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The problem of this study was to examine the

equivalency of two different types of criterion-referenced

item-selection techniques on simulated data as item pools

varied in degrees of item difficulty. A pretest-posttest

design was employed in which pass-fail scores were randomly

generated for item pools of twenty-five items. From the

item pools, the two techniques determined which items were

to be used to make up twelve-item criterion-referenced

tests. The twenty-five items also were rank ordered accord-

ing to the discrimination power of the two techniques.

The simulation of pass-fail scores for 1,000 different

samples of 40, 70, and 100 simulated subjects was obtained

by using the random number generator. For each group of

subjects, eight different pretest-posttest probability

values varying in degrees of item difficulty were utilized.

Change scores from pretest to posttest were considered

in the selection of items by both techniques. One procedure,

the Pretest-Posttest Difference Index (D ) , was obtained by

subtracting the proportion of students who passed a
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particular item on the pretest from the proportion who

passed the same item on the posttest. The second procedure

was a correlational statistic (rdD) that yielded coefficients

between item change scores and total change scores.

A basic assumption of this study was that the order of

items ranked according to the probability of correct re-

sponses on the pretests would be the same order as the items

ranked according to the probability of correct responses on

the posttests.

Hypotheses I, II, and III, stating that there would be

a significant number of items selected in common by the two

techniques, were rejected. Likewise, hypotheses IV, V, and

VI were rejected as there was not a significantly positive

relationship in the rank ordering of the twenty-five items

by discrimination power of the two procedures.

Given the limitations and restrictions of this study,

the following conclusions appear appropriate:

1. Measurementspecialists and other educators inter-

ested in a procedure that selects items to measure the

effects of instruction should consider employing the D
pp

rather than the rdD method.

2. The rdD technique, which was suggested to measure

and maximize reliability of change scores, appears to have

little utility in selecting items to measure the effects of

instruction. In the present study, the rdD procedure
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generally selected items that were passed or failed by the

same subjects on both pretests and posttests.

3. Most of the hypotheses/sub-hypotheses would have

been retained had they been stated in the opposite direction;

namely, (a) there will not be a significant number of common

items selected by the D and rdD techniques, and (b) there
pp d

will be a significantly negative relationship in the rank

ordering of the twenty-five items.
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CHAPTER I

INTRODUCTION

A great deal of attention and discussion has been

generated regarding two approaches toward measurement:

criterion-referenced measures and norm-referenced measures.

These two approaches have been compared, contrasted, and

evaluated with reference to the appropriateness of their

use. Criterion-referenced measures are used to determine

an individual's status with respect to some behavioral or

performance standard used as a criterion rather than to make

interpersonal or group comparisons; that is, an individual's

performance is evaluated with respect to an arbitrarily set

standard.

Norm-referenced measures provide information for making

interpersonal, intergroup, and individual-group comparisons.

In this sense norm-referenced tests result in performance

standards which are relative to the performance of others.

While norm-referenced measures provide information regarding

the ordering of students relative to a proficiency standard,

they provide no explicit data concerning the mastery or non-

mastery of criterion tasks.

One cannot claim that information obtained from

criterion-referenced tests is better or worse than

1
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information obtained from norm-referenced tests because the

utility of any particular kind of measure depends upon the

purpose for which the data are to be used. For example,

norm-referenced measures are appropriate when selection of

students is involved. Which students should be advised to

take college preparatory courses in high school? Which

students should be encouraged to pursue graduate work? On

the other hand, criterion-referenced measures might best be

utilized to determine whether a particular student has

mastered a predetermined criterion necessary for employment

or for additional learning experiences.

The merits of any measurement procedure depend upon

the degree to which it provides useful data to decision-

makers. Criterion-referenced measures provide decision-

makers with information regarding what an individual can or

cannot do with reference to a particular criterion behavior.

Through intermittent testing, a student's progress toward

proficiency or mastery of a criterion standard can be

determined. The measures also yield scores which are

interpretable with reference to instructional and program

objectives. Hence, student placement in an instructional

unit can be more effectively accomplished.

Criterion-referenced measures have been the focus of

attention within the last eight years, particularly regard-

ing problems related to the various dimensions of test

development (2, 4, 5, 11, 15, 16). Yet, some of the many
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problems which remain to be clarified are item construction

and selection, reliability, validity, reporting, and inter-

pretation (11). Because the usefulness of any test depends

upon appropriate items, it behooves the test constructor to

gather as much information as possible about the available

item-selection techniques, especially when different condi-

tions prevail.

One condition in which little or no empirical evidence

has been established is the effects that item pools varying

in degrees of item difficulty have upon item-selection

techniques. Hence, an examination of the equivalency of

two item-selection techniques appeared warranted as item

pools varied in degrees of item difficulty. (The term "item-

selection technique" is used to denote item-analysis pro-

cedures employed for the purpose of determining items that

make up a test.)

In order to investigate the aforementioned effects,

pretest and posttest data were simulated in this study for

item pools containing twenty-five items each, with the

number of "simulated subjects" set at 40, 70, and 100.

Degrees of item difficulty across item pools varied on the

pretests and posttests. After the score distributions for

each sample group had been established, the two item-

selection procedures were applied. One procedure, the

Pretest-Posttest Difference technique (D ), is obtained by

subtracting the proportion of students who pass a particular
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item on the pretest from the proportion who pass the same

item on the posttest. The other procedure, a correlational

technique (rdD), yields coefficients between item change

scores and total change scores. From the item-pool pretests

and posttests, the two procedures determined which items were

to be used to make up twelve-item criterion-referenced tests.

Statement of the Problem

The problem of the study was to examine the equivalency

of two different types of criterion-referenced item-selection

techniques on simulated data as item pools varied in degrees

of item difficulty (i.e., varied in probability of correct

responses to the items).

Purpose of the Study

The purpose of the study was to investigate the equiva-

lency of two different types of item-selection procedures

upon the selection of items to compose criterion-referenced

tests. The items were selected from simulated item pools

having different degrees of item difficulty.

Hypotheses

In the statement of the hypotheses and throughout the

subsequent discussion, the difference in probability of re-

sponding correctly between items 1 and 25 in the twenty-five
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item pools on the pretests is symbolized by delta (A).* The

symbol for theta (0) is employed to signify the difference

in probability of responding correctly between items 1 and 25

on the posttests. The A values were 0.0 and 0.15. When A

equaled 0.0, 0 equaled 0.0, 0.1, 0.2, 0.3, and 0.4. When A

equaled 0.15, 0 equaled 0.15, 0.25, and 0.35.

In carrying out the purpose of this study, the follow-

ing hypotheses were formulated:

I. For a group of 40 simulated subjects (hereafter re-

ferred to as subjects), there will be a significant number of

items selected in common by the Pretest-Posttest Difference

technique (Dpp) and the correlational technique (rdD) when

A. A = 0.Oand 0 = 0.0;

B. A= 0.Oand 0 = 0.1;

C. A = 0.0 and 0 = 0.2;

D. A = 0.Oand 0 = 0.3;

E. A=0.Oand 0 = 0.4;

*The study was designed to have a linear relationship
between the probability of a correct response on a given item
and the ordinal number of its probability of a correct re-
sponse relative to the other items in the pool. Therefore,
items 1 through 25 were rank ordered according to the proba-
bility of their being responded to correctly with item 1 ex-
hibiting at least as much change in probability of a correct
response as item 2, and item 2, at least as much change in
probability as item 3, and so forth. A linear relationship
between the rank and probability of a correct response, as
opposed to a nonlinear relationship, appeared to be the logi-
cal first step in examining the equivalency of the two item-
selection techniques. Also, by imposing the linear relation-
ship, a starting point was established from which other
studies can be undertaken, particularly regarding nonlinear
relationships.
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F. A = 0.15 andO0 =

G. A = 0.15andO0 =

H. A = 0.15andO0 =

II. For a group of

nificant number of items

rdD techniques when

A. A 0.0 and 0 =

B. A = 0.0 and 0 =

C. A = 0.0 and 0 =(

D. A= 0.0 and 0 =(

E. A = 0.0and 0 =(

F. A = 0.15andO0 =

G. A = 0.15 andO0 =

H. A = 0.15andO0 =

III. For a group of

nificant number of items

rdD techniques when

A. Q= 0.0 and0=(

B. A =0.0 and0 =(

C. A = 0.0 and0 =(

D. A=0.0and 0 =(

E. A= 0.0Oand 0 =(

F. A = 0.15 and 0 =

G. A = 0.15 and 0 =

H. A = 0.15andO0 =

0.15;

0.25;

0.35.

70 subjects, there will be a sig-

selected in common by the D and

0.0;

0.1;

0.2;

0.3;

0.4;

0.15;

0.25;

0.35.

100 subjects, there will be a sig-

selected in common by the D and

0.0;

0.1;

0.2;

0.3;

0.4;

0.15;

0.25;

0.35.
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IV. For a group of 40 subjects, there will be a sig-

nificantly positive relationship in the rank ordering of the

twenty-five items in the item pools by discrimination power

according to the Dpp and rdD techniques when

A. A = 0.0 and 0 = 0.0;

B. A = 0.0OandO = 0.l;

C. A = 0.0 and 0 = 0.2;

D. A = 0.Oand 0 = 0.3;

E. A = 0.0 and 0 = 0.4;

F. A = 0.15 andO0 = 0.15;

G. A = 0.15 and 0 = 0.25;

H. A = 0.15 andO0 = 0.35.

V. For a group of 70 subjects, there will be a sig-

nificantly positive relationship in the rank ordering of the

twenty-five items in the item pools by discrimination power

according to the Dpp and rdD techniques when

A. A = 0.Oand 0 = 0.0;

B. A = 0.Oand 0 = 0.l;

C. A = 0.Oand 0 = 0.2;

D. A = 0.Oand 0 = 0.3;

E. A = 0.Oand 0 = 0.4;

F. A = 0.15 andO0 = 0.15;

G. A = 0.15 andO0 = 0.25;

H. A = 0.15 andO0 = 0.35.
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VI. For a group of 100 subjects, there will be a sig-

nificantly positive relationship in the rank ordering of the

twenty-five items in the item pools by discrimination power

according to the D and r dDtechniques when
pp d

A. A = 0.0 and 0 = 0.0;

B. A = 0.0 andO0 =O0.1;

C. A = 0.0 andO0 = 0.2;

D. A = 0.OandO0 = 0.3;

E. A = 0.0and 0 = 0.4;

F. A = 0.15 and 0 = 0.15;

G.. A = 0.15 andO0 = 0.25;

H. A = 0.15andO0 = 0.35.

Background and Significance

Educators and measurement specialists have maintained

that criterion-referenced testing has many applications for

educational practice and decision-making. Some have claimed

that criterion-referenced testing is applicable for curricu-

lum development (9, 16), accountability (8, 12, 13, 14),

assessment of developmental levels (9, 16), and performance

contracting (12, 14). Additional applications are suggested

in the areas of diagnostic assessment (6, 16), construction

of and/or guidance in remedial programs (4, 16), evaluation

of instructional programs (1, 3, 11), and individualized

instruction (5, 6, 7, 8). Further, the utility of criterion-

referenced testing has been suggested with reference to
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economy in testing time (11), and reporting student pro-

gress (8).

Because of the wide applicability of criterion-referenced

tests, it is no surprise that considerable effort has been

expended toward testing item-selection procedures. Some

efforts have resulted in frustration as Popham (10) has very

candidly stated. Nonetheless, his attempts at testing and

refining procedures have led to a technique for detecting

atypical or "poor" items.

Although item-selection techniques have been compared

by three investigators (2, 5, 15), there is a need for more

comparative studies. As late as 1969 Vargas stated that

"since the need for criterion-referenced tests is becoming

more urgent, it is important that item selection techniques

appropriate for such instruments be evaluated and refined"

(15, p. 19). A year later Lindvall and Cox (6) and Ivens (5)

agreed upon a need for more studies of item-selection pro-

cedures. Lindvall and Cox pointed out that "further studies

on item selection procedures are necessary in order to

determine appropriate indices for criterion-referenced-type

measures" (6, p. 23). Ivens claimed that "the need for

criterion-referenced measures is readily apparent, as is the

lack of appropriate indices for constructing and evaluating

such measures" (5, p. 5).

Up to the present time, studies comparing different

item-selection techniques have been carried out with one or



10

two instruments. For example, Cox and Vargas (2) used fifty

elementary children for an addition test and twenty-five

elementary children for a multiplication test in comparing

item-selection procedures for norm-referenced and criterion-

referenced tests. Both the addition test and the multiplica-

tion test were given as pretests and posttests. For the

addition test the norm-referenced index was obtained by

subtracting the percentage of students in the lowest 27

percent in total posttest score who passed the item from the

percentage of students in the highest 27 percent who passed

the item. For the multiplication test the norm-referenced

index was obtained by subtracting the percentage of students

in the lowest 33 percent in total posttest score who passed

the item from the percentage of students in the highest 33

percent who passed the item. The criterion-referenced index,

labeled Pretest-Posttest Difference Index (D ), was obtained

by subtracting the percentage of students who passed a

particular item on the pretest from the percentage who passed

the same item on the posttest. From the analysis of their

data, Cox and Vargas concluded that the criterion-referenced

method of item analysis "seems to produce results sufficiently

different from traditional methods to warrant its considera-

tion when criterion-referenced tests are desired" (2, p. 6).

In 1969, three years after her study with Cox, Vargas

(15) compared another item-selection procedure with the

norm-referenced and D techniques. The added procedure was
pp
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a correlational technique (rdD), proposed in 1966 to measure

change scores by correlating item change with total change.

Vargas' study utilized over 200 students in the sixth grade

and over 200 students in the twelfth grade who were pre-

tested and posttested on two short-answer tests. After data

analysis, she suggested that the three item-analysis pro-

cedures disagreed to the extent that it might be inappro-

priate to use norm-referenced item-analysis procedures with

criterion-referenced tests. She further suggested that

item-analysis techniques such as the rdD or Dpp be employed

with criterion-referenced measures.

In carrying out the purposes of his dissertation "to

develop and to evaluate empirically a set of indices for

criterion-referenced tests that might be used to assess

item and test quality" (5, p. 3), Ivens employed the D
pp

item-selection technique. From his item pool he constructed

two criterion-referenced tests. One test consisted of those

items with the largest difference between pretest and post-

test p values from the item pool and the other consisted of

those items with the smallest difference. (A E value refers

to the proportion of persons passing an item.) Ivens' two

test forms were administered to thirty-four graduate stu-

dents taking a statistics course at The Florida State Uni-

versity. According to his indices of overall effectiveness,

the test with the largest difference between pretest and
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posttest . values was superior to the test with the smallest

difference.

In a recent study by Hsu (4), findings suggested that

item-discrimination indices cannot be used indiscriminately

from sample to sample. Such findings suggest the need for

comparing item-selection techniques when different conditions

prevail. This is particularly true as little regard has

been given to the employment of the rdD index in the selec-

tion of items.

Definition of Terms

For the purpose of this study the following definitions

were formulated:

Criterion-referenced test--A criterion-referenced test

is a test employed to measure an individual's ability to

perform criterion behaviors as specified by behavioral ob-

jectives. The test provides data regarding what a person

can or cannot do with reference to criterion tasks. Hence,

an individual's performance is evaluated with respect to an

arbitrarily set standard, obviating comparison with others.

Item-selection techniques--Item-selection techniques

refer to the indices used to select items to make up a test

from a pool of items. The two techniques of item selection

used in this study were the Pretest-Posttest Difference

technique (D ) and the correlational technique (rdD) ex-

plained in Chapter III.
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Norm-referenced test--A norm-referenced test is

designed to compare one individual's performance with the

performance of others. In this sense norm-referenced tests

result in performance standards which are relative to the

performance of others. In other words, in the norm-referenced

approach to measurement, the meaning of an individual's

score is found in comparing it to the scores of others in a

group rather than to a criterion behavior.

Simulation--Simulation refers to a procedure for ob-

taining random samples from theoretical populations having

certain parameters. Data generated from such a procedure

are called simulated data. For this study, the simulation

of pass-fail scores for 1,000 different samples of 40, 70,

and 100 subjects was obtained by employing the random

number generator at the North Texas State University Com-

puting Center. (See Appendix A.)

Limitations

This study was limited in that different forms of test

items might be a factor in the selection of items by differ-

ent item-selection procedures. For example, recall and

recognition tests generally yield different results because

of the chance factor of guessing on recognition tests.

Theoretically, individuals taking a true-false test should

answer half of the questions correctly without knowledge of

the subject matter. Such would not be the case with recall

test items.
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Because the data for this study were simulated, the

factor of different forms of test items could not be con-

trolled as an independent variable. However, recall test

items were assumed as no formula for guessing was utilized.

Another limitation was the imposed linear relationship

between the probability of a correct response on a given

item and the ordinal number of its probability of a correct

response relative to the other items in the pool. This

limitation was placed upon the study because a linear rela-

tionship, as opposed to a nonlinear relationship, appeared

to be the logical first step in examining the equivalency of

the two item-selection techniques as item pools varied in

degrees of item difficulty. Also, by imposing the linear

relationship, a starting point was established from which

other studies can be undertaken, particularly regarding non-

linear relationships.

Basic Assumption

The basic assumption of this study is that the order of

items ranked according to the probability of correct re-

sponses on the pretests will be the same order as the items

ranked according to the probability of correct responses on

the posttests. This is equivalent to the mathematical

assumption that 0 is never less than A (cf., p. 5).

It is acknowledged that not all empirical data will be

congruent with this assumption. (See graph for Test VII.)
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Nonetheless, it is assumed that those items having higher

probabilities of being responded to correctly before instruc-

tion also will have higher probabilities of being responded

to correctly after instruction. Likewise, it is assumed

that those items having lower probabilities of being re-

sponded to correctly before instruction also will have lower

probabilities of being responded to correctly after instruc-

tion.

The data from which the following graphs were plotted

were obtained by Popham (10, pp. 89-90) from pretest-posttest

administrations of tests/subtests. The tests, consisting of

five items each, were employed to assess an instructional

program designed to teach kindergarten children conceptual

skills required for achievement in academic endeavors. The

graphs illustrate the rank order of items according to the

number of children who passed the pretests and posttests.

A rank of five indicates that more children correctly re-

sponded to the corresponding item than the item having a

rank of four. Item numbers depicted on the graphs were re-

arranged in order to represent a descending rank order of

the items according to the pretest data.

The graphs for Tests IV and VI illustrate the thesis of

the assumption; namely, the order of items ranked according

to the probability of correct responses on the pretests will

be the same order as the items ranked according to the
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CHAPTER II

SURVEY OF THE LITERATURE

In this presentation of the review of the literature on

criterion-referenced measures, the discussion has been divided

into five important current problem areas in criterion-

referenced testing. These sections are as follows: (1) test-

item forms, (2) proficiency standards, (3) item analysis,

(4) reliability, and (5) validity.

Test-Item Forms

Recall and recognition tests generally yield different

results because of the chance factor of guessing which is

inherent in recognition-type tests. Theoretically, indi-

viduals should answer one half of the questions correctly on

a true-false test and one fourth of the items correctly on a

four-choice multiple-choice test without knowledge of the

subject matter. The recognition test, therefore, prevents

the teacher from knowing for sure whether the student guessed

correctly or answered correctly on the basis of knowledge

of the subject. Neither does he know if the student in-

advertently answered a question either correctly or in-

correctly.

It should not necessarily be assumed that a student has

mastered an item if he has given the correct answer on a

19
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multiple-choice or similar recognition-type test item.

Because guessing is involved in responding to such an item,

at least four educators (15, 24,27) have indicated that the

recognition-type item is less appropriate for criterion-

referenced tests than the type item requiring the student

to furnish the answer.

The problem of interpreting responses of recognition-

type items can be dealt with to some extent by using several

test items to measure each behavioral objective. The prob-

lem can be handled to a greater degree by employing several

test items to measure each objective and by following

Ozenne's suggestion for utilizing the correction formula for

guessing (24, pp. 36-37). Before instruction in a course,

there will be more items on which guessing is necessary than

after instruction. Because Ozenne feels the guessing prob-

lem for criterion-referenced measures is a major factor on

pretest results, he points out the importance of using the

formula with pretest scores. His suggestion was offered

because there is typically a large error variance on pre-

tests of multiple-choice tests, resulting from the student's

guessing and his expected low level of knowledge. After

instruction, however, student level of knowledge is ex-

pected to be high, resulting in a small error variance on

posttests. His suggestion, therefore, seems appropriate for

handling the guessing problem on criterion-referenced tests.
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Performance or "hands-on" type activities such as

typing, art productions, dramatic performances, fashion

designing, and arc welding require test items that determine

whether the student can or cannot perform the expected per-

formance-type behaviors. An item specifying that the

student produce answers in some form of written response to

a performance-type activity is inappropriate (6, p. 8). As

yet, there remains a dearth of reported research relative

to test-item formats for performance or "hands-on" type

activities.

Proficiency Standards

Proficiency standards or mastery levels are sometimes

set at perfect performance; however, they are generally set

at some level of achievement which is less than perfect. If

the proficiency standard is set at 75 percent, the student

must correctly answer 75 percent of the items that measure

the behavioral objective in order for him to be given credit

for having mastered the objective. If a given standard is

set at 75 percent, it is difficult to explain why the

standard was arbitrarily set at 75 percent rather than, say,

70 or 80 percent. Hence, in the educational setting, pro-

ficiency standards are difficult to defend.

There is some question expressed by authorities about

what constitutes mastery of a test as well as the means for

setting proficiency standards. Several authors (9, 12, 27,

29) have either used or advocated the use of a number of
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different mastery levels. Ivens, for example, has stated

that "the attainment of criterion performance implies a

standard against which individual scores are compared. This

standard in an educational setting is usually an arbitrary

standard set by either the test user or constructor" (13,

p. 2). Nitko (22), on the other hand, has said that

criterion-referenced testing does not imply the use of a

set standard or criterion score.

Millman (21) pointed out several factors that should

be considered in setting mastery levels. Three of these

factors are (a) a judgment regarding the effects of the

proficiency level on future learning, (b) the financial

costs associated with different levels of proficiency as

related to remedial instruction programs, and (c) the error

attributed to guessing when objective test formats are

utilized.

It is not necessary to base mastery-nonmastery levels

solely on judgment. Block (2), for example, discussed some

guidelines for a methodology of establishing proficiency

standards which minimize judgment or intuition in setting

such standards. Emrick (8) developed an evaluation model

from which optimal mastery criterion could be established on

an empirical basis. Emrick's model provides a systematic

basis for determining student progress, taking into con-

sideration the probability of type I and type II errors.

However, according to Millman (21), two of the basic
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assumptions underlying Emrick's model will limit its use in

some practical situations. The two restrictive assumptions

are (a) the test items which are designed to measure skills

within an objective must be "highly homogeneous in terms of

content, form, and difficulty level" (8, p. 322), and (b)

"an examinee can occupy only one status with respect to the

skill being tested: mastery or nonmastery" (8, p. 322).

Item Analysis

Because much of classical test theory cannot be applied

to criterion-referenced measures (26), questions remain to

be clarified pertaining to the assessment and evaluation of

such measures. Attempts have been made at both assessment

and evaluation. Ozenne (24), for example, proposed and

tested a methodology for test sensitivity. By evaluating

his methodology with a simulation study and three different

empirical studies, he found that tests become more sensitive

in discriminating between competency groups as they "approached

the ideal form for a criterion-referenced measure" (24, p. 88).

Based on his investigation, moreover, he proposed that the

D method of item selection be used in conjunction with
pp

Popham's procedure (25) for the detection of atypical items

as a more effective approach for item analysis than any

single method.

Another item-analysis approach for criterion-referenced

tests was suggested by Wardrop (33). He proposed item
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characteristic curves, a notion taken from latent trait

theory. According to this approach, student abilities are

located along a continuum from no proficiency to mastery

with respect to some criterion task. The goal of the teacher

or measurement specialist is to correctly locate the student's

ability on the continuum.

Hambleton and Gorth (10) have stated that Wardrop's

latent trait approach to item analysis has several attractive

features. For example, in theory at least, it yields item-

difficulty and item-discrimination parameters which do not

vary as a function of the ability group. Also, it permits

the development of tests without prior knowledge of the

group's abilities. Moreover, possibilities of measuring

student progress and growth are suggested since the approach

is based upon an interval scale.

As noted by Hambleton and Gorth (10), however, the

utilization of item characteristic curves as an approach to

item analysis is not without problems; namely, there is no

efficient technique for arriving at item-parameter and

ability estimations. Moreover, the invariance of item

parameters as suggested by Wardrop needs empirical verifica-

tion.

Another approach to item analysis was thoroughly studied

by Ivens (13). He developed and evaluated two indices for

assessing item and test quality for criterion-referenced

measures. His two indices are described below.
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The first index of overall item quality
consists of calculating for each item the value

of the expression

(1 - pre-post agreement) (post-retest agreement)

where agreement is defined as the proportion of

subjects whose item scores (pass or fail) are

identical over the two administrations.

The second index consists of calculating

for each item the value of the expression

(p post - p pre) (1 - I P retest - p post j)

where a represents the proportion of subjects
passing the given item on the particular adminis-

tration. This index, although similar to the

first, relies on group data while the first, relies

on individual data (13, p. 14).

Test quality was assessed "by averaging the index values

across all items of the test" (13, p. 15). While both

indices were sensitive in detecting differences in the

quality of items and tests, the second index was Ivens'

recommended preference for item analysis.

Reliability

Reliability is also a problem with criterion-referenced

tests as many educators have so clearly stated (10, 14, 16,

17, 26, 30, 32). The problem arises because traditional

reliability coefficients depend upon variability, whereas

very little variability may result from criterion-referenced

tests. Popham and Husek (26) suggested that it is possible--

but improbable--that a good criterion-referenced test could

have a zero internal consistency estimate. This, of course,

would be true if everyone taking the test after instruction

were to make perfect scores. Randall suggested that if an
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internal consistency coefficient is high on a criterion-

referenced test, "one may be pleased, but if it is low, one

need not be displeased" (28, p. 6).

In spite of the problems encountered in obtaining

reliability coefficients, progress has been forthcoming in

obtaining estimates of reliability. For example, Carver (3)

suggested a rough statistic to estimate reliability.

Berger (1) presented a simple procedure that a teacher might

use, and Ivens (13) contributed to the estimation of reli-

ability through his discussion and construction of parallel-

test forms.

Edmonston, Randall, and Oakland (7) presented a model

for estimating reliability by using a coefficient of agree-

ment and a variance--free coefficient. Livingston (18, 19,

20), on the other hand,.redefined such concepts as variance,

covariance, and correlation based on deviations from a

criterion score. By redefining such concepts, classical

test theory is utilized in estimating reliability for

criterion-referenced tests. Still another approach was

taken by Roudabush and Green (30). They proposed measures

which focus on the identification of "false positives"

(items marked correctly when the criterion task has not been

mastered) and "misses" (items marked incorrectly when the

criterion task has been mastered).
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Although progress in estimating reliability has been

made, the problem still exists, as others (11, 23, 24) have

pointed out limitations in some of the techniques mentioned

above.

Validity

Validity for criterion-referenced measures is usually

assessed by the effectiveness with which the items measure

the criterion behavior (3, 26). Estimates of validity will,

therefore, depend upon judgments regarding the adequacy with

which items test a criterion behavior (16, 32). Lindvall

and Cox attempted to clarify the judgmental aspect of

estimating content validity. They remarked that "since the

curricular objectives are stated in explicit behavioral

terms, the comparison of intended behavior and behaviors

demanded by test items should be fairly straight-forward"

(17, p. 24). By making test items consistent with the

expressed behavioral objectives, content validity of the

test items can be maximized (5).

According to Dahl (4), testing relies upon the specifi-

cation of measurable behavioral objectives and the test

items that measure the performance relating to the objec-

tives. He, therefore, proposed a content validity technique

pertaining to objective-based tests which he stated are

criterion-referenced. Dahl suggested using monotonicity

analysis, a factor-analytic technique appropriate for binary
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data, for measuring the congruence between behavioral ob-

jectives and test items.

While content validity relies upon judgment, criterion-

related and construct validity are dependent upon variability.

Although very little variability may result from criterion-

referenced tests, Edmonston, Randall and Oakland (7) have

made limited progress in criterion-related and construct

validation. Yet Randall has stated that empirical studies

need to continue in an effort to refine their procedures and

to develop other validation assessment techniques.

Summary

The literature on criterion-referenced measures con-

sistently presented five current problem areas; namely, test-

item forms, proficiency standards, item analysis, reliability,

and validity. Questions remain to be clarified in each of

these areas.

Recall and recognition tests generally yield different

results because of the chance factor of guessing which is

inherent in recognition-type tests. Yet little or no re-

search has been undertaken to determine the effects that

different test-item formats have upon test scores.

Authorities still express concern about what constitutes

mastery and the means of setting proficiency standards even

though educators (2, 8, 21) have clarified and/or developed
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methods for establishing proficiency standards which would

minimize judgment in arbitrarily setting mastery levels.

The literature of current research does not suggest

the preponderant use of any particular item-analysis

approach. Since the item-selection techniques discussed in

Chapter I were proposed, three additional procedures have

been suggested. Measurement specialists are also attempting

to learn more about the existing item-analysis procedures

and to refine them.

There is a problem in estimating reliability and

criterion-related and construct validity because of tradi-

tional dependence upon variability, whereas very little

variability may result from criterion-referenced tests. In

spite of the variability problem, progress has been made in

obtaining estimates of both reliability (1, 3, 7, 13, 18,

19, 20, 30) and validity (4, 5, 7, 17). Yet others (11, 23,

24, 28) maintain that problems still exist.

The literature has suggested that, notwithstanding the

progress made in the development, assessment, and evaluation

of criterion-referenced measures, some theoretical and

practical problems remain to be solved.
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CHAPTER III

PROCEDURES

Item-Selection Techniques

Both item-selection procedures used in this study pre-

suppose two administrations of the same test: one before

instruction and the other after instruction. The change

scores (from pretest to posttest) are then considered in the

selection of items by both techniques.

The Pretest-Posttest Difference Index (D ) was utilized

as one of the two techniques for item selection. The Dpp

index was obtained by subtracting the proportion of students

who passed a particular item on the pretest from the pro-

portion who passed the same item on the posttest. After the

difference between the pretest and posttest proportions had

been computed for each of the twenty-five items in the item

pools, the twelve items with the largest pretest-posttest

difference were used to make up the twelve-item tests.

The second procedure for item selection was a correla-

tional technique (rdD) suggested by Saupe (3) which measures

and maximizes the reliability of change scores. The corre-

lation coefficients obtained by this procedure were between

item change scores and total change scores. The index may

be examined by the expression (3, p. 224)
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rdD = r (y-x) (Y-X)'

where x = pretest item score,

y = posttest item score,

X = pretest total score,

Y = posttest total score,

y-x = pretest-posttest change on an item score, and

Y-X = pretest-posttest change on a total score.

The items selected for the twelve-item tests using rdD

were the twelve items whose change scores correlated highest

with the total change scores of the twenty-five items. This

method of utilizing the items with the twelve largest

positive values of rdD "is perhaps the most popular rule

followed in selecting items in order to increase reli-

ability . . ." (3, p. 224).

Examples of some computations involved in using the two

item-selection techniques are provided in Tables I and II.

The two tables present mini-simulations involving five sub-

jects and five items. In comparing the two mini-simulations,

it should be observed that the pretest in mini-simulation 1

contains exactly the same number of pass and fail scores as

does the pretest in mini-simulation 2. However, the place-

ment of the pass-fail scores in the pretests are different.

The two posttest matrices contain the same number of pass

and fail scores, but the positioning of the pass-fail scores

is different.
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In the selection of items by the Dp and rdD methods,

items 1 and 4 are compared for explanatory purposes. In

mini-simulation 1, item 4, having a higher p value than

item 1, would be chosen for inclusion in a test over item 1

by the Dp method. By employing the rdD procedure to the

pretest-posttest data, item 4 would be chosen over item 1.

On the other hand, item 1 would be chosen over item 4 in

mini-simulation 2 by both the Dp and rdD procedures. This

difference in the selection of items to be included in tests

partly depends upon the placement of pass-fail scores in the

matrices.

For both item-selection procedures the placement of

pass-fail scores on the pretests and posttests was one

determining factor for item selection. Hence, for the

purpose of this study, it was necessary to randomly generate

a large number of simulation runs for each specified

parameter. By generating as many as 1,000 simulation runs,

an averaging effect on pass-fail scores would tend to occur

which would minimize the effects of deviate random scores.

Pass-fail scores for each subject were generated by using

the random number generator employing the IBM 360 Model 50

computer system at North Texas State University.

Conditions and Specifications of the Design

Because this study simulated a pretest-posttest design

using the same subjects for testing, correlation was induced
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into the scores by making the probability equal to 1.0 that

subjects who responded correctly to an item on the pretest

responded correctly to it on the posttest. The induced

correlation was tenable because the test items were assumed

to be of the recall-type rather than the recognition-type.

Nonetheless, as improbable as it may be, an individual might

fail a criterion behavior after instruction even if he had

passed the criterion standard before the instructional

period (i.e., if the instruction were detrimental to

achievement).

The study was designed to make item 1 exhibit at least

as much change in probability of a correct response as

item 2, and item 2, at least as much change in probability

as item 3, and so forth.

The probability of responding to an item correctly can

be shown graphically. For example, as shown in Figures 1

and 2, by drawing a vertical line from item 2 on the x-axis

to the diagonal line and then from that point to the y-axis,

the probability of correctly responding to item 2 can be

obtained. The probability can be read at the point where

the broken horizontal line intercepts the y-axis. As illus-

trated in Figures 1 and 2, the probability of correctly

responding to item 2 on the pretest is 0.17, whereas the

probability of correctly responding to the same item on the

posttest is 0.94. The change in probability from pretest to

posttest of correctly responding to item 2 is 0.77.
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Fig. 1--Pretest line demonstrating the probability of

correctly responding to an item.

On each of the pretests, the mean was set at 2.5 in

order that, on the average, only 10 percent of the items

would be responded to correctly as students generally score

low on tests before instruction. Because posttest scores,

reflecting instruction, should be relatively high, the mean

was set at 20.0. Thus, on the average, 80 percent of the

posttest items were responded to correctly.

The equation for the pretest line is Y. = ai + b,

where Y. = probability,

a = slope of pretest line,

b = intercept of pretest line, and

i = item number.

Given the A value and the pretest mean of 2.5, the slope of

the diagonal line and its intercept were determined.
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Fig. 2--Posttest line demonstrating the probability of
correctly responding to an item.

By placing a restriction on the pretest data so that no

more than one item had a zero probability of a correct

response, the difference in the probability (A) of obtaining

correct responses was calculated. The largest value of A

for obtaining the correct response between items 1 and 25

was 0.2. (See Appendix B.) However, the values for A were

set at 0.0 and 0.15 for the pretest simulation runs. One

thousand such runs were made for each value.

The equation for the posttest line is Z. = ci + d,

where Z. = probability,

c = slope of posttest line,

d = intercept of posttest line, and

i = item number.
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The values for 0 were dependent upon A values, the posttest

mean of 20.0, and the restriction that no more than one item

had a probability of 1.0 of being responded to correctly.

(See Appendix B.) Given the A and 0 values (often referred

to as A-0 values) and the posttest mean of 20.0, the values

for c and d were obtained. The probability of a correct

response could, therefore, be solved for any given item

number.

The best twelve items were selected according to each

technique. However, the techniques yielded some items of

equal discrimination power beyond the twelve-item cutoff

point. Therefore, when the techniques suggested the inclu-

sion of two or more items with equal discrimination power,

the particular items were randomly chosen for test inclusion.

Extension of the Design

The previously mentioned conditions and specifications

of the original design were extended for additional compari-

sons of the two techniques. Another factor was imposed in

the design; namely, that subjects have differences in prob-

ability of correct responses on the pretests and on the post-

tests. Thus, probabilities were imposed so that subject 40

would have a greater chance of correctly responding to

the test items than would subject 39, and 39, than 38, and

so forth. This type of design (hereafter referred to as
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the extended design) simulated differences in the subjects'

achievement.

In order to achieve more meaningful results, some of

the same A and 0 values were employed as they were utilized

in the original design. Hence, for a group of 40 subjects,

the average A and 0 values were

a. A' = 0.0 and 0' = 0.0;

b. A' = 0.0 and 0' = 0.1;

c. A' = 0.0 and 0' = 0.2;

d. A' = 0.0 and 0' = 0.3;

e. A' = 0.0 and 0' = 0.4.

A specific subject's probability of correctly respond-

ing to a specific test item on the pretest is obtained by

the following equation as presented in Appendix C:

_iA' 25 - k + 1 '

ik = +12 V+ 1 0 2

where Yik = probability value for the ith person on

the kth test item,

i = specific person,

k = specific test item,

A' = representative or average A value for the

group of subjects, and

N = number of subjects in the group.

A specific subject's probability of correctly respond-

ing to a specific test item on the posttest is obtained by

the following equation as presented in Appendix C:
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7 1 , 31N + 8 - (N + 1-i)
Zi 9- + 108 (9) 486 + 5 N + 1 N + 1 (1-2]

where Zik = probability value for the ith person on the kth

test item,

i = specific person,

k = specific test item,

0' = representative or average 0 value for the group

of subjects,

A' = representative or average A value for the group

of subjects, and

N = number of subjects in the group.

Statistical Treatment of the Data

For each A-0 combination and each group of subjects the

number of items chosen in common by the two techniques were

obtained. To illustrate, out of the twelve items chosen by

the two procedures, simulation 1 might have yielded five

items in common; simulation 2, seven common items; simula-

tion 3, ten common items, and so forth. The probability of

any given number of items being selected in common was

determined by the function rule for two event classes in

the hypergeometric distribution. The formula is expressed

as (1)

r N-r
k n-k

P (X = k)=- N

n
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where N = number of elements in population,

r = number in one category of population,

N-r = number in other category,

n = number in sample,

k = number in one category of sample, and

n-k = number in other category of sample.

The formula yields probability values presented in Table 
III

as calculated by Lieberman and Owen (2).

Given the twenty-five items in the item pools and the

twelve items to be selected to make up the tests, the

formula for the probability function was employed to

determine the number of items which had to be selected in

common in order to be significant at the .05 level for one

simulation run. It was determined that nine common items

out of a possible twelve would be significantly greater than

chance ( p < .05). This can also be observed from Table III

which presents the frequency function and cumulative

distribution that x items were expected to be chosen in

common.

Because nine common items were determined to be sig-

nificant for one simulation run, that number was used as a

guide in dichotomizing the number of items selected in

common. Eight or fewer common items were placed in one

category, and nine or more common items were placed in the

other category. After dichotomizing the number of items

selected in common, the normal approximation to the binomial
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TABLE III

HYPERGEOMETRIC PROBABILITY DISTRIBUTION IN WHICH THE NUMBER

OF ELEMENTS IN THE POPULATION EQUALS TWENTY-FIVE AND THE

NUMBER IN ONE CATEGORY OF THE POPULATION EQUALS
TWELVE

Number Items Cumulative

Selected in Common Frequency Function* Distribution**

x px Px

0 .000002 .000002

1 .000180 .000182

2 .003630 .003812

3 .030248 .034061

4 .122505 .156566

5 .261345 .417911

6 .304902 .722813

7 .196009 .918822

8 .068059 .986880

9 .012099 .998980

10 .000990 .999970

11 .000030 1.000000

12 .000000 1.000000

*Frequency function refers to the probability that x

number of items will be selected in common. That is, the

probability is 0.122505 that four items will be chosen in

common.

**Cumulative distribution refers to the probability

that x number or fewer numbers of common items will be

selected by the two techniques. For example, the probability

is 0.156566 that four or fewer items will be chosen in

common.

statistic was employed to test hypotheses I, II, and III;

that is, the significance of the number of common items for

the 1,000 simulation runs. The statistic is expressed as

_=(x-0.5) - np,

/iiq
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where x = number of times nine or more items were selected

in common,

n = 1,000 simulations,

p = probability that nine or more common items will

be selected (1.0 - .98688 = .01312), and

q = probability that eight or fewer common items will

be selected (.98688).

From an observation of the cumulative distribution in

Table III, it is evident that eight or fewer items were ex-

pected to be chosen in common 98.7 percent of the time. By

chance alone, eight or fewer common items were expected to

occur 987 times out of 1,000 simulation runs. Relatedly, by

chance alone, 1.3 percent of the 1,000 observations was ex-

pected to exceed eight common items.

For each A-O combination and each item-selection pro-

cedure a rank ordering of the items was obtained, and

Spearman rank-order correlational coefficients were computed

after each simulation run. Each of the 1,000 coefficients

were then placed in one of ten cells or categories derived

from the t-distribution after which the chi-square test of

goodness of fit was employed to test hypotheses IV, V, and

VI.

For purposes of establishing a hypothetical frequency

distribution, the t-distribution was divided into ten cells,

each having an equal probability of an occurrence falling in

each category. The probability values at each point that
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divided the ten cells were then converted into correlation

coefficients (df = 23), resulting in the following distribu-

tion of coefficients: -1, -.26527, -.17602, -.1102, -.053366,

.0, .053366, .1102, .17602, .26527, and 1. With these

points dividing the distribution of coefficients, 
each

category had a probability of .10 that the coefficients for

each simulation run would equally likely fall into any one

of the cells. That is, under the null there was an equal

probability that the correlation coefficients 
would fall in

any of the ten categories.

The expected frequency of coefficients falling in each

cell was 100 for the 1,000 simulation runs. After the com-

puted coefficients were placed in the proper 
cells, the chi-

square test of goodness of fit was employed to test 
sig-

nificance at the .05 level.

In summary, the pretest-posttest design was employed in

which pass-fail scores were randomly generated for item

pools of twenty-five items. From the item pools, the D

and r dD techniques determined which items were used to make

up twelve-item criterion-referenced tests. The techniques

also were employed in rank ordering the twenty-five items.



CHAPTER BIBLIOGRAPHY

1. Kirk, Roger E., personal communication, Department of

Psychology, Baylor University, June, 1972.

2. Lieberman, G. J. and D. B. Owen, Tables of Hyper-

geometric Probability, Stanford, Stanford Univer-

sity Press, 1961.

3. Saupe, Joe L., "Selecting Items to Measure Change,"

Journal of Educational Measurement, 3 (Fall, 1966),

223-228.

49



CHAPTER IV

ANALYSIS OF THE DATA

The pretest-posttest design was employed in this

simulated study. Each subject was generated a pass or fail

score on each test item. Imposed in the design was a

probability difference between items 1 and 25 in obtaining

correct responses in the twenty-five item pools. Probability

differences were referred to as A and 0 for the pretests and

posttests, respectively. For each of the hypotheses, the A

and 0 values were as follows:

a. A = 0.0OandO = 0.0;

b. A = 0.0OandO = 0.l;

c. A = 0.0OandO0= 0.2 ;

d. A = 0.0 andO = 0.3;

e. A = 0.0OandO0= 0.4 ;

f. A = 0.15 andO = 0.1 5 ;

g. A = 0.15 and 0 = 0.25;

h. A = 0.15 and 0 = 0.35.

The first three hypotheses formulated in Chapter I

stated that, for a group of 40, 70, and 100 subjects, there

would be a significant number of items selected in common by

the D and rdD item-selection techniques when the A-0
ppvdD

values are those listed above. The hypotheses were tested

50



51

for significance by employing the normal approximation to

the binomial statistic. Table IV presents the frequency of

the number of items chosen in common by the two techniques

and the test of significance.

As listed in Table IV, the z-values ranged from -1.28

to -3.51. Hypotheses I (A) through 1(H), II (A) through 11(H),

and III(A) through III(H) are therefore rejected. For the

hypotheses to have been accepted, nine or more items would

have been selected in common a minimum of twenty times by

the two techniques. However, the maximum number of nine or

more common items selected was nine (group size, 40 with

A-0 values of .00-.20, and group size, 70 with A-0 values

of .15-.25).

For a group of 40, 70, and 100 subjects and for each

of the A-0 values, hypotheses IV, V, and VI stated that

there would be a significantly positive relationship in the

rank ordering of the twenty-five items in the item pools by

the D and rdD techniques. Table V presents the frequency
pp d

of Spearman rank-order correlation coefficients falling in

one of ten cells and the results of the chi-square test of

goodness of fit.

As observed from Table V, there was a larger number of

negative than positive coefficients, the preponderance of

coefficients falling in cells 1 through 5. Hypotheses IV(A)

through IV (H) , V (A) through V (H) , and VI (A) through VI (H)

are therefore rejected. In order for the hypotheses to have
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been retained, it would have been necessary for the chi-

squares to have reached a significant level 
based upon more

categories containing positive than negative 
coefficients.

Tables.IV and V contain data from the design in which

subjects within each group had the same probability of

correct responses on the tests. However, Tables VI and VII

consist of data from the design that subjects within each

group would have differences in probability of 
correct

responses on the pretests and on the posttests. Thus,

probabilities were imposed so that subject 40 
would have a

greater chance of correctly responding to the test 
items than

would subject 39, and 39, than 38, and so forth.

Table VI presents the frequency of the number of items

chosen in common by the D and rdD techniques and the test

of significance for five average values of A and 0, denoted

by A' and 0', respectively. As observed from Table VI, the

z-values range from -1.56 to -3.64, suggesting that the two

techniques do not select a significant number of common

items.

Contained in Table VII are the frequency of Spearman

rank-order correlation coefficients falling in one of ten

cells and the results of the chi-square test of goodness of

fit. Consistent with the data presented in Table V, there

was a larger number of negative than positive coefficients,

the larger number of coefficients falling in cells 1 through 5.
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Thus, the data suggest that the two item-selection techniques

do not rank order the twenty-five items in the same manner.

To summarize the data already presented, the six

hypotheses were rejected because (a) a significant number of

common items was not selected by the two techniques, and

(b) there was not a significantly positive relationship in

the rank ordering of the twenty-five items. On the contrary,

most of the hypotheses/sub-hypotheses would have been re-

tained had they been stated in the opposite direction;

namely, (a) there will not be a significant number of common

items selected by the Dpp and rdD techniques, and (b) there

will be a significantly negative relationship in the rank

ordering of the twenty-five items. Hence, an explanation is

warranted regarding the unexpected findings.

Correlation coefficients increase as the variability

of one or both variables increases. The rdD coefficients

between total change scores and item change scores would

therefore increase as item variability increases.

With the item change scores of +1 or 0 in the pretest-

posttest difference matrices, variability increases as the

number of subjects who have a change score (+1) on an item

comes closer to the number of subjects who do not have a

change score (0). Thus, maximum variability (a2 = .25) is

reached when p = .5 and q = .5.
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In this study the pretest means of 2.5 (10 percent

correct responses), the posttest means of 20 (80 percent

correct responses), and the A-O values placed restrictions

on the probability of correct responses for each 
test item.

These restrictions, nevertheless, did not affect the random

placement of pass-fail scores within the 
specified parameters.

An example of the selection of items by the rdD technique

follows. With the means constant on all pretests and post-

tests, the largest difference between total item scores

resulted when A = 0.0 and 0 = 0.40. Calculating these A-0

parameters yield probabilities of correct responses of .10

for each pretest item and .98 and .58 for the 1st and 25th

posttest items, respectively. The differences in the

pretest-posttest probabilities are .88 for the 1st item and

.48 for the 25th item. Therefore, since the probability of

a correct response for the 25th item approaches p = .5 and

the probability of a correct response for the 1st 
item is

farthest from p = .5, it follows that the larger numbered

items (14 through 25) should be selected for test inclusion

utilizing the rdD technique.

All larger numbered items were not selected on every

simulation run. A random factor was involved in item

selection by the rdD method which prohibited such an

occurrence. Even though some items had equal variability,

when the item change scores were correlated with total

change scores, the rdD coefficient would sometimes be
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different. This phenomenon occurred when subjects with item

change scores of +1 had smaller total change scores than

subjects with item change scores of zero.

As opposed to the rdD coefficient which tended to in-

crease when subjects had no change in item scores from pre-

tests to posttests, the Dp index decreased. The Dpp index

increased as subjects failed the pretests and passed the

posttests. Therefore, since the probability of a change

score was equal or greater for items 1 through 12 than the

remaining thirteen items, the Dpp technique should have se-

lected the first twelve items for test inclusion. As stated

above, the rdD should have selected items 14 through 25.

Consequently, the two techniques tended to select different

items, resulting in a rejection of the hypotheses.

As observed from Tables IV and V, the larger the dif-

ference between A and 0, the greater the probability of the

two techniques selecting different items. This occurs

because of a combination of factors; namely, the posttest

means are larger than the pretest means, and 0 > A. Since

0 > A, the line representing the probability of correct

responses for items 1 through 25 will have a negative or

zero slope. Hence, with larger posttest means than pretest

means, there is a greater probability of item change scores

as the difference between A and 0 increases.
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With some exceptions, the larger the group size, the

more the two techniques selected different items. No attempt

is made to explain why this factor of group size influenced

item selection other than the fact that more data (i.e.,

subjects) were involved in the simulations as the group size

increased. It appears tenable that the more data utilized,

the greater the chance for minimizing the effects of random

deviate scores.

The extended design, simulating differences in subject

achievement, yielded results that were noticeably different

from the original design in which each subject had the same

probability of correct responses on the tests. The results

are presented in Tables IV and V and Tables VI and VII for

the original and extended designs, respectively. The ex-

planation for this difference is that subjects with item

change scores of +1 had larger total change scores than

subjects with item change scores of zero. This type of

occurrence is henceforth referred to as item change-total

change correspondence. To illustrate, reference is made to

the pre-post difference matrix in Table II of Chapter III.

The correlation of change scores for items 2 and 4 with

total change scores is compared because the two items have

equal variance.

In correlating the change scores on item 4 with the

total change scores (r = .25), it is observed that subject 3,

with a zero change score, has a larger total change score
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than the subject with an item change score of +1. However,

in correlating the change scores on item 2 with the total

change scores (r = .88), it is observed that subject 1 has

an item change score of zero and a total change score of +2.

On the same item, subject 3 has an item change score of +1

and a total change score of +3. Thus, the subject with an

item change score of zero has a smaller total change score

than the subject with an item change score of +1. Conse-

quently, by comparing items 2 and 4, it is evident that

higher correlations are obtained when +1 item change scores

in the matrix correspond to the higher numbers in the total

change scores array than when +1 item change scores 
corre-

spond with lower numbers in the total change scores array.

With a pretest A' value of 0.0 and posttest A' and 0'

values of 0.0 and 0.40, respectively, the extended design

imposed probability values of correct responses as follows:

Pretest Posttest Difference

Item 1 Item 25 Item 1 Item 25 Item 1 Item 25

Subject 1 .10 .10 .9722 .1925 .8722 .0925

Subject 40 .10 .10 .9722 .9530 .8722 .8530

Hence, there were large differences in the pretest-posttest

difference probability values among items 1 through 25 for

subject 1. Likewise, there were large differences in

pretest-posttest difference probability values among sub-

jects 1 through 40 for item 25. Because of these large

differences, trends developed in the pretest-posttest
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difference matrices. The trends were (a) subject 1 had a

smaller total change score than subject 2, and 2, than 3,

etc., and (b) item 1 had a larger total score across sub-

jects than item 2, and 2, than 3, and so forth. Thus, sub-

jects with item change scores of +1 had larger total change

scores than subjects with item change scores of zero.

Finally, item change-total change correspondence was a major

factor influencing item selection in the extended design 
and

was the determining factor for the difference between 
the

results in the original and extended designs.



CHAPTER V

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

The purpose of this study was to investigate the equiv-

alency of two different types of item-selection procedures

in the selection of items to comprise criterion-referenced

tests. The items were selected from simulated item pools

having different degrees of item difficulty. One technique,

the Pretest-Posttest Difference Index (Dpp), was obtained by

subtracting the proportion of students who passed a particu-

lar item on the pretest from the proportion who passed the

same item on the posttest. The rdD procedure yielded co-

efficients between item change scores and total change scores.

From the twenty-five item pool pretests and posttests, the

two procedures determined which items were to be used to

make up twelve-item criterion-referenced tests. The tech-

niques also were employed in rank ordering the twenty-five

items.

Hypotheses I, II, and III, stating that there would be

a significant number of items selected in common by the two

techniques, were rejected. From test-item pools, the D

and rdD methods tended to select different items to make up

criterion-referenced tests. Hypotheses IV, V, and VI were

rejected as there was not a significantly positive
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relationship in the rank ordering of the twenty-five items

by the discrimination power of the two procedures.

Given the limitations and restrictions of this study,

the following conclusions appear to be appropriate:

1. The Dpp index, which was designed to determine items

that show increases in correct responses from pretests to

posttests, selects items having large change scores. Mea-

surement specialists and other educators interested in a

procedure that selects items to measure the effects of in-

struction should consider employing the Dpp rather than the

rdD method. Consideration should likewise be given to

Ozenne's proposal (1) that the Dpp method of item selection

be used in conjunction with Popham's procedure (2) for the

detection of atypical items as an effective approach for

item analysis.

2. The rdD technique, which was suggested to measure

and maximize reliability of change scores, appears to have

little utility in selecting items to measure the effects of

instruction. In the present study, the rdD procedure gener-

ally selected items that were passed or failed by the same

subjects on both pretests and posttests.

3. Most of the hypotheses/sub-hypotheses would have

been retained had they been stated in the opposite direction;

namely, (a) there will not be a significant number of common

items selected by the Dpp and rdD techniques, and (b) there
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will be a significantly negative relationship in the rank

ordering of the twenty-five items.

The following recommendations for further research are

offered in order to gain additional information regarding

the two item-selection techniques.

1. Additional studies should be conducted in which

varying pretest and posttest means are employed in order to

determine the effects that different mean scores have upon

item selection.

2. Possibilities for using the rdD statistic (or some

minor modification of it) in selecting those test items with

the highest coefficients of item stability and item equiva-

lence should be examined.

3. With item variability held constant, it would be

informative to know the degree to which item change-total

change correspondence is a factor in item selection.

4. Because of the popularity of multiple-choice and

other recognition-type tests, an investigation should be

conducted that would allow some subjects to receive pass

scores on the pretest item and fail scores on the posttest

item. In such event, the subjects would receive -l change

scores for the item, adding another dimension to this study

of change scores.
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APPENDIX A

THE COMPUTER SYSTEM AND THE RANDOM NUMBER GENERATOR

The IBM 360 Model 50 computer system at North Texas

State University was employed in this study. The machine

(IBM 360/50) is a binary machine with a word length of

32 bits. Binary overflow results in the left-most (high-

order) bits' being dropped.

The IBM subroutine RANDU was used to generate random

numbers from the uniform (0, 1) distribution. RANDU employs

the multiplicative congruential method described in the

manual, "IBM Data Processing Techniques: Random Number

Generation and Testing."* The subroutine uses as a constant

multiplier 65539 = 216 + 3 which, according to Smith,**

serves to maximize the period of the generator.

For the pretests and posttests, pass-fail scores were

generated in the manner described below.

*"IBM Data Processing Techniques: Random Number

Generation and Testing," IBM Manual C20-8011, Technical

Publications Department, White Plains, New York, 1959.

**Rosser J. Smith III, "On the Generation and Testing of

Uniformly Distributed Pseudo-Random Number," unpublished
master's thesis, The University of Texas, Austin, Texas,
1966 .
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Pretest

For the ith person, the probability of correctly re-

sponding to the kth test item is expressed as

Y.ik = a.k + b. (details in Appendices B and C).

The process of the ith person responding to 25 pass-fail

items on the pretest can then be considered as a sequence of

25 Bernoulli trials with varying probability parameter Yik'

That is, for the ith person responding to the kth test item,

a random number from the uniform distribution is generated.

If this number is equal to or less than Yik, the person

correctly responds to the item. Otherwise, he does not.

Posttest

For the ith person, the probability of correctly re-

sponding to the kth test item is expressed as

(a) Zik = c.k + d., if the kth item was not correctly

answered by the ith person on the pretest, and

(b) Zik = 1, if the kth item was correctly answered by

the ith person on the pretest. Again, the process of the

ith person responding to the 25 pass-fail items on the post-

test can be considered as a sequence of 25 Bernoulli trials

with varying parameter Zik.



APPENDIX B

CONDITIONS FOR DETERMINING THE PARAMETERS FOR SPECIFYING THE

PROBABILITY OF A CORRECT RESPONSE ON THE PRETESTS

AND POSTTESTS*

By specifying the pretest mean score and A, the proba-

bility of a correct response on each item on the pretest will

be obtained. Likewise, by specifying the posttest mean

score, A, and 0, the probability of a correct response on

each item on the posttest will be determined.

Pretest

The probability of correctly responding to the ith item

is expressed by Y. = ai + b. Imposing the condition of the

difference in probability between the first and last items

is A requires that

[a(1) + b] - [a(25) + b] = A.

Solving for a gives a = .

Imposing the mean to be 2.5 requires that

25
2 [a(i) + b] = 2.5. (mean score)

i=1

Substituting for a and solving for b yields

b = .1 + 13A24

*The mathematical and statistical manipulations of the
Appendix were performed by William H. Frawley, Department of
Statistics, Southern Methodist University, November, 1972.
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For a restriction on A, make, for example,

a(25) + b > 0

(i.e., no more than one item has a zero probability of being

responded to correctly).

So, -24 + .1 + 14.= 0.

Or, A = 0.2. This yields an upper limit for the value of A.

By symmetry, the lower limit is -0.2.

Summary: 
a = -

b = .1 + 13A
24

Therefore, -0.2 < A < 0.2.

Posttest

Condition: The posttest change in probability is 0,

where 0 > A. (This insures that the slope of the difference

between the posttest and pretest lines is not positive.**)

The equation for the probability of a correct response

on the ith test item on the posttest, given that the item

is not responded to correctly on the pretest, is Z. = ci + d.

Imposing the condition of the difference in probability

between the first and last items is 0 requires that

[c(l) + d] - [c(25) + d] = 0.

**While it is possible for the difference between the
pretest and posttest lines to have a positive slope, this
appendix does not address itself to the consideration of a
positive slope. The exhaustion of all possible combinations
of the difference between pretest and posttest lines is
neither proposed nor intended.
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-oThat is, c = -.

Imposing the posttest mean to be 20.0 requires that

25

[Probability (correct answer on ith item, given correct
i=1

answer on ith pretest item) - Probability (correct answer

on ith pretest item) + Probability (correct answer on ith

item given incorrect answer on ith pretest item) - Probability

(incorrect answer on ith pretest item)] = 20.

That is,

25
Fi f-Ai 13Q1 + -i dF9 13A Ai] 20.

i=L 24 1 24 + 24 +24 24

Substituting for c found above and solving for d gives

d = !{7 + 8 + 24(3)

To find the maximum value for 0, make

c(l) + d < 1 (i.e., only one item,

at most, can have a probability of 1.0).

So, - + 7  390 + 65A024 9 L84 24(3)j

Hence 0 - 16 (9)Hence,0=324 + 65 (upper limit of 0)

-oSummary: c = -

1 [ 39 65A0
d = 9 7 + 8 + 24(3)1'

Therefore, since a requirement is placed on 0 so that

0 > A, then

16(9)- 324 + 65A



APPENDIX C

CONDITIONS FOR DETERMINING THE PARAMETERS FOR

REQUIRING SUBJECTS TO HAVE DIFFERENCES IN

PROBABILITY OF A CORRECT RESPONSE ON THE

PRETESTS AND POSTTESTS*

Pretest

The probability of the ith person correctly responding

to the kth test item on the pretest is expressed by

Yik = aik + b.. For the ith person the difference in

probability between the first and last test items is A..

Imposing linearity, the difference is written as

[a(l) + bil - [ai(25) + biJ = iA.

Solving for a. gives a = -

A restriction is made that the last item on the pretest

has the same probability of being responded to correctly by

all subjects in each group. A specified probability of

correctly responding to the 25th item is symbolized by P

where

P = 25 + b .

*The mathematical and statistical manipulations of the
Appendix were performed by William H. Frawley, Department of
Statistics, Southern Methodist University, August, 1973.
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Solving for b. yields b. = P + 25iA
i i 24

Thus, the equation is now written as

Y.= k  + P + 25iA
ik 24 24

It reduces to Yik =2 25-k + P.

Imposing the pretest mean to be 2.5 requires that

N 25
. 125-k + P = 2.5

i=1 k=1

where N is the number of subjects in the group. Solving for

P yields

P =10 -4 N+l A .

Hence, the pretest equation can be written

Yik = iA[2 5-k + 1- (N+l) A

Also, since P > 0, Y > 0, and A = 2(1-l0P)
-- il _ 5(N+l), it follows

that

-2 2
5(3N-1) A < 5 (N+l)*

Posttest

The equation for the probability of a correct response

on the kth test item by the ith person, given that the ith

person does not correctly respond to the item on the pre-

test, is Zik = c k + d. The posttest change in probability

for the ith person is (N+l-i)O. That is,
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[c. (1)+dij - [ci (25)+dj = (N+l-i)0.

Solving for c. gives c = -(N+2-i)0

Specifying and denoting the probability of correctly

responding to the first item on the posttest as S and solving

for di yields

d. = S + (N+l-i)®
1 24

Therefore, the equation becomes

Zik = - (N+L-i) (k-l).

The stipulation that the mean be 20 for each group of

subjects on the posttest requires that

1 N 25 Fi(l-l0P)25k+P1

Ni . X lI60(N+l) 25-k + +i=1 k=l I

S (N+l-i)0 (k-1 1 - i6(N-l) (25-kJ - P = 20.
24 6 0(N+l)

Performing the summations and solving for 0 gives

29S-7

[N+1) (1-P) - 23 (1-lOP) (N+2)
90(6)

1 ~1Since P =10 4(N+1)A, the above expression can be employed

to solve for S. The posttest equation finally becomes

Zik 2 )(N+)0 972 + 5A(31N+8)j - 2(N+ -i) k-l.

It is possible to compute an upper limit for 0, and

since a requirement of 0 is that 0 > A, then
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A<0< 432

fN+1 E486 + 5Af3lN+8

Average A and 0

It is convenient to consider a representative value of

A for each group of subjects. If the representative or

average value of A is denoted by A', it can be shown that

A' _ (N+l)A
2

The pretest equation then becomes

Y iAk' 25-k) 1 a'

ik= ~12~ N + f - A2

Similarly, considering a representative value for 0 and

denoting the average value as 0', it can be shown that

= (N+l)0
2

The posttest equation then becomes

i 10' ,f31N+8 (N+l-i) 1' k-lk 9 10 8(9)486 + 5A N+l JN+l t2k



BIBLIOGRAPHY

Books

Block, James H., editor, Mastery Learning: Theory and Prac-
tice, New York, Holt, Rinehart and Winston, Inc., 1971.

Bormuth, John R., On the Theory of Achievement Test Items,
Chicago, University of Chicago Press, 1970.

Cronbach, Lee J., Essentials of Psychological Testing, 2nd
ed., New York, Harper and Row, 1960.

and G. C. Gleser, Psychological Tests and
Personnel Decisions, 2nd ed., Urbana, University of
Illinois Press, 1965.

Esbensen, T., Working with Individualized Instruction: The
Duluth Experience, Palo Alto, Fearon Publishers, 1968.

Ferguson, George A., Statistical Analysis in Psychology and
Education, 3rd ed., New York, McGraw-Hill, 1971.

Flanagan, J. C., "Units, Scores, and Norms," Educational
Measurement, edited by E. F. Lindquist, Washington,
D.C., American Council on Education, 1951.

Garrett, Henry E., Statistics in Psychology and Education,
6th ed., New York, David McKay Company, 1966.

Glaser, R. and R. C. Cox, "Criterion-Referenced Testing for
the Measurement of Educational Outcomes," Instructional
Process and Media Innovation, edited by R. Weisgerber,
Chicago, Rand-McNally, 1968.

and D. J. Klaus, "Proficiency Measurement:
Assessing Human Performance," Psychological Principles
in System Development, edited by R. Gagne, New York,
Holt, Rinehart and Winston, 1962.

and A. J. Nitko, "Measurement in Learning and
Instruction," Educational Measurement, edited by R. L.
Thorndike, Washington, D.C., American Council on Educa-
tion, 1971.

Gordon, Geoffrey, System Simulation, Englewood Cliffs, New
Jersey, Prentice-Hall, Inc., 1969.

77



78

Gronlund, Norman E., Preparing Criterion-Referenced Tests
for Classroom Instruction, New York, Macmillan, 1973.

Guilford, Joy Paul, Psychometric Methods, 2nd ed., New York,
McGraw-Hill, 1954.

Helmstadter, G. C., Principles of Psychological Measurement,
New York, Appleton-Century-Crofts, 1964.

Kerlinger, Fred N., Foundations of Behavioral Research, New
York, Holt, Rinehart and Winston, Inc., 1964.

Lieberman, G. J. and D. B. Owen, Tables of Hypergeometric
Probability, Stanford, Stanford University Press, 1961.

Lindvall, C. M. and Richard C. Cox, The IPI.Evaluation Pro-
gram, Chicago, Rand McNally and Company, 1970.

Lohnes, Paul R. and William W. Cooley, Introduction to
Statistical Procedures: With Computer Exercises, New
York, John Wiley and Sons, Inc., 1968.

Lord, Frederic M. and Melvin R. Novick, Statistical Theories
of Mental Test Scores, Reading, Massachusetts,
Addison-Wesley, 1968.

Magnusson, David, Test Theory, Reading, Massachusetts,
Addison-Wesley, 1967.

Martin, Francis F., Computer Modeling and Simulation, New
York, John Wiley and Sons, 1968.

Mehrens, William A. and Irvin J. Lehmann, Measurement and
Evaluation in Education and Psychology, New York, Holt,
Rinehart and Winston, 1973.

Naylor, Thomas H. and others, Computer Simulation Techniques,
New York, John Wiley and Sons, 1966.

Nunnally, Jum C., Psychometric Theory, New York, McGraw-Hill,
1967.

Popham, W. James, editor, Criterion-Referenced Measurement:
An Introduction, Englewood Cliffs, New Jersey, Educa-
tional Technology Publications, 1971.

Shreider, Yu A., editor, Methods of Statistical Testing:
Monte Carlo Method, New York, Elsevier, 1964.

Siegel, Sidney, Nonparametric Statistics for the Behavioral
Sciences, New York, McGraw-Hill, 1956.



79

Tocher, K. D., The Art of Simulation, Princeton, New Jersey,
Van Nostrand, 1964.

Tyler, Ralph W., "Accountability in Education: The Shift in
Criteria," Accountability in Education, edited by
Leon M. Lessinger and Ralph W. Tyler, Worthington,
Ohio, Charles Jones Publishing Company, 1971.

Articles

Block, James H., "Criterion-Referenced Measurements:
Potential," School Review, 79 (February, 1971), 289-298.

Brewer, James K. and John R. Hills, "Univariate Selection:
The Effects of Size on Correlation, Degree of Skew,
and Degree of Restriction," Psychometrika, 34 (September,
1969), 347-361.

Carroll, John, "Problems of Measurement Related to the Con-
cept of Learning for Mastery," Educational Horizons, 48
(1970), 71-80.

Carver, Ronald P., "A Model for Using the Final Examination
as a Measure of the Amount Learned in Classroom Learn-
ing," Journal of Educational Measurement, 6 (Summer,
1969) , 59-68.

Coulson, J. E. and J. F. Cogswell, "Effects of Individualized
Instruction on Testing," Journal of Educational Measure-
ment, 2 (June, 1965), 59-64.

Cox, R. C., "Item Selection Techniques and Evaluation of
Instructional Objectives," Journal of Educational
Measurement, 2 (December, 1965), 181-185.

and G. T. Graham, "The Development of a Sequen-
tially Scaled Achievement Test," Journal of Educational
Measurement, 3 (Summer, 1966), 147-150.

Cronbach, Lee J., N. Rajaratnam, and G. C. Gleser, "Theory
of Generalizability: A Liberalization of Reliability
Theory," British Journal of Statistical Psychology, 16
(November, 1963), 137-163.

Dziuban, C. D. and K. V. Vickery, "Criterion-Referenced
Measurement: Some Recent Developments," Educational
Leadership, 30 (February, 1973), 483-486.

Ebel, Robert L., "Content Standard Test Scores," Educational
and Psychological Measurement, 22 (Spring, 1962) , 15-25.



80

Ebel, Robert L., "Criterion-Referenced Measurements:
Limitations," School Review, 79 (February, 1971), 282-
288.

Emrick, J. A., "Evaluation Model for Mastery Testing,"
Journal of Educational Measurement, 8 (Winter, 1971),
321-326.

Feldt, Leonard S. and Alfred E. Hall, "Stability of Four
Item Discrimination Indices Over Groups of Different
Average Ability," American Educational Research Journal,
1 (January, 1964), 35-46.

Ferguson, Richard L., "A Model for Computer-Assisted
Criterion-Referenced Measurement," Education, 91
(September, 1970), 25-31.

Glaser, Robert, "Instructional Technology and the Measurement
of Learning Outcomes: Some Questions," American Psy-
chologist, 18 (August, 1963), 519-521.

Gleser, G. C., Lee J. Cronbach, and N. Rajaratnam, "General-
izability of Scores Influenced by Multiple Sources of
Variance," Psychometrika, 30 (December, 1965), 395-418.

Gorth, W. P. and R. K. Hambleton, "Measurement Considerations
for Criterion-Referenced Testing and Special Education,"
Journal of Special Education, 6 (Winter, 1972), 303-314.

Harris, Chester W., "An Interpretation of Livingston's
Reliability Coefficient for Criterion-Referenced Tests,"
Journal of Educational Measurement, 9 (Spring, 1972),
27-29.

Hawes, G. R., "Criterion-Referenced Testing: No More Losers,
No More Norms, No More Parents Raising Storms," Nation's
Schools, 91 (February, 1973), 35-41.

Horn, John L., "Integration of Concepts of Reliability and
Standard Error of Measurement," Educational and Psy-
chological Measurement, 31 (Spring, 1971), 57-74.

Hull, T. E. and A. R. Dobell, "Random Number Generators,"
SIAM Review, 8 (July, 1962), 230-254.

Husek, T. R., "Different Kinds of Evaluation and Their Im-
plications for Test Development," Evaluation Comment, 2
(October, 1969), 8-10.

Johnson, Marjorie S. and Roy A. Kress, "Task Analysis for
Criterion-Referenced Tests," The Reading Teacher, 24
(January, 1971), 355-359.



81

Jung, Steven M., "Criterion Measures for Educational In-
centives," Psychology in the Schools, 8 (April, 1971),
121-128.

Lipe, Dewey and Steven M. Jung, "Manipulating Incentives to
Enhance School Learning," Review of Educational Research,
41 (October, 1971), 249-280.

Livingston, Samuel A., "A Reply to Harris' 'An Interpretation
of Livingston's Reliability Coefficient for Criterion-
Referenced Tests,'" Journal of Educational Measurement,
9 (Spring, 1972), 31.

, "Criterion-Referenced Applications of
Classical Test Theory," Journal of Educational Measure-
ment, 9 (Spring, 1972), 13-26.

Lord, F. M., "Test Reliability--A Correction," Educational
and Psychological Measurement, 22 (Autumn, 1962), 511-
512.

Millman, Jason, "Criterion-Referenced Measurement: An
Alternative," The Reading Teacher, 26 (December, 1972),
278-281.

, "Reporting Student Progress: A Case for a
Criterion-Referenced Marking System," Phi Delta Kappan,
52 (December, 1970) , 226-230.

Moxley, R. A., Jr., "Criterion-Referenced Tests and the
Consequences of Feedback," Education, 93 (September,
1972), 61-65.

Osburn, H. G., "Item Sampling for Achievement Testing," Edu-
cational and Psychological Measurement, 28 (Spring,
1968), 95-104.

Page, Ellis B., "Ordered Hypotheses for Multiple Treatments:
A Significance Test for Linear Ranks," American Statis-
tical Association Journal, 58 (March, 1963), 216-230.

Popham, W. James, "Instructional Objectives Exchange: New
Support for Criterion-Referenced Instruction," Phi
Delta Kappan, 52 (November, 1970), 174-175.

"Performance Tests of Teaching Proficiency:
Rationale, Development, and Validation," American Edu-
cational Research Journal, 8 (January, 1971), 105-117.



82

Popham, W. James and T. R. Husek, "Implications of Criterion-
Referenced Measurement," Journal of Educational Measure-
ment, 6 (Spring, 1969), 1-9.

Prescott, George A., "Criterion-Referenced Test Interpreta-
tion in Reading," The Reading Teacher, 24 (January,
1971), 347-354.

Proger, B. B. and L. Mann, "Criterion-Referenced Measure-
ment: The Gray Versus Black and White," Journal of
Learning Disabilities, 6 (February, 1973), 72-84.

Ransom, G. A., "Criterion-Referenced Tests: Let the Buyer
Beware," The Reading Teacher, 26 (December, 1972), 282-
285.

Saupe, Joe L., "Selecting Items to Measure Change," Journal
of Educational Measurement, 3 (Fall, 1966), 223-228.

Shoemaker, David M., "Criterion-Referenced Measurement Re-
visited," Educational Technology, 11 (March, 1971), 61-
62.

, "Improving Criterion-Referenced Measure-

ment," Journal of Special Education, 6 (Winter, 1972),
315-323.

Simon, George B., "Comments on 'Implications of Criterion-
Referenced Measurement,'" Journal of Educational
Measurement, 6 (Winter, 1969)-, 259-260.

Smythe, M. J. and others, "Comparison of Norm-Referenced and
Criterion-Referenced Measurement with Implications for
Communication Instruction," The Speech Teacher, 22
(January, 1973), 1-17.

Stouffer, S. A., E. F. Borgatta, D. G. Hays, and A. F. Henry,
"A Technique for Improving Cumulative Scales," Public
Opinion Quarterly, 16 (Summer, 1952), 273-291.

Trow, William C., "On Marks, Norms, and Proficiency Scores,"
Phi Delta Kappan, 48 (December, 1966), 171-173.

Tyler, Ralph W., "Testing for Accountability," Nation's
Schools, 86 (December, 1970), 37-39.

Ward, J., "On the Concept of Criterion-Referenced Measure-
ment," British Journal of Educational Psychology, 40
(November, 1970), 314-323.



83

Reports

Besel, R., A Comparison of Emrick and Adam's Mastery-Learning
Test Model with Kriewall's Criterion-Referenced Test

Model, Technical Memorandum 5-71-04, Inglewood,
California, Southwest Regional Laboratory, 1971.

Blatchford, Charles H., "A Theoretical Contribution to ESL
Diagnostic Test Construction," ERIC Microfilms,
ED 055 484, 1971.

Blumenfeld, Gerald J., Darrel Bostow, and Robert Waugh,
"Effect of Criterion-Referenced Testing upon the Use of
Remedial Exam Opportunities," ERIC Microfilms, ED 049
310, 1971.

Bormuth, John R., "Development of Standards of Readability:
Toward a Rational Criterion of Passage Performance,
Final Report," ERIC Microfilms, ED 054 233, 1971.

Brennan, R. L. and L. M. Stolurow, "An Elementary Decision
Process for the Formative Evaluation of an Instruc-
tional System," ERIC Microfilms, ED 048 343, 1971.

Carver, Ronald P., "The Criterion-Referenced Aspects of the
Carver-Darby Chunked Reading Test," ERIC Microfilms,
ED 047 911, 1970.

, "Special Problems in Measuring Change with
Psychometric Devices," Evaluative Research: Strategies
and Methods, American Institutes for Research, 1970.

Cox, Richard C., "Evaluative Aspects of Criterion-Referenced
Measures," ERIC Microfilms, ED 038 679, 1970.

and J. S. Vargas, "A Comparison of Item
Selection Techniques for Norm-Referenced and Criterion-
Referenced Tests," ERIC Microfilms, ED 010 517, 1966.

Dahl, Theodore, "Toward an Evaluative Methodology for
Criterion-Referenced Measures: Objective-Item
Congruence," ERIC Microfilms, ED 052 253, 1971.

Davis, Frederick B., "Criterion-Referenced Measurement,"
ERIC Microfilms, ED 073 142, 1973.

, "Criterion-Referenced Tests," ERIC

Microfilms, ED 050 154, 1971.

Ebel, R., "Some Limitations of Criterion-Referenced Measure-
ment," ERIC Microfilms, ED 038 670, 1970.



84

Educational Records Bureau, Testing in Turmoil: A Conference
on Problems and Issues in Educational Measurement,
Greenwich, Connecticut, Educational Records Bureau,
ERIC Microfilms, ED 054 202, 1970.

Farr, Roger, "Reading Diagnosis: Trends and Issues," ERIC
Microfilms, ED 050 899, 1971.

Ferguson, Richard L., "Computer-Assisted Criterion-Referenced
Measurement," ERIC Microfilms, ED 037 089, 1969.

, "Computer-Assisted Criterion-Referenced

Testing," ERIC Microfilms, ED 040 061, 1969.

Fitzgibbon, Thomas J., "Norm-Referenced and Criterion-
Referenced Tests from a Publisher's Point of View,"
ERIC Microfilms, ED 069 787, 1972.

Fremer, John, "Criterion-Referenced Interpretations of
Survey Achievement Tests," ERIC Microfilms, ED 065 533,
1972.

Garvin, Alfred D., "The Applicability of Criterion-Referenced
Measurement by Content Area and Level," ERIC Microfilms,
ED 041 038, 1970.

Gentile, J. Ronald, "Toward Excellence in Teaching: Grading
Practices," ERIC Microfilms, ED 061 264, 1971.

Giguere, Constance L. and Eva L. Baker, "The Development of
Criterion-Referenced Tests of Self-Concept and Attitude
Toward School," ERIC Microfilms, ED 054 192, 1971.

Guttman, Louis and J. M. Schlesinger, Development of
Diagnostic Analytical and Mechanical Ability Tests
Through Facet Design andkAnalysis, Jerusalem, Israel
Institute of Applied Social Research, ERIC Microfilms,
ED 010 590, 1966.

Hambleton, Ronald K. and William P. Gorth, "Criterion-
Referenced Testing: Issues and Applications," ERIC
Microfilms, ED 060 025, 1971.

and M. R. Novick, Towards a Theory of

Criterion-Referenced Tests, American College Testing
Technical Report, Iowa City, 1971.

Hanson, Ralph A. and Robert J. Berger, "Quality Assurance in
Large Scale Instellations of Criterion-Referenced
Instructional Programs," ERIC Microfilms, ED 059 547,
1971.



85

Hapkiewicz, Walter G., "Mastery Learning Options in Teaching
Educational Psychology," ERIC Microfilms, ED 060 065,
1972.

Helmstadter, G. C., "A Comparison of Traditional Item Analy-
sis Selection Procedures with Those Recommended for
Tests Designed to Measure Achievement Following Per-
formance Oriented Instruction," ERIC Microfilms,
ED 069 728, 1972.

Hsu, Tse-Chi, "Empirical Data on Criterion-Referenced Tests,"
ERIC Microfilms, ED 050 139, 1971.

Jackson, Rex, "Developing Criterion-Referenced Tests," ERIC
Microfilms, ED 041 052, 1970.

Johnson, Kirk A., "Retention of Electronic Fundamentals:
Differences Among Topics," ERIC Microfilms, ED 057 161,
1969.

Jung, Steven M., "Evaluative Uses of Unconventional Measure-
ment Techniques in an Educational System," ERIC Micro-
films, ED 045 693, 1970.

Keller, Claudia M., "Criterion-Referenced Measurement: A
Bibliography," ERIC Microfilms, ED 060 041, 1972.

Klein, Stephen P., "Ongoing Evaluation of Educational Pro-
grams," ERIC Microfilms, ED 069 725, 1972.

Kriewall, Thomas E., Application of Information Theory and
Acceptance Sampling Principles to the Management of
Mathematics Instruction, Technical Report No. 103,
Madison, Wisconsin Research and Development Center,
1969.

and Edward Hirsch, "The Development and
Interpretation of Criterion-Referenced Tests," ERIC
Microfilms, ED 042 815, 1969.

Livingston, Samuel A., "The Reliability of Criterion-
Referenced Measures," ERIC Microfilms, ED 042 802, 1970.

Meredith, Keith E. and Darrell L. Sabers, "Using Item Data
for Evaluating Criterion-Referenced Measures with an
Empirical Investigation of Index Consistency," ERIC
Microfilms, ED 073 125, 1972.

Millman, J., Tables for Determining Number of Items Needed on
Domain-Referenced Tests and Number of Students to be
Tested, Technical Paper No. 5, Los Angeles, Instruc-
tional Objectives Exchange, 1972.



86

Nelson, Jerald and Margaret Drennan, "From Theory to Cur-
riculum: Then (And Only Then) Evaluation," ERIC Micro-
films, ED 054 227, 1971.

Nitko, Anthony J., "Criterion-Referenced Testing in the
Context of Instruction," ERIC Microfilms, ED 047 010,
1970.

, "A Model for Criterion-Referenced Tests

Based on Use," ERIC Microfilms, ED 049 318, 1971.

Popham, W. James, "Development of a Performance Test of
Teaching Proficiency," ERIC Microfilms, ED 013 242,
1967.

, "Performance Tests of Instructor Competence

for Trade and Technical Education,'" ERIC Microfilms,
ED 027 418, 1968.

, "Validation Results: Performance Tests of

Teaching Proficiency in Vocational Education," ERIC
Microfilms, ED 027 260, 1969.

Rahmlow, Harold F., "Use of Student Performance Data for
Improvement of Individualized Instructional Materials,"
ERIC Microfilms, ED 032 792, 1969.

Richards, James M., Jr., "Assessing Student Performance in
College," ERIC Microfilms, ED 040 307, 1970.

Roudabush, Glenn, E. Green, and Donald Ross, "Some
Reliability Problems in a Criterion-Referenced Test,"
ERIC Microfilms, ED 050 144, 1971.

Sapone, Carmelo V., "An Administrative View," ERIC Micro-
films, ED 064 333, 1972.

Schriber, Peter E., "Cost Benefit Analysis of Comprehensive
Monitoring for Classroom Evaluation," ERIC Microfilms,
ED 053 181, 1971.

Sciara, Frank J., "Criterion-Referenced Tests--A New Promise
for Old Problems in Migrant Education," ERIC Microfilms,
ED 057 984, 1972.

Tenenberg, Morton S., "The Use of a Criterion-Based Perfor-
mance Test in Revising a Social Studies Curriculum,"
ERIC Microfilms, ED 049 988, 1970.

Theimer, William C., Jr., "Alternatives to the State Mandated
Testing Program," ERIC Microfilms, ED 053 208, 1971.



87

Wall, James E., "Validation of Curriculum in Vocational-
Technical Education," ERIC Microfilms, ED 070 866, 1972.

Unpublished Materials

Benjamin, Richard C., "Impact of Criterion-Referenced Read-

ing Assessment on Planning, Teaching and Evaluating in
a Recently Desegregated Urban Setting," paper presented

at the annual meeting of the American Educational Re-

search Association, New Orleans, February, 1973.

Berger, Robert J., "A Measure of Reliability for Criterion-
Referenced Tests," paper presented at the annual meet-

ing of the National Council on Measurement in Education,
Minneapolis, March, 1970.

Block, James H., "Student Evaluation: Toward the Setting of
Mastery Performance Standards," paper presented at the

annual meeting of the American Educational Research
Association, Chicago, April, 1972.

Brailey, Thomas S., "Non-parametric Analogs of Biserial and

Point-Biserial Correlation in the Item Analysis of
Normative and Criterion-Referenced Tests," unpublished
doctoral dissertation, Florida State University,
Tallahassee, Florida, 1972.

Caponigri, Rocco S. and Barbara Brooks, "Capsulized Mastery
Learning: An Experimental and a Correlational Study of
a Mastery Learning Strategy," paper presented at the
annual meeting of the National Council on Measurement
in Education, New Orleans, February, 1973.

Cotton, Timothy S., "An Empirical Test of the Binomial Error
Model Applied to Criterion-Referenced Tests," unpub-

lished doctoral dissertation, University of Pittsburgh,
Pittsburgh, Pennsylvania, 1971.

Davis, Robbie G., "Final Report for Criterion-Referenced
Testing at the Skyline Career Development Center for
the Academic Year of 1972-73," Report S72-73-34, Dallas
Independent School District, Dallas, Texas, June, 1973.

Edmonston, Leon P., "A Review of Attempts to Arrive at More

Suitable Evaluation Models: An Introspective Look,"
paper presented at the annual meeting of the American
Educational Research Association, Chicago, April, 1972.



88

Edmonston, Leon P., Robert S. Randall, and Thomas Oakland,
"A Model for Estimating the Reliability and Validity of
Criterion-Referenced Measures," paper presented at the

annual meeting of the American Educational Research

Association, Chicago, April, 1972.

Gray, William M., "Development of a Piagetian-Based Written

Test: A Criterion-Referenced Approach," paper presented

at the annual meeting of the American Educational Re-

search Association, February, 1973.

Guzaitis, Joseph G., "Criterion-Referenced Measurement: The

School Setting," paper presented at the annual meeting
of the National Council on Measurement in Education,
New Orleans, February, 1973.

Harris, Chester W., "An Index of Efficiency for Fixed-Length
Mastery Tests," paper presented at the annual meeting

of the American Educational Research Association,
Chicago, April, 1972.

Hills, J. R., "Experience in Small Graduate Classes and
Approaches to Evaluating Criterion-Referenced Tests,"
paper presented at the annual meeting of the American
Educational Research Association, Minneapolis, March,
1970.

Hsu, Tse-Chi and M. Elizabeth Boston, "Criterion-Referenced
Measurement: An Annotated Bibliography," unpublished
paper, February, 1972.

Hummel-Rossi, Barbara and Sharon L. Weinberg, "Practical
Guidelines in Applying Current Theories to the Measure-
ment of Change," paper presented at the annual meeting

of the National Council on Measurement in Education,
New Orleans, February, 1973.

Ivens, Stephen H., "An Investigation of Item Analysis,
Reliability, and Validity in Relation to Criterion-
Referenced Tests," unpublished doctoral dissertation,
Department of Educational Research, Florida State Uni-
versity, Tallahassee, Florida, 1970.

Junker, Linda K. and Deborah M. Stewart, "An Index of
Parallel Forms of Criterion-Referenced Tests as a
Function of the Distribution of Test Scores," paper
presented at the annual meeting of the American Educa-
tional Research Association, New Orleans, February,
1973.



89

Livingston, Samuel A., "A Classical Test-Theory Approach to

Criterion-Referenced Tests," paper presented at the

annual meeting of the American Educational Research

Association, Chicago, April, 1972.

Luebke, Neill H., "A Practical Method of Determining a
Criterion Score for Criterion-Referenced Measurement,"
paper presented at the annual meeting of the National

Council on Measurement in Education, New Orleans,
February, 1973.

Marshall, J. Laird, "Reliability Indices for Criterion-

Referenced Tests: A Study Based on Simulated Data,"

paper presented at the annual meeting of the National

Council on Measurement in Education, New Orleans,
February, 1973.

Millman, Jason, "Passing Scores and Test Lengths for Domain-
Referenced Measures," paper presented at the annual

meeting of the American Educational Research Associa-
tion, Chicago, April, 1972.

Oakland, Thomas, "An Evaluation of Available Models for
Estimating the Reliability and Validity of Criterion-
Referenced Measures," paper presented at the annual
meeting of the American Educational Research Associa-
tion, Chicago, April, 1972.

Ozenne, Dan G., "Toward an Evaluative Methodology for
Criterion-Referenced Measures," unpublished doctoral
dissertation, College of Education, University of

California at Los Angeles, Los Angeles, California,
1971.

Radocy, Rudolf E. and J. David Boyle, "Further Substantiation

of an Instructional Philosophy Through Criterion-
Referenced Testing," paper presented at the annual

meeting of the National Council on Measurement in Edu-
cation, New Orleans, February, 1973.

Raju, Nambury S., "Criterion-Referenced Measurement: Psy-
chometric Issues," paper presented at the annual meet-
ing of the National Council on Measurement in Education,
New Orleans, February, 1973.

Roudabush, Glenn E., "Item Selection for Criterion-Referenced
Tests," paper presented at the annual meeting of the
American Educational Research Association, New Orleans,
February, 1973.



90

Rovinelli, Richard, "The Validation of Criterion-Referenced
Items," paper presented at the annual meeting of the
American Educational Research Association, New Orleans,
February, 1973.

Schriber, Peter E., "An Empirical Comparison of Criterion-
Referenced Data Collected by Mastery Testing Versus
Repeated Item-Examinee Sampling," paper presented at
the annual meeting of the American Educational Research
Association, New Orleans, February, 1973.

Shub, Allen N., "Criterion-Referenced Measurement: Proven
ideas," paper presented at the annual meeting of the
National Council on Measurement in Education, New
Orleans, February, 1973.

Skager, Rodney W., "Generating Criterion-Referenced Tests
from Objectives-Based Assessment Systems: Unsolved
Problems in Test Development, Assembly, and Interpreta-
tion," paper presented at the annual meeting of the
American Educational Research Association, New Orleans,
February, 1973.

Vargas, Julie S., "Item Selection Techniques for Norm-
Referenced and Criterion-Referenced Tests," unpublished
doctoral dissertation, University of Pittsburgh,
Pittsburgh, Pennsylvania, 1969.

, "A Model for Criterion-Referenced Item
Analysis and Its Use in a Self-Paced Undergraduate
Course," paper presented at the annual meeting of the
National Council on Measurement in Education, New
Orleans, February, 1973.

Wardrop, J. L., "The Use of Item Characteristic Curves for
Criterion-Referenced Measurement," unpublished paper,
University of Illinois, Urbana, 1970.

Woodson, Charles E., "A Generalizability Theory Approach to
Criterion-Referenced Tests,," paper presented at the
annual meeting of the American Educational Research
Association, New Orleans, February, 1973.


