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ABSTRACT

AN EMPIRICAL COMPARISON OF THREE DISTRIBUTIONS
OF ITEM DIFFICULTY WITH RESPECT TO THE
RELIABILITY AND VALIDITY OF THE

RESULTING MEASURES

by Alfred J. Reynolds

The Problenm

There 1s a discrepancy between the practice of
test constructionisgts and that advocated by test theoriste.
Most test theorists advocate that ltem difficulties be
concentrated near the mean ability level of the examinees
whenever it appears likely that item inter-correlations
are low. However, in practice test constructionists
continue to uge items with a wide range of difficulty.
It 1s the purpose of thls study to determine which of
three distributions of item difficulty, used in the con-
structlon of academic achievement tests, 1s most effeotive
in terms of the homogeneity of test scores and their

validity for grading purposes.

Procedure

Existing data from achlevement tests were used to
investigate the problem. Items from three term-end exam-
inations were pooled. Items were selected from these
pools to construct three 50 item experimental tests which
represented a "Peaked", "Rectangular" and "Multimodal®
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distribution of ‘item difficulties for two subject areas.
Reliabilities were computed and validitles were determined,
first by correlating total test scores with total instruc-
tor grades, and second by comparing the abilities of the
tecsts to discriminate among criterion group means, Rella-
bilities and validities were compared statigtically where
posslble and rationally where statistical comparisons did

not seem approprilate.

Findings

1. The "Peaked Test" tended to have larger rellabili-
ties than the "Rectangular Test™ or the *Multimodal Test".

2, The "Rectangular Tests" tended to have larger re-
liabilities than the "Multimodal Tests".

3. When the validating criterion was total instructor
grade, the "Peaked Tests" had larger validities than either
the "Rectangular" or "Multimodal® tests.

4, The "Rectangular Tests" correlated higher with
total instructor grades than the "Multimodal Tests".

5, The "Peaked Tests" discriminated moest effectively
between criterion groups when there was moderate interiltem
correlation.

6. When interitem correlations are high a greater
spread of item difficultles willl produce larger validities,

7. The "Rectangular Tests" were better discriminators
than the "Multimodal Tests".
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CHAPTER I
INTRODUCT ION

There 1s a dlscrepancy between the practice of test
constructionists and that advocated by test theorists.
Cronbach and Warrington (1952), Gulliksen (1945), Richard-
son (1936) and Ebel (1959) are generally agreed that maxi-
mum preclision of measurement will result from homogeneous
item difficulties, concentrated near the mean ability
level of the examinees. Myers (1962:565) says, "those
who produce standardlized tests continue to follow a tradi-
tion that items selected for a test should represent a
wide range in difficulty.* Noll (1957) states that " a
test with adequate range of difficulty should include
items ranging from quite easy to fairly difficult." The
Office of Evaluatlon Services, at Michigan State Unlver-
sity (1963) statee that "it 1is generally desirable that
item difficulty values vary from .20 to .80 so that an ex-
amination will discriminate at all levels." It is the pur-

pose of thls study to lnvestigate this apparent paradox,

Review of Related Literature

The psychometric literature presents numerous arti-
cles dealing with the determination of zappropriate dlstri-
butlons of item difficulty for specific purposes. Methods
employed in investigation of this problem include rational
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analyslis, empirical investigations with real data and
empirical studles using hypothetical data.

Thurstone (1932) analyzed real data resulting from
the construction and administration of numerous dlagnostlc
spelling tests. The results indicated that tests composed
of items concentrated at the 50% difficulty level would
¥ield results most meaningful in the dlagnoses of epell-
ing difflicultlies.

Davis (1963:310) relying on the rational approach
sald that "we can see intultively, however, that since
many kinds of test items have low intercorrelatlions, a
disgtributlion of 1tem difficultlies clustered around the
50% level would often approximate the distribution re-
quired to obtaln maximum discrimination throughout the
range of scores."

Cronbach and Warrington (1952) analyzed hypothet-
ical data in an attempt to determine the effect that
gspread of item difficulty would have on screening effi-
clency for various degrees of item relliability. Consid-
eratlion was also given to the most appropriate level of
item difficulty for maximum screening validity of a
multiple cholce test. The data consisted of conditional
probability matrices mathematically manipulated to yleld
validity coefficlents. The results indicated that the
spread of ltem difficulty should vary directly as the



Se

intercorrelations of the items so that validity would be
maximized over the whole range of scores. Validity at the
extremes could be increased by elther an increase in the
spread of 1tem difficulty or an increase in item unrelia-
bility.

Cronbach and Warrington (1952) assumed that most
tests of mental abillity have low intercorrelations be-
tween 1tems and therefore recommended that “constructors
of educatlpﬁal and psychologlcal tests would be wisge to
make ltem difficulty constant 1in most of thelr tests,
since this lowers validity only for persons having extreme-
ly high or low ability." (p. 147)

Ebel (1959) used a theoretical model and construc-
ted hypothetical tests to analyze the relationship between
item difficulty and examinee scores., He pointed out that
1t 1s not necessary, for effective measurement, to widen
the spread of item difficulties as the range of ablility
of the examinees increases. Elgewhere (1954) he stated
that "where item intercorrelations are low selection of
items whose difficulty 1s near 50% tend to flatten the
score dlstribution, to lncrease the dispersion of scores
and thus to improve the dlscrimination power of the test
as a whole."

Richardson (1936) suggested that if a certain per-

cent of the examlnees are to be sorted out, tests composed
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of items of the same difficulty will be more valid than
those made of items which vary in difficulty. He also
indicated that these items should have a difficulty level
which corresponds to the ability level of the examinees

in the group that are to be accepted. Cronbach and VWar-
rington (1952) also supported this position when they
stated that "in order to design a test which rejects-the
poorest F percent of the men tecsted, items should on the
average be located at or above the threshold for men whose
true ability is at the Fth percentile." (p. 147)

The literature, referred to above, reveals that
test theorlsts have been concerned chiefly with two tynes
of problems. One was to build tests for selection pur-
poses, which would divide a group into two parts, 1l.e.
those to be accepted versus those to be rejected. The
other oroblem was to discrliminate among the examlnees
over the entire continuum of the speciflied behaviloral
characteristic.

A third problem is reflected in the following lit-
erature. It 1s concerned with the need for achievement
tests which willl geparate a group of examinees into sub-
groups for marking purposes. Davig (1950:311) eays tnat
"the assignment of marks (which calls for the division of
a group into several parts) demands maximum accuracy of

measurement at the several dividing polnts scattered



along the range of scores."”

In regard to the construction of tests for various
purposes, Gulliksen (1945:91) states that "whether it 1g
actually best to concentrate all items at one difficulty
level, --- or to distribute items over a difficulty range
in accordance with present test practlice, can be deter-
mined only by experiments such as those reported by Thur-
stone (1932) and Richardson (1963)."

Jackson (1952) engaged in such a study in an effort
to develop a practical method for selecting items for a
test which would separate examinees 1n€o sub groups for
marking purposes so that there would be a minimal error
of measurement at the critical division polnts. He devel-
oped an item analysls procedure which employed the use of
chl-square for selecting items which discriminated between
ad jacent groups. Thls procedure was validated with the
use of data from achlevement tests glven at Michigan State
University. The results indicated that the "adjacent
group technique" proved a satisfactory method for selec-
ting test items under the conditions of this experiment.

Two limitations are apparent in this study. First,
there was no real external criterlon to use 1n computilng
a valildity coeffliclient., Second, the ratlo of 1ltems selec-
ted to those needed was too low (less than 7%) for this

technique to be seriously consldered as a procedure for
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practical test construction.

Myers (1962) attempted to acscertain which of two
types of item difficulty distributioneg would produce
greater rellabllity and validity. He used the items from
a 150-1tem test designed to predict the scholastic apti-
tude of college students to construct four tests of 24
itens each. Two "Peaked Tests" congisted of items whosge
difficulty was between 40% passing and 70% passing. The
other two tests were "U shaped" and consisted of items
whose difficulty was outside the range of those on the
"Peaked Test". Samples from twelve colleges were selec-
ted. Rellabilities were computed for each sample by cor-
relatlng the two 24 ltem tests ot each type. Vallditles
resulted, in each sample, from correlating the test scores
of freshman with thelr average college grades. The results
falled to show any statistically significant difference
between the vallditles for the two types of dlstributions.
The hypothesis that "Peaked Tests" yvield the hest reliabil-
ity was given tentative supnort,

Several factore may have contributed to the incon-
clusiveness of Myers' (1962) study. The criterilon, used
to compute validlitles, conslsted of the average grades re-
celved by freshman. These students were gelected from
twelve different llheral arts colleges whlch differed

wldely, both academicaily and geographically. The sample



slze from each ingtitution varied from 37 to 392. The
samples were also selected in different ways. Reliabili-
ties and validitlies were computed for the test results
for each sample and were then compared for the two tects
by using Wilcoxon's matched pairs signed test.

Meyers consldered each sample to be a matched pair
slnce the same lndlviduals in each sample responded to
both tests. The aselgnment of equal welghts, in the sig-
nificance tests, to the results of the samples which dif-
fered so much ln size, appears to be guestlonable,

Other 1limitations to the study are the short, 24
item, tests used to compute relliabllity, and finally that
the items were chosen solely on the basls of difficulty
indices wlth only a reference, which ls not clearly defined

in the report, to a discrimination 1index.

The Collepe Achievement Test
The college objective achlevement test 1s becoming

increasingly popular as a means for determining grades for
students. The Committee on Measurement and Evaluation of
the American Council of Education emphasizes this impor-
tance, It states that "test data frequently are not the
sole determlners of course grades, but normally they make
a relatively major contribution. --- the final examinatlon
may carry equal or greater welght than other work." (1959)

The obJjective standardized test has grown in
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popularity among college personnel to the extent that Ed-
ucetlonal Testing Service 1s now in the process of develop-
ing "“Course Examlnations, intended to measure end-of-course
achlevement in wldely taught undergraduate courses, in-
cluding technical and professional subjects offered for
college credit." (1963) Innovations such as educational
televlslon, independent study, programmed teachlng, team
teaching, etc., have forced attention to the use of achieve-
ment examinatlons as evaluative devices,

Larger universities often use the scores from ob-
Jectlive achlevement tests to assist in asc<igning final
cource grades, or to glve credit in lleﬁ of taking speci-
fled basic courses within the university. Michligan State
University 1s one which uses obJjective achlevement test
scores to determine 50% of the letter grade for thousands
of students in Natural Sclence, Soclial Sclence, Humanitles,

and American Thought and Language courses.

Theoretical Implicstions of Previoug Recearch

The psychometric literature indicates that appro-
priate item difficulty distribution is a function of the
use that 1s to be made of the test scores. Three types
of 1tem difficulty distributlion are indicated for using
achlevement teete in the assignment of grades. First, a
"Reetangular" distribution results from the common esense

approach, It 1e ascumed that there is a rather wide range
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of abllity among examinees and that these varilous levels
of ability require appropriate levels of item difficulty
for proper dlscrimination. Items must range from the very
easy to the very difficult and lnclude every level of abll-
ity. The frequency dlstribution of these items diffiocul-
ties appears rectangular in shape slnce there are few 1ltems
in each category but there are many cetegories correes-
ponding to the many levels of ability.

The "Peaked" dietribution has received most theor-
etlical and experimental support. It 1g assumed that if
item intercorrelations are low, an item of 50% diffioculty
wlll make more discriminations than an item of any other
difficulty. By concentrating all of the test ltems as
near thls level of difflculty as possible, it is assumed
that maximum disorimination wlll result over the whole
range of ablility levele.1

If the test 1s to be used to divide a group into
well deflned sub groups, discrimination among indlviduals
near the critical division points 1s imperative (Davis
1963; Jackson 1952), Test theory impllies that item diffi-

culty be ooncentrated at these polnts, according to

1 A "normal® distribution of item difficulties
would be intermedlate between rectangular and peaked.
Hence, by interpolatlon the results of thls study may
be tentatively extended to other test types.



lO.

Richardson (1936) and Davis (1963). A threefold problem
1s thus presented to the test constructor who wishes to
bulld a test which will functlion in this manner. First,
he must determine the position of the critical division
points on the continuum of test scores. Second, he must
determine the appropriate number of 1tems to concentrate
at each level. Flinally, the difficulty levels of these
items must be determined.

A solution to the first problem can be found in the
assumption that a certain percentage of the examinees will
recelve a particular letter grade. If the desired per-
centages of students receiving each grade cen be determin-
ed, then these percentages lndlcale the approprlate point
of division on the score continuum,

The second problem is solved by the following
reasoning. It i1s commonly accepted that the rellability
of a test is a function of test length, provided that all
items are somewhat equally effective. Discrimination
among a larger number of scores concentrated about a glven
score should require greater precislon of measurement than
would be the case where discrimination 1s necessary among
a smaller number of scores concentrated in a glven segment
of the score continuum, It follows then, that the number
of i1tems concentrated at each level must be proportional

to the number of scores expected near this level., The
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proportion of each letter grade indicates the proportion
of students to be retailned in each score category. Know-
ing the number of ltems to be included in a particular

test, the appropriate number of items to be selected for

each level can be computed from equation (1).

(1) G X I = N

where:

G = the percent of students recelving
each letter grade

I = the total number of items included
on the test

N = the number of items deslred for a
particular grade level.

A solution to the problem of the approprlate item
difficulty to concentrate at each divisgion point is sug-
gecsted by Lord (1952), Cronbach and Warrington (1952)
and Davie (1963). The consensus is that if a given per-
cent of a group 1s to be selected item difticulty should
be near that corresponding to the percentage of examinees
to be retalned. The percentage of students recelving a
particular letter grade ilndicates the percentage of
students to be retailned in each category. But, students
are also to be retalned for all categories above the one
in question, Therefore, the total percentage of students

retained at each divislon point can only be determined by
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sumning the percentages of students in all categories
above that polnt. Thls percentage will also indicate the
difficulty of the items to be concentrated at that parti-
cular point, assuming that items of a given degree‘of difr-
flculty discriminate most effectively at a corresponding
degree of ability.

The commonly accepted phenomenon known as "regres-
slon toward the mean® implles that true item difficulties
for a group of examineesg will be located in the direction
of the mean from the actual item dAifficulties computed
from a sample group (Hayes, 1963)., Most effective discrim-
ination for groups should result, therefore, from a limited
range of item difficulty focused about the various divi-
sion points, but sgkewed toward the mean.

A theory has been developed here which incorpor-
ates principles of concentration and spread of item diffi-
culty. Groups of items are concentrated but the groups
are of different slze and are spread out in order to dis-
criminate more adequately at different levels of ability.
The application of this theory will result in the construc-
tion of a "Multimodal" tect.

Ihe Setting .
The University College at Michigan State University

is designed to provide for each student a common core of

courses in general education. These ocourses include
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those fundamental areas of knowledge which are felt to be
an lmportant part of the education of all students regard-
less of the individual's field of specialization. All
undergraduates are, therefore, required to take a sequence
of courses in American Thought and Language, Natural B8ci-
ence, Soclial Science and Humanitles.

All students enrolled in these University courses
are required to take a term-end examination which consti-
tutes 50% of the final grade received in the course, These
examinations are standardized achievement tects prepared
from i1tems submitted by instructors in the various courses
and assembled under the direction of the Office of Eval-
uation Services. All students enrolled in a particular
course for a given quarter are tested with the same instru-
ment. Number grades are assigned solely on the basis of
the scores received on these tests. These number grades
are then averaged with a number grade assigned by the
ingstructor to determine the final letter grade assigned 1in
a particular course.

The instructor grades are assigned completely 1inde-
pendently of the test scores. They are based on the
student's performance with regard to his instructor's
aselgnments, tests, recitations, etc. The instructor num-
ber grade 1s assgigned on a 15 point scale. It may be con-

verted 1lnto a letter grade by use of the followlng code:
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1, 2, or 3 equal F; 4, 5, or 6 equal D; 7, 8, or 9 equal
C; 10, 11, or 12 equal B; 13, 14, or 15 equal A.

Ihe Problem

Since the obJectlive achlevement test plays an es-
sential role in the determination of college student's
gradeg, 1t 1s important that these tests be constructed in

such a way as to make their results function most efficlent-

ly. It has been shown that a significant factor in deter-
minling the efficlency of a test, for a specifled purpocse,
wag the distribution of item difficulty.

It i1s, therefore, the purpose of thls study to com- '
pare the efrectlyenees of using three different distribu-
tions of item difficulty, in the constructlon of academlc
achievement tests, in terms of the homogenelty of the
scores and thelr validity for grading purposes.

This study used achievement test data, avallable
from University College term-end examinations at Michigan
State University, to investigate the problem. Three ex-
perimental tests were constructed for each of two subject
areas, These tests represented three different types of
item diffioculty distributions, namely, (1) "Peaked", (2)
"Rectangular", and (3) "Multimodal". The relative effec-
tiveness of these tests was judged by:

1. The level of internal conslstancy as
determined by Kuder Richardson #20,
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2. The degree of correlation with instructor
grades, and

3. The ability to discriminate among inetructor-
grade groups.

The item difficulties used in thls study were baged
on a stratified sample of fifty students in the upper
twenty seven percent of the disgtribution of total test
cscores and a stratified sample of fifty students in the
lower twenty seven percent of the distribution of total
test scores. The samples of fifty students were chosen so
that they possessed approximately the same distributions of
scoree as the larger groups from which they were chosen.
Item difficulties consisted of the total proportion of
students answering the item correctly in both the upper

and lower sample groups.

£roepectus
The following chapter outlines the general plan of

the experiment. The initlal test data and subjects are dis-
cussed and the "Peaked", "Rectangular" and "Multimodal®
experimental tests are described. Chapter III presents

and dlscusses the analyses of the results of the experi-
mental tests. Rellabilitles are compared rationally and
validities are statistically compared both as to correla-
tion with instructor grades and as to ability to dlscrim-
inate among grade groups. The final Chapter summarizes

the prbcedure and findinge of the investigation. It also
Polints out the limitations of the study and offers conclu-

sions and recommendations,



CHAPTER II
PROCEDURES

The purpose of this chapter 1s to outline the
general plan of the experiment. The initlal test data
and subjects used in the study willl be described. Fin-
ally, the experimental tests developed for, and used 1n,

the study will be dlsocussed.

General Procedure

Avalladble data from achlevement tests were used to
investigate the relative effectlveness of the three item
difficulty distributions 1n separating examinees into
groups for grading purposes. Term-end examinatlions from
two subject areas were selected. A rather large pool of
items was needed in order to bulld an experimental test of
the required item difficulty distribution and also of a
satligfactory length. The 1tems from three term-end tests
glven in sequence in each subject area, to the same students
were, therefore, comblned to form ltem pools. Items for
the experimental tests were taken from these pools.

The tests selected were those which had been gilven
in Natural Sclence and in Soclal Sclence for three successlve
terms, l1.e., Fall 1963, Winter 1964 and Spring 1964, Stu-
dents normally take the three courses in sequence, starting

in the Fall and flnishing in the Spring.

16.
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Item analyses were obtalned for each of these tests,
Difficulty and discrimination indices were taken from these
analyses. The difficulty indices were used in selecting
items for the experimental tests. The dlscrimination in-
dices were used to reject undesirable 1ltems and to keep
the items of each test as simllar as possible in regard to
this stastlstic,

The item discrimination index avallable on the items
used in this study, was determined by use of the table pre-
pared for tahis purpose by Flanagan (1936). This index is
an estimate of the product moment correlation coefficlent
between an item and the total test score. The proportion
of successes ln both the lowest and highest 27 percents of
stratified random samples of examinees were used in enter-
ing Flanagan's Table.

The students used in the study were those who had
taken all three terms of each subject in the proper se-
quence; Fall 1963, Winter 1964 and Spring 1964, and had
also recelved an instructor grade for each term. Answer
sheets for these students were obtained and rescored for
each of the three experimental tests. The scores from
each type of experimental test for all three terms were
combined to yleld a total score.

Rellability coefficients were computied for each of
the experimental tests by using the Kuder Richardson #20
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formula. Rational comparisons were made between these
reliability coefflcients. They were also corrected for
length and compared with the rellabilities of the original
tests.

Ingtructor grades for each student for each of the
three terms were obtained and added together for a total
instructor grade. These composite instructor grades
served as the criterion for comparing the vallidities of
the experimental tests. Valldities of a first type were
estimated by the product moment correlation coefficlent
computed between total instructor grade and total test
score., Statlstical tests were used to compare these valid-
ities,

As a gecond validity analysls, groups of students
who had received an average lnstructor grade of A, B, 0,
or D, for all three terms were identified. Teet score
means were computed for each of these groups for each of
the three experimental tests. AdJjacent group means were
compared statistically 1n order to determine which experi-
nental test most adequately disoriminated among instructor

grade groups.

Seleotlon of Tests
The term-end examinations used in this study had
been given to large numbers of students in three oconsecu-

tive courses in the Natural Science and Social Science
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sequences. The serles consisted of the term.end examin-
ations for Fall 1963, Winter 1964 and Spring 1964 for both
courses.

The Natural Sclence examinatlions each contalned
125 items for a total pool of 375 items. The Soclal Bci-
ence tests contalned 100 items in the Fall, 110 in the
Winter, and 120 for the Spring quarter, This gave a total
of 330 items for the Soclal Sclence item pool., The aver-
age rellabllity as determined by Kuder Richardson #20, was
.87 for the Natural Sclence tests and .80 for the Social
Scilence tests. The average valldity, which represented a
correlation with lnstructor grades, was .71 for the Natural
Sclence tests and .62 for the Bocial Sclence tests.

After elimination of 1tems in the Natural Science
item pool which had discrimination indices of less than
«25; 250 1tems remained., The difficulty indloces of these
items ranged from .09 to .97. The frequency distribution
of the 1tem difficulties for these items 1ies given in
Table ].

Soclal Science items were eliminated from the 1ltem
pool if they had a discrimination index less than .20,
This reduced the pool to 261 items. The i1tem difficulties
of these items ranged from .08 to .98. The frequenocy die-
tribution of these i1tems difficulties is also given in
Table I.
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TABLE I. Freoquency Distributions of Item Difficulties
for Natural Solence and Social Science Item
Pools.

— — — ————— —— — — — —— — —  — — —— — —— —— ——————— 3

Difficulty Natural Sclence Soclal Sclence
.86-.98 19 35
«76-.85 45 43
.66-.75 52 47
« 56-.65 58 45
«46-,556 43 38
«36-,45 Sl 31
e26<,35 16 14
e16-,26 13 3

0-.156 4 3
TOTAL ~250 T251

« Both the Natural Sclence and Soclal Science exam-
inations were essentially power tests. KEven though a
time 1imit was imposed, most of the examinees responded
to every item. Both tests were of the multiple cholce
type. The Natural Sclence test had five cholces for each
item. The Social Science 1tems each had four cholces,
Answers were recorded on IBM form I.T.S., 1000 B 4701,
Test papers were carefully checked for marking more than

one answer per item. These were excluded from the study.

The remaining answer sheets were then scored on an IBM



21,
scoring machine. The socore on a test was the total num-
ber of correct responsee since no correction was made for

guessing,

Selectlon of Students

Students who were enrolled in the Natural Sclence
sequence; N.S. 181 - Fall 1963, N.S. 182 - Winter 1964,
and N,S. 183 - Spring 1964, at Michligan State University
comprised the subjects for part of this study. The remain-
ing subjects were those students who enrolled in the Social
Science sequence; S.S. 231 - Fall 1963, S.S8. 232 - Winter
1964, and 8.5. 233 - Spring 1964.1 Students who did not
take all three examlnatlons, who dild not receive an instruc-
tor grade for all of the courses 1n the sequence, or who
used Form B on the Fall term-end examination in both sub-
Ject areas, were eliminated from the study. Most of the
students were college freshman and sophomores,

There were 5168 students who took the Fall Natural
Science examination, 4408 took the Winter test, and 3371
were tested at the end of the Spring quarter. A total of
1423 students were avallable who had taken all three Nat-
ural Science examinatlions, recelived an instructor grade
for each course and used Form A on the Fall term examina-

tion.

1 Some students may have been in both courses.
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The term-end examinations 1n Social Science were
taken by 3189 students 1n the Fall, by 2698 students in
the Winter, and by 2295 students in the Spring. Of these,
909 students were avallable, who had taken all three exam-
inations received instructor grades for each oourse, and

used Form A in the Fall term examination.

The Experimenta) Tegts

Three experimental tests of 50 items each were
developed for uee in both the Natural Sclence and the
Social Solence areas. The ltems for these tests were
taken from the respective 1tem pools which resulted from
combining the items of the term-end examinations in these
two subjects. Items were chosen which had the largest
discrimination index and the appropriate difficulty level
for the test belng developed. Item dlscrimination indlces
were balanced as much as possible. Attentlon was also
given to balancing the number of items taken from the Fall,
Winter, and Spring term examinatlons. Tables 1I and III
present the resulting distributlon of item difficulties
for the three tests 1in each area.

Table 1V shows the mean item difficulties, item
discrimination indlces, and indicates the number of items
taken from the Fall, Winter, and Spring term-end examina-

tions.



23.

TABLE II. Frequency Distributions of Item Difflicultles
for Experimental Tests in Natural Sclence.

Difflioculty Peaked Rectangular Multimodal
Range Test Test Test
.86-1.00 - 7 9
.76~ .85 - 6 20
.66~ .76 - 6 -
56~ .65 <5 4 -
046~ .56 25 7 -
e 36- 45 - 6 15
26~ .36 - 6 -
«16- .25 - 6 2

0- .15 - - 4
TOTAL ) ~ 60 60
Ihe Peaked Tegt

It was poasible to congtruct "Peaked" tests for
both subject areas from the 1item pools.l The items ranged
in difficulty from .46 to .63 for the Natural Science test
and from .48 to .63 for the Social Sclence test. The
composition ot these tesis with respect to item difflculty,
discrimination index and the designation of the test from

whlch the item came, are given in the Appendix.



TABLE III. Frequency Digtributions of Item Difficulties
for Experimental Tests 1n Social Science.

Difficulty Peaked Rectangular Multimodal
Range Test Test Test
.86-1,00 - 6 10
.76~ .85 - 8 22
66~ .75 - 5 -
«56- .65 25 7 -
.46- .55 25 9 -
e 36= .45 - 7 10
.26~ .36 - 6 3
.16- .25 - 2 2

O0- .15 - - 3
TOTAL - BES T 50

The Rectapgular Test
Sufficlent items were avallable in the item pools

to construct a "Rectangular Test" for each subject area.
Few items having the same difficulty index were used in
either test. The range of difficulty for the Natural Soi-
ence test was from .23 to .93. For the Soclal Sclence
test it was from .22 to .92. The composition of the tests
with respect to item difflculty, discrlimination lndex,

and source of items is given in the Appendix.
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TABLE IV. Mean Difficulties, Mean Diecrimination Indices
and Source of Items for Experimental Tests.

Test Mean 'Mean Fall VWinter Spring
Difficulty Discrim,

NATURAL SCIENCE

Peaked «53 .48 17 16 17
Rectangular «56 «46 16 16 18
Multimodal .64 .44 16 16 18

80CIAL SCIENCE

Peaked .55 .39 16 16 18
Rectangular .58 .40 17 15 18
Multimodal .64 .37 16 14 20

The Multimodal Tegt
Consistent with the theory for constructing a

"Multimodal Test" (p. 9-12), a test of thie nature was
conetrucfed for each gubject area. The instructor grades
&sed in the construction of these tests were assigned
independently of the term-end examinatlions in the baslc
college courses. They were reported on a 15 point scale.

A small percentage of the grades other than these, i.e.,‘
deferred or incouplete were excluded from the study. These
percentages wvere averaged for the three quarters involved

in the study and these data are given 1n Table ¥V and VI.
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TABLE V., Percentage of Students Receiving Each Instruc-
tor Grade for Natural Sclence.

Grade Fall Winter Spring Average
A 12.0 12.2 11.0 11,7
B 28.3 29.9 28.8 29,0
C 39.6 41.6 41.3 40.8
D 14,2 12,9 15.1 14,1
F 4.1 2.7 2.9 3.2

TABLE VI. Percentage of Students Receliving Each Instruo-
tor Grade for Soclal Scilence.

Grade Fall Winter Spring Average
A 9.2 9.1 8.8 9.0
B 24,8 24,5 26,9 2b.4
C 44,6 45.2 43.5 44.4
D 15.6 16.0 16.5 16.3
F 4.9 4.5 3.4 4.3

Tables VII and VIII present the number of items
and the respective difficulty level needed to construct
a 50-item “Multimodal Test" for Natural and Social Soi-
ence. Average percentage of instructor grades were taken
from Tables V and VI. The number of items needed in each

category was computed from equation (1), (p. 11)
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TABLE VII. Percentages of Students Recelving Instructor
Grades and Number of Items Needed at Each
Level of Difficulty for the Natural Science
Multimodal Test.

Instructor Percentage Number of Diffioculty
Grade Recelving Itens Level
A 11.7 6 12
B 29.0 15 4)
C 40.8 20 82
D 14.1 9 96

TABLE VIII. Percentages of Students Recelving Instructor
Grades and Number of Items Needed at Each
Level of Difficulty for the Soclal Science
Multimodal Teeset.

————

Ingtructor Percentage Number of Difficulty
Grade Recelving Items Level
A 9.0 5 9
B 25.4 13 34
c 44.; 22 79
D 16.3 10 95

In the actual congtruction of the test the distribu-
tion of item difficultles was gkewed toward the mean. The
resulting ranges of 1tem difficulty for each indicated
level are given 1n Table IX. The data concerning the ac-

tual items lncluded in both tests are given in the Appendix,
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TABLE IX. Range of Item Difficulty in Each Category for
the Multimodal Tests.

NATURAL SCIENCE

SOCIAL SCIENCE

Indlcated Actual Range Indicated Actual Range
Difficulty of Difficulty Difficulty of Difficulty
.96 «89-.97 .95 «91-,.95
.82 «78-.82 .79 «75-.79
41 e4l-.45 34 «35-.40
.12 .12—.20 .09 008-.22
summary

In thies phase of the investigatlion the plan of the

experiment was considered.

in the study were discussed.

The term-end examinations used

The development of, and the

characteristics of the three experimental tests, "Peaked",

"Rectangular®, and "Multimodal" were described.



CHAPTER III1
RESULTS

The purpose of this chapter 1s to present and dis-
cuss the results of the analyses described earlier, from
using the three experimental achlevement tests in two dif-
ferent subject areas. Each of these tests represents a
different type of item difficulty distribution, namely, (1)
"Peaked", (2) "Rectangular®, and (3) "Multimodal®. Each
test was constructed and scored from data avallable on term-

end achlevement examinations at Michigan State University.

R bilit of Experimepntal Tegtg
Rellabilities for the experimental tests were com-

puted from the formula developed by Kuder and Richardson

and reported by Gulliksen (1962). This formula is:
>_ €
Trx = K l - gz 1
K-1
82
x

L B —

where rxx is the rellabllity coefficlient ot the test,
K 1s the number of 1items in the test,
8 ig the variance of item g (eqdals p. (1-p.)
€ vwhere p is the percentage getting tBe &
item correct), and

8 is the test variance.

29
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The 1tem dlfficulties used in constructing the
experlmental tests were considered to be good estimators
of the percentages of examinees getilng each ltem cor-
rect. These item difficultles can be found in the Appen-
dix and were used in the computation of the reliability
coefficlents.

The use of these item difficulties in the Kuder
Richardson #20 formula seems Jjustified if it can be
assumed that the method used to compute them 1g defensi-
ble, that the average abllity levels of the three groups
used in these computations are approximately equal to that
of the ‘experimental group, and that varlance of ltem dif-
ficulties 1s not seriously affected.

Flanagan (1939) defended the method used in compu-
ting the item difficulties (see page 15) for he sald that,
"In practice 1t appears that frequently it is satisfactory
to use the values obtained from this chart together with
an index of difficulty found by averaging the difficultles
for the upper and lower groups".

Although a number of students with low ability
failed to complete the sequence of courses used in this in-
vestigation, a number of those with superlor ability also
elected not to complete the entire sequence, since they
paessed examinatilons in lieu of taking the final courses
in the sequence. Attrition at both ends of the ability
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continuum 1s also indicated in Tables Y and VI. It can
be seen that there 1g a decline in the percentage of both
A'g and F's received, from Fall term to Spring term in
both subject areas. Thisg attrition of the top and low
abllity groups did not greatly affect the average ability
of the groups and, therefore, for the purpose of this
study, the average abilitlies of the three groups were con-
sldered to be the same,

It 1s evident from the Kuder Richardson #20 formula
that test reliability i1g dependent upon the variance of
item difficulties and Tucker (1949) has indicated that while
the mean item difficulty might change the variance proba-
bly would not. He sald that "Estimates can be made of
ltem varliance from exéerimental forms or that 1t might
even be possible to guess a practical value of item vari-
ance from editorial Jjudgement."

Since the assumptions regarding method of computa-
tion of the original difficulty indices, equality of the
groups involved and variance of item difficulties did not
appear to be seriously violated, item difficulties used in
constructing the experimental tests were used in the Kuder
Richardson #20.reliability formula. The resulting relia-
billity coefficient appear in Table X. The test means, and
standard deviations for the experimental tests are also

given in Table X.
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TABLE X, Means, Standard Deviations, and Rellabilities
of the Experimental Tests.

Test Mean Standard Deviation Reliabilaty

NATURAL SCIENCE

Peaked 27.74 7.63 -80

Rectangular 26.89 5.41 .68

Multimodal 31.77 4,64 .63
SOCIAL SCIENCE

Peaked 27.97 6.14 .69

Rectangular 28,78 5.69 .70

Multimodal 32,39 4,41 «59

Evidence that the item difficultles operated as
expected can be ascertailned by an lnspectlion of the experi-
mental test score means as they appear in Table X, and.
comparihg them with the average difficultlies of these tests
ae they appear in Table IV. (page 26) The means of the
teste tend to descent in order of magnitude from & high in
the "Multimodal Test" to a low in the "Peaked Test". This
tendency 1s a reflection of the fact that the average item
difficulty for the tests vary in the same direction., The
*Multimodal Test" was easiest with a mean item difficulty
of .64 whlle the other teste were more difflicult, having
mean item diffioultles in the low .50's. Although there 1is
a reversal in this tendenoy in the Natural Sclence area

involving the "Peaked' and the "Rectangular' tests, this
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reversal is undoubtedly only apparent since there is no
significant difference, at the .05 level for a two-talled
test, between the means of the scores for these two tests.
(t= .014; a.f. = 1422)

The rellabllity coefficients appearing in Table X
are indices of internal conslstancy, computed on the same
sample, and the author 1s aware of no statistilcal pro-
cedure for determining whether or not the differences
among them ‘are statistically significant. A rational an-
alyeis of data pertaining to the reliabilities of the ex-
perimental tests will, therefore, be presented.

Inspection of Table X reveals a general tendency
for the rellabilitieg to descend in order of magnitude from
the "Peaked Test" to the "Multimodal Test® with the rella-
bility of the "Rectangular Test™ falling between these two.
The pattern of the standard deviatlions of the experimental
teste supports this observation, since they descend consle-
tantly, for both subject areas, in the same order suggested
by the reliabilities. This 1s even true in the Social Sci-
ence area where the standard deviation of the "Peaked Test"
exceeds that of the "Rectangular Test" even though the mag-
nitude of the reliabllity coefficients 1s reversed thus
reflecting the fact that total item varlance for the "Peaked
Test" was algo greater, The rank order of the size of the

standard devlations of the experimental tests supports the
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hypothesls that the “Peaked Teste" were most reliable
elnce it 1s generally true that a test which spreads
out examinees farthest on the score continuum, is most
precise 1n measuring the amount of the behavioral char-
acteristic being assessed. (Saupe 1961)

There 1s one dlscrepancy in the general pattern
of the reliabllity coefficlents, In the Social Science
area the "Rectangular Test" has a larger reliability
coefficlent tnan the "Peaked Test". This difference 1s
small however, being only .0l. The actual difference in
favor of the "Peaked Test" in the Natural Science area
1s twelve times as large as the difference in favor of
the "Rectangular Test" in the Social Science area.

An analysis of the function that discrimination
indices have in determining test reliabllity 1s aleo
relevant to the interpretation of the dlscrepancy in the
Soclal Sclence Area. Gulliksen (1962:379) has shown
that "the reliability of the test can be increased only
by makling the average item varliance smaller or the aver-
age item reliability index larger", and has presented
the following formula showling the relationshilp:
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o
- iv%_i —1 . (sg)
Lo ()

where K 1is the number of test 1itens,
1355 is the average item variance, and

T. 8_ 1is the average item reliability
X& & ingex.

Table IV (p. 25) reveals that the average disorim-
ination index for the ”Recténgular Test" in the Social
Science areas 1s .0l larger than that of the "Peaked Test".
It seems reasonable to conclude that this increase in the
average discrimination index would result in an increase
in the average rellability index,

According to (ulliksen, this lncrease in the aver-
age rellabllity index would function to increase the reli-
ability of the "Rectangular Test" over that of the "Peaked
Test". The average item varlance was also smaller for
the "Rectangular Test" thus it too functioned to increase
the rellability of this test. These two variables both
operated in the same directlon and produced &an increase
of only .0l in the reliability of the "Rectangular Test"
in the Soclal Science area. The meager influence of the
small differences in average discrimination index and

average item varlances were reflections of the fact that
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average iltem varlance was free to vary only from near O
to .25, average ltem sgtandard devliation from near 0 to
«0, and average item discrimination index from .20 to

.68 making 1t possible to have average item rellability
indices somewhere between .10 and .34. It wag, therefore,
concluded that small changes in parameters ocould have but
little influence on total test rellability as long as the
number of items remained constant. It could also be con-
cluded that although the average discrimination index of
the "Pezked Test", in the Natural Sclence area, was .04
higher than the "Rectangular Test", thls would not. func-
tion to account for the .12 difference in the reliabili-
ties of these tests as shown in Table X.

Comparison of the relliabllities of the experimental
tests with the average relliabilities of the original tests
presents difficulties beyond the lack of the statistical
test lndicated earller., Items with low indices of dies-
criminatlion were systematically eliminated from the exper-
imental tests and thls fact alone should have caused them
to have higher reliabllity coefficlients, Statistical com-
parison is also hampered by the differences in length
between the experimental teste and the originals. 1In '
splte of these limitatlons, a ratlonal comparison between
them 18 indlicated in order that the origlnal tests might

gserve as bench marks for evaluation of the experimental tests,
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In order that this comparison be made as mean-
ingful as posslible, the reliabllitles of the experlimental
tests were adjusted for length by uging the Spearman-
Brown formula developed for this purpose and reported by
Cronbach (1960). This formula is as follows:

n
n 2 1?F(n{ 1) r

where 4 is the reliadbility of the lengthened
test,

r i1s the reliability of the origlnal
test, and

n 1s the ratio of the new test length
to that of the original test.

For the Natural Sclence experimental tests, "n"
became 2.5 since the original tests each contained 1256
items whlle the experimental tests consisted of 50 items.
*n" was set equal to 2.2 for the Soclal Science experi-
mental tests, since the average length of the original
tests was 110 items, while the experimental tests contaln-
ed 50 items each. Rellabllitiees resulting from these
computations are given in Table XI along with the average
reliabllities of the original tests.

The statistics given in Table X] indicate that
only the rellability of the "Peaked Test" exceeded that

of the original test in the Natural Sclence area. 1In

~
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In the Soclal Science area both the "Peaked Teczt" and
the "Rectangular Test" had reliabilities of greater magni-
tude than the original tests.

TABLE XI. Reliability Coefficlents for Original and
Experimental Tests Adjusted for Length.

Original ©Peaked Rectangular Multimodal
Test Test Test Test

NATURAL SCIENCE .87 91 .84 .81
SOCIAL SCIENCE .80 .83 .84 «76

Validitles of the Experimental Testg
One of the criteria for Judging which of the three

experimental tests disoriminates most effectively, 1s the
correlation with instructor grades., Pearson product-moment
correlation coefficlents were computed between total instruc-
tor number grade and total test score for each of the three
experimental tests. (see p. 18) These coefficlents are
given in Table X]I along with the differences between them.
TABLE XII. Validitieg, Differences Between Them and t's

for these differences, for the Experimental
Tests in Natural Science and 8ocial Science.

P R M (P-R) t (P-M) t (R-M ¢t

N.S. .81 .75 .61 .06 6.46 .20 20.42 .14 12.38
S.8. .65 .59 .49 .06  3.26 .16  8.29 .10 4.67
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A gtatlstlical test for the significance of dif-
ferences between correlatlion coefficlents, has been re-
ported by Lindquiet (1940). This test 1s appropriate
where two or more tests have been correlated for the
same group of subjects with the same varlable. In the
present study the three experimental tests were all cor-
related with the game student's instructor grades. This
test of slgnificance was, therefore, applled to the dif-
ferences between the validity coefficlents of the experi-
mental tests used in thisg investigation.

The "t's" given in Table XII were used to test the
null hypotheges that the population correlations between
ingtructor grades and test scores were the same for each
palr of experimental tests. Following is the formula

used,

t = (1;12 - m \/ng_j Vl.'. rg;
V2 \/1 - 15, - r{5 - 135+ z(f12) (F13) (T23)

where r 1ls the correlation between two varlables, and

n 1s the number of cases.

Data used in the computation of these t's is given
in Table XIII. Significance was determined by referral
to the "Table of t" in Edwards (1966). The degrees of

freedom, appropriate to this procedure, are equal to



(n -~ 3). Since the null hypotheses required a two talled

test, and since the level of significance was set at .05,

the table shows that with 1420 degrees of freedom, a "t"

value equal to or greater than 1.96 is required in order

that the null hypotheses be rejected.

TABLE XIII. Correlations Between Experimental Tests and
Ingtructor Grades and Correlations Between
Experimental Tests, Used in Computln% "t

a

for Significant Differences Between Validity
Coefficients for Experimental Tests.

r

r Tra  Tmi rpr rpm mr

pi

NATURAL SCIENCE .81 .75 .61 77 .69 .66
SOCIAL SCIENCE .65 .59 49 .01 «03 «46

Ingpection of the "t's" in Table XII reveals that
all of the "t" values exceed the value of 1.96 necessary
for rejecting the null hypotheses. 8ince the correlation .
coefficlents descend in level of magnitude from the "Peaked
Test" to the "Multimodal Test", and since all of the dif-
ferenoe; in the slzes of the vallditles are significant,
it may be concluded that the "Pesked Test" 1g a better dis-
criminator than elther the "Rectangular Teet" or the "Mul-
timodal Test". It aleo follows that the "Rectangular Test"
ie better than the "Multimodal Test" in this respect.

A comparison of the validitiles of the experimental
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tesgts with those of the original tests should glve some
indlcation of these tests' relative abllity to discrimi-
nate between examineeg on the behavioral characteristic
beilng measured. A statistical comparison between these
valildities 1s not possible since no test is known to the
author which can be used to determine whether or not sig-
nificant differences exist among them. In order to make
the rational comparison as meaningful ae possible the
valldities of the experimental teste were adjusted for
length. This was accompllished by usling the following
formula, reported by Thorndike (1963).

r

Ton * 3 S
v% + - }H)rn

where ron is the validity of the lengthened test,

is the valldity of the original test,

ryy 1s the reliability of the original test,
and,

n is the ratio of the length of the length-
ened test to that of the original test.

The original Natural Sclence tests were each com-
posed of 125 items. Since the experimental tests contain-
ed 50 i1tems each, "n" was equated to 2.5 for computing
the adjusted validity coefficlents of the experimental

tesgt soores in thils area.
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In the Soclal Sclence area the three origilnal
tests contained 1CO, 120, and 110 items respectively, for
an average of 110 items. "n" was, therefore, set equal
to 2.2 for computing the adjusted validities of the Soclal
Sclence experimental tests, since each contalned 50 litems.
The validities of the experimental tests corrected
for length appear in Table X]IV. The average valldities
of the original tests used to supply items for the exﬁeri-
mental tests were also given in Table X1V,

TABLE XIV., Validity Coefficients for Original and Experi-
mental Tests Adjusted for Length.

Original Peaked Rectangular Multimodal

Test Teet Test ~ Test
NATURAL SCIENCE .71 .86 .83 .65
B8OCIAL SCIENCE .62 .72 .64 .56

It 1 assumed that the items needed to increase the
length of the experimental tests would be similar to the
exlisting items of the experimental tests. The average re-
1iability index for the items of the experimental tests
would be larger than those of the original testes since
items with a low index of discrimination were systematical-
ly eliminated from the experimental tests. According to
Gulliksen (1962) this would tend to decrease the validity
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of the experimental tests since the validity of a test is
equal to the ratio of its average validity index to 1its
average rellabllity index. It can, therefore, be concluded
from Table XIV that the validity coefficients for the
"Peaked" and "Rectangular" tests are greater, in both areas,

than are those of the original tests.

A Comparleson of Group Means
Ag gtated in Chapter I, one of the two methods by

which valldlties were to be compared in this investigation
is to determine which of three distributions of item dif-
ficulty, uesed in constructing an achievement test, will
most effectively separate a group of examlnees into sub-
groups for grading purposes. In order to answer thils
question the subljects used in this investigation were sep-
arated into criterion groups according to the sum of the
numerical grades assigned by thelr ingtructors for the
three terms being oconsidered. Significance tests were
performed to determine which of the experimental tests pro-
duced sgcores best able to discriminate between adjacent
groups.

Students were aseigned to criterlion groups on the

basls of total instructor grades ae follows (see p. 18).
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TOTAL INSTRUCTOR GRADE  CRITERION GROUP
38 thru 45

29 th{u 37

20 thru 28

11 thru 19

3 thru 10

- U o w >

The results of this procedure are shown in Table
XV. The numbers of individuales in each group are listed
under N in this table., No "F" group appears in the table,
since only one individual was assigned to this group and
that was in the area of Soclal Sclence. This result was
expected since students rarely ocontinue through the en-
tire three course secuence if they fall the firet one or
two courses of that sequence, Table XV also lists the
criterion group score meang for each of the experimental

tests.

Figures 1 and 2 present these crilterion group means
in graphic form. The relative slopes of these llnes as
well as the relative slopes of the short segments connect-
ing the mean score polnts of each group give an indication
of the relative distances between the means. If 1t 1s
assumed that group standard deviatlions, are not signifi-
cantly different for each criterion group, then the slopes
of these lines and also the slopes of the llne segments
should indlcate the abllity of the corresponding tests to
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TABLE XV, MNumbers in Each Criterion Group, Groups Means,
and Group Standard Deviation for the Experi-

mental Tests in Natural Science and Social

Science.
Criterion PEAKED RECTANGULAR HULTIMODAL
Groups N Hean s.d. Mean s.d. Mean 8.4
NATURAL SCIENCE
A 96 39.30 4.22 34.66 377 37.30 3.79
B 459 32.41 6,36 30.38 3.68 34.47 2.85
c 725 26,02 5,64 24.80 4,12 30,36 4,05
D 143 18.75 4.54 21.20 3.98 26.58 3,76
SOCIAL SCIENCE
A 64 37.24 4,390 37.70 4,91 38.52 J3.90
B 272 31.92 4,76 31.78 4.04 34,72 3,05
C 475 25,76 4.94 26.94 5.09 30,91 3.99
D 107 23.13 4.21 24.84 3.66 29,53 3.76

Ingpection of Figure 1 reveals that the "Peaked

Te st" has both an over-all greater slope and also steeper

line segments between each criterlon group than the other

experimental tests in the Natural Sclence area.

These

facts gilve tentative sdpport to the hypotheslis that the

"Peaked Test" was the begt discriminator between criterion

groups.
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It 18 also of interest to note that the segment
from "C" to "B" for the "Peaked Test" has a greater slope
than any other segment on the chart. Examinatlion of Table
XY reveals that these two groups also have larger standard
deviatlons than any of the other groups. Whether or not
these larger dlsperslons of scores within the groups, and
hence greater overlap between them, will geriously affect
the abllity of the test to discriminate between the cri-
terlon groups, can only be determined by a significance
test. This test will follow this dlscussion of Figures
1l and 2.

Exanmination of Figure 2 reveals that apparently
the "Peaked" and "Rectangular® teste in the Soclal Science
area are both better dlscriminators among the criterion
groups than the "Multimodal Test", since both have over-
all greater slopes. The "Peaked Test" seems to be better
in differentiating "C's" from "B's", while the "Rectangular
Test" seems to diecriminate more effectively between group
"A" and group "B"., These observations can only be tenta-
tive since a statlistical procedure using the varlances of
group test scores 1s neceesa?y in order to determine whether
or not these differences are actually significant, A test
is also desirable in order to determine which differences
are significant.

The statistical tests indicated above were performed
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in order to determine whether or not criterion group mean
differences were significant, These dirferences between
adjacent oriterion group score means were oomputed and

are listed in Table XVI. These differences were converted
to z's by using the following formula:

X -X
z = A2

2 2
N, 8 + N5,

N N X
12

where ii and Xé are the means of two groups,

N. and N are the numbers of individuals
1 2 in groups 1 and 2, and

sﬁ and Sg are the varilances of the scores
of groups 1 and 2.

The valuee for X& - Xé were taken from Table XYI.
Table XV 1lists the values for N, The values of 8° can
also be computed from the s.d.'s in this table. The values
for the resulting z's are listed in Table XVII.

The null hypotheses, being tested, 1s that the pop-
ulatlion mean of a group‘s test scores 1s ecual to the pop-
ulation mean of an adjacent group's test scores. If the

level of significance 1s set at .05 and a one-taliled test






50,

lg performed, the table or the normal curve indicates that
a “z" value equal to or larger than 1,65 will permit the
rejection of the null hynotheses. An examination of the
"z" values in Table XVII reveals that all of them are larg-
er than this value. It may be concluded, therefore, that
significant differences exlst among the populatlon means

of adjacent letter group test scores, on all of the experi-
mental tests,

TABLE XVI, Differences Between the Means of AdJjacent

Criterion Groups on the Experimental Tests
for Natural 8cience and Social Science,

Criterion Peaked Rectangular Multimodal
Groups Test Test Test

NATURAL SCIENCE

A-B 6.89 4,28 2.83
B~.C 7.39 5.58 4.11
Cc-D 6.27 3.60 3.78

SOCIAL SCIENCE

A-B 5.32 5.92 3.80

B-C 6.16 4,84 3.81
C-D 6.27 3.60 .78
1

The more preclse t-test could have been used in
making these comparisons. The 2's were used, how-
ever because they were the values that were computed
in the following analysis, because the numbers of
cases were generally large, and because the z's

were go large that 1t was clear the more precise
teet would lead to the same conclusion,
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TABLE XVII. 2's for the Differences Between Criterion
Groups for the Experimental Tests in
Natural Science and Social Science.

Criterion Peaked Rectangular Multimodal
Groups Test Test Test

NATURAL SCIENCE

A_.B 11.87 10.19 8.32

B-C 22.39 23.25 18.68

C-D 12.54 9.73 10.22
SOCIAL SCIENCE

A-B 7.60 9.40 7.92

B-C 16.66 13.44 13.61

C-D 12.06 6.92 9.00

Flgures 3 and 4 are visual representations of the
critical ratios for criterion group differences on each
experimental test and were taken from Table XVII. The
z's were plotted on the ordlnate and assuming that all
other group parameters were equal, the higheet ordinate
for each group difference indicated the corresponding test
best able to dlscriminate between those particular groups.
In keeping with this rationale, Figure 3 reveals that for
the area of Natural Science, the "Rectangular Test" dile-
criminated best between the "B" and "C" groups and that
the "Peaked Teet" discriminated most effectively, "A'sg"

from "B's" and "C's" from "D'g".
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In the Soclal Sclence area, Figure 4 shows the
"Peaked Test" to differentlate best between "C's" and "D'sg"
and "B'e" and "C's". The "Rectangular Test" discriminated
best between group A and group B. Theee observations were
based on the assumptlon that group sizes, varlances and
covariancee were equal. Since this assumption was violated
a statlistical procedure was necescary in order to deter-
mine whlch experimental test dlscriminated most effective-
ly between adjacent criterion groups.

A procedure for this purpose was developed by Saupe,
(1965). He called 1t an "approximate, large sample teet
for comparing the ability of two measures to dlscrimlinate
between two groups". This test may be expressed by the
formula:

AT I
2 = 1 2

RO X 04 NAC(XIB) (X,,)

V 2 2 2 2
N s” 4N s )(Ns 4N sB
(AIA BlB)(AZA+82)

where "z " and "z " are critical ratios of the differ-
1 2 ence to the standard error of the
difference between the mean
scores of two adjJacent groups,

N 1g the number of individuals in
each group,

S 1s the varlance of the scores in
a group, and

c(X, A)(X ) 1s the covariance of the scores
1 2A of two groups.
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Fig. 3 2's Between Adjacent Criterion Groups For
The Experimental Tests In Natural Solence
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Fig. 4 1z's Between AdjJacent Criterion Groupe For
The Experimental Tests In Social Science



The values obtained from substituting the appro-
prlate values in this formula are given in Table XVIII,
Saupe (1965) has assumed that these 25'8 values are nor-
mally distributed., A two-talled test was used to test
the null hypotheges that, the experimental tests in both
subjJect areas, were equally effective in discriminating
between adjacent criterion groups. The slgniflcance level
was set at .05 and the table of the normal curve indicated
that a value of 1,96 or larger, or -1,96 or emaller, was
necescary in order to reject tnhe null hypotheses. An
asterisgk appears above and to the right of the values in
Table XVIII that are beyond these limits. It may be con-
cluded that those values having an asterisk represent dif-
ferences between critical ratios which are statlstioaily
significant. The corresgponding experimental tests can be
assumed to be the best discriminators for the groups and
areas indlcated.

An examinatlon of Table XVIII shows that of the

twelve comparisons of the "Peaked Tesgt" with the other ex-
perimental tests, elght proved to be signiflicantly in favor
of the "Peaked Test". Of the four comparisons which were
not significant, two were in favor of the "Rectangular
Test™ and one of these approached significance.

When compared only with the "Rectangular lest",
three of the elx comparisons were significantly in favor
of the "Peaked Test®. One other was in that direction, but
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not significant. The other two comparisons favored the

"Rectangular Teet" and one of these approached signifi-

cance,

TABLE XVIII, "z '* Values for the Differences Between the
3 "g'g" of Group Differences of the Ex-.

perimental Tests in Natural 8clence and
Soclal 8clence,

Criterilon Z2 - 2 Z - 2 Z -2
Groups P r P m r m

NATURAL SCIENCE

A'g - B'sg 1.67 3.48% 1.46

B's - C's -.89 3.28% 4.13%

C's - Dis 2.40% 2,11+ ~.46
SOCIAL SCIENCE

A's - B's -1.94 -.28 1.96%

B's - C'sg 2,63% 2.53% -.14

C's - D's 4.02% 2.59% -6.06%

The "Rectangular Test" proved to be a better dis-
criminator than the "Multimodal Test" 1n two cases. Only
in one czse was the "Multimodal Test" significantly better
than the "Rectangular Test", and in no cage was 1t statls-
tically superior to the "Peaked Test".

The general pattern of the z's involving "Peaked
Teste" 1n Table XVIII seems to support the findings of the
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Cronbach, Warrington study (1952). They oconcluded that a
"Peaked Test" should be more valid except for examinees of
extremely high or low ability, assuming low interitem oor-
relations. Thils would imply a rise in the abllity of the
"Peaked Tests" to dlgeriminate most effectively among the
middle groups. This abllity 1s indiceted by Table XVIJII
and Figure 4, for the "Peaked Tests", since the measures
(z'e) of abllity to discriminate do rise for the middle
instructor grade groups. Flgure 3 falled to reveal this
trend. No "F' groups were available for this study and
therefore, 1t can only be inferred that 1if this theory can
account for the results of the "Peaked Tests", then the z's
for the "D - F" groups should decline in magnitude.

The only z involving a "Peaked Test" whioch tends to
negate this theory 1ls that for dlscriminating between the
B and C groups in the Natural Sclence area. In this lnstance
a greater actual dilfference occurred between the group mean
scores of the "B - C" groups on the "Peaked Test" than on
the "Rectangular Teet". However, when these differences
were converted to critical ratios, the critical ratio of
the "Rectangular Teet" was larger, although not signifi-
cantly so.

An explanation for this phenomenon 1s indicated by
the fact that the variances of these two groups of test

scores are roughly twice as large for the "Peaked Test"

e |

- =
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as for the "Rectangular Test". Those for the "B" groups
are 28,66 and 13.53, while those for the "C" groups are
31.88 and 17.04 for the "Peaked® and "Rectangular" tests
respectively. Theese large group variances indicate a high
degree of overlap for the scores of the adjacent criterion
groups. This functlioned to decrease significance of the
difference between the means of these groups.

Since the test varlance is equal to the square of
the gum of the item rellablility indices (Gulliksen 1962),
the larger variances for groups B and C imply that for
these groups in the Natural Sclence area the itemg of the
"Peaked Test" had relatively large interitem correlations.
This lncrease in the homogeneity of the items also indi-
cated that the "Peaked Test" became much more reliable
for the two groups with the result that there was an
accompany ing decrease in the validity for these criterion
groups. The explanatlon for this apparent paradox 1g that
in practice as the rellabllity of a test increases the
valldity also increases up to a certain point and then as
rellability continues to increase, validity decreases,
Since validity 1s usually computed from a complex criter-
lon, 1t should not appear strange that a test having a
high degree of item homogeneity should be a poor predictor
for a oriterion heterogeneous in nature. In reality,

as a test becomes more reliable the specificity of measure-
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ment 1lncreases and usually the number of factors belng
measured decreases. If the valldating criterion oconsists
of only those factors belng measured by the test, then an
inorease in reliablility could be expected to bring about an
accompanying increase in valldity. On the other hand, 1if
an increase in reliabllity results in measuring fewer of
the factors relevant to the valldating criterlon, an 1lm-
provement in valldity can not be expected. Apparently
this latter case 1g what happened to the "Peaked Test" for
the "C" and "D" groups 1n the Natural Sclence area.

The Cronbach and Warrington poeitlon has taken this
phenomenon into account, It advocated a wldening of the
range of item difficulty when high correlations existed
anong 1teme., This positlion would, therefore, account for
the lack of validity for the "Peaked Test" in the Natural
Science area, for the "B" and "C" criterion groups, on
the basls that the high interitem correlations for these
groups required a greater spread in item difficulty.

This position would also explain the greater
validity of the "Rectangular Test" for thege groups in
thls area. If 1t can be assumed that the interitem cor-
relation for thies test were similar to those of the "Peaked
Test", then the greater dlspersion of item difficulty in
the "Rectangular Test" would be expected to produce great-

er validity.



The evidence in this section indicated that the
"Peaked Test" was more effective in discriminating among
criterion groups than the "Rectangular Test" in three of
the four comparisons lnvolving groups in the middle range
of ability. It wag assumed that these results were due
to moderate interitem correlations for the criterion
groups involved. There was some indication that the
"Rectangular Test" was a better discriminator between
adjacent criterion groups than the "Peaked Test" for the
other comparison involving groups in the middle range of
ability. Thils result was assumed to be a reflection of
high interitem correlations for the groups involved, Of
the two compafiaons of groups avallable at the extremes
of ability, one favored the "Peaked Test" while the other
favored the "Rectangular Test". Neilther comparison re-
vealed a elgnificant difference. The "Multimodal Tests"
apparently were the poorest disoriminators of the experi-

mental tests.

Sumnary
In this phase of the investigation data gathered

from the experiment were presented and analyzed. The
results were compared statistlically where possible and
rationally where no statistical test was avallable.

A ratlonal examination of the rellability ocoeffi-
clents of the experlmental test indicated that the "Peaked
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Test" was most reliable in the Natural Sclence area, No
real difference between the reliabilities of the "Peaked
Test" and the "Rectangular Test" was apparent in the area
of Soclal Sclence. The "Multimodal Test" anparently was
the poorest of the three experimental tests in regard to
rellability. The "Peaked Teet" had an adjusted rellability
coefficlent larger than that of the original test in the
area of Natural Science. Both the "Peaked" and the "Rec-
tangular® tests had larger adjusted reliabilities in the
Soclal Sclence area than the orlginal tests,

Statistical evidence indicated that the "Peaked
Teet" produced the highest valldity coefficlents of the
experimental tests when instructor grades were used as
the vallidating criterion. The "Rectangular Test" was
next, and the "Multimodal Test" was last in this respect.
The validities of the experimental tests were adjucted
for length, and it was assumed that items added would have
characteristics simllar to those of the exlsting items.
These adjusted valldities of both the “Peaked" and the
YRectangular" tests exceeded the validities of the origi-
nal teets in both subject areas.

When instructor-grade groups were uced as the vall-
dating criteria, the “Peaked Test" wae found to be the
beet digcriminator between most of the adjacent criterion

groups in the middle of tne abllity range. Groups were
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avallable only for the upper extremes of abllity and conm-
parisons between test score means reveals one critlcal

ratio in favor of "“Peaked Testsg" and one in favor of the
"*Rectangular Test". The "Hultimodal Teet® apparently was

the poorest discriminator of the experimental teests,



CHAPTER IV
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

Supmary

The purpose of thig investigation was to determine
which of three distrilbutlons of item difficulty, used to
congtruct achlevement tests, would be most effective in
terms of the homogenelty of thelr scoree and their valld-
itles for gradlng purposes.

Achlevement test data for two subject areas was
avallable at Michigan State University. These data were
used to investigate the problem. The items from three of
these tests, glven in sequence to the same students, were
combined to form an item pool for each of the two subject
areas., Item analyses were available for these tests and
provided item difficulties and discrimination 1indlces,
which were uged in the oonstruction of 50-1tem experimen-
tal tests.

A "Peaked Test" Ain which item difficulty ranged from
.46 to .63, a "Rectangular Test" with a range 1in item
difficulty from .22 to .93, and a "Multimodal Test® wilth
ltems concentrated at four levels of difficulty, were con-
structed for each subject area.

Rellabllity coerfioients were determined for each
test by use of Kuder Richardson #20 formula. Thesge
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coefficlents were compared with each other rationally.
The "Peaked Test" was found to be most reliable in the
Natural Sclence area. No real difference was apparent
between the rellabilities of the "Peaked" and the "Rec-
tangular" tests in the Soclal Science area, although both
had higher relliabllity coefficients than that of the
"Multimodal" test.

The reliabilities of the experimental tests were
corrected for length and compared with those of the orig-
inal tests. It was acknowledged that items with low dis-
crimination indices on the original tests were not includ-
ed in the experimental tests and that this would tend to
increase the reliabilities of the experimental tests,

Only the "Peaked Test" had an adjusted reliability coeffi-
clent higher than that of the original test in the Natural
Science area., Both the "Peaked" and the "Rectangular"

tests were more reliable in the Soclal Science area. The
"Rectangular Test® in thlie area had a reliablility coeffi-
clent only slightly larger than that of the "Peaked Test".

The validlty of the experimental tests was deter-
mined in two ways. First, the total test score for each
of the experimental tests was correlated with a criterion
which conslsted of the total instructor grade for a three
course sequence. The resulting vaelldity coefficlientes

were compared statistically with each other and were also



65,

adjusted for length to correspond with the lengthe of the
original tests and then compared rationally. The statis-
tical comparisons showed that the "Peaked Tests" produced
higher validity coefficlents than any of the other experi-
mental tesfe. The "Rectangular Test" was superior to the
*Multimodal Test" in this respect.

Ratlonal comparisons of adjusted experimental test
validities with original test validitles assumed that the
items added to make the experimental tests as long as the
original tests were slimilar to the exlsting items, and
that items with low discrimination indices eliminated from
the experimental tests would tend to decrease thelir val-
idity. It can therefore be concluded that validity coeffi-
cients for the "Peaked" and "Rectangular® tests were great-
er in both areas than were those of the original tests,

The second means of determining valldity was to
compare the relative abilities of the experimental tests
to discriminate between adjacent instructor grade groups.
Thls was accomplisgshed by computing critical ratios for the
differences between adjacent grade groups for each experl-
mental test, A etatistlocal comparison of these critical
ratios indicated that in a majority of the comparisons
the "Peaked Test" dlscriminated most effectively between
adjacent criterlon groups in the middle of the range of

ablility. Of two comparisons for the upper extremes of
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ability, one favored the "Peaked Test" and one favored the
"Rectangular Test". The "Multimodal Test" apparently was
the poorest discriminator of the experimental tests,

Limitationg
The main purpose of this study was to determine by

empirical means whlch of three distributions of item dif-
ficulty, used 1n the construction of achlevement examina-
tions, would result in the most useful instruments for
grading purposes, Conclusions and recommendations from
this study are tempered by a number of limitations which
should be pointed out.

This investligation was performed with data avallable
on academic achlevement tests in courses at the college
level. Thlg data was compiled under practical conditions
as they exlsted in the actual construction of college
achlevement examinatlons for large numbers of students,
Item statistics were estimated from a sample taken from
the talls of the distribution of test scores. W:ille this
procedure provides statistices which can be used in practi-
cal situatlions with some justificatlon, their use in this
study necessitates the limitation of the inferences of
the results to gimilar situations.

The construction of 650-1item experimental achleve-
ment tests, whose iltems had the desired characteristics,

required a large supply of 1tems that could be accumulated
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only by the pooling of items from three examinations,

This procedure resulted in the attrition of students of
low ability and resulted in the complete loss of an "F*
instructor grade group. Some students of very high abili-
ty also were lost to the study. The assumption was made
that the abllity levels of the groups were not greatly
affected by these losses. However, lack of statistical
evidence of this fact also limits the inferences which
can be made from the results of this study, since item
gstatistics for each course were computed for the different
groups rather than for a total group whlch could be shown
to have an abllity level comparable to that of the experi-
mental group.

The pooling of results from three courses also re-
sulted in the comblning of instructor grades. In egome
cases gtudents may have been taught by the same instructor
for all three terms, and in other cases a different teacher
may have conducted a student's class for each term., The
large numbers of students involved in these three courses
required the services of a large number of instructors
whose subjective evaluations and personalities certainly
had some influence on the grades which they assigned.,

Wnether or not thig had some blasing effect on the actual
instructor grades used in this investigatlion 1s not known.

Comparison of test results was hampered in the case
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of the reliabllity coefficlents since there was a lack of
appropriate statistical teste which would lead to more
definitive oonclusions regarding these results. The ocom-
parison of adjacent grade group means was made by an
approximate test which makes acceptance of the results
somewhat tentative in nature,

A further limitation was the lack of enough items
with the precise characteristics desired in order to con-
struct each experimental test in complete accordance with
ite respective theory. However, in practice, this con-
dition also exists since it ig difficult to odbtain a

plentiful supply of useful items.

Concluslong
The conclusion of thls study are dependent upon the

assunption that item characterlietics other than item dif-
ficulty such as, dlscrimination indices, relliability 1in-
dlces, and validity indices were the same for the differ-
ent types of tests.

In so far as the techniques employed in this inves-
tigation may be Jjustifled, the followlng ooncluslons seem
defengible:

1. College achlevement tests which have ltems con-
centrated within a small range of difficulty, somewhere
near the mean abllity level of the group, have a tendency
to produce larger reliability coefficients than elther
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tests which have 1tems covering a wide range of difficulty
levels, or tests whose ltems are concentrated at four
different ability levels. A major factor accounting for
this 1is the greaster item varilance for items near the mean
abllity level of the group. This results in a larger item
standard deviation and hence a greater reliablllity lndex,
provided that dlisorimination indices are held constant,
and the result 1g a larger rellability coefficlent.

2. College achievement tests which have a wide
range of item diffloultles have a tendency to be more
rellable than those whoge items are concentrated at four
different difficulty levels not including the middle range.
This conclusion results from the fact that omission of
items near the mean level of difficulty tends to decrease
item reliability indilces which are dependent upon item
standard deviations as well as discrimlinatlon indices,

If item discrimination indices are held constant a decrease
in item standard deviation results in a decline in the re-

liability index, and hence, results in a smaller rellabil-

ity coefficient,

3. Validity ocoefficients for college achlevement
tests (ocorrelations with independently assigned instructor
grades) will be larger for tests whose items are concen-
trated near the level of mean group abllity, than for those

tests whose items are concentrated at four different levels,
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or for tests with a wide range of item difficulty when thel
validating criterion is instructor grades. This conclu-
slon agsumes that interitem correlations are similar to
those used in thies study.

4, College achlevement tests composed of a wide
range of item difficulties will correlate higher with
instructor grades than will tests whose item difficulties
are ooncentrated at four different levels assuming that
interitem correlations are similar to those used in this
investigation.

5. College achlevement tests with a small range
of item difficulties concentrated near the average ability
level of the examinees and with moderate interitem correla-
tions have a tendency to discriminate more effectively
among instructor grade groups than those tests whose item
difficulties have either a wide range or are oconcentrated
at four levels. This 1s especlally true for the groups
in the middle ranges of abllity and 1g dependent upon
interitem correlation being simllar to those used in this
study in the area of Social 8clence.

6. College achlevement tests having a relatively
high degree of interitem correlations will disoriminate
more effectively when the variance of item difficulties
is greater than when items are concentrated near the mean

level of difficulty. Test valldity is a function of the
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sum of the varlance of 1tem unrellability and the variance
of item difficulties. Valldity 1s maximum for one score
when thle sum is small, but validity increases for a wider
range of scores as thls sum of varliances lncreases, up to
a certaln point. Therefore, when interitem correlations
are high (low unreliability) a compensatingly larger vari.
ance of item difficulty 1s necessary in order to ilnorease
the sum of variances and hence improve the validity of the
test for a number of scores.

7. College achievement tests whose item difficul-
ties cover a wlde range, discriminate more effectively
among groups than those whose ltems are concentrated at
four ability levels other than near the mean level of abll-
1ty. Thls results from the fact that validity is dependent
upon the ratlo of average valldity index to average rellia-
bllity index. Since the average rellabllity indices of the
two tests are assumed to be equal, the magnltudes of the
validitles of the tests are dependent upon the correspond-
ing sizes of the average vallidlity indices. The major dis-
cernable difference between the two tests 1s the inclusion
of items in the middle range of abllity on one test and
their omisslon on the other test. It 1s, therefore, con-
cluded that the test contalining items near the mean level
of difficulty has a higher validity due to the influence

of these 1tems in increasing the average valldity index.
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Recommendations

In so far as the techniques employed in this study
may be valid, the following recommendations seem Jus-
tifled:

1. If 1t can be assumed that items avallable for
achlevemnent tests have 1tem characteristics simlilar to
the 1ltems used in thlis investigation, 1t 1ls recommended
that in the construction of achlevement tests as many of
the iteme as posslble be located near the mean abllity
level of the examinees.

2. The validlties of the "Peaked Tests" were
clearly superior when individual test scores were correl-
ated with instructor grades. The results of ocomparing
criterion group means presented some evidence that they
were also the best discriminators among some of these
groups. There was also an indication that the "Rectang-
ular Tests" were somewhat effective in this respect.

A gtudy 1g, therefore, recommended which would determine
empirically whether or not a distributlion of item 4if-
ficultles intermediate between "Peaked"® and "Rectangular"
and "Normal" in ghape, would be more effective than either
the "Peaked" or the "Rectangular" distribution in discrim-
inating among the whole range of criterion groups.

3. Thls study was designed to investligate the

relationship which exists between 1tem difficulties and






73

the criteria which instructors use for grading purposes.
The assumptlion was made that item difficulties were not
related to 1tem content. The extent to which this assump-
tion 1g invalld will affect the accuracy of the resultes

of thlis investigation. It is, therefore, recommended that
a study be undertaken to investigate the extent and nature
of any relatlionship which may exligt between item content

and i1tem difficulty.
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APPENDRIZX






NATURAL SCIENCE 80.

Peaked Test

TEM NO, DIFF, DISC ITEM NO, DIFF, DISC,

1, 8105 .46 .45 26, 826 56 .60
2, 8564 46 52 27, W02 .66 «76
S, W .46 49 28, Flo 56 49
4, F69 47 .58 29, W69 57 47
6. W24 .46 ot ) 30. F76 57 43
6. 8103 47 .58 Sl. 892 57 47
7. W44 «49 «57 32, W30 .59 44
8. S104 90 44 33, F33 «99 48
9. F3 <50 37 34, F43 «59 44
10, 879 «S1 27 35, W96 «69 72
11. F34 51 «S0 36, F82 «60 «66
12, Fal «52 «40 37. W11 .60 «63
13. Fg9 .62 ¢33 38, Wil17 «60 «58
14, W16 .52 «29 39, 888 «60 «58
15, 863 .52 33 40, S48 «60 «66
16, 874 52 .48 41, F80 «60 .54
17, 889 «53 42 42, S87 | «61 «61
18, W32 53 42 43. W99 .61 53
19, 860 53 42 44, W11l6 .61 .61
20, 824 54 93 45, W98 62 95
21, F2 .54 4l 46, 873 «835 «67
22, Fb6 .04 «40 47. 844 «83 .58
23, Rl 54 e 33 48, W13 «85 «38
24, F90 55 43 49, W79 64 «09
25, Fa7 55 30 50. F104 «63 «63




NATURAL SCIENCE 81,
Rectangular Test

| __ITEM NO, DIFF, DISC, _ITEM NO, DIFF, DISG,
1. Fl09 .25 .25 26, F5 56 .63
2, 868 17 .65 27, 853 57 .39
3. F51 .20 .30 28, W109 .58 .69
4. wa 21 .53 29, FLO7 .59 .44
6. F78 22 .40 30. 85121 .61 .45
6. 8106 .26 .34 31, W23 .63 .33
7. Wil .27 .28 32. F54 .65 .47
8. F63 29 .4 33, Wo4 67 .43
9. 964 30 .33 34. W97 .69 .66
10. W88 31 35 35. F77 72 .46
11, 583 .33 .53 36, S12 72,70
12, F74 35 .42 37, Wel 74 73
13, 899 37 .37 38, 517 75 .58
14, F8l 39 .40 39, 87 77 .56
15, F70 41,36 40, WI06 79 .45
16, W34 .43 .36 4. Ve 81 .59
17, Feb .44 .45 42, F37 83 .56
18, 831 .45 .51 43, wev .85 .53
19, Fo2 .46 .45 44, 870 84 .83
20. F3l 46 4 45, W12 .86 .40
21, 897 .47 .31 48, 851 87 .50
22, We2 .49 .38 o, sel .88 .48
23, F106 .52 .67 48, Bl122 .89 .46
24, 969 54 .33 49, W3 .90 .30

26, w18 s.1-] 51 50. B8l14 «93 o205




NATURAL SCIENCE 82.
Multimodal Test
ITEM NO, DIFF, DISC. ITEM NO, DIFF, DISC,
1. Fl14 .12 .40 26, S3 78 .34
2, 882 12 .48 27, Wl04 .79 .62
3. W60 14 W31 28, Fl12 .79 .38
4, F42 .16 .36 29, 596 .80 .51
5. F113 .20 .51 30, W14 .80 .61
6. F95 20 .44 31, W53 .80 .44
7. W01 .4 .81 32, Wb .80 .37
8, Wob 42 33, F67 .80 .68
9. F16 .42 .25 34, W118 .81 .59
10, Fa7 43 .36 35. 89 81 .42
11, 819 .43 .51 36, 811 81 .42
12, 832 W43 W31 37, 836 81 .35
13, 895 43 W47 38, F25 .82 .32
14, 8109 .43 .43 39. F50 .82 .58
15, 898 PV 40, W63 .82 .58
16, S71 44 .60 41, W07 .82 .40
17. 822 .44 .53 42. W4 89 .33
18. S18 44,49 43, W93 .90 .30
19, F9 .45 .43 a4, 569 91 LBl
20, F108 .46 .54 45, F21 92 .37
21, F117 .46 .66 46, W42 92,49
22, Faa4 78 .34 a7, 852 .95 .26
23. W49 78 .40 48, 8590 .96 .46
24, W11 .78 .40 49, F38 .95 .25
25, 893 78 .70 60. W10 97 .30




SOCIAL SCIENCE 83.
Peaked Test

- N— — —
—— ——— —  —

ITEM NO, DIFF, DISC, ITEM NO, DIFF, DISC,
1. S110 .48 .26 26, F28 56 4
2. 859 .48 .29 27. W49 .56 .33
3. F1 .48 .29 28. W24 .56 .68
4. F68 .49 .31 29. 813 .56 .33
5. 8592 .49 .46 30. 8101 57 .51
6. F82 50 .33 31. F50 57 .43
7. W8 .50 .29 32. 847 58 .33
8., 5104 50 .66 33, 816 .68 53
9, 812 50 .44 34, W105 58 .33

10, S61 51 31 36. W46 58 .46

1. 87 61 .22 36. F29 .58 .53

12. w08 5L .35 37. F23 59 .44

13, F10 51,22 38, w27 59 .32

14, 869 .53 .36 39, 976 .60 .38

16, W55 53 .39 40. Fsl .60 .30

168, W45 53 .36 41. F39 .60 .21

17. W80 .63 .36 42, F30 61 49

18, F80 54 .33 43, 894 61 .45

19, W2 54 .4 44. 826 61 .36

20, W83 .54 .25 45. F26 .61 .65

21, 84 .54 .33 46, W03 .62 .39

22, 884 .54 .67 47. w102 .62 .43

23, 81 .65 .23 48, F63 .63 .54

24, W16 .55 .23 49, F22 .63 4

26, W99 55 «3b 50, F27 .63 o4l




SOCIAL SCIENCE 84.
Rectangular Test

ITEM NO, _DIFF, DISC, _ITEM NO, DIFF, DISC
1. 883 22 .22 26, F78 57 .23
2. 820 24 44 27, Feo4 58 .21
3. wel 29 .31 8. 564 59 .23
4. 840 30 .38 29, F67 .60 .21
5. W59 31 .55 30. F20 63 .33
6. F4b 32 .56 31, W85 .66 .42
7. 816 .33 .20 32. Fll .66 .49
8. 867 34 .36 33. F6 67 .53
9, W10l .36 .31 34, Fe8 .68 .56

10, 837 .38 .26 35, W53 70 .43

11. F49 39 .32 36. 885 L W52

12, 5100 .40 .21 37. 818 5 56

13, F3l 41 .36 38, 5102 .74 .36

14, F9 .4 .60 39, F57 76 .45

16, W7 .45 .35 40. S120 .76 .50

16, W79 46 .60 4, Fl4 A7 .30

17, Fo2 47 .3 42, 866 .80 .24

18, W9 48,33 43, W3 .83 .48

19. 82 .49 .46 44, F51 .86 .62

20, W65 50 .29 46, 5107 .86 .51

21, F2 51 .38 46, Fal 87 .59

22, 79 .55 .42 47, w63 .88 .57

23, 828 .54 .21 48, 821 .89 .56

24. W89 .56 .43 49, W7 91 .51

25, W77 .56 o33 50, W12 .92 23




SOCIAL SCIENCE 85,
Multimodal Test

ITEM NO, - DIFF, DISC, ITEM NO, DIFF, DISC,
1. F76 .08 «23 26, Ws8 .76 50
2. 841 o13 .38 27, F99 .76 $32
3. $30 .14 31 28, F87 77 .42
4, 842 .18 .21 29, F59 .77 .64
5., B45 .22 .34 30, F13 77 .36
6. F65 .35 <33 31, 836 .77 «36
7. F83 <35 .42 32. B34 77 .36
8. 844 .35 .47 33, 897 .78 47
9, 89 .36 .22 34, 586 .78 .40

10, F43 .36 <39 35, 831 .78 .40

11, W68 .36 .48 36, W29 .78 .28

12, Wwes .38 «30 37. W73 .78 o34

13, W58 <38 o34 38, F35 .78 .28

14, S111 .40 .42 39, F5 .78 «40

15, F47 .40 54 40, W22 .79 .45

16, W43 «40 «30 41, Fa2 .91 .51

17. Wo4 <40 .34 42, F44 <91 .26

18, W6 <40 .26 43, S99 .92 W37

19. 824 .75 .45 44, 360 .93 o34

20, 848 .76 .38 45, F36 .93 .34

21, 835 .76 «21 46, F32 «93 <46

22, 826 .76 .50 47, 873 .94 .43

23, W13 .76 .44 48, W50 .95 +40

24, W48 .76 .32 49, W5 +95 .25

26, W62 .76 .27 50, F7 <95 .26







