
time required to respond to one multiple choice item.
Provision was made in this study to collect data on the
number of items attempted by examinees in a fixed period

of time because recent empirical evidence was lacking.



CHAPTER III

DESIGN AND PROCEDURES

Introduction

This research study was designed to examine the
reliabilities, concurrent validity (correlation between
true-false and multiple choice subtest scores), and the
amount of testing time required for subjects to respond to
true-false and multiple choice social studies and natural
science achievement tests. Two methods of converting
multiple choice items to true-false form, judgmental and
discrimination, were compared to determine if one yielded

more reliable true-false test scores than the other.

Samgle

The subjects that participated in this study were
selected from classrooms in six public high schools lo-
cated in South-Central Michigan. Schools and classrooms
were selected on a voluntary basis; there was no random
sampling procedure employed for determining the study
sample. The goal of the sample selection scheme used in
this study was to identify schools in four types of com-

munities and to choose at least one school from each

19
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strata for inclusion in the study. The four community
types were defined by the Michigan Department of Education
(1970) as city, town, urban fringe, and rural.

The high school students that took part in this
study probably represent a crossection of non-urban high
school students in science and social studies achievement
levels. The schools from which they were drawn are de-
scribed briefly in Appendix A.

Three phases of testing were required for instru-
ment development and data collection. Phase I involved
gathering item analysis data for an item conversion method
and phase II was used to try-out the true-false items.

The subjects that participated in phase III, the final
testing, are described in Table 3.1. A total of 509 stu-
dents responded to the social studies tests and 509 stu-
dents responded to the natural science tests. A minimum
of 125 students attempted each of the eight test forms

that were administered in the final phase of testing.

Instrumentation

The multiple choice items that were employed in
this study appeared in a widely used battery of achievement

tests.l The social studies items were written to measure

lPermission to use these items for this research
was obtained from the publisher. The publisher requested
that the source of the items not be identified. The test
items used for illustrative purposes in this thesis are
copyrighted and may not be reproduced.
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Table 3.1. Description of sample used in phase III.

Form Totals’

School Grade Social Studies Natural Science

A 9 25
10 76
11 46 19
12 45 16

B 9 36
10 34 67
11 26
12 69

C 9 23
10 23 74
11 32 24
12 45

D 9 23
10 12
11 19
12 43

E 9
10
11 67
12 43

F 9 73
10
11

12 58
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knowledge and understanding of contemporary social insti-
tutions and practices. The following items are typical of
those used in the test:
1. When was the United States Constitution written?
(1) Immediately after the French and Indian War.

(2) During the early years of the Revolutionary
War.

*(3) Shortly after the Revolutionary War.

(4) During the Reconstruction period which fol-
lowed the Civil War.

2. In the absence of government controls, what or-
dinarily happens to the price of goods if the
supply increases and the demand remains unchanged?
(l) The price increases.

*(2) The price decreases.
(3) The price remains about the same.
(4) The price changes rapidly.
The natural science items were intended to measure
general knowledge and understanding of scientific terms

and principles. The following items are representative of

those used in the test:

3. What is the chief use of the cyclotron?
(1) To change lead into gold.
(2) To generate electricity from steam.
*(3) To get high speed particles for atomic research.

(4) To mix the essential ingredients of the atomic
bomb.
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4. 1Is it more dangerous to prick oneself with a pin

than with a needle? Why?

(1) Yes. Because pins are
which is poisonous to

(2) Yes. Because bacteria
present on a pin than

*(3) No. The two are about

usually made of brass,
human flesh.

are more likely to be
on a needle.

equally dangerous.

(4) No. The needle is much more dangerous for it
is likely to have traces of rust on it.

The items from the achievement battery were se-

lected for use in this study and were deemed appropriate

for the study sample because:

1. The items were expertly written and were tried-out

and revised with extreme care by the authors.

2. A classification of the items by subject matter

suggested that the items covered objectives re-

flecting the current high

studies curricula. (This

school science and social

notion was confirmed by

the secondary teachers that reviewed the test con-

tent during the three phases of testing.)

3. The reported reliabilities of the social studies

and natural science tests were in excess of .90.

The tests had demonstrated high reliability in the

past.

4., The test items were intended by their authors to

be used for measuring achievement in grades 9-13.

The tests were suited for

a broad range of
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achievement and concern about a low ceiling effect

could be reduced.

Item Conversion Procedures

The judgmental and discrimination methods defined
in Chapter I were used to convert multiple choice items in
each of the 70-item achievement tests to true-false state-

ments. The two methods will be described below.

Judgmental Method

Five secondary science and social studies teachers
were asked to judge the quality of the multiple choice
distractors from thé test items in their respective areas
of expertise. They were directed to select the distractor
for each item that appeared to be most plausible for making
a false statement with the original stem. The specific
directions given to the judges appear in Appendix B.

The responses of the judges were tabulated and a
decision was made to use the correct response or one dis-
tractor to make a true or false statement. If at least
four of the five judges agreed on a best distractor, it
was used to make a false statement. If the judges failed
to agree on one best distractor, the correct response was
used to make a true statement.

The use of this method resulted in 41 false state-

ments and 29 true statements in social studies. There was
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consensus among the judges on their choices for 12 false
statements and four of the five agreed on their choices
for the other 29 false statements. Item one from the
examples listed previously in this chapter was converted

to:

The United States Constitution was written during the
early years of the Revolutionary War.

The judges unanimously agreed that response alternative
two was the most plausible.

There were 45 false statements and 25 true state-
ments written in natural science. Four of the five judges
agreed on their choices for 40 false statements and all
were in accord on only five false statements. Item three

from the examples listed in this chapter was changed to:

The chief use of the cyclotron is to mix the essential
ingredients of the atomic bomb.

Four of five judges thought choice four was the most
plausible.

The two true-false tests developed by the judg-
mental method were labeled form SJ (social studies) and

form NJ (natural science).

Discrimination Method
The original 70-item multiple choice tests were
labeled form SM (social studies) and form NM (natural

science). Forms SM and NM were each administered to a
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minimum of 100 subjects in classrooms from schools that
appeared in the final sample. Table 3.2 describes the 103
students that responded to form SM and the 101 students
that took form NM in phase I of testing. Answer sheets
were scored and responses were put on magnetic tape using
the OpScan system of the Office of Evaluation Services af
Michigan State University. A computer program developed
by the Office of Evaluation Services was used to generate

item analysis data from phase I of testing.

Table 3.2. Description of the sample used in phase I.

Form
School Grade SM NM
A 9 30
10
11 25
12 30
B 9 19
10
11 48 18
12 7
C 9
10 27
11

12
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Kuder-Richardson Formula 20 reliabilities for
forms SM and NM were .905 and .918, respectively.

A decision was made to change each item to a true
or false statement depending on the value of the discrimi-
nation index of each distractor. A form of the Upper-
Lower Index, known frequently by D, was used as a dis-
crimination index. In this case, the proportion in the
upper group that responded to each distractor was sub-
tracted from the proportion in the lower group that re-
sponded to each distractor. The foil with the largest
lower-upper difference was used to make a false statement.
If the indices for an item did not differ by more than .09
or if the largest index was less than .éO, £he item was
converted to a true statement.

The 70-item true-false social studies test, labeled
form SD, contained 33 true statements and 37 false state-
ments. Item two from the examples listed previously was

changed to this true statement:

In the absence of government controls, if the supply
of goods increases and the demand remains unchanged,
the price of the goods decreases.

The item analysis data that were used to convert
this item are given in Table 3.3. The lower-upper indices
for distractors 1, 3, and 4 were .18, .14, and .21, re-
spectively. Though distractor four had an index in excess
of .19, it did not satisfy the second criterion and was,

therefore, not used to make a false statement.
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Table 3.3. Item analysis data used in the discrimination

method.
Response Alternatives
1 *2 3 4 Omit Total
upper 0 28 0 0 0 28
27% 0% 100% 0% 0% 0% 1008
middle 1 41 4 2 0 48
46% 2% 85% 8% 4% 0% 99%
lower 5 11 4 6 2 28
27% 18% 39% 14% 21% 7% 99%

The 70-item true-false natural science test, lab-
eled form ND, consisted of 33 true statements and 37 false
statements. Item four from the examples was recast as

this false statement:

It is more dangerous to prick oneself with a pin than
with a needle because bacteria are more likely to be
present on a pin than on a needle.

Four true-false tests (forms SJ, SD, NJ, and ND)
were generated with the two item conversion methods.
There were 30 common items to the 70-item forms, SJ and

SD, and 21 items common to the 70-item forms, NJ and ND.

True-False Try-Out

The four true-false test forms were each adminis-
tered to a group of 50 students in phase II of testing.
The purpose of phase II was to attempt to identify poor or

ambiguous items. The rationale for including this step in
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the instrument development sequence was that the original
multiple choice items sustained extensive study and revi-
sion before they were incorporated into the final form.

Participants in phase II are described in Table
3.4. The four schools included in this phase of testing
were also involved in the final phase of testing.

Test scoring and item analysis services were fur-
nished by the Office of Evaluation Services. Kuder-
Richardson Formula 20 reliabilities for forms SJ, SD, NJ,
and ND were .764, .799, .798, and .764, respectively.
Item difficulty and discrimination indices were examined
for all items in the four true-false tests. One item
common to forms NJ and ND was reworded because it was a
negative discriminafor.‘ Tw; items from form SJ and three
items from form SD were reworded for the éame reason.
These revised true-false forms were used to compile the

final forms for phase III of testing.

Design
This study was designed with five major principles
in mind for controlling extraneous factors that had the

potential for introducing error.

1. No student responded to more than one test in
social studies or natural science across the three
phases of testing.

2. The four test forms in each subject matter area
were randomly distributed to subjects within



Table 3.4.

Description of subjects used in phase II.

30

School

Grade

Form

SJ

SD

NJ

ND

A

10
11
12

10
11
12

10
11
12

10
11
12

21

21

21

21

12

16

16

12

16

19
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classrooms in an attempt to control for differen-
tial abilities and achievement levels of class-
rooms.

3. The final test forms were arranged in two different
orders to control effects that could occur due to
one item form continuously preceding the other.
This drrangement was also conducive to gathering
data on the number of items attempted.

4. In the final phase each subject received both a
multiple choice and a true-false subtest score so
that individual scores could be correlated.

5. One individual, experienced in test administration
procedures, administered all tests in the three

phases of testing with standardized directions
designed for the separate phases.

The final test forms were arranged so that each
subject responded to both multiple choice items and true-
false items converted by one of the two methods. The
eight 70-item final forms are depicted in Table 3.5.
Different orderings of the item subtests within forms are
designated by A and B, S refers to social studies, N refers
to natural science, and J and D represent judgmental and
discrimination, the two item conversion methods. Form
SJA, for exémple, consisted of items 1-35 of the original
multiple choice form, SM, and items 36-70 of form SJ,
social studies items converted by the judgmental method.
Form SJB was comprised of items 1-35 of form SJ and items
36-70 of form SM. The other six forms were arranged in a
similar manner.

The final test forms were administered in high

school social studies and science classrooms. The four
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forms within each subject matter area were randomly dis-
tributed to subjects within classrooms so that approxi-
mately the same number of each form was used in each
classroom. Standardized directions and procedures were
used by the same teét administrator in all phases of test-

ing in this study.

Table 3.5. Arrangement of test forms used in phase III.

Test Form Subtest Order
SJA MC TF
SJB TF MC
SDA MC TF
SDB TF MC
NJA MC TF
NJB TF MC
NDA MC TF
NDB TF MC

Subjects were timed with a stopwatch to supply
information regarding the number of items of each item
type that were attempted in a fixed period of time. Sub-
jects were asked to stop working after ten minutes and
were then asked to circle in their test booklet the number
of the item that they were currently working on. A pre-
liminary examination of this data showed that ten minutes
enabled many students to respond to more than 35 items.
The time period was subsequently reduced to eight minutes

and data were collected from 967 subjects.
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Hypotheses

The research hypotheses that were examined in this
study were:

1. When multiple choice items in social studies and
natural science are converted to true-false form,
the Kuder-Richardson Formula 20 reliabilities of
the two test forms are not different, regardless
of the subject matter.

2. When multiple choice items in social studies and
natural science are converted to true-false form
using the judgmental and discrimination methods,
the Kuder-Richardson Formula 20 reliabilities of
the true-false tests are not different, regardless
of the subject matter. -

3. A group of examinees can attempt more true-false
than multiple choice items in eight minutes of
testing time.

4. The simple correlation between individual's true-
false and multiple choice test scores is 1.00,

corrected for attenuation.

Analysis
The Kuder-Richardson Formula 20 reliability co-
efficient was computed for each of the two subtests in

each of the eight final forms. The true-false subtest
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reliabilities were adjusted for a lengthened test using
the data gathered regarding the number of items of each
form that subjects responded to in an eight-minute period.
The ratio of the number of true-false items attempted to
the number of multiple choice items attempted was substi-
tuted in the Spearman-Brown Prophecy Formula for this
purpose. The formulas for the Kuder-Richardson Formula 20
(Equation 3.1) and the Spearman-Brown formula (Equation

3.2) are given by Ebel (1965)

_ k T
r =7 [1- ;%1] (3.1)

where r is reliability, k is the number of items in the
test, Ipqg is the sum of the item variances, and 02 is the

test variance.

nrs
r

n_ T+ (n—l)rs (3.2)

where r is the reliability of the lengthened test, n is
the number of times the original test was lengthened, and
r is the reliability of the shorter test.

A test statistic known as the paired t test was
employed to test the difference between multiple choice
and true-false test reliabilities. The statistic, t, was

defined as:

(3.3)

~ |ed
5)
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where d is

(3.4)

and r.n and r,, are the reliability coefficients for the

t
ith pair of subtests from the eight final test forms; and

Sd’ the standard error of the differences, is

i d (3.5)

and di is defined as the difference between the multiple

choice and true-false reliabilities for each i pair.
d,. =r, - r. (3.6)

An hypothesis that the multiple choice and true-
false test reliabilities are not different is tested
against the alternative hypothesis that the null hypothesis
is false. The test statistic is referred to Student's
t-distribution with n-1 degrees of freedom. Values of the
test statistic large in absolute value cause the null
hypothesis to be rejected. The alpha level used in all
statistical tests in this study was 0.05.

The use of the test statistic, t, depends on the

assumption that the sample statistic being tested is
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normally-distributed. Though this assumption was not
strictly met by the data in this study, the large sample
sizes probably overcome that limitation.

Frequency distributions indicating the number of
items subjects responded to in eight minutes were con-
structed based on the A and B test forms. The ratio of
the medians of the two distributions was used as evidence
for supporting or rejecting the third research hypothesis.

A Pearson product-moment correlation coefficient
was computed between individuals' multiple choice and
true-false subtest scores on each of the eight forms.

The correlation coefficients were adjusted for unrelia-
bility in the measurement of the two variables by the
correction for attenuation formula given by Ghiselli

(1964, p. 268):

r = —2>X (3.7)

where X is the true correlation between scores on X and
Y, rxy is the correlation between observed scores on X and
Y, Tox is the reliability coefficient for the X scores,

and ryy is the reliability coefficient for the Y scores.
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The corrected correlation coefficients were tested
to determine if their values were different from unity.

The test statistic used was given by Lord (1957) as:.

(1-,) (1-Bg,)
(l-blz) (1‘b34)

2 _
Xy = 2.3026 (N-1) loglO

[(1 +B,,) (1 +B3,) = 40,3l (3.8)
[(l + 612) (l + 534) - 4 bl3]

where N is the sample size

~

Prp = P3gq = Py3 = 1/3 (B, + 28;3)

512 = b34 is the reliability estimate for the two
measurements
bl3 is the correlation between observed scores for

the two measures

Lord's derivation of the above formula depended on
the use of the correlation between parallel test forms as
a reliability coefficient and it assumed equivalent esti-
mates of reliability for the two measures. The mean Kuder-
Richardson Formula 20 reliability coefficient for the
true-false and multiple choice subtests in each test form
was used as an approximation of 612.

The calculated value of xi was referred to the
chi-square distribution with one degree of freedom and

alpha was preset at the 5% level of significance. The
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decision rule for each test was to reject the null hypo-

Do el 2
thesis (ny—l) if X] > 3.84.

Summary

The 1018 subjects that participated in the final
testing phase of this study were described as representa-
tive of non-urban high school students. Each subject
responded to one of eight test forms in either social
studies or natural science. The 70-item test forms were
composed of half multiple choice and half true-false items.
The true-false items were converted from multiple choice
form by the judgmental and discrimination methods.

Kuder-Richardson Formula 20 reliability coeffi-
cients were calculated for all true-false and multiple
choice subtests. The ratio of the number of true-false to
multiple choice items that subjects attempted in the first
eight minutes of testing was computed. Finally, the cor-
relation between individual true-false and multiple choice
subtest scores was calculated and corrected for attenuation

for each final test form.



CHAPTER IV

RESULTS

Introduction

This chapter is divided into four major sections.
The first section deals with the findings regarding the
number of multiple choice and true-false items that sub-
jects responded to in eight minutes of testing time.

The second section contains the results relevant
to the reliabilities of the multiple choice and true-false
subtests. The outcomes associated with the first two
research hypotheses are reported separately in section two.

Results that reflect on the concurrent validity of
the true-false and multiple choice tests are reported in
the third section. A final section, the chapter summary,

follows.

Results Concerning Amount of
Testing Time

Frequency distributions indicating the number of
items subjects responded to in eight minutes were con-
structed for each of the eight test forms. The medians

and number of examinees for each distribution are shown in

39



40

Table 4.1. Students, in general, worked more rapidly on
the social studies tests than on the natural science tests.
Also, students responded to more true-false than multiple

choice items in the eight-minute period.

Table 4.1. Median number of items attempted in the first
eight minutes of testing for each final test
form.

True-False Items

Test Form SJB SDB NJB NDB
Number of
examinees 121 120 122 122
Items
attempted (Md) 27.44 26.83 23.00 24.83

Multiple Choice Items

Test Form SJA SDA NJA NDA
Number of
examinees 118 123 120 119
Items
attempted (Md) 17.42 17.34 16.42 17.05

The data from the above distributions were combined
to form two frequency distributions, one for form A tests
and one for form B tests. (See Table A2 in Appendix D for
the complete distributions.) The typical performance of
subjects on these forms was represented by medians calcu-

lated for the two distributions. The median for the
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true-false tests, form B tests, was 25.59 and the median
for the multiple choice tests, form A tests, was 17.04.
The ratio of these medians that serves as an index of the
relative rates of work by subjects on the true-false and
multiple choice tests was 1.50. The conclusion drawn from
these data was that, in general, students attempted three
true-false items for every pair of multiple choice items

attempted.

Results Concerning Test Reliability

Kuder-Richardson Formula 20 reliability coeffi-
cients were computed for each subtest of the eight final
test forms. The 16 coefficients are reported in Table 4.2.
The true-false subtest reliabilities were adjusted by the
Spearman-Brown formula to estimate the reliabilities of
tests 1.5 times as long as the original tests. The ad-

justed reliabilities also appear in Table 4.2.

Hypothesis One
The first hypothesis of interest that was stated
in Chapter III was:

Hl: When multiple choice items in social studies and

° natural science are converted to true-false form,
the Kuder-Richardson Formula 20 reliabilities of
the two tests are not different, regardless of the
subject matter.

A visual inspection of the data reported in Table

4.2 indicated that the multiple choice and true-false
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reliabilities were different, and in each case the multiple
choice reliabilities were higher. The differences noted
were tested statistically to determine if these were sig-

nificant differences.

Table 4.2. Kuder-Richardson Formula 20 reliability
coefficients for final subtest forms.

Subtest

Multiple True-False a

Test Form Choice Original Adjusted
SJA .796 .708 .785
SJB .827 .654 .739
SDA . 805 .498 .598
SDB .851 .641 .728
NJA .835 .759 .825
NJB .852 .612 .703
NDA .854 .704 .781
NDB .862 .645 .732

4The adjusted true-false test reliabilities were
estimated by the Spearman-Brown formula for a test 1.5
times the length of the original test.

The test statistic, t, reported as Equation 3.3,
was used to test the hypothesis Hi: Pn = Pt against the
alternative hypothesis that Hi is false. The pairs of
reliability coefficients and their corresponding di's are
included with the computational data in Table 4.3. The

computed value of t was 5.520. Since the decision rule
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for this test was to reject Hi if -2.365 < t < 2.365

o S . 1
(t(‘05)7 = 2.365), a decision was made to reject Ho'

Table 4.3. Computations for testing hypothesis one.

Test Form® rim rit di (a;-3)2
SJA .796 .785 .011 .007709
SJB .827 739 .088 .000117
SDA .805 .598 .207 .000067
SDB .851 .728 §1:23 .000586
NJA .835 .825 .010 .007885
NJB .852 .703 .149 .002520
NDA .854 .781 .073 .000666
NDB .862 .732 .130 .000973

d = .0988
Sd = .0506
=8

2Means and variances for the final test forms can
be found in Appendix E.

The conclusion based on these data was that the
reliabilities of multiple choice and true-false tests were
different, and, by inspection, the multiple choice relia-

bilities were consistently greater.

Hypothesis Two
The second hypothesis of interest that was stated

in Chapter III was:
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N

H : When multiple choice items in social studies and
natural science are converted to true-false form
using the judgmental and discrimination methods,
the Kuder-Richardson Formula 20 reliabilities of
the true-false tests are not different, regardless
of the subject matter.

An examination of the data reported in Table 4.2
showed that the true-false test reliabilities were rela-
tively homogeneous. The two most extreme values, .825 and
.598, favored the judgmental forms.

A paired t test was used to test the hypothesis

H : P. =

. . . 2
o ig PiD against the alternative hypothesis that HO

is false. The computations for this test appear in Ap-
pendix C. Since the calculated value of the test statistic,

1.307, did not exceed the critical value, t( = 3.182,

.05)3
a decision was made not to reject Hi. The conclusion was
that the reliabilities of the true-false tests constructed
by the judgmental and discrimination methods were not

different.

Results Concerning Concurrent

Validitx

Each subject received a score on the multiple
choice and on the true-false subtests of the test form to
which he responded. A Pearson product-moment correlation
coefficient was calculated between subtest scores on each
of the eight final forms. These are presented in Table

4.4. The correlation coefficients were adjusted for
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unreliability in the measurement of the two variables by
the correction for attenuation formula given as Equation
3.7. These estimates of the correlation between the true

scores on the two subtests are also depicted in Table 4.4.

Table 4.4. Correlation coefficients for multiple choice
and true-false subtest scores on each final

form.

Test Form Tt r 2 N
SJA .578 .769 126
SJB .697 .947 127
SDA .564 .891 128
SDB .430 .582 128
NJA .661 .831 126
NJB .728 1.009 129
NDA .710 .916 125
NDB .825 1.107 129

aDesignates Yot corrected for attenuation.
The fourth research hypothesis of interest was
stated in Chapter III as:

H4: The simple correlation between individuals' true-

© false and multiple choice test scores is 1.00,
corrected for attenuation.

An inspection of the correlation coefficients in
Table 4.4 revealed that two of the corrected correlations
exceeded one. The explanation for actual values exceeding
the theoretical upper bound of one, according to Lord

(1957, p. 208), is sampling fluctuation. Values greater
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than unity occur when the correlation between observed
scores is larger than the true value or when the observed
reliability coefficients are underestimates of their true
values.

The test statistic, xi, reported as Equation 3.8,

was used to test the hypothesis Hg: P = 1 against the

Xy

alternative hypothesis ul ny < 1 where ny is the dis-

1%
attenuated correlation coefficient.

Table 4.5 provides the results of the six tests
that were carried out, each at the o = .05 level. If the
alpha level had been reduced initially from .05 to .0001
for each test to favor non-rejection of the null hypo-
the results would have been the same. the

thesis, Thus,

usual problem of compounding the alpha level for multiple

statistical tests did not affect the outcomes in this
situation.
Table 4.5. Computations and results of tests for hypothesis

four.

Test Form fpj = p34 P13 P12 = P34 = P13 Pyy x§
SJA .791 .578 .649 .769  55.26*%
SJB .783 .697 .726 .947  14.27*
SDA .702 .564 .610 .891  18.86*
SDB .789 .430 .550 .582 100.42%
NJA .830 .661 .717 .831  54.28%
NJB 1.009
NDA .818 .710 .746 .916  26.95*%
NDB 1.107

*Significant at o < .0001.
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The conclusion drawn from the data represented by

Table 4.5 was that corrected correlations between indi-

viduals' multiple choice and true-false subtest scores

were not perfect (equal to 1.00).

Summary

The results of the data analysis for this study

were presented in this chapter. The findings concerning

the four major research hypotheses were:

l.

Students responded to three true-false items for
every pair of multiple choice items attempted. 1In
addition, students worked more rapidly on the
social studies items than on the natural science
items.

The Kuder-Richardson Formula 20 reliability co-
efficients for the multiple choice subtests were
greater than those of the true-false subtests.
There was no significant difference between the
reliabilities of the true-false tests constructed
by either the judgmental or discrimination methods.
The correlations, corrected for attenuation, be-
tween true-false and multiple choice subtest
scores were significantly different from unity

for six of the eight final test forms.
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CHAPTER V

SUMMARY AND CONCLUSIONS

The purpose of this study was to compare the

reliabilities of multiple choice and true-false tests and

to determine the concurrent validities of true-false tests

that were written to measure understanding of concepts and

relationships. The four major questions that were formu-

lated as research hypotheses were:

l.

Are multiple choice and true-false achievement
tests that were designed to measure the same ob-
jectives equally reliable?

Are true-false tests that are converted from mul-
tiple choice form by the judgmental method as
reliable as those converted by the discrimination
method?

What is the ratio of the number of true-false
items attempted to the number of multiple choice
items attempted by a group of examinees in a fixed
period of time?

Is the correlation between individuals' true-false
and multiple choice subtest scores perfect (+1.00)

when the correlation is corrected for attenuation?
48
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A search of the literature revealed that there
were few recent studies concerning the comparison of true-
false and multiple choice test reliabilities or validities.
The findings of studies completed in the 1920's were in-
congruous and were based primarily on items that measured
factual information. No studies were noted that reported
an objective and reproducable procedure for changing items
from one form to another. There was agreement in the re-
search cited that 1.5 true-false items could be attempted
in the time required to respond to one multiple choice
item. No recent empirical evidence was located to sub-
stantiate this earlier claim.

A sample of 1018 non-urban high school students in
Central Michigan each responded to one of eight test forms
constructed to measure social studies or natural science
achievement. The original multiple choice items used in
this study were selected from a widely used battery of
standardized achievement tests.

Two methods were devised for systematically chang-
ing multiple choice items to true-false form. The judg-
mental method involved the use of secondary school teachers
to choose the multiple choice distractor that would result
in the most plausible false statement. The discrimination
method relied on item analysis data from a multiple choice
testing to identify the distractor that best discriminated

between high and low scorers on the test. The first of
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three phases of testing was needed to gather the item
analysis data.

The true-false items generated by the two conver-
sion methods were tried out in the second phase of testing.
The revised true-false items were incorporated in the
eight test forms used in phase III, the final testing.
Each of the 70-item final forms consisted of 35 multiple
choice and 35 true-false items.

Kuder-Richardson Formula 20 reliability coeffi-
cients were calculated for the 16 multiple choice and
true-false subtests. The ratio of the number of true-
false to multiple choice items that subjects attempted in
the first eight minutes of testing was also computed. The
correlation between individuals' true-false and multiple
choice subtest scores was calculated and corrected for
attenuation for each final test form. Statistical tests
were performed to determine if the subtest reliabilities
were different and to ascertain if the values of the eight
corrected correlation coefficients departed significantly

from unity.

Conclusions

The reliability and concurrent validity coeffi-
cients from the final form subtests are summarized in
Table 5.1. The conclusions associated with the four major

research hypotheses were:
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Table 5.1. Reliability and concurrent validity coeffi-

cients for final subtest forms.

Test Form rypd Tt T . N
SJA .796 .578 .769 126
SJAL .785
SJB, .739 .697 .947 127
SJB . 827
SDA .805 .564 .891 128
SDA, .598
SDB, .728 .430 .582 128
SDB .851
NJA .835 .661 .831 126
NJA, .825
NJB, .703 .728 1.009 129
NJB | .852
NDA .854 .710 .916 125
NDA, .781
NDB, .732 . 825 1.107 129
NDB_ .862

for a lengthened test by the Spearman-Brown formula.

8The true-false test reliabilities were adjusted
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1. The Kuder-Richardson Formula 20 reliability coeffi-
cients were greater for the multiple choice than
for the true-false subtests.

2. There was no significant difference between the
reliabilities of the true-false tests constructed
by either the judgmental or discrimination method.

3. Examinees responded to three true-false items for
every pair of multiple choice items attempted. 1In
addition, students worked more rapidly on the
social studies items than on the natural science
items.

4. The correlations, corrected for attenuation, be-
tween true-false and multiple choice subtest
scores were significantly different from unity

for six of the eight final test forms.

Discussion

The findings of this study are somewhat in agree-
ment with the conclusions drawn by other researchers in
recent work. None of the studies previously cited, how-
ever, used subject matter as a variable of interest. The
reliability coefficients obtained in this study were found
to differ depending on item form, and an inspection of the
data in Table 5.1 demonstrates that higher reliabilities
were observed for the natural science subtests than for

the social studies subtests. The corrected
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concurrent validity coefficients follow this same trend.
The explanation for these observed differences is not
readily apparent. It may be true that the content of the
high school social studies curriculum is less tightly
organized than the subject matter in natural science.
Hierarchically-arranged concepts and principles are prob-
ably more conducive to measurement with a set of rela-
tively homogeneous items than are more loosely knit units
of knowledge. The more heterogeneous social studies test
items are likely to produce a lower coefficient of in-
ternal consistency than are the natural science items.

The results of the statistical tests employed in
the data analysis of this study are probably not of para-
mount importance. The same conclusions could be drawn
from an examination of the data in Table 5.1. The multiple
choice and true-false subtest reliabilities within each of
the test forms are not extremely different for practical
group achievement testing purposes. Only two of the cor-
rected correlation coefficients can be interpreted as
perfect correlations. Five of the remaining six are prob-
ably too low to consider them near perfect. Sampling
fluctuation may be an explanation for the low corrected
coefficients. Another possibility, however, is the con-
jecture that true-false and multiple choice test items do

not measure the same thing.
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The abilities required of examinees to respond to
true-false items are probably different from those needed
to obtain the same score on a comparable four-response
multiple choice test. For example, an individual may mark
a statement true because he could not think of a counter-
example, a situation or occurrence that would make the
proposition false. His search for a counterexample may
have been bounded by time limits or the length to which he
could stretch his mind or the depth of his retrieval system
that he could penetrate. The multiple choice item, how-
ever, limits the universe of comparisons that the individ-
ual must make. He can decide which alternative makes a
true statement with the item stem and then review the re-
maining alternatives to determine if any of them is a
counterexample for the true statement. Though individuals
probably differ in the responding schemes they use, the
manners of responding to true-false and multiple choice
items probably depend on somewhat different abilities.
These differences in abilities required may be reflected
in the test scores and, therefore, in the correlation
coefficient.

The data from this study indicated that examinees'
rates of work varied with item form and content. Students
worked more rapidly on the true-false tests than on the
multiple choice tests and they responded more rapidly to

social studies items than natural science items. One
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practical application of these findings is that teachers
could maximize their classroom testing time by conducting
small experiments to find out the rates of work of their
classes based on the item forms the teacher typically
uses. Those individuals that construct achievement tests
should be aware that rate of work may vary with item form,
content, and difficulty.

The findings of this study suggested that test
quality may be somewhat sacrificed by using true-false
rather than multiple choice items. A practical consequence
of this finding is that a longer, though perhaps a bit
less reliable, test may be used for a given period of
testing if the items are in true-false rather than mul-
tiple choice form. A true-false test may be a feasible
alternative if the examiner is primarily concerned about
the adequacy with which his sample of items represents
the universe of content. A longer test can probably ef-
fect a more thorough sampling of the universe. If, how-
ever, the examiner was not willing to sacrifice reliabil-
ity, a 52-item true-false test with a reliability of .739
would theoretically need to be lengthened to 89 items to
obtain a reliability coefficient of .827 that was achieved
with a 35-item multiple choice test. (The assumptions
required by the Spearman-Brown formula (Equation 3.2)
would have to be considered in judging how much confidence

to place in such an inference.)
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Some teachers express the notion that unambiguous
true-false items are more difficult to prepare than mul-
tiple choice items. Good items of both types are not
actually easy to construct. The individual that finds
more difficulty writing true-false items might utilize one
of the two item conversion methods employed in this study
to make true-false statements. The judgmental method
might be an attractive procedure when examinations are
prepared as a departmental effort. Only one good dis-
tractor is necessary to write a false statement; at least
one good distractor is required for an adequate two-
response multiple choice item. Also, good four-response
multiple choice items can be converted to one true and
three false statements. The converted items can be used
to build a sizeable item bank.

The results of this study depart from the findings
of Storey (1966, p. 285) who concluded his article by
writing that "only a trifler and the uninformed pretend to
measure anything with the relatively invalid, unreliable,
and subject-to-set true-false item." Storey's remark is
unwarranted, however, because he did not compare true-

false items with any other item form in his study.

Limitations of the Study

The schools and classrooms that participated in

this study did so on a voluntary basis. The
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generalizability of the findings to other classrooms is
left to the reader's discretion since a population was not
clearly specified.

Also natural science and social studies tests were
arbitrarily selected for this study. The findings should
not be indiscriminately generalized to tests covering
vastly different subject matter.

The motivation of the subjects to reflect their
true achievement levels on the tests is questionable.
Students were directed not to guess blindly on any test
item but there is no way to determine the extent to which
those directions were followed. Fewer than five examinees
were observed randomly recording their responses throughout
the three phases of testing. Less obvious cases of blind
guessing are not easily detected.

The sample sizes for each of the final test forms
were probably too small to control the sampling fluctuation
that plagues the interpretation of correlation coeffi-
cients. Samples approaching 300 subjects would undoubtedly

have been preferable to groups of 125.

Suggestions for Future Research

The following suggestions are offered for further
investigation into the comparative effectiveness of item

forms.
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The range of true-false subtest scores was re-
stricted compared to the range for multiple choice
scores because the chance scores were different
for the two. It would be appropriate for future
studies to use a lengthened true-false test to
estimate reliability instead of estimating the
reliability for a hypothetically-lengthened test.
This procedure should increase the variability of
the true-false scores and, perhaps, produce a
better estimate of the relationships between

multiple choice and true-false scores.

The use of conversion methods to construct con-
tent-equivalent items could be extended to include
a frequency method and a random method. The fre-
quency method would entail using the multiple
choice distractor most frequently chosen by exam-
inees to make a false statement. The random
method would involve selecting a distractor at

random to make a false statement.

The amount of testing time required for a given
number of items could be investigated for various
item forms in several subject matter areas with

item difficulty used as a control variable.

The results of this study suggested differences in
reliability and concurrent validity associated
with the subject matter content of the test.
Future investigations might profitably be designed

to determine the causes of these differences.

Research is needed to investigate the sampling
fluctuation that sometimes interferes with the
interpretation of the disattenuated correlation
coefficient. Perhaps a monte carlo study in which
sample size is a variable would shed some light on
this matter.
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APPENDIX A

DESCRIPTION OF SCHOOLS PARTICIPATING

IN THIS STUDY






Table Al. Description of schools participating in this

study.
Number
Number of Students
Grade Number of Teachers in the

School Levels of Students in School School District

A 9-12 960 40 3489
B 9-12 452 24 1621
C 7-12 885 40 1914
D 9-12 1120 62 3320
E 9-12 1251 54 4112
F 9-12 1300 67 3763

8This data was compiled from the Michigan Educa-
tion Directory and Buyer's Guide (1970).
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APPENDIX B

DISTRACTOR JUDGMENT TASK




Distractor Judgment Task

Directions:

The following pages contain 70 multiple choice
items with the correct response or best answer circled for
each item. For each item you are to choose from the
remaining alternatives that response which, in your judg-
ment, would appear most attractive to a student that does
not possess sufficient knowledge to respond to the item
correctly.

You might go about this task by thinking: "If I
were going to make a false statement out of this item,
which of the incorrect responses would provide me with the
most plausible statement. Or, which statement would an
uninformed student be most willing to accept as true."

Please respond to each of the 70 items in this
fashion. If two or more incorrect responses seem to be
equally plausible, select one of them for your final
choice on a random basis.

Mark your choice on the enclosed answer sheet as
if you were taking this test. (Of course, none of your
responses will be correct when you have finished.) You
need not f£ill in any of the identification blanks on the
answer sheet.

Thank you for your cooperation. Your promptness
in completing this task will be appreciated.
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APPENDIX C

COMPUTATIONS FOR TESTING HYPOTHESIS TWO



Table A2.

Computations for testing hypothesis two.

Test Form ry rp di (d3-3)2
SA .785 .598 .187 .017902
SB .739 .728 .011 .001781
NA .825 .781 .044 .000085
NB .703 .732 -.029 .006757

d = .0532

.0814
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APPENDIX D

NUMBER OF ITEMS ATTEMPTED IN THE

FIRST EIGHT MINUTES OF TESTING






Table A3. Number of items attempted in the first eight
minutes of testing.

Number of Items Multiple Choice True-False

Attempted N=480 N=487
35 or more 0 56
34 0 8
33 1 16
32 0 16
31 1 11
30 1 25
29 1 22
28 3 29
27 3 21
26 8 38
25 7 19
24 8 20
23 16 26
22 17 24
21 32 34
20 45 25
19 33 15
18 36 21
17 57 19
16 51 8
15 47 13
14 35 2
13 20 3
12 15 2
11 21 0
10 8 0

9 or less 10 4
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APPENDIX E

MEANS AND VARIANCES FOR THE SUBTESTS

OF THE FINAL TEST FORMS



Table A4. Means and variances for the subtests of the
final test forms.

Test Form Mean Variance
SJA_ 24,31 30.67
SJA, 19.55 25.86
SJB, 24.48 18.09
SJB 16.92 43.02
SDA_ 24.21 31.65
SDA, 19.61 15.42
SDB, 22.57 18.17
SDB | 17.44 48.83
NJAm 21.62 40.88
NJA, 19.71 30.61
NJB, 20.78 18.05
NJBm 17.83 47.32
NDA 22.19 44,35
NDA, 21.00 24.69
NDB, 19.36 20.97
NDB_ 16.79 50.63
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