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The purpose of this study was to develop a valid and reliable

instrument to determine cognitive domain status of pre service and

inservice elementary teachers in the operation of division with rational

numbers in the context of Wilson's (1971) taxonomy.

The domain was defineçl with the cooperation of a panel of content

specialists recruited nationwide. The panel first established a list of tasks

considered representative of the domain of interest. Objectives were

selected to match the tasks and items were chosen or constructed to test the

objectives. A panel of preservice teachers rated each of the items for clarity.

Analysis of reliability and validity began by administering two 40-

item forms of the test to 79 students enrolled in mathematics education

courses for elementary teachers at Eastern Washington University,

Gonzaga University, and Washington State University during the Fall term

of 1988. Using statistics generated by these first two forms, a third form

with 64 items was constructed. The third form was administered to 81

students enrolled in mathematics and mathematics education courses at

Eastern Washington and Gonzaga Universities during the Fall term of

1989. Included were students from a foundations of mathematics course



which has a calculus prerequisite. Based upon the statistics accumulated

on the third form, the final 48-item version of the instrument was

assembled and the statistics reviewed to establish evidence of reliability and

validity.

The reliability of the test results was established by various reliability

coefficients which ranged from 0.872 to 0.886. The standard error of

measurement ranged from 2.778 to 2.946. Content-related evidence of

validity was established through the definition of the domain by content

specialists and the table of specifications assigning the relative importance

of each of the related objectives. Construct-related evidence of validity based

upon the hierarchical structure of the domain was significant at a = 0.01.

A factor analysis yielding a single factor furnished further evidence of this

structure. Construct-related evidence for validity based upon known

groups was significant at a = 0.005.
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THE DEVELOPMENT AND VALIDATION OF AN INSTRUMENT

TO ASSESS THE COGNITWE DOMAIN STATUS OF PRESERVICE AND

INSERVICE TEACHERS IN THE DIWSION OF RATIONAL NUMBERS

I. INTRODUCTION

On recent achievement tests, American students have scored poorly

in mathematics compared to students from other developed nations (Dossey

et. al., 1989; Hoffman, 1989). Although they are able to work computation

exercises, many lack skill in solving problems that require higher-level

thinking. Responsibility for the poor performance lies with several factors

including the competence of their teachers (Jackson, 1987). Because the

preparation of successful teachers is the task of the schools of education

and their supporting departments in universities and colleges, programs

for teacher training must be continually evaluated and updated according

to the changing needs and goals of society.

Teachers must be prepared to teach a mathematics curriculum that

is substantially different from that which prevailed during their own

elementary education (Freudenthal, 1973). Successful teachers teach the

concepts and skills that are appropriate for their students right now, not at

some time in the past. Early in the 1980s there was an important

redefinition of the "basics" of elementary mathematics (National Council of

Teachers of Mathematics, [NCTM], 1980). In spite of this, the instruction

in elementary schools has remained years behind the times (Hoffman,

1989) because it does not reflect the new goals of school mathematics such



as the use of technology in computations, mental estimation and higher-

level thinking skills.

Statement of the Problem

One important obstacle to the improvement of content and methods

courses for preservice and inservice teachers is the lack of subject specific

instruments for evaluating new curriculum. It has been demonstrated

that many teachers find rational numbers and rational number division in

particular to be difficult both to understand arid to teach (Ball, 1988;

Leinhardt & Smith, 1985; Wheeler & Feghali, 1983; Reys & Grouws, 1975).

Evaluation of new programs to teach elementary teachers concepts that

they need in this area is handicapped by the lack of an appropriate test.

Current standardized arithmetic tests include only a few computation

exercises on this topic (Mitchell, 1985; NCTM, 1980). This study plans to

rectify this situation by developing a valid and reliable instrument that will

give a measure of the cognitive domain status of preservice and inservice

teachers in the operation of division with rational numbers.

Background of the Problem

Underprepared teachers may actually pass along false information.

Speaking as president of the NCTM, Sobel (1982) feared that problems

children face with mathematics may be related to poor preparation of their

2
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teachers. Leinhardt and Smith (1985) found weakness in teacherst

knowledge about fractions. Although they were able to perform the

algorithms for operations with fractions, they did not always understand

the underlying concepts. Wheeler and Feghali (1983) found that preservice

teachers' concept of zero was limited and often faulty. Reys and Grouws

(1975) found that teachers may be responsible for children's faulty

conclusions. Ball (1988) found that only four out of 35 preservice

elementary and secondary teachers were able th generate a mathematically

appropriate representation of 1 3/4 1/2. All of those giving an appropriate

response were secondary mathematics majors. Few teachers were able to

give even an intuitive explanation of the concept. For many of the subjects

the statement of the rule "invert and multiply" was the only explanation

they were able to give. The fact that they believed that the statement of the

rule was indeed a satisfactory explanation of the concept is evidence of a

need to improve the mathematical preparation of teachers.

Division with rational numbers is part of the mathematics curricula

in the fifth and sixth grades (Bitter, 1980; NCTM, 1989), yet preservice and

inservice elementary teachers display some common error patterns in

division with rational numbers. In a survey of rational number division

given at Eastern Washington University during the summer term of 1985,

31 preservice and 8 inservice teachers enrolled in the elementary

mathematics methods course were given 25 multiple choice questions at the

computation level (Wilson, 1971) requiring division with rational numbers.

Eleven of the 39 (28%) subjects inverted the wrong number at least once. In

the example where a whole number was divided by the fraction 1/2, 15 (38%)

found the product rather than the quotient. Nine (23%) indicated in at least
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three of four examples that any division involving zero was undefined,

while thirteen (33%) responded at least four out of five times that all division

with zero resulted in a zero quotient. There was a negative correlation

(p<O.05) between previous teaching experience and performance on the test.

On the other hand, there was a positive correlation between performance

on the test and years of high school mathematics (p<O.O2) and between

performance on the test and number of courses of college mathematics

(p<O .05).

Evaluation is part of teaching (NCTM, 1980). As programs evolve in

response to concerns and curriculum changes there must be means to

evaluate these programs. Existing instruments were designed to evaluate

the goals and objectives that were considered important in the past. As

goals change, so must evaluation instruments. If the goals of mathematics

instruction include higher-level tasks, the evaluation instruments must

reflect this fact.

Clearly, in the education of elementary teachers there is a need to

strengthen both their ability to perform the operation of division with

rational numbers and their understanding of the underlying concepts upon

which it is based. This includes the use of rational number division in the

context of higher levels of mathematical thinking as reflected by current

taxonomies of the cognitive domain. In spite of this need there is no

recognized, easy to use, subject specific test to determine whether changes

in the undergraduate curriculum successfully correct the situation.



Purpose of the Study

The purpose of this study is to develop a valid and reliable instrument

to determine the status of preservice and inservice elementary teachers in

the operation of division with rational numbers in the context of an

appropriate taxonomy of the cognitive domain. The four part structure of

the instrument is based upon the taxonomy suggested by Wilson (1971).

Each section represents a subtest to measure objectives associated with one

of the four levels of the taxonomy; computation, comprehension,

application, and analysis. As this taxonomy is closely related to Blooms

taxonomy (Bloom, 1956), theory assumes these levels to be hierarchical

(Stanley, 1972). Therefore, scores of individual students are recorded by

section as well as by total score.

Rationale and Theoretical Framework

The rationale and theoretical framework for the development of this

instrument has two components. The first component establishes the need

for such an instrument and the second establishes a methodology that will

result in a valid and reliable instrument. The following conclusions based

upon the current literature are given to support the need for the

instrument:

1. Teachers are an important factor in student performance as their

own cognitive level in a subject directly impacts the level of their

5
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students' achievement in that subject (Battista, 1986; Hoffman, 1989).

Elementary teachers are weak in some areas of mathematics,

particularly the division of rational numbers. Evidence suggests that

they can use a given "rule" or algorithm, but they do not understand

the underlying concept. Skemp (1971) maintains that teachers must

be able to determine that "schematic" rather than "rote" learning is

taking place. They must have a schematic understanding of the

concept themselves in order to do this. Many, however, are not able

to use visual imagery in explaining the algorithm but are ready to

accept the "rule" as the only explanation possible (Leinhardt &

Smith, 1985; Ball, 1988).

Teacher training programs are being changed to deal with both

method and content deficiencies of preservice teachers (NCTM, 1980;

NCTM 1989).

Existing tests are not adequate to evaluate higher levels of the

cognitive domain involving division of rational numbers (NCTM,

1980; Mitchell, 1985).

It is anticipated that the existence of an effective test to evaluate the

domain status of teachers in a specific content area will assist in the

evolution of preservice programs for elementary teachers.



The development of a valid and reliable instrument involves the

following sequence of steps (Krathwohl & Payne,1971; Tinkelman, 1971):

Determine tasks which are representative of the domain under

consideration by referring to a theory about behavior or mental

organization (Cronbach, 1971). Bloom's taxonomy of educational

objectives (Bloom, 1956) is based upon hierarchical steps in the

cognitive domain called knowledge, comprehension, application,

analysis, synthesis, and evaluation. Wilson (1971) modified Bloom's

taxonomy into one which was specifically designed for mathematics.

Because it has only four levels instead of six and was developed for

mathematical topics, Wilson's taxonomy (computation,

comprehension, application and analysis) is used as the basis of this

study.

Develop objectives based upon the tasks assigned to the domain. Use

the objectives to formulate a table of specifications which shows the

relative importance given to each of the objectives.

Select or write items which are appropriate to the objectives and can

be read and understood by the population for which they are

intended.

Field test a preliminary form of the instrument to determine the

difficulty and discriminating power of the items. Revise the

7



instrument to improve the reliability and validity of the results.

Determine the reliability of the final instrument by statistical

analysis.

Present evidence for content-related validity, criterion-related

validity, and construct-related validity.

Format of the Instrument

The instrument consists of four sections, one for each level of the

taxonomy. Each section contains the same number of items. Initially the

instrument had 16 items in each section. The final number of 12 in a

section was established after the preliminary instrument was field tested

for reliability and validity. Although longer tests are generally more

reliable than shorter ones, it is possible to improve reliability by removing

items which are found to have low discriminating power (Henrysson, 1971).

Care must be taken to assure that the elimination of items does not effect

the validity of the results. A table of specifications was required at each step

of the development.

To eliminate error introduced by subjective grading, the items are

multiple choice in format with five possible responses. The distractors

were chosen to represent typical errors made by preservice elementary

teachers. In the administration of the instrument during the validation

study, care was taken to insure that time was not a significant factor. Each

8
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section was administered separately, and always in the sequence I - IV. To

avoid the added factor of the subjects' facility with calculators, the use of

calculators was not allowed.

Statistical Analysis

The appropriateness of the items to test the tasks specified by the

objectives is based upon the index of Item-Objective Congruence (Martuza,

1977). Typical of many published tests (Mitchell, 1985), only items with

interrater agreement of 0.80 or greater were retained in the pooi.

Because the taxonomy represents a hierarchy of tasks, each level

includes tasks from previous levels as well as new tasks. Success at the

application level depends upon skill in computation. Therefore, it would

not be expected that scores would be higher on application than on

computation. In addition, because the new tasks may not have been

learned by all of the subjects, it would be expected that the scores on the

higher levels would be lower. A decrease in scores as the taxonomic level

goes up, therefore, is a sign that the test is measuring a hierarchical

structure and is evidence for construct-related validity.

Although the test is not designed to predict course grades, it is

designed as a measure of mathematical thinking and as such is related to

success in mathematics courses. Some criterion-related evidence for

validity may be established using Spearman's Rank difference coefficient

between the scores on the test instrument and the final grades received in a

mathematics course (Gronlund, 1985).
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Construct-related evidence can be found by comparing the scores of

known groups (Gronlund, 1985). At least one group of students used in the

validation study was taking a course for which calculus is a prerequisite.

They were included to establish the effect of mathematical maturity on

performance in this test. A t-test of the sample means (McClave & Dietrich,

1985) was used to determine if the advanced students perform better on the

higher levels of the taxonomy than the other students.

Each section of the preliminary test as well as the complete

instrument was evaluated for internal reliability using the Kuder-

Richardson KR2O formula (White, 1980). Three split-half correlation

coefficients were computed on the final instrument. One split-half

coefficient was based upon halves chosen specifically for their equivalence

based upon biserial correlation, another where equivalence is based upon

indices of difficulty, and the third was a computer generated random split.

The biserial correlation coefficient (Henrysson, 1971) was used to

determine which items should be removed in the final version of the

instrument in order to increase the reliability. Reliability coefficients of at

least 0.80 are expected on instruments used to make decisions about

individuals while coefficients of 0.65 are considered sufficient for decisions

about groups (Mehrens & Lehman, 1980).



Assumptions and Limitations

Elementary education students at Eastern Washington University,

Washington State University, and Gonzaga University are typical of

preservice elementary teachers nationwide.

There is an identifiable difference between the various levels of

cognition as identified by Wilson.

Because the vocabulary used in the items is designed for college

students, the instrument will not be appropriate for other

populations.

Outline of the Remainder of the Study

Chapter II of the study is a survey of the literature applicable to the

study. Chapter III describes the procedure in detail followed in developing

and validating the instrument. Chapter IV describes the statistical

analysis of the data collected. Chapter V is a summary of the study and

contains recommendations for the future use of the test instrument.

11



II. REVIEW OF THE RELATED LITERATURE

This review of the related literature is divided into sections

supporting each part of the theoretical framework:

The need for the instrument:

The importance of teachers to student learning.

Teachers' understanding of rational numbers.

Changes in teacher education in mathematics.

Evaluation of teacher education programs.

The development of a valid and reliable instrument:

Development sequence.

Theory of mental organization.

Development of objectives

Selection of items.

Analysis of reliability and validity.

Validation studies.

The Need for the Instrument

Importance of Teachers

The teacher is of primary importance in mathematics education

(Battista, 1986). Saracho and Spodek (1982) found that students'

12
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achievement depended more upon their teachers' cognitive style than their

own. Placing teachers and their students into the categories of "field-

independent" and "field-dependent", the researchers found that field-

independent teachers' pupils scored higher, on the average, than those of

field-dependent teachers regardless of the students' own cognitive styles.

Although teacher selection by cognitive style was not considered to be the

best akernative, they recommended that teachers should be helped to

extend themselves beyond the characteristics of their particular cognitive

style.

The Superintendent of Public Instruction for the State of Washington

recognizes the importance of the teacher in mathematics education. To put

the best qualified teachers in the elementary mathematics classroom, he

recommended that mathematics specialists be used in all elementary

schools (Brouillet et. al., 1984). The qualifications for an elementary

mathematics specialist would include elementary school teacher training,

a strong mathematics background in both high school and college, and a

love of mathematics.

Reys and Grouws (1975) interviewed children concerning division

involving zero. Many children used the rationale "my teacher told me" to

explain a faulty conclusion. Although children's comments do not always

reflect the true situation, the frequency of errors with the concept of zero

and division involving zero implies that children sometimes get faulty

information from their teachers.

The kindergarten through fourth grade curriculum should be

concept oriented and emphasize the development of mathematical

understandings and relationships. In Standard 12 for these grades

(NCTM, 1989) the NCTM recommends that students be taught to develop a
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number sense for fractions and decimals, use models to explore operations

on fractions and decimals, and apply fractions and decimals to problem

situations. In Standard Seven for grades five through eight (NCTM, 1989)

the NCTM recommends that students be taught to develop, analyze, and

explain procedures for computation and techniques for estimation.

Further, they should be taught to use computation, estimation, and

proportions to solve problems. Teachers cannot be expected to teach

concepts they do not understand themselves (Freudenthal, 1973).

Teachers' Understanding of Rational Numbers

Some teachers are not knowledgeable in important areas of

elementary mathematics. Leinhardt and Smith (1985) found weaknesses in

teachers' knowledge about fractions. Both student teachers and those

considered to be experts had trouble establishing the equivalence of

fractional numbers. Although teachers were able to express an algorithm

for operations with rational numbers, they did not understand the

underlying mathematical concepts. Because existing tests seldom include

higher-level thinking, scores on standardized mathematics tests do not

always reveal the fact that children are being taught in a limited and

sometimes confusing manner.

Ball (1988) investigated the understanding of division with fractions

among 318 preservice teachers including both elementary and secondary

candidates. Although most were able to "invert and multiply" during the

interviews, few were able to generate a mathematically appropriate

representation of the division 1 3/4 divided by 1/2. Of 35 interviewed on this
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particular question, only four were able to give an appropriate

representation. Twelve of the preservice teachers gave inappropriate

representations and 19 were unable to give any representation at all. All of

those giving appropriate responses were secondary mathematics majors.

Few of the teacher candidates interpreted the division with fraction tasks as

cases of the concept of division. They focused instead on the fact that they

were dealing with fractions. Even the mathematics majors tended to see

mathematics as a body of rules and facts and considered rules themselves

to be adequate explanations. The secondary candidates had taken more

mathematics courses than the elementary students and were more

confident that they could remember rules and apply them correctly.

Ball traced the weakness in the mathematics background of

preservice teachers to some questionable assumptions. The first

assumption is that traditional school mathematics content is simple and is

mastered during the candidates' own elementary and secondary school

years. Secondly, anyone with an elementary or secondary major in

mathematics is sure to know the required content. Finally, elementary

mathematics content need not be required of an elementary teaching

candidate. Ball concluded that subject matter preparation needs to be the

central focus of teacher preparation. We cannot assume that teachers will

learn the mathematics they need before or after their university experience.

Wheeler and Feghali (1983) found that preservice teachers'

understanding of the concept of zero was limited and often faulty. Teachers

were reluctant to consider zero as a number and they found division items

involving zero difficult.

Ginther, Prigge, and Gibney (1987) studied the mathematical

understanding of elementary teachers covering three decades. A decrease
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in mathematical understanding of teachers between a 1975-1977 study and

a 1983-1985 study cam-iot be explained by elementary teachers taking fewer

years of high school mathematics. The content of the mathematics courses

themselves must have changed. They recommend that the content and

methods courses taken by preservice elementary teachers be examined

against the Guidelines for the Preparation of Teachers of Mathematics

published by the National Council of Teachers of Mathematics (1981).

Changes in Teacher Education in Mathematics

Freudenthal (1973) pointed out that teachers must be prepared to

teach curricula that differ vastly from that in vogue when they went to

school. In his own country, The Netherlands, he felt that although

secondary teachers may be able to do this, at least partly, he doubted that

elementary teachers would be able to do it at all. He concluded that

teachers will continue to teach the algorithms and skills deemed essential

during their own schooling, rather than the curricula more appropriate to

the present.

Dienes (1970) was concerned that too many of the curriculum

changes occur at the secondary level. He suggested that new curriculum

for the elementary school must be mathematically sound, correspond to the

developmental realities of the child, and must be understandable by

mathematically unsophisticated teachers. Dienes insisted that elementary

learning must be based upon the concrete-operational state of the child. He

also believed that most teachers will teach as they are taught.
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Dienes recommended that teacher training include many concrete

workshop situations where preservice teachers have the opportunity to

express mathematical structures in the form of visual imagery. Teachers

will need to communicate mathematical structure because the knowledge

of a large numbers of mathematical structures is necessary for skill in

problem solving. Teachers themselves must be able to discriminate

between these structures. Dienes encouraged small learning groups for

activities. He argued that students must discover principles for themselves

and considered lectures to be a waste of time.

Warkentin (1975) was concerned that teachers pass on attitudes

toward mathematics to their students. In this study the control group

received lectures and textbook assignments while the experimental sections

worked in small groups in a laboratory setting. Both groups were given

attitude and achievement pretests and posttests. Although the

experimental sections made gains in attitude toward mathematics, the

control groups were able to cover more mathematical content. Warkentin

proposed that further studies should consider the questions of retention,

classroom success, and optimum amount of times in using manipulative

models.

According to the NCTM (1980) most current materials strongly

emphasize an algorithmic approach to the learning of mathematics. As

such they are inadequate to support fully a problem-solving approach.

Textbook problems tend to be easily categorized and often bear little

resemblance to real-life problems. They do not require the full range of

strategies actually demanded in realistic problem contexts. The NCTM

recommended that courses in mathematics at the college level should give
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prospective teachers experiences that develop their capacities in modeling

and problem solving.

The NCTM complained that some groups narrowly limit the concept

of basic skills to routine computation at the expense of understanding,

applications, and problem solving. Part of the problem stems from the fact

that too many teachers and educators believe that they will be judged on

these minimal targets of computational skill by existing evaluation

instruments. It is dangerous to assume that skills from one era will suffice

for another. Skills one once considered essential become obsolete. Insisting

that students become highly facile in paper-and-pencil computations of

three, four and five digit numbers is time consuming and costly. For most

complex problems, using the calculator for rapid and accurate computation

makes a far greater contribution to functional competence in daily life. The

NCTM recommended, therefore, that increased emphasis be put upon

using imagery, maps, sketches, and diagrams as aids to visualizing and

conceptualizing a problem. It also recommended that concrete

representations be used to improve the perception of spacial relationships.

Evaluation of Teacher Training Programs

Evaluation is part of mathematics teaching. Mathematics educators

should be centrally involved in the process. The evaluation of mathematics

programs must be based on the programs' goals and must use evaluation

strategies consistent with these goals. Available evaluation techniques

should not determine the goals and objectives of the mathematics program

nor the emphasis of classroom instructional effort (NCTM, 1980).
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A study by Thornton (1977) explored a technique for evaluating the

effectiveness of a teacher education program in terms of the exhibited

competencies of its trainees. The procedures used in the study were

suggested as a viable technique for evaluating segments of a teacher

education program. The three teacher variables suggested were "clarity",

"questioning", and "involvement". One group under investigation was

enrolled in a program which integrates the mathematics content and

methods with regular elementary school experiences in teaching

mathematical topics. Thornton found evidence that regular, planned

school experiences in conjunction with mathematics preparation of

preservice elementary teachers may have an impact on the competence of

teachers to produce mathematical learning in children.

Summary

Mathematics education is a changing and growing discipline. New

goals and technologies change the content and teaching methods of

elementary mathematics. The teacher is an important part of the process

of learning. Teachers are not able to teach concepts that they do not

understand, nor model those concepts for which their own understanding

consists of a memorized "rule". New conceptually oriented learning for

elementary students related to division with rational numbers represents

the higher levels of the cognitive domain (See Theory of Mental

Organization, p.22). There is evidence that some elementary teachers do

not understand the concept of division with rational numbers, particularly
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when they are expressed as fractions. These teachers may actually pass on

faulty information and concepts to their students.

Curriculum change in elementary mathematics is difficult because

teachers will usually teach those skills and concepts which were rewarded

in their own elementary schooling. Change must be made in college

courses to accommodate the changes in the elementary school curriculum.

As courses change the evaluation of student learning must change to

reflect the true goals of the course. Not only will this allow the instructor to

evaluate the course effectively, but will help the student understand what

the goals of the course are.

Division with rational numbers is an area of difficulty for both pupils

and their teachers. Often knowledge in this area is limited to memorized

rules. There is a need to define the goals of instruction and learning in this

area, and to develop a means of measuring the achievement of those goals.

TestDevelopment and Validation

Development Sequence

Krathwohl and Payne (1971) suggested the following sequence for test

construction:

Specify the ultimate goals of the educational process.

Derive from these the goals of the portion of the system under

study.

Specify this portion in terms of expected student behavior. If

relevant, specify the acceptable level of successful learning.
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Determine the relative emphasis or importance of various

objectives, their content, and their behaviors.

Select or develop appropriate situations that will elicit the

desired behavior in the appropriate context or environment.

Assemble a sample of such situations so that together they best

represent the emphasis on content and behavior previously

determined.

Provide for recording of responses in a form that will facilitate

scoring but does not change the nature of the behavior elicited

so that it is no longer a true sample or an accurate index of the

behavior desired.

Establish scoring criteria and guides to provide objectives and

unbiased judgements.

Try out the instrument in preliminary form.

Revise the sample of situations on the basis of tryout

information.

Analyze the reliability, validity, and score distribution in

accordance with purposes of use.

Develop test norms and a manual, reproduce and distribute

the test.

In defining the general purpose of a test, Tmkelman (1971) suggested

that attention be given to the specific areas of achievement to be measured,

the population to be measured, and use of the scores. For the purpose of

analysis of the items, it is valuable to look at the scores of different ability

groups. Tinkelman suggested the following sequence for test development:

1. Developing the test specifications.



Writing the test items.

Pretesting the items and analyzing the item statistics.

Compiling the preliminary test forms.

Trying out the preliminary test forms to verify time limits,

difficulty, reliability, etc.

Compiling the final test forms for standardization purposes.

Administering the final test forms for standardization.

Preparing norms, a test manual, and supplementary test

materials.

Printing and publication.

Theory of Mental Organization

A theory about mental organization or behavior will suggest a

ground plan for the test (Cronbach, 1971). A test designed for descriptive

purposes must rely more heavily on content and construct-related

validation than on criterion because its purpose is to establish a measure of

status or achievement rather than to predict performance. Validation of a

test must show that the suggested interpretation of the data is reasonable.

A description that refers to internal processes or organization requires

construct-related validation. Therefore, it is logical to begin with a

discussion of the theories of mental organization which will furnish the

framework for the construction of this test.

Skemp (1971) distinguishes between two cognitive styles which he

calls 'rote" and schematic". Skemp felt that language is a necessary part

of the formation of higher ordered concepts, yet a child seldom learns a
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concept through language (definition) alone. Concepts must be

communicated by encountering a suitable collection of examples. Because,

in mathematics, these examples are usually other concepts, there needs to

be a structure of lower ordered concepts already formed in the mind of the

learner.

Skemp defined "schemat' as mental structure. It is used to integrate

existing knowledge and acts as a mental tool for the acquisition of new

knowledge. A schema can be a powerful hindrance if it happens to be an

unsuitable one. Schemas must sometimes be reshaped or "accommodated"

to fit new situations. An important feature of accommodation is that the

original schema is not overthrown, but becomes part of the new one. As an

example of a major accommodation, Skemp referred to the addition and

multiplication of fractions. Fractions are not just an extension of the

schema developed in the study of whole numbers, but require new concepts

which are easy to over-generalize.

In order to demonstrate the difference between rote and schematic

learning, Skemp performed an experiment which required subjects to

memorize nonsense words. Using a system of word symbols, Skemp found

that the subjects who memorized by rote retained only 8% of what they had

learned at the end of four weeks, although subjects who were able to fit the

symbols into an existing schema could recall 58%.

Because it is not possible for the teacher to know what future tasks

the present learners of mathematics may have to face, it is necessary to give

each learner a well-structured foundation upon which to build. Students

must be taught to look for mathematical patterns for themselves. Too many

of our learners are content to wait for the teacher to generalize with a

"rule".



According to Skemp, teachers must distinguish between automatic

performance of routine tasks and rote manipulation. Students who are

taught to generalize mathematical concepts are consciously

accommodating their schemas even ahead of demand. On the other hand,

students who memorize rules that they do not understand are limited in the

types of problems they can solve. Because a bright child can memorize a

surprising amount, the appearance of learning mathematics may be

maintained until only true conceptual learning is adequate to the task.

When this point is reached, even the outward appearance of progress

ceases. Skemp admits, however, that the distinction between rote learning

and schematic learning is not a dichotomy. Comprehension is not all or

nothing. What matters is that the schema can grow.

Gagné (1983) listed three steps in the problem solving process:

translating, carrying out the operation, and validating the solutions.

Gagné maintained that the problem solving performance is likely best if the

phase of computation is done automatically. Gagné disagreed with

advocates of the concrete model for learning mathematical concepts. He

saw the process as leading to the situation where the learner must

translate the symbolic sentence into a concrete model, perform the

manipulation, and then translate back again. According to Gagné, failure

to compute properly is the result of faulty "rules". This is most readily

overcome by deliberate teaching of correct "rules". This denial of the need

to understand an operation is in direct contrast to Skemp (1971).

Wachsmuth (1983) differed with Gagné in at least one important

area. If part of a rule is forgotten, there is no way to construct it from other

knowledge. Rote skill that has not been employed for a while is subject to

decay. It might, therefore, make sense to teach skills both rotely and
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meaningfully. Steffe and Blake (1983) were even more outspoken in

criticism of Gagné, however, finding Gagné's call for more practice and

speed drills redundant. Drill and practice has not served well in the past

and should not be expected to serve now. They declared that arithmetic

should be less a challenge to a pupils memory and more a challenge to his

intelligence.

Bruner (1967) saw growth as being characterized by increasing

independence of response from the immediate nature of the stimulus.

Bruner used the words "internalizing events in a storage system" to

correspond to Skemp's "accommodation of a schema". Both agreed that

language is a medium of exchange and an instrument with which the

learner can bring order to the environment.

"Intellectual development ", according to Brtmer (1967), "is marked

by increasing capacity to deal with several alternatives simultaneously, to

tend to several sequences in the same period of time, and to allocate time

and attention in a manner appropriate to these multiple demands" (p. 6).

Bloom's taxonomy (Bloom, 1956) describes qualitative steps in the

cognitive domain between memorized knowledge, comprehension,

application, and the analysis of a given concept. The following is a brief

summary of the six categories of the taxonomy:

1.00 Knowledge Remembering something previously encountered.

1.10 Knowledge of specifics Recall of information bits with

concrete referents.

1.20 Knowledge of ways and means of dealing with specifics

Includes methods of inquiry, chronological sequences,

standards of judgement, patterns of organization within



a field.

1.30 Knowledge of the universals and abstractions in a field

Includes recognizing principles, generalizations,

structures, and theories.

2.00 Comprehension Understanding of material being

communicated, without necessarily relating it to other

material.

2.10 Translation From one language or form of

communication to another.

2.20 Interpretation The explanation or summarization of

a communication.

2.30 Extrapolation Extension of trends beyond the given

data.

3.00 Application The use of abstractions in particular and

concrete situations.

4.00 Analysis Breaking down communication into its parts so

that organization of ideas is clear.

4.10 Analysis of elements Recognizing assumptions and

distinguishing facts from hypotheses.

4.20 Analysis of relationships

4.30 Analysis of organizational principles of structure and

arrangement

5.00 Synthesis Putting elements into a whole.

5.10 Production of a unique communication



5.20 Production ofa plan for operations

5.30 Derivation of a set of abstract relations

6.00 Evaluation Judging the value of material and methods for a

given purpose.

6.10 Judgements in terms of internal evidence Logical

accuracy and consistency.

6.20 Judgements in terms of external evidence Consistency

with established standards or models.

Stanley (1972) explained that the rationale for the hierarchy of

Bloom's taxonomy is the assumption that each level is an extension of all

previous levels. An objective in the application category requires, at least in

theory, that certain comprehension and knowledge goals have been

achieved. In addition, Stanley saw a qualitative step between the knowledge

level and the five higher levels of Bloom's cognitive domain. This

corresponds to the division by Skemp (1971) of mathematical learning into

the categories of rote and schematic.

Krathwohl (1968) also concluded that Bloom's taxonomy is

hierarchical in nature. The boundaries between the categories, however,

reflect the decisions that teachers make among student behaviors in

developing curriculums and in choosing learning situations. He saw the

system as logical because each category permits logical subdivisions that

can be clearly defined. According to Krathwohl, the taxonomy is consistent

with our present understanding of psychological phenomena, though it

does not rest upon a single theory.

27
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Working with Payne (Krathwohl & Payne, 1971), Krathwohl

concluded that the available research on the taxonomy has supported the

rationale for the first three categories. It has been very difficult to

distinguish many application items from the more complex categories.

Persons frequently disagree on the taxonomy represented except at the

knowledge level.

Because of the difficulty in distinguishing among the higher

categories and in order to focus on the behaviors associated with the

learning of mathematics, Wilson (1971) described a taxonomy more

appropriate to the study of mathematics than the traditional taxonomy of

Bloom. The following is a summary of Wilson's taxonomy:

A.O Computation

Computation items are designed to require recall of basic facts and

terminology or the manipulation of problem elements according to

rules the students presumably have learned. Emphasis is upon

knowing and performing operations and not upon deciding which

operations are appropriate.

A.1 Knowledge of specific facts

This includes objectives where the student is expected to

reproduce or recognize material in almost exactly the same

form as it was presented in the course of study.

A.2 Knowledge of terminology

A.3 Ability to carry out algorithms

This is the ability to manipulate elements of a stimulus

according to some learned rules. The student is not expected to

choose the algorithm.



B.O Comprehension

Comprehension relates to recall of concepts and generalizations or to

the transformation of problem elements from one mode to another.

The emphasis is on demonstrating understanding of concepts and

their relationships, not upon using concepts to produce a solution.

The knowledge of a concept is more complex than the knowledge of a

specific fact. These knowledge behaviors assume a correspondence

with a course of study.

B.1 Knowledge of concepts

B.2 Knowledge of principles, rules and generalizations

B.3 Knowledge of mathematical structure

This refers to the properties of the operations on sets of

numbers.

B.4 Ability to transform problem elements from one mode to

another

B.5 Ability to follow a line of reasoning

B.6 Ability to read and interpret a problem

This is less than the ability to solve the problem, but it is an

important intermediate step.

C.O Application

Application items require recall of relevant knowledge, selection of

appropriate operations, and performance of the operations. They

require students to use concepts in a specific context and in a way

they have presumably practiced. They deal with activities that are

routine in the sense that items like these (not identical) have been

studied.
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C.1 Ability to solve routine problems

This is the most limited case involving only the selecting and

carrying out of an algorithm. If it cannot be expected that the

students will recognize that the problem is similar to those

they have studied, then the problem is at the analysis level.

C.2 Ability to make comparisons.

The students are expected to recall relevant information,

discover a relationship, and formulate a decision. This

involves the behavior of choosing between available

alternatives.

C.3 Ability to analyze data

This behavior is the ability to separate a problem into its

component parts, distinguish relevant from irrelevant data,

and establish a connection with problems already solved.

C.4 Ability to recognize patterns, isomorphisms, and symmetries

This may involve recalling relevant information, transforming

problem elements, manipulating these elements in sequence,

and recognizing a relationship.

D.0 Analysis. Analysis items require a nonroutine application of

concepts. They require the detection of relationships, the finding of

patterns, and the organization and use of concepts in a unpracticed

context. This includes the behavior described in Bloom's taxonomy

as analysis, synthesis, or evaluation. It can include discovery and

creative behaviors. In order to respond to test items at this level,

there must be a reliance on heuristic behavior.
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D.1 Ability to solve nonroutine problems

The students are given a problem situation for which an

algorithmic solution is not available.

D.2 Ability to discover relationships

The students must discover a new relationship rather than

identify a familiar relationship among new data.

D.3 Ability to construct proofs

This differs from the ability to recall a proof (computation) or to

reproduce a proof (application).

D.4 Ability to criticize proofs

This is the ability to criticize any mathematical argument.

D.5 Ability to formulate and validate generalizations

Make generalizations from patterns perceived in data and test

them deductively.

Slesnick (1982) described a study made to determine if the

understanding of a complex algorithm such as long division requires a

higher cognitive process than understanding the basic operation of

division. Her study was based on the theories of Piaget and Pasqual-Leone.

The rn-capacity is the numbers of schems or items of information that can

be coordinated simultaneously. The m-capacity of a child is determined

with Case's Digit Placement Test. The rn-demand of a mathematical task

is measured by task analysis.

The subjects of this study were sixth grade students who were

determined th be field-independent thinkers by means of the Gottschaldt

Figures Test, a Piagetian horizontal reclassification task, and a concrete
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multiple class membership test. Each subject was tested for understanding

of the basic operation of division, understanding of the division algorithm,

and performance on long division.

The results of the study show that there is a significant difference in

the mean scores of the formal and preformal groups on the test of

understanding of the long division algorithm. There was no significant

difference between the two groups in either of the other two tests. Slesnick

concluded that the algorithm can easily become a procedure that the child

does by rote. This result led her to suspect that retention and transfer

might be weakened for students who use the algorithm without

understanding.

Development of Objectives

Michael and Metfessel (1967) suggested a sequence for developing

measurable objectives of educational programs in colleges. The objectives

must be based upon a statement of the goals of the educational program.

Specific behavioral objectives must meet several criteria. They must be

relevant to the basic philosophy of the institution or community. They must

satisfy immediate as well as long-range needs of the culture. They should

be appropriate for the students' state of readiness. They must be realistic in

terms of what can be taught at the institution. They must facilitate

interaction between student and teacher. The development of these

objectives allows the selection or construction of instruments to measure

the extent to which these specific behaviorally-stated objectives have been

attained. The evaluation model suggested by Michael and Metfessel
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involves periodic administration of tests and scales to determine behavioral

changes relative to specific objectives.

Payne (1974) identified the establishment of educational goals and

instructional objectives as a time-consuming, important, and often

frustrating task. Objectives may be derived from analysis of the needs of

individuals and society, subject matter experts, professional societies, and

analysis of the learning process itself.

The literature reveals a number of concepts related to the operation of

division with rational numbers which need to be considered when objectives

are being developed. Ashlock (1977) described two models of division. The

measurement model is often associated with children's earliest

experiences with division. In this model a set is associated with the

product. The known factor suggests the number of elements in each of a

collection of disjoint subsets to be formed. The unknown factor is the

number of subsets. The partition model is also used with division. In this

model the known factor represents the number of disjoint subsets and the

unknown is the number of elements in each.

Most application problems are either measurement or partition

situations. The partition model is more useful in the concrete development

of the usual long division algorithm for whole number division (Hall, 1983),

and the measurement model is more suited to the development of division

with fractions and mixed numbers (Vest, 1985). If the teacher does not take

these models into consideration, but uses a partition model to solve a

measurement problem, the children may easily become confused.

Elementary teachers need to be aware that models are being switched even

in some elementary mathematics textbooks.
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Vest (1978) undertook to find out if preservice elementary teachers

preferred a measurement or a partition model of division. The study asked

the following questions:

Do preservice teachers prefer measurement or partition?

Can they distinguish between measurement and partition?

How do they use materials designed to introduce division of

whole numbers by the use of measurement situations?

None of the students had had a course in mathematics methods.

When asked to write a division word problem, 59 students wrote a partition

example, six wrote measurement, and 22 wrote problems that were not

identifiable as either. Even as a follow up to a measurement unit in a test,

students preferred to write a partition problem. When students were asked

to identify partition and measurement on the basis of the question asked,

they were able to do so with over 95% accuracy.

Freudenthal (1973) said that elementary teachers should know the

difference between the two models of division, but he believed that the

distinction was not important to the pupils. Freudenthal, from metric

Europe, believed that division of rational numbers does not belong in the

elementary curriculum. He would deal with fractions in algebra. In the

United States, English measurement units are still used with their

dependence on common fractions. Therefore, real-word problems still

include situations where division of rational numbers is necessary.

Students in North America will be expected to understand and use

operations with fractions and decimals as early as the fourth grade

(NCTM, 1989).

Recent articles in journals for elementary mathematics recommend

models for developing division with rational numbers. Feinburg (1980)
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used measurement and the number line to illustrate the division 3/4 1/4.

Her repeated subtraction example led to the development of the "common

denominator" algorithm for the division of fractions. Trafton (1984) took the

measurement model a step further by using it to develop the "invert and

multiply" algorithm. Silvia (1983) suggested the use of graph paper to

model division of fractions. The basis of her model was measurement and

she was able to relate division with fractions to division with whole

numbers. The final abstraction of this method leads to the "invert and

multiply" rule although she avoided problems that had mixed number

answers. Phillips (1976) demonstrated that division of rational numbers is

completely analogous to whole number division. Ball (1988) determined

that preservice teachers, both elementary and secondary, rely on the "invert

and multiply" rule and have difficulty explaining division with fractions as

an operation related to whole number division. They are apt to think of the

rule as the only explanation necessary or possible.

Webb (1977) showed how the use of the measurement model for

division with fractions may lead to an error when there is a remainder.

The problem lies with the use of "old units" instead of "new units". When

dividing 3 by 2/3, it is tempting to see the answer as 4 1/3 because the

remainder is 1/3. But the divisor is the "new unit", 2/3. The remainder is

one-half of the new unit, hence the correct answer is 4 1/2.

Reys and Grouws (1975) interviewed children in the fourth, fifth,

sixth, and eighth grades to determine their thoughts regarding division by

zero. When confronted with a conflict between intuition and an inverse-of-

multiplication explanation, students would try to justify their intuition. For

example "8 = 0 because 8 x 0 = 0". The interviews brought to light some

fundamental misconceptions concerning the number zero. Piaget has



suggested that the notion of zero is not well-developed until children reach

the stage of formal operations. The resolution of the problem rests with

elementary teachers. The concept of zero must be carefully developed and

correct terminology must be consistently used. Studies are needed,

according to the authors, to determine what teachers actually teach about

division with zero.

In an earlier study (Reys, 1974), teachers showed a weakness in the

concepts of zero and division involving zero. Students tend to over-

generalize the concept and insist that either all division involving zero is

undefined, or all division involving zero is zero. Rather than apply

schematic methods presented by the investigators, the students seemed to

be relying on rote rules.

Selection of Items

In order to determine the appropriateness, of an item as a measure of

an objective, Martuza (1977) advocated the Index of Item-Objective

Congruence. A value of +1 is assigned by the content specialist whenever

an item is judged to be a measure of the objective; a value of-i is assigned

whenever the item is judged as definitely not a measure of the objective; a

value of 0 is assigned otherwise. The following formula is used:

ho = ((M - 1)S0 - S0')/(2N(M - 1))

where ho = the index of congruence of item i and objective o

M = the number of objectives

N = the number of content specialists

So = the sum of the ratings assigned to objective o
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S0' = the sum of the ratings assigned to all objectives

except objective o.

Henrysson (1971) examined statistics based upon the pre-tryout and

tryout data used in the evaluation of test items which can be used to identify

strong and weak items. Tryouts also furnish information about the length

and duration of the test. Henrysson suggested that the pre-tryout data

should include the number choosing the correct answer, the number

choosing each of the distractors, and the distribution of criterion scores for

the group choosing each of the options, omitting them, or not reaching the

item.

Although the proportion of subjects choosing the correct answer is

typically used as a measure of difficulty, it is actually a measure of

easiness. The z value from the normal distribution that represents the

proportion of students choosing right and wrong answers is a useful

measure of difficulty. The y-coordinate of the graph of the normal curve at

that point is used to compute the biserial coefficient, urbis that relates the

discriminating power of the item against a criterion such as a subtest

score. In some cases "rbis" can actually be greater than one.

"rbis" = (Mr - Mw)p(1 - p)/(Sy)

where Mr = mean criterion score for students choosing the right

answer

Mw = mean criterion score for other students

S = standard deviation of criterion scores of all students

p = proportion of all students choosing the right answer

y = ordinate in the unit normal distribution that divides

the area under the curve in the proportions

pand(1-p).



Analysis of Reliability and Validity

The validation of any standardized test must include evidence for

validity and reliability (Gronlund, 1985). Reliability is established by

statistical analysis of the results when the instrument is given to a sample

of the population for which it was designed. Evidence for validity must

come from a variety of sources which are usually classified as content-

related, construct-related, 'and criterion-related.

Anastasi (1985) pointed out some emerging trends in test

development including the increased use of construct validation.

Constructs must be formulated at the beginning of the development process

based upon psychological theory, prior research, or systematic observation

and analysis of real life. Test items are prepared to fit the construct

definitions. The final stage of construct validation includes the cross-

validation of various scores and interpretive score combinations through

statistical analysis against external real-life criteria. Items are assigned to

subtests on the basis of logical and statistical homogeneity. Factor analysis

is no longer regarded as a means of searching for the primary, fixed, or

universal units of behavior, but as a means of organizing empirical data.

Validity (Gronlund, 1985) refers to the appropriateness of the

interpretations of the results of an evaluation instrument for a given group

of individuals Validity is a matter of degree rather than existing on an all-

or-none basis. According to Gronlund, the traditional view that there are

several 'types" of validity has been discarded in favor of a unitary concept

that can be supported by evidence that fits more or less into the categories of

content-related, criterion-related, and construct-related.

38
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Content-related evidence for validity is required when the test is to

estimate how an individual performs in the universe of situations the test is

intended to represent (American Psychological Association [APA], 1974). If

the test is used to estimate achievement in a domain that cannot be simply

defined, it may be defined in terms of skills, facts, and concepts as

determined by the pooled judgements of authorities, experienced teachers,

and competent curriculum makers in the field of interest. A definition of

the total universe might well be tempered by the specific instructional

objectives accepted by the panel.

Criterion-related validation is the process of determining the extent

that test performance is related to some other measure of performance

such as course grades or future performance. Gronlund (1985)

recommended a rank-difference correlation study resulting in the

coefficient "p". Interpretation of the meaning of this coefficient depends

largely on comparing it with coefficients from other instruments. Selecting

a satisfactory criterion is one of the most difficult problems in making a

criterion-based validity study.

Construct-related validation is the process of determining the extent

that the test performance can be interpreted in terms of psychological

constructs. The validation process involves identifying and describing, by

means of a theoretical framework, the construct to be measured, deriving

hypotheses regarding test performance from the theory underlying the

construct and verifying the hypotheses by logical and empirical means.

Construct-related validation is based upon evidence from many sources

including defining the domain of tasks to be measured, analyzing the

mental process required by the test items, comparing the scores of known
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groups, comparing scores before and after some particular treatment, and

correlating the scores with other tests.

Gronlund (1971) addressed the reliability or consistency of the results

of a test. It is important to refer to the reliability of the results rather than

of the instrument itself. Reliability is a necessary but not sufficient

condition for validity. The usual types of reliability studies include the test-

retest method, equivalent forms method, split-half method and the Kuder-

Richardson method. The amount of variation in a student's test scores can

be determined through the standard error of measurement. Two

advantages of the standard error of measurement in estimating reliability

of tests results are first, the estimates are in the same units as the test

scores and second, the standard error is likely to remain fairly constant

from group to group. It is not appropriate for comparing tests that differ in

length or use different types of scores.

Wiersma (1975) declared that construct-related validity can be

established by both logical and empirical analyses. A construct may be

conceptualized with only a limited number of propositions, or it may be part

of a fully developed theory. Construct-related validity involves a broader

concept than other types of validity, and establishing construct-related

evidence is more complex than establishing other types.

Correlation coefficients between scores on the test and other tests

related to the same general theory are often used as evidence of construct

validity. Too high a correlation is not desirable, however, because that

would indicate that nothing new is being measured. Even a negative

correlation with another construct may add evidence for construct-related

validity. Correlation does not have to be with other test scores. There may

be other factors such as background information that may be correlated
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with the test score to show construct-related validity. Certain groups may

be expected to score higher on the test than others.

The validity of a test (Fraser, 1972) can only be increased by carefully

analyzing the purpose of the test and seeking to match the form more

closely to the purpose. Fraser points out that it is not easy to write good

objective items at a level above knowledge. Most ideas will come to the item

writer in the course of teaching. After items have been written and before

they are used either in a test or a pretest, it is a]most essential that they

should be subject to review by one or more independent persons. This

process of review is called "vetting" or "shredding" an item.

In his discussion of reliability, Fraser warns against discrepancies

between the marking adopted by different examiners or by the same

examiner on different occasions. The use of fixed response items will

reduce this error to zero. Objectivity is a prerequisite to reliability. Part of

the error in measurement in a candidate's score will result from

differences in the ways that the test is administered to different groups of

candidates. The conditions of the test administration must be stated in as

much detail as possible, and the candidates must be familiarized with the

format of the questions before the test. There will always be minor changes

in the physical and mental state of an examinee from one occasion to the

next that will effect examination performance and consequently the

reliability of the examination results. The reliability can be increased by

increasing the number of items on the test provided that the additional

items conform to the test specification.

Domain-referenced tests draw items from a very precisely defined

content area or domain The purpose of this kind of test is to estimate as

precisely as possible the learner's level of performance and specific
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deficiencies in the given domain (Borg & Gall, 1983). The domain-

referenced test may also be used to make criterion-referenced decisions

once a criterion has been established. The criterion is a standard of

performance that is either achieved or not achieved by the subject. When a

domain-referenced test is used to establish "domain status", it is not

necessary to establish a "cut score" or criterion (Millman, 1974).

The reliability of a domain-referenced test is the consistency of the

test in making estimates of the subject's level of mastery of the specific

domain addressed by the instrument. Establishing the reliability of a

domain-referenced test brings special considerations which are different

from those encountered in the analysis of a norm-referenced test. A norm-

referenced test is concerned with the ranking of the subject within an

established group. Classic measures of consistency such as the test-retest

method, the split-halves method or the Kuder-Richardson KR2O formula

are based upon a correlation coefficient between two sets of scores. It is

possible, however, for two sets to be 100% correlated yet each subject's

scores differ by an unacceptable amount (Martuza, 1977). This is why

traditional tests of reliability used for norm-referenced tests are thought to

be unsuitable for domain-referenced tests.

If the domain-referenced test is to be used for criterion-referenced

decisions, reliability can be reported in terms of percentage of agreement in

placing each subject as a master or non-master with reference to the

established criterion. (Borg & Gall, 1983; Martuza, 1977). For the

researcher who uses a domain-referenced test to determine domain status,

this is not a viable option since no suitable criterion has been established.

Part of the argument against the use of the traditional correlation

coefficients assumes that in a domain-referenced test of mastery the
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variance of the scores diminishes to a level which makes discrimination

unlikely if not impossible. A highly reliable instrument could thus register

a low correlation coefficient (Gronhmd, 1985). Popham (1978), however,

argues that in the "real world" variances always exist and if scores are well

distributed then traditional reliability analyses are still appropriate.

Because of this, a reasonably high score on a traditional test of reliability is

appropriately reported along with other measures of reliability such as the

standard error of measurement and the mean of absolute differences as

evidence for reliability of a domain-referenced test.

The amount of variation to be expected in test scores can be estimated

with the standard error of measurement (Gronlund, 1985). Because this is

based upon the standard deviation and the reliability coefficient it is stable

over differing groups. A group which has a higher level of mastery will

tend to have a smaller standard deviation which will compensate for a

smaller reliability coefficient in the formula SE(measurement ) = SD's[i.

Martuza (1977) recommends the use of the mean of absolute

differences as an estimate of the reliability of a domain-referenced test.

Using a procedure similar to the split-half or test-retest method, the mean

is found for the absolute difference of the two scores for each individual.

According to Martuza (1977) there is no current standard for this statistic,

but the closer it is to zero the more reliable the test.

Stanley (1971) considers two viewpoints in the question of the

reliability of the results of a test. If the test could be repeated many times

without making a change in an individual, the scores would be normally

distributed and the standard error of measurement or the standard

deviation of the test scores would be a measure of the reliability of the test

results. The consistency with which an individual maintains his or her



44

position in the total group on repetition of the test is measured by the

correlation coefficient between the two rankings. This is one form of the

reliability coefficient.

Cronbach and Meehi (1955) suggest the use of construct-related

validation whenever a test is to be interpreted as a measure of some

attribute or quality that is "operationally defined". The investigator asks

the question, "What constructs account for variance in test performance?'

Construct-related validation is not identified solely by particular

investigation procedures, but by the orientation of the investigator. An

investigator becomes interested in construct-related validation when he

believes that no criterion available to him is fully valid.

A construct is some postulated attribute of people assumed to be

reflected in test performance. A qualitative attribute is one that is either

possessed or not possessed at a given time. A quantitative attribute is one

that may be possessed in varying degrees. According to Cronbach (1971),

constructs in which tests are interpreted can be descriptions in terms of

educational objectives. Evidence for construct-related validation is made by

integrating many different sources among which are group differences,

correlation matrices and factor analysis, studies of internal structure,

studies of change over occasions, and studies of process.

Orton (1987) noted that construct-related validation was developed as

a response to the narrow view that only criterion-related validity was

important. He pointed out that the weakness in operational definitions is

that nobody actually uses them. Some terms cannot be operationally

defined. He suggested that a foundation for construct-related validity is the

view that a construct has surplus meaning because it refers to something

belonging to the external world. Surplus meanings are those which cannot
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be reduced to operations or sensory impressions. This surplus of meaning

is a characteristic of the term. The term implies the existence of

something, the construct, that may or may not actually exist. Hypothetical

constructs are distinguished from intervening variables, similar to the

factors of factor analysis, in that the intervening variables have no surplus

meaning.

A factor analysis study is an attempt to organize correlational data in

such a way that the correlations can be explained by a few common factors

(Kim & Mueller, 1978A). A computer analysis is usually necessary because

of the complexity of the calculations involved. The factors which explain

the data are not unique because there is no way to extract a unique set of

factors from the data collected. Evidence for construct-related validity is

established when the hypothetical factors can be explained in terms of the

hypothetical constructs assumed in the theory of mental organization used

in the development of the test. Matching the factors to the data can be done

in a number of ways including graphic rotation, orthogonal rotation, and

oblique rotation (Kim & Mueller, 1978B).

Validation Studies

Three recent validation studies are similar in some respects to the

development of this domain status test. The development of the

Underprepared Mathematics Teacher Assessment (Cangelosi, 1988)

focuses on competencies required in college methods courses for preservice

mathematics teachers. Content was based upon learning goals for grades 6

through 12 used by the state of Utah. Seven competencies were defined by a
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set of specific skills and abilities. These were organized into a two-

dimensional matrix with the row specifying the content and the column

specifying the cognitive behavioral construct (the first four elements of

Bloom's taxonomy). An item pool was developed by the staff for each cell of

the matrix. The pools were refined by a panel of content specialists. The

items were field tested by 90 mathematics teachers ranging from very

unprepared to highly qualified. The validation study was conducted using

a sample of teachers from which 18 were clearly underprepared, 18 were

clearly qualified, and 11 whose preparation was borderline. The purpose of

the study was to assess interscorer reliability, assess score reliability for

each subtest, compute the standard error of measurement and to determine

the cutoff score for each subtest.

Scharmann, Harty, and Holland (1986) developed an instrument to

examine preservice elementary teachers' process orientation to science.

Their test was identified with the single construct "process orientation to

science". The construct was defined in terms of the ability to recognize

science process skills. Content validation was based upon four

specifications evaluated by a panel of six judges. The remaining 40 items

were field tested by administering them to a sample of 27 preservice

elementary teachers enrolled in a science process skills course. Predictive

validation evidence was the use of Spearman's "p" correlations with the

grades received in the course. Construct-related validation included factor

analysis and known group differences. Three groups were selected on the

basis of degrees of familiarity, knowledge, and understanding on the

nature of science. It was hypothesized that biology majors, preservice

secondary teachers, and elementary teachers, would score in that order

(from high to low). There were significant differences between the scores of
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elementary teachers and the other two groups. There was not, however, a

significant difference between the scores of the biology majors and the

secondary teachers. Factor analysis involved the varimax rotation matrix

after Kaiser normalization yielding a two-factor solution. Not all of the

items possessed sufficient factor loading value. Internal reliability was

measured using the "a" coefficient. The value of 0.86 was considered to be

moderately high.

Ross and Maynes (1983) developed a test of experimental problem

solving skills. The domain to be evaluated was defined in terms of seven

skills. The cognitive behavior of novices and experts was contrasted and

broken down into a series of levels ranging from two to seven. A pool of

multiple choice items was constructed for each skill. The item pool was

tested in three phases. In the first phase, the revised pool was divided into

a series of test forms. These forms were field tested on a random sample of

seventh and eighth grade classes. The pool of items was reduced from 115

items to 44 items by selecting the items favoring highest correlation with

the sum of the remaining items for the same skill. The third phase was to

field test the two multiskill test forms administered to different classes with

the resulting data used to determine the reliability and validity of the test

results. A test-retest reliability coefficient was based on Cronbach's "a".

Both the test-retest coefficients and the internal consistency coefficients

were too low for judgements about individuals, but were deemed

appropriate to evaluate programs. Content-related evidence of validity was

determined from the agreement of science teachers and educators.

Construct-related evidence was supplied by comparing students who had

recently received instruction on three of the skills with those who had not.

Correlations for predictive reliability were lower than expected.



Summary

Krathwohl and Payne (1971) and Tinkelman (1971) suggest

development sequences for psychological and educational tests. They both

involve establishing goals and objectives which lead to a table of

specifications The procedures progress through writing or selecting items

to measure the achievement of the objectives, the field trial of preliminary

and final forms of the test, and the analysis of the reliability and validity of

the test results.

The development of the objectives for an instrument takes into

account the tasks which represent the domain of interest as well as the

theory of mental organization upon which the instrument is based.

Wilson's taxonomy furnishes a reasonable framework for the organization

of mathematical tasks. Many of the new teaching standards recommended

by the NCTM (1989), are related to the higher levels of Wilson's taxonomy.

A panel of subject-area specialists is often recruited to assist in the selection

of the tasks and objectives as well as to evaluate the appropriateness of the

items for each of the final objectives.

Analysis of reliability of test results is done by statistical analysis.

Two common statistics used are the coefficient of reliability given by the

Kuder-Richardson KR2O formula and the standard error of the mean.

These can be computed for each of the four subtests as well as the test as a

whole. The KR2O coefficient is the average of the correlation coefficients of

all possible split-halves coefficients.

Analysis of validity depends upon evidence which may be content-

related, criterion-related, or construct-related. Content-related evidence is

established through the procedure by which the tasks representing the
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domain are determined, the objectives chosen, and the items written.

Construct-related validity can be assessed through defining the domain of

tasks to be measured, analyzing the mental process required by the items,

comparing the scores of known groups, and correlating the scores with

other tests.



III. PROCEDURES

The procedures followed in this study are derived from the

recommendations of Krathwohl and Payne (1971). Some of the twelve steps

in their development sequence are combined in the description of the

development of the Domain Status Test in the division of rational numbers.

Development of Goals and Objectives

The first two steps of Krathwohl and Payne involve specifying goals

and deriving from the goals the domain under study. For the purpose of

this study, the domain was defined as the specific tasks appropriate for

elementary teachers relative to the operation of division with rational

numbers in the context of each level of Wilson's (1971) taxonomy.

In order to establish an appropriate set of tasks representative of the

domain and acceptable to the community of mathematics educators in the

United States, the first step in the project was to recruit a panel of content

specialists. This panel also determined the objectives which represent the

tasks and matched appropriate items to the objectives. This method of

establishing content-based validity follows the practice described by a

number of researchers including Martuza (1977), and Scharmann, Harty,

and Holland (1986). This method is also suggested by the APA, (1974) for

tests where the domain of interest cannot be simply defined.

Letters were sent to department chairs of 20 universities and to a

number of mathematics educators known to the researcher. Initially 21

individuals representing 11 universities agreed to serve on the panel. As
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the project progressed, 17 actually made consistent contributions. The 10

universities that continued with the project represent a cross section of the

nation, and several of the panel are widely published in the field. The full

list of participants is found in Appendix A.

Domain of Tasks

Initially, a list of tasks was submitted by the researcher along with a

summary of Wilson's taxonomy (Wilson 1971) to each person on the panel.

Because most algorithms for operations with rational numbers differ

according to the type of numeral, in the wording of the tasks, "rational

number" was restricted to those rational numbers which are not natural

numbers, but may be proper fractions, improper fractions, mixed numbers

or decimal numbers. Tasks, however, included reference to natural

numbers as well as rational numbers. The tasks were reviewed by the

content specialists and each task was rated +1, 0, or -1 for appropriateness

to a given level of the taxonomy. This procedure follows the pattern

recommended by Martuza (1977) to evaluate the item-objective congruence.

Martuza's form for rating was introduced here to familiarize the panel

with it even though an index of congruence was not computed until the

items were actually matched to the objectives. Tasks rated appropriate (+1)

by 80% of the panel were retained in the final list. Tasks suggested by the

members of the panel were submitted to the entire panel for the same

evaluation. A total of 30 tasks were suggested to the panel by the researcher

as appropriate to the domain. An additional 16 tasks were added by the

members of the panel. From these tasks the panel approved 32 as a
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representative sample of the domain. Appendix B contains a sample of the

worksheets used, the instructions given to the panel, and the list of tasks

approved as appropriate at each level of the taxonomy.

Objectives

A list of suggested behavioral objectives was prepared by the

researcher and submitted to the panel to determine appropriateness

relative to the domain of tasks. The same format for response was used as

for the tasks themselves and the same 80% agreement standard was used.

Objectives suggested by the panel were subject to the same screening as

those of the researcher. Initially, 28 objectives were suggested by the

researcher as appropriate to the tasks approved by the panel. No additional

objectives were suggested but some of the comments were incorporated into

changes which resulted in more precise objective statements. One objective

was moved from the analysis section and put into the comprehension

section after a supplemental poli of the panel. As a result of this screening,

21 objectives were approved by the panel. Appendix C includes a sample of

the objective worksheets, the instructions given to the members of the

panel, and a summary of the ratings.

As in the description of the tasks, rational number refers to numbers

expressed as fractional, mixed, or decimal numerals. Even though the

natural numbers are actually a subset of the rationals, they were

distinguished from other rational numbers for algorithmic considerations.

During the development of the table of specifications for test forms A

and B, the number of objectives at the comprehension level was reduced



53

from 10 by listing similar objectives as sub-objectives of the final three

objectives. At this time no objectives were actually eliminated from the list.

Later, after Form C was field tested, three of the original objectives were

removed from the test because they failed to discriminate between known

groups. This result is explained in the discussion of the final table of

specifications.

The following list describes objectives agreed upon by the panel and

used in the final form of the test:

1. Computation

Objective 1.1 The student will identifr the terms of division

(dividend, divisor, quotient) upon seeing them in various contexts.

Items 3, 7, 10, 12.

Objective 1.2 The student will accurately carry out an

algorithm (including representation of a remainder when

appropriate) for the division of any one of the following:

natural number by natural number,

natural number by a rational number,

a rational number by a natural number,

a rational number by a rational number.

Items 1, 2, 4, 5, 6, 8, 9, 11.

2. Comprehension

Objective 2.1 The student will recognize principles, rules and

generalizations and demonstrate that recognition in the following

ways:
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The student will identify the correct relationship

between division and ratio and between ratio and

proportion.

Given several examples, the student will choose an

appropriate symbolic argument to show that the quotient

of a specified pair of natural or rational numbers can be

found by multiplying the dividend by the reciprocal of the

divisor. (Direct application of the "invert and multiply"

rule will not be included.)

The student will recognize that multiplication with a

reciprocal of the divisor is equivalent to division.

Given a division sentence with natural andlor rational

numbers, the student will identifr the multiplication

sentence which is most closely related to it.

Items 5, 6, 9, 11.

Objective 2.2 The student will demonstrate the ability to read

and interpret a problem in the following ways:

Given a problem involving division of natural and/or

rational numbers which includes extraneous

information, the student will identify the data necessary

for the solution of the problem.

Given a word problem involving division of natural

and/or rational numbers, the student will choose the

most appropriate number sentence for obtaining a

correct solution.
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c. Given examples of partition and measurement problems

involving division of natural and/or rational numbers,

the student will classify subsequent problems

accordingly.

Items 1, 2, 4, 12.

Objective 2.3 The student will recognize mathematical

structure including the properties of the operation of division with

rational numbers and demonstrate that recognition in the following

manner:

The student will demonstrate understanding of closure

by identifying sets as closed or not closed with the

operation of division.

The student will choose the most appropriate

explanation of the quotient when the dividend and/or

divisor is zero.

The student will recognize that division with natural

numbers and rational numbers is neither commutative

nor associative.

Items 3, 7, 8, 10.

3. Application

Objective 3.1 Given a routine problem (similar to one with

which the student is familiar) of the type which is solvable by dividing

with natural and/or rational numbers, the student will find a

solution.

Items 3, 5, 6, 7.
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Objective 3.2 The student will place various numerals for

rational numbers (including terminating and repeating decimals) in

the correct increasing or decreasing order.

Items 1, 2, 9, 10.

Objective 3.3 Given a routine problem involving division of

natural andlor rational numbers, where the numbers are

cumbersome for pencil and paper computation, the student will

choose an appropriate estimate of the solution.

Items 4, 8, 11, 12.

4. Analysis

Objective 4.1 Given a nonroutine problem of the type which

includes division of natural and/or rational numbers, the student

will find a solution.

Items 2, 3, 6, 8.

Objective 4.2 The student will predict what happens to various

parts of the division sentence when others are increased or

decreased.

Items 1, 5, 7, 11.

Objective 4.3 The student will choose an appropriate formal

argument that division of natural and/or rational numbers can be

accomplished by multiplying the dividend by the reciprocal of the

divisor.

Items 4, 9, 10,12.



Construction of The Preliminary Instrument

Item Selection

Multiple choice items were chosen to eliminate the factor of scorer

variability (Henrysson, 1971). Care was taken to include common errors in

the choice of possible answers. Each question includes the correct response

and four distractors so that the possibility of guessing the correct response

is less than 25%.

Items suggested by the researcher were rated by the panel as

appropriate or not appropriate for several objectives. A sample of the

worksheets used, the instructions to the panel, and a summary of the

ratings obtained is found in Appendix D. An index of item-objective

congruence (Martuza, 1977) was computed for each of the items. Items

with an index of 0.80 or greater were added to the pooi. This index

represents an acceptable level common to many standardized tests (Buros,

1978).

After a pooi of items appropriate to each of the objectives was

accumulated, the items were screened for clarity by students in elementary

mathematics education classes. Samples of the worksheets used and the

results of the ratings are found in Appendix E. Although students were

instructed not to answer the question itself, but to rate the question for

clarity only on a scale of 0 to 5, it was reasonable to assume that many

students were likely to mark the more abstract questions as difficult to

understand. Therefore, questions were removed from the pool under the

following conditions:
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Computation level items were removed if 30% of the students

scored it less than four (clear) in clarity.

Comprehension or higher items were removed if 30% of the

students scored it less than three (somewhat clear) in clarity.

Table of Specifications

For the preliminary test of the items two forms of a 40-item test were

compiled from the pool. Each section of each form included 10 items at the

given level of Wilson's taxonomy as determined by the panel of content

specialists. This length of the test was chosen because it was estimated that

most subjects could fimsh the test in two 50-miiiute periods without being

rushed. Two forms of the test were used in order to evaluate twice as many

items in the same time period.

In the initial table of specifications each objective was to be given the

same weight as much as possible. That is, no objective was represented by

n+1 items until all were represented by n items. In practice this was

limited because some objectives were so specific that items written for them

were without sufficient variability. In some cases new items were created

from existing items by using rules of generation. These new items were

field tested as part of the third form of the instrument. Several objectives at

the comprehension level were combined with others approved for the same
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task to create objectives which were still equivalent to the original set.

The table of specifications used for both forms of the 40-item test is shown in

Table 1.

Table 1

Table of Specifications: Forms A and B

Objective Number of Items Total

Section I Section II Section III Section IV

1.1 3 3

1.2 3 3

1.3 4 4

2.1 4 4

2.2 3 3

2.3 3 3

3.1 4 4

3.2 3 3

3.3 3 3

4.1 2 2

4.2 3 3

4.3 2 2

4.4 2 2

4.5 1 1

Total 10 10 10 10



Assembly of Two Forms of the Test

A computer random number generator was used to select items

according to the table of specification for Form A and Form B of the

preliminary test. Inspection of the forms thus generated revealed that

there was a lack of balance in the types of numerals (e.g. common

fractions, decimals, whole numbers) present in the two forms. Items for a

given objective were then switched between the two forms to reach a better

balance.

Tryout of Forms A and B

Data Collection

Forms A and B were administered to 79 randomly chosen elementary

mathematics education students at Washington State University, Pullman,

Washington; Gonzaga University, Spokane, Washington; and Eastern

Washington University, Cheney, Washington. Students at Eastern

Washington University and Gonzaga University were given the tests over

two 50-minute periods. All students finished before the end of the second

period. At Washington State University all students completed the tests

within 80 minutes of a 100-minute class period. Allowing 100 minutes for a

40-item test proved to be reasonable.

60



Analysis of Items

Using data from the tryout, the difficulty index (Gronlund, 1985) and

the biserial correlation coefficient "rbjs" (Henrysson, 1971) were computed

for each item. The coefficient "rbis" is useful in the determination of the

effect the item has on the KR2O coefficient "r". The computation of "rhis"

must use a criterion such as the score on a related sub-test. The criterion

for the biserial correlation in this study came from students' scores on the

section containing the item. Each of the sections is a sub-test representing

a level of Wilson's (1971) taxonomy. The biserial correlation coefficient was

an index, therefore, of the item's usefulness in predicting the score on the

entire section.

The two forms of the test and each of the sections were analyzed for

reliability using the Kuder-Richardson KR2O coefficient "r". The

preliminary test forms produced the results shown in Table 2.

Table 2

Kuder-Richardson KR2O: 40-Item Test
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Form A - KR2O coefficient "r" Form B - KR2O coefficient "r"

Section I 0.378 Section I 0.584

Section II 0.550 Section II 0.426

Section III 0.596 Section III 0.553

Section IV 0.707 Section IV 0.553

Total 0.8 15 Total 0.733



Revision of Test

Selection of Items

Neither of the two preliminary forms achieved the standard of

reliability required. Reliability can be increased by adding to the length of

the test (Gronlund, 1985) and/or by choosing items which have a difficulty

index close to 0.70 as well as a relatively high biserial correlation coefficient

ttrbjstt (Henrysson, 1971). The items with the highest "rbis" from the two

forms were combined into a new version, Form C. In some cases items

were rewritten to improve the difficulty index "p". In other cases items

were retained which were low in the difficulty index because analysis of

student answers revealed that many students simply ignored the context of

the problem and chose the results of the arithmetic manipulation.

Of the items originally intended to measure Objective 1.1 (Basic Facts

of Multiplication and Division), only the items involving the multiplication

fact 7 x 8 = 56 had statistical significance. Therefore, the number of items

assigned to this objective was reduced to two in the new version. The table

of specifications used for Form C is given in Table 3.

The resulting 64-item test was compiled with the items in each

section scrambled so that students would not have an organizational clue

as to which items were related. The 64-item test was administered to 81

students at Eastern Washington University and Gonzaga University. Of

these students, 18 were enrolled in a course for which the calculus series is

a prerequisite. The other 63 students were enrolled in mathematics content

and instructional methods courses for elementary teachers. The advanced
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Table 3

Table of Specifications: Form C

students were used in the statistical analysis of known groups (Gronlund,

1985; Scharmann, Harty & Holland, 1986) as evidence of construct validity.

Objective Number of Items Total

Section I Section II Section III Section IV

1.1

1.2

1.3

2.1

2.2

2.3

3.1

3.2

3.3

4.1

4.2

4.3

4.4

4.5

Total

2

6

8

16

6

5

5

16

6

5

5

16

4

4

2

4

2

16

2

6

8

6

5

5

6

5

5

4

4

2

4

2

64



Final Version of Instrument

Table of Specifications

The data from the revised 64-item version of the test were evaluated

in the same way as the original versions. As in forms A and B, items from

Objective 1.1 failed to have statistical significance. Only a few students

chose 7 x 8 = 54 even when it was the only numerical answer given close to

the real product 56. Evidence suggests that preservice elementary teachers

know the basic facts of multiplication and division regardless of their

background factors. Because of this evidence and the fact that removing

basic facts items from the section increased the KR2O coefficient "r", the

objective was eliminated from the test. Objective 1.2 (Knowledge of Terms)

was repetitive since there are only three terms to be considered. It was

decided to limit this objective to four items. Objectives 4.3 and 4.5 were also

removed after statistical evidence showed that they were poor indicators of

success at the analysis level.

A new table of specifications was designed to assign the relative

importance of each of the remaining objectives. Because the 64-item test

was too long to be administered in two 50-minute sessions, the test was

reduced to 48 items in the following manner. For each of the objectives, the

item with the lowest "rbjs" was removed and the KIR2O coefficient "r"

computed for the section. If the removal of the item resulted in a higher

firu, the procedure was repeated with the next objective. On a few occasions

the value of "r" was decreased by the removal of an item. The item was

returned to the section and the procedure was tried with other items

representing the same objective until the item having the least detrimental



effect on was found (see Appendix H). The procedure was continued

until the table of specifications was met (see Table 4).

Table 4

Table of Specifications: Final Form

The resulting final version of the instrument is a 48-item test with

reliability improved over the 64-item version. The final version of the

instrument is found in Appendix F.
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Objective Number of Items Total

Final (Old) Section I Section II Section III Section IV

1.1

1.2

2.1

2.2

2.3

3.1

3.2

3.3

4.1

4.2

4.3

(1.2)

(1.3)

(2.1)

(2.2)

(2.3)

(3.1)

(3.2)

(3.3)

(4.1)

(4.2)

(4.4)

Total

4

8

12

4

4

4

12

4

4

4

12

4

4

4

12

4

8

4

4

4

4

4

4

4

4

4

48



Validation of the Instrument

Measure of Reliability

In the development of the test evidence for the reliability of the results

was obtained through the split-half and Kuder-Richardson KR2O methods

rather than the test-retest procedure or equivalent forms method for the

following reasons. The subjects were all enrolled in mathematics content

or methods courses. A test-retest procedure requires the administration of

the same test on two occasions sufficiently separated in time so that

memory of answers given the first time are not likely to influence the

second. Because the students were enrolled in mathematics courses, it is

very probable that they would have learned techniques during that time

which would have raised their scores on the second administration. This

change in the subjects over time would increase the mean absolute

difference. Secondly, the full test takes two class periods to administer and

it was unreasonable to ask instructors to give up four class periods to collect

data for the research. Administering two forms of the test was rejected for

the same reasons plus the added difficulty of assembling two forms which

were actually equivalent.

Rather than employ the usual split-half procedure of separating the

test into odd and even numbered items, three variations were employed to

split the instrument. First, a computer-generated random selection of

items was used to divide each section into equal parts. Secondly, each

section was split along lines that tended to make both halves equivalent

with respect to the coefficient of biserial correlation "r". Thirdly, a split was

made to emphasize the equivalence based upon the difficulty of the items.
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Finally, the KIR2O formula which represents the mean of all split-halves

was applied for comparison. Since each half of the test has only 24 items,

the Spearman-Brown formula was applied to estimate reliability for the 48

item test.

The standard error of measurement for each section as well as the

entire test was also computed. As well as a measure of reliability, the

standard error should remain the same from group to group making it also

evidence for validity. A summary of the scores on each of the objectives and

sections is found in Appendix G.

Measure of Validity

The evidence for validity of the instrument comes from a variety of

sources. In this study evidence is presented which is content-related,

criterion-related, and construct-related.

The domain of tasks related to division of rational numbers in the

context of Wilson's taxonomy was is not simple to define. After the example

given by the APA (1974), a panel of content specialists was recruited to

define the domain in terms of tasks and objectives. Items were selected

which were considered by the content specialists to be measures of those

objectives (Krathwohl & Payne, 1971). A table of specifications was used at

each refinement of the instrument to assign relative importance to each of

the objectives. The items related to each of the objectives were first selected

from the pool for that objective at random. After each trial of the

instrument some items were eliminated by the statistical analysis

described in Final Version of the Instrument.
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The final version of the test does not require the recall of specific

multiplication and division basic facts as separate items at the computation

level. Knowledge of these facts is tested indirectly through the items

involving computation algorithms at the same level. Two objectives at the

analysis level were eliminated as statistically unsound. They dealt with

division as repeated subtraction and the use of ratio and proportion. Ratios

and proportions are used indirectly, however, in solving items related to the

objective dealing with nonroutine problems. Although the repeated

subtraction interpretation of division was judged important by the panel, no

suitable items were found to test it at the analysis level. However, because

repeated subtraction is related to the measurement interpretation, it is a

factor in the solution of items at the comprehension and application levels.

Evidence for criterion-related validity was found by comparing the

performance on the test with course grades by a rank difference correlation

using Spearman's coefficient "p" (Gronlund, 1971). Although the test is not

designed to predict course grades, the fact that there is some significant

correlation is evidence that the test measures a factor that is related to

success in mathematics courses. This statistic was calculated using the

scores and grades of 36 subjects for whom this information was available.

Construct-related evidence for validity is used increasingly by test

makers (Anastasi, 1985). Constructs are formulated at the beginning of the

test development process based upon a theory of mental organization. The

final stage of this validation includes the interpretation of correlation

between subtests. Factor analysis is used to organize the empirical data

rather than as a search for universal units of behavior. Known group

differences were correlated as evidence that the test measured constructs

that were present to a greater degree in subjects that had studied more



mathematics. Pearson correlation coefficients were computed between

performance on the test, subtests and all of the given background factors

(see Appendix I). The statistical analysis supporting the reliability and

validity of this test is found in Chapter 4.



IV. PRESENTATION AND ANALYSIS OF DATA

The instrument was field tested for reliability and validity with 81

students enrolled in mathematics content and methods courses at Gonzaga

University and Eastern Washington University. The raw data

accumulated from the field test consisted of student scores on each of the

items, objectives, and sections as well as the total scores for the entire test.

Backgrwmd data on each student included the number of years and highest

level of mathematics in high school and college. From this data evidence

was compiled for the reliability and validity of the test results.

Evidence of Reliability

The statistical evidence for the reliability of the test comes from three

analyses. Evidence is found by computing reliability coefficients such as

the Kuder-Richardson KR2O formula, as well as the standard error of

measurement, and the mean absolute differences (Martuza, 1977).

Reliability Coefficients

The Kuder-Richardson formula KR2O is based upon the average of all

possible split-half coefficients. For comparison, three split-half

comparisons were actually made. The first split-half was made by

computer-generated random selection dividing each section of the
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instrument into random halves. In equivalent "r" the split was based upon

the biserial coefficient and in equivalent "p" it was based upon the difficulty

index. In cases "r" and "p" each split-half contained half of the items

representing each objective on the full test. The Pearson correlation

coefficient was computed for the two halves of the test and the Spearman-

Brown formula was applied to adjust for the length of the final test. The

results are given in Table 5.

Table 5

Split-half Reliability Coefficients

The coefficients computed for the test are in the acceptable range for

instruments which are used to make decisions about individuals such as

placement or mastery (Mehrens & Lehman, 1980; Scharmann, Harty, &

Holland, 1986). These coefficients represent a suitable level of internal

consistency in the results of the test as a whole. Reliability is a necessary

condition for validity.

Method I

Section

II III IV

Total

Test

KR2O 0.722 0.648 0.705 0.766 0.885

Random 0.777 0.640 0.717 0.705 0.885

Equivalent "r" 0.802 0.540 0.733 0.740 0.886

Equivalent p" 0.784 0.667 0.708 0.786 0.872



Standard Error of Measurement

The standard error of measurement was computed for each of the

sections as well as the test as a whole. Though it is based upon the

reliability coefficient, the standard error of measurement is in the same

units as the score of the test itself. SE (measurement) = SD '[i, where SD

is the standard deviation of the test scores and r is the reliability coefficient

(Gronlund, 1985). Each method of computing a reliability coefficient was

used to compute an equivalent SE(measurement). If a student were th take

the test many times under identical conditions, 68% of the scores would fall

within one standard error of the "true" score, 95% within two standard

errors, and 99% within three standard errors (Gronlund, 1985). In

interpreting individual test scores, however, the use one standard error of

measurement is common. Because the SE(measurement) for the KR2O

analysis is 2.790 according to Table 6, a student whose one-time test score

was 36 would be described as falling within the range 33.21 to 38.79.

Table 6

Standard Error of Measurement for Test Scores
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Method I

Section

II III IV

Total

Test

KR2O 1.230 1.323 1.438 1.456 2.790

Random 1.102 1.338 1.409 1.633 2.794

Equivalent "r" 1.037 1.513 1.369 1.162 2.778

Equivalent "p" 1.084 1.287 1.431 1.391 2.946



Mean Absolute Differences

The mean absolute differences show the average of the actual

differences between subjects' scores on the two halves of the test. The test

was split in the same manner used for computing the reliability

coefficients. The absolute difference between each subject's scores on the

two halves was computed and the mean of the differences was found for

each of the methods of splitting the test. The results are found in Table 7.

Table 7

Mean Absolute Differences

Evidence of Validity

Questions of validity are questions of what may properly be inferred

from a test score (APA, 1974). Evidence for the validity of the test results

comes from three sources; content-related, criterion-related, and construct-

related.
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Section Total

Method I II III IV Test

Random 0.765 1.074 1.160 1.284 2.383

Equivalent "r" 0.667 1.198 1.062 0.988 2.558

Equivalent "p" 0.716 0.951 1.062 1.037 2.160



Content-Related Evidence

To demonstrate the content-related validity of a set of test scores, one

must show that the items constitute a representative sample of behaviors to

be exhibited in the desired performance domain. The domain of interest for

this test consists of division of rational numbers in the context of each of the

levels of Wilson's taxonomy; computation, comprehension, application, and

analysis. Because the domain cannot be simply defined, a panel of content

specialists was recruited to choose the tasks and specific objectives to be

considered in the test. The procedure and final list of objectives are found

in Chapter Three. Items were matched to the objectives using the item-

objective congruence (Martuza, 1977) computed from the evaluations of the

content specialists.

Criterion-Related Evidence

Criterion-related validities apply when one wishes to infer from a test

score an individual's most probable standing on some other variable called

a criterion (APA, 1974). Predictive validity refers to the correlation between

the test score and some future measure of performance. Concurrent

validity reflects the status quo at a particular time. Although the

instrument was not designed to predict mathematics course grades, a

correlation between the test scores and course grades is evidence that the

test measures some factor which is related to grades in mathematics

courses, i.e. higher level mathematical thinking as defined by Wilson's

taxonomy. Two classes were chosen for comparison; an elementary

mathematics methods class (Elem) and a foundations of mathematics class
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(Sec) taken by secondary mathematics majors subsequent to the calculus

sequence. The correlation between grades and performance on the test was

made using the Spearman rank coefficient (McClave & Dietrich, 1985). The

results are found in Table 8.

Table 8

T- P-rfsrm.n - v M. h-rn i r - r. '- '-arm-n

Coefficients

Notice that the coefficients for elementary candidates increase as the

level of the taxonomy increases. There is significant correlation (p<O.O5)

between performance on Section IV and course grades for elementary

candidates. Because Section IV represents the analysis level of the

taxonomy, the significance suggests that students who do well at this level

are likely to receive high grades in their methods course. The secondary

candidates, who are expected to be proficient at the higher levels of the

taxonomy, show significant correlation (p < 0.05) for Sections I, II, and III,

but not for Section IV. This reversal of statistics compared to elementary

candidates can be explained by the fact that secondary candidates scored

Sections

ii III IV

Total

Test

Elem n=18 -0.066 0.192 0.389 0.464* 0533*

Sec n=18 0.410* 0.432* 0.511* 0.372 0494*

Total n=36 0.165 0.311* O.448** 0.418* 0.514***

Note: * p < 0.05 **p < 0.01 ***p < 0.005



significantly higher on Section W with a lower standard deviation (see

Table 9). The significance of the correspondence between total test scores

and course grades suggests that the test measures something which is

related to success in mathematics courses.

Construct-Related Evidence

The construct measured by this instrument is the operation of

division with rational numbers in the context of the four levels of Wilson's

(1971) taxonomy. The primary source of evidence that the instrument

measures this construct is found in the analysis of the results from known

groups. Theory demands that the advanced group should score higher,

particularly on the higher levels, (comprehension, application, and

analysis) than the elementary preservice teachers. In each of the Tables 9 -

13, the t-score is based upon the hypothesis that there is no difference in the

population means of the two groups (McClave & Dietrich, 1985).

Table 9 illustrates the significance of scores between two groups,

elementary and secondary candidates. At the computation level, there is no

significant difference between the groups. This result is not unexpected.

Elementary preservice teachers would be expected to do well on vocabulary

and recall items that are emphasized in the traditional elementary

curriculum. The difference becomes significant (p<O.005) for the levels of

the taxonomy above computation. This difference supports the theory that

there is a definite qualitative step between the lowest level and all

subsequent levels. It is also evidence that the instrument measures this

step.
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Table 10 shows the relationship between performance on the test and

college level calculus. Notice that the results are much the same as those

shown in Table 9. Although all of the secondary candidates had taken a

calculus course, very few elementary candidates had.

Table 9

Kn.wn In.. n=1
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Note: *** p <0.005

Table 11, shows the differences between those taking more than two

years of high school mathematics and those who did not. This method of

comparing the subjects does not reflect the same significance as the

calculus method did. Two possible explanations may be suggested for this

result. First, students may gain a measurable amount of mathematical

thinking through the study of calculus. Second, students who already

possess mathematical thinking ability are more likely to take a calculus

sequence in college. It must be remembered, however, that this test is

I

Section

II III IV

Total

Test

Elementary Mean 9.492 8.079 7.317 5.889 30.778

Elementary SD 2.402 2.281 2.645 2.908 8.099

Secondary Mean 10.111 9.667 9.278 9.167 38.222

Secondary SD 2.055 1.534 2.081 1.689 5.826

t (d.f. = 79) 0.993 2.772*** 2.895*** 4555*** 3.633***

I! Diffr-n . Elmn .r n=



related to division of rational numbers and there are no items requiring the

use of calculus.

Table 10

I IKnewn Diff-rn n=24 V
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Table 11

Known Group Differences: High School Mathematics: 0-2 Years (n=27) Vs.

3-5 Years (n=54)

I

Section

II III IV

Total

Test

0-2 Years Mean 9.222 7.778 7.259 6.296 30.556

0-2 Years SD 2.259 2.679 2.611 2.826 8.331

3-5 Years Mean 9.833 8.759 8.000 6.778 33.370

3-5 Years SD 2.361 1.913 2.656 3.106 8.094

t (d.f. = 79) 1.114 1.897* 1.190 0.677 1.461

Note: *p<005

I

Section

II III IV

Total

Test

No calculus Mean 9.386 7.912 7.193 5.737 30.228

No.calculus SD 2.477 2.262 2.695 2.888 8.087

Calculus Mean 10.208 9.667 9.083 9.167 37.667

Calculus SD 1.865 1.606 2.020 2.156 5.983

t (d.f. = 79) 1.460 3.446*** 3.086*** 4.530*** 4Ø57***

Note: *** p < 0.005



As part of the validation study, the subjects were divided by gender.

If females tend to have fewer positive mathematical experiences than

males, the test would be expected to show this with lower scores for

females. Table 12 shows that the gender differences for the entire group

were significant for Sections I, II, and III (p<O.O05).

Table 12

Known Group Differences: Females (n=57) Vs. Males (n=24)
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Because males tended to have more years of college math than

females, the gender groups were split into those students with calculus

backgrounds and those without. Although Table 13 shows that males

scored significantly higher than females when neither had had calculus,

Table 14 shows that there was no significant difference between males and

females who had completed a calculus sequence.

Section

III IV

Total

Test

Females Mean 9.404 7.912 7.070 5.632 30.018

Females SD 2.434 2.140 2.665 2.670 7.708

Males Mean 10.167 9.667 9.375 8.958 38.167

Males SD 2.014 1.971 1.789 2.440 6.499

t (d.f. = 79) 1.352 3446*** 3.878*** 5.248*** 4.540***

Note: *** p <0.005



Table 13

Known Group Differences: Females Vs. Males No Calculus

Note: * p < 0.05 ***p < 0.005

Table 14

Known Group Differences: Females With Calculus Vs. Males With

Calculus

Note: No significant differences were found at the level a = 0.05.
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I

Sections

II III IV

Total

Test

Females Mean 10.200 9.200 9.000 7.800 36.206

Females SD 1.095 1.304 2.828 1.924 5.975

Males Mean 10.222 9.944 9.167 9.222 38.556

Males SD 0.924 1.589 1.886 1.896 5.843

t (d.f. = 21) 0.023 0.957 0.157 1.480 0.794

I

Section

II III IV

Total

Test

Females Mean 9.327 7.788 6.885 5.423 29.423

Females SD 2.518 2.172 2.602 2.652 7.637

Males Mean 10.000 8.833 10.000 8.167 37.000

Males SD 1.897 2.858 1.414 3.764 8.718

t (d.f. = 56) 0.632 1.081 2.869*** 2.298* 2.271*



IV Total

t-Values of Pearson Coefficients: d.f. = 79

Note: For all entries, p < 0.005.
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Because the construct under study is hierarchical (Stanley, 1972), the

correlations between the sections should have significant values. Table 15,

Pearson correlation coefficients, and Table 16, t-values of Pearson

coefficients demonstrate this case.

Table 15

Pearson Correlation Coefficients: n = 81

Section I Section II Section III Section

Section I 1.000

Section II 0.498 1.000

Section III 0.491 0.588 1.000

Section IV 0.368 0.616 0.608 1.000

Total 0.711 0.826 0.842 0.832 1.000

Table 16

Section I Section II Section III Section IV

Section I

Section II 4.260

Section III 4.988 6.245

Section IV 4.244 7.428 10.169

Total 22.450 27.268 23.407 20.373
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The test statistic t is based upon the hypothesis that the slope of the

linear regression between the two sets of data is zero.

H0: 0.

Ha: > 0 (McClave and Dietrich, 1985)

All of the t-scores represent p <0.005 for 79 degrees of freedom. The scores

for the total are artificially high because total scores depend upon the

section scores.

Further construct-related evidence comes from an analysis of the

mean scores of each of the sections of the test. Theory requires the sections

of the instrument, based upon Wilson's (1971) taxonomy, to be hierarchical.

Each section of a hierarchical test would require competence in previous

material. One would expect that the scores would decrease in subsequent

sections. The mean scores of the sections decrease as required by theory as

shown in Table 17. The significance of the difference between the scores on

each section is found by testing the hypothesis that there is no difference

between the means: tj = population mean score on section I, P2 = mean

score on section II, etc. (McClave & Dietrich, 1985).



Table 17

Mean Scores on Sections

Sections Total

I II III IV Test

H0: .L2 =111

Ha: 112<111

H0: 113 = 112

Ha: 113<112

H0: 113

Ha: 114<113

z=3.341 p<O.001

z=1.765 p<O.Ol

z = 2.55 1 p<0.01

Because the taxonomy is hierarchical, the use of factor analysis to

organize the correlation coefficients should reveal that there is only one

construct (factor) being measured. A one-factor solution is therefore

indicated. Factor analysis of the Pearson correlation coefficients given in

Table 15 was made using SPSS-X Release 3.1. Table 18 shows that the

method of least difference extracted a single factor. Table 19 shows the

factor loadings for each of the sections of the test based upon the factor

found. These loadings are then used in Table 20 to construct a matrix of

correlation coefficients based upon the single factor. Except for the

correlation between sections one and three, the differences (residuals) are

small. The analysis did not find a second factor to explain this difference.
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Mean 9.630 8.432 7.753 6.617 32.432

SD 2.332 2.230 2.648 3.007 8.231



Table 18

Factor Analysis: Initial Statistics

Section Communality Factor Eigenvalue % of Var Cum % Fl

ML extracted 1 factor. 5 iterations required.

x2 statistic 3.292; d.f. 2; significance 0.1928

Table 19

Factor Analysis: Final Statistics
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Section Communality Factor Eigenvalue % of Var Cum % Fl

1 0.3084 1 2.5938 64.8 64.8 0.587

2 0.4953 2 0.6500 16.3 81.1 0.792

3 0.4837 3 0.4124 10.3 91.4 0.779

4 0.4721 4 0.3437 8.6 100.0 0.758

1

2

3

4

0.3447

0.6275

0.6068

0.5741

1 2.1531 53.8 53.8 0.146

0.349

0.325

0.292



Table 20

Factor analysis: Reproduced Correlation Matrix

Note: The lower left triangle of values in Table 20 contains the reproduced

correlation matrix, the diagonal (*) contains the communalities, and the

upper right triangle contains residuals between the observed correlations

and the reproduced correlations.
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Section I Section II Section III Section IV

Section I 03447* 0.0329 0.3367 -0.0768

Section II 0.4651 0.6275* -0.0291 0.0158

Section III 0.4573 0.6171 0.6068* 0.0178

Section IV 0.4448 0.6002 0.5902 0.5741*



V. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Summary

The purpose of this study was to develop a valid and reliable

instrument to determine cognitive domain status of pre service and

inservice elementary teachers in the operation of division with rational

numbers in the context of Wilson's (1971) taxonomy. The domain of tasks

under consideration was defined with the cooperation of a panel of content

specialists recruited nationwide. Tliepanel.first.esfOiished aiist of tasks

considered representative of the domani of interest Objective were

selected to match the tasks and items were chosen or constructed to test the

ob3ectives A panel of preservice teachers rated each of the items for clarity

Analysis of reliability and validity began by administering two 40-

item forms of the test to 79 students enrolled in mathematics education

courses for elementary teachers at Eastern Washington University,

Gonzaga University, and Washington State University during the Fall term

of 1988. Using statistics generated by these first two forms, a third form

with 64 items was constructed. The third foriwas-aduiinistered to 81

students enrolled in mathematics and mathematics education courses at

Eastern Washington and Gonzaga Universities during the Fall term of

1989. Included were students from a foundations of mathematics course

which has a calculus prerequisite. Based upon the statistics accumulated

on the third form, the final 48-itern'version of the instrument was

assembled and the statistics reviewed to establish evidence of reliability and

validity.
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Reliability of the results has been established through comparison of

reliability coefficients generated by three split-halves analyses and the

Kuder-Richardson KR2O formula. The coefficients range from 0.872 to 0.886

and are sufficiently high for an instrument to be used as an assessment of

individual performance (Mehrens & Lehman, 1980). Further evidence for

the reliability of the results is based upon computation of the standard error

of measurement recommended by Gronlund (1985). Values of this statistic

range from 2.778 to 2.946 on the 48-item test. The true domain status score

for a given student is usually assumed to be within one standard error of

the student's test score. Finally, for each of the three split-half analyses

the mean absolute difference in students' scores (Martuza, 1977) was

determined. This statistic represents the average difference between scores

on each half of the test. Values of the mean absolute difference ranged

from 2.160 to 2.558 for the 48-item test.

Evidence for the validity of the test results is of three types. Content-

related evidence is based upon the establishment of well-defined objectives

and writing items that measure those objectives. The objectives of this test

are based upon organization of the domain of tasks according to a theory of

mental organization. The items and objectives of the test were approved by

a panel of content specialists as suitable for each level of the domain.

Criterion-related evidence of the validity of results is established by

comparing scores of individuals with another criterion. As evidence that

the test measures something that is important for college level

mathematics, the test scores were compared to mathematics course grades

for two of the classes tested. The Spearman Rank Coefficients

recommended by Gronlund (1985) were significant for each class (p<O.O5)

and for the two classes together (p<0.005).
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Construct-related evidence comes from a variety of sources. The

construct being measured is division of rational numbers in the context of

Wilson's (1971) taxonomy. Evidence that the test measures a domain that is

hierarchical in nature (Stanley, 1972) comes from statistical analysis of

mean scores on sections which shows that the mean score on each

subsequent section is less than the score on the previous section (p<O.Ol).

Further evidence is shown by analysis of the correlation coefficients

between sections. Each section of the test has significant positive

correlation with each of the previous sections (p<O.005).

Students enrolled in a course for which calculus is a prerequisite or

preservice elementary teachers with a background in calculus level

mathematics would be expected to do better on the higher levels of the

taxonomy as a result of a construct gained in the study of advanced

mathematics. An analysis of known group differences found that students

in the foundations of mathematics course (required for secondary

mathematics majors and minors) did significantly better (p<O.005) on all

levels above computation than did elementary content and methods

students. A similar result was found when comparing students who had

taken calculus with those who had not (p<O.005), regardless of the course

currently being taken.

Construct-related evidence of validity is also found in factor-analysis

(Kim & Mueller, 1978A; 1978B). This analysis is based upon finding the

factors which can be used to explain the correlation coefficients based upon

observation. Since the organization of the domain is hierarchical, a single

factor solution representing a single construct which is present in varying

degrees among the subjects is predicted by theory. The factor analysis of

the matrix of correlation coefficients found a single factor solution.



Conclusions

The total score of an individual taking the test is a valid and reliable

assessment of that person's competence to perform tasks from the

operation of division with rational numbers in the context of Wilson's

taxonomy. The scores of an individual on each section is a valid and

reliable measure of the person's competence at each level of the taxonomy.

Scores may be given as raw data or as percents. For instance an

individual who scores 10 on section I, nine on section II, seven on section

III, and five on section IV has a total score of 31 for the test. These are

typical scores for students scoring near the mean for students in the

validation study. Domain status for that individual in the division of

rational numbers is 31 out of 48 overall or 65%. The student's status at the

analysis level, however, is only five out of twelve or 42%. The student's

subsequent performance after or during a given treatment can be used to

monitor the student's progress. This domain status test does not include a

cut score to be used as a measure of mastery. If the test results are to be

used for placement decisions, the cutoff scores will have to be established in

a logical manner such as comparing success in subsequent courses or

teaching with the test scores. Establishing cutoff scores is beyond the scope

of this study.

Class means for each of the sections are valid and reliable estimators

of class performance at each level of the taxonomy and can be used in the

evaluation of programs and procedures. An experiment to determine

which of two methods of instruction produces a greater increase in the

domain status at each of the levels could be designed around this

instrument. If students selected at random were given treatments A or B
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and scores after treatment were identified as significantly higher by some

appropriate statistical test for the A group than the B group, it could be

concluded that the A treatment was more appropriate than the B treatment

for the population under study.

Recommendations

Ball (1988) determined that teacher candidates cannot be assumed to

be competent in the domain of division with rational numbers as a result of

their mathematical experiences in elementary and secondary school. As

tasks associated with the domain are included in college level mathematics

content and methods courses for elementary teachers, studies need to made

to compare various instructional strategies. The instrument developed in

this study can be used as a measure of the effectiveness of instructional

treatments relative to the domain. One such study might compare subjects

who have been required to build manipulative models of division with

fractions with those who have worked only at a symbolical level.

The development of the instrument raised some interesting questions

about the performance of preservice teachers in the defined domain. At the

comprehension level, subjects often failed to put rational numbers in proper

sequential order because they focused on either the numerator or

denominator rather than the quotient of the two. At the application level,

some of the distractors selected by the subjects suggest that preservice

elementary teachers may use strategies in solving problems that are

related to the numbers and the operation without consideration for the

context of the problem. For instance, students in a group of seven who
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scored one standard deviation below the mean on the total test often chose

4 2/3 (the quotient of the two numbers in the problem) rather than 5 on a

problem where the context required an integer answer. At the analysis

level, students failed to select the proper relationship between elements in a

division sentence, and many were unable to solve problems which involved

proportions. A study needs to be done to determine whether current college

courses required of elementary teachers teach these concepts. All of the

concepts mentioned are listed as important in the new curriculum

standards (NCTM, 1989).

In a known group analysis, female students performed less well

than males (pczO.O05) on the sections above computation. As male students

tended to have better mathematics preparation than female students, the

two groups were separated into categories where one had taken at least one

calculus course. In the group where neither the males nor females had

taken a calculus course, the males still significantly outperformed the

females on Sections III (p<O.0O5) and IV (p<O.O5). For the group where all

had taken calculus, however, there was no significant difference at a = 0.05

between males and females. A study is needed to determine if a calculus

course helps students to solve non-calculus related problems by increasing

competence in a construct related to mathematical maturity, or whether it

is the prior possession of this construct which enables both males and

females to survive calculus.

The focus of this instrument is narrow, dealing with only one

operation. There is a need to develop instruments which do not focus on a

single operation, but address the topics at the higher levels of Wilson's

taxonomy which will become increasingly important as elementary and

secondary schools adopt the new standards identified by the NCTM (1989).
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APPENDIX A

PANEL OF CONTENT SPECIALISTS

The following people served on the Panel of Content Specialists

establishing the domain of tasks, the behavioral objectives, and the selection

of items:

Merlyn J. Behr

Professor of Mathematics and Education

Northern Illinois University

Program Officer, National Science Foundation

Washington, DC 20550

David Ben-Chaim

Visiting Assistant Professor of Mathematics Education (from Israel)

Michigan State University

East Lansing, Michigan 48824

Ronald H. Dalla

Professor of Mathematics

Eastern Washington University

Cheney, Washington 99004

David M. Daugharty

Professor of Mathematics

Eastern Washington University

Cheney, Washington 99004

Sherry L. Gerleman

Assistant Professor of Mathematics

Eastern Washington University

Cheney, Washington 99004



Douglas A. Grouws

Professor of Mathematics Education

University of Missouri

301 Townsend Hall

Columbia, Missouri 65211

Wayne Hall

Professor of Mathematics

Eastern Washington University

Cheney, Washington 99004

Rick Marks

Doctoral Student, Curriculum and Teacher Education

Stanford University

P.O. Box 156

Permgrove, California 94951

Douglas McLeod

Professor of Mathematics and Education

Washington State University

Pullman, Washington 99164

Gary L. Musser

Professor of Mathematics

Oregon State University

Corvallis, Oregon 97331

Robert Orton

Department of Mathematics Education

Peik Hall

University of Minnesota

Minneapolis, Minnesota 55455
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Thomas R. Post, P.1.

Rational Number Project

University of Minnesota

Minneapolis, Minnesota 55455

Ray C. Sawyer

Professor of Mathematics

Eastern Washington University

Cheney, Washington 99004

James Schultz

Associate Professor of Mathematics

The Ohio State University

Columbus, Ohio 43210

Ken Shaw

Doctoral Student in Mathematics Education

105 Alderhold Hall

University of Georgia

Athens, Georgia 30602

Jack Swan

Professor of Mathematics

Eastern Washington University

Cheney, Washington 99004

Howard L. Wilson

Professor of Mathematics

Oregon State University

Corvallis, Oregon 97331
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APPENDIX B

DOMAIN OF TASKS WORKSHEETS

TASK SUMMARY

The following worksheets are typical of those used by the panel of

content specialists to evaluate the tasks suggested by the researcher

and other panel members as appropriate to rational number division.

A copy of Wilson's Taxonomy was sent to each member of the panel.

Tasks suggested by the specialists were submitted to the panel for

evaluation in the same manner as those suggested by the researcher.

Tasks approved by 80% of the panel were used in the development of

objectives.

102



DOMAIN OF TASKS WORKSHEET

RATER DATE

COMPUTATION

The following represents the domain of tasks at the computation level
(Wilson, 1971) in the division of rational numbers. In the wording of
the tasks, rational number refers to rational numbers which are not
natural numbers, but may be proper fractions, improper fractions,
mixed numbers or decimal numbers.

A value of +1 should be assigned if the task is definitely from the
domain of tasks associated with division of rational numbers at the
taxonomic level computation, a value of -1 if the task is definitely not,
and a value of zero otherwise. Circle the appropriate score.

Memorize the basic facts of the operations necessary to perform a

103

division algorithm.
1.1 basic facts of addition
1.2 basic facts of subtraction
1.3 basic facts of multiplication
1.4 basic facts of division

Identify the terms of division.
2.1 dividend
2.2 divisor
2.3 quotient

Carry out algorithms for division,
(Does not imply understanding).
3.1 natural number divided by a natural number
3.2 natural number divided by a rational number
3.3 rational number divided by a natural number
3.4 rational number divided by a rational number
3.5 division involving zero

Comments (Include suggestions for tasks you feel should be
included):

-1 0 +1
-1 0 + 1
-1 0 + 1
-1 0 + 1

-1 0 +1
-1 0 +1
-1 0 +1

-1 0 + 1
-1 0 +1
-1 0 +1
-1 0 +1
-1 0 + 1



TASK SUMMARY

COMPUTATION
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-1 0 +1 Total %

3 1 11 8 53.3

2 2 11 9 60.0

0 0 15 15 100.0

0 3 12 12 80.0

1 3 12 11 68.8

0 2 13 12 86.7

0 2 13 13 87.7

0 2 13 13 86.7

1 4 11 10 66.7

2 2 12 10 62.5

0 3 13 13 81.3

2 6 8 6 37.5

TASK

1.0 Memorize (recall) basic facts-

1.1 basic facts of addition;

1.2 basic facts of subtraction;

1.3 basic facts of multiplication;

1.4 basic facts of division;

1.5 basic facts for factorization of small

numbers.

Identify terms of division-

2.1 identify dividend;

2.2 identify divisor;

2.3 identify quotient;

2.4 identify reciprocal;

2.5 identify remainder;

2.6 notation for division;

2.7 rational number.



COMPUTATION
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-1 0 +1 Total %

0 1 14 14 93.3

0 0 15 15 100.0

0 1 14 14 93.3

0 0 15 15 100.0

1 4 10 9 60.0

2 5 9 7 43.8

TASK

Carry out algorithms-

3.1 natural number by natural number;

3.2 natural number by rational number;

3.3 rational number by natural number;

3.4 rational number by rational number;

3.5 division involving zero;

3.6 factorization algorithm.



COMPREHENSION

TASK -1 0 +1 Total %
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3.0 Recognize mathematical structure,

including the properties of the

operation of division on the rational

numbers.

3.1 closure;

3.2 not commutative;

3.3 not associative;

3.4 no identity or inverses;

3.5 distributive over addition and

subtraction from the right only;

3.6 multiplication of rational numbers

does not always yield and answer

which is larger than the factors;

0 2 13 13 86.7

0 0 15 15 100.0

1 0 14 13 86.7

2 2 11 9 60.0

1 2 12 11 73.3

2 3 11 9 56.3

1.0 Interpret a problem solvable with

division as a measurement,

partition, or inverse of

multiplication situation. 1 0 14 14 93.3

2.0 Recognize principles, rules, and

generalizations; not to find a

solution, but to understand their

relationships. 1 1 13 12 80.0



COMPREHENSION
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-1 0 +1 Total %

1 3 12 11 68.8

0 2 14 14 87.5

2 0 13 11 73.3

1 3 11 10 66.7

0 2 13 13 86.7

2 4 10 8 50.0

TASK

3.7 the quotient is not always smaller

than the dividend or divisor;

3.8 distinguish between the effects of

zero as a divisor andlor dividend.

4.0 Transform problem elements from

one mode to another.

5.0 Follow a line of reasoning.

6.0 Read and interpret a problem.

7.0 Demonstrate why algorithms work

for operations with rational

numbers.



APPLICATION
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0 +1 Total %

0 15 15 100.0

3 12 12 80.0

6 8 7 46.7

5 8 6 40.0

6 7 4 25.0

6 8 6 37.5

3 12 12 80.0

TASK -1

1.0 Solve routine problems. 0

2.0 Make comparisons. o

3.0 Analyze data. 1

4.0 Recognize patterns, isomorphisms,

and symmetries. 2

5.0 Answer questions related to using

calculators and microcomputers for

division with rational numbers. 3

6.0 Determine relationships between

rational numbers and repeating or

non-repeating decimals. 2

7.0 Estimate answers to problems

involving division with rational

numbers. 0



ANALYSIS
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TASK -1 0 +1 Total %

1.0 Solve nonroutine problems. 0 0 15 15 100.0

2.0 Discover relationships. 0 1 14 14 93.3

3.0 Construct proofs. 3 3 9 6 40.0

4.0 Criticize proofs. 2 4 9 7 46.7

5.0 Explain the relationship of division

to multiplication and subtraction. 0 3 13 13 81.3

6.0 Explain the relationship of division

to ratio and proportion. 1 5 10 9 56.3

7.0 Formulate and validate

generalizations. 0 6 10 10 62.5



APPENDIX C

OBJECTIVE WORKSHEETS

OBJECTIVE SUMMARY

The following worksheets are typical of those used by the panel of

content specialists to evaluate the objectives suggested by the

researcher and other panel members as appropriate for the domain

of tasks in rational number division. Objectives suggested by the

specialists were submitted to the panel for evaluation in the same

manner as those suggested by the researcher. Objectives which were

approved by 80% of the panel were used as test objectives and items

were selected or written to match them.
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RATER

Objective 2.1

* New task suggested by panel

OBJECTiVE WORKSHEET

COMPREHENSION

DATE

Given examples of partition, measurement, and inverse of
multiplication problems involving the division of rational numbers, the
student will classify subsequent problems accordingly.

A value of +1 should be assigned if the objective is definitely
appropriate to the task1 a value of -1 if the objective is definitely not, and a
value of zero otherwise. Circle the appropriate score.

Comprehension Tasks

Interpret a problem solvable with division as a measurement,
partition, or inverse of multiplication situation. -1 0 +1

Recognize principles, rules, and generalizations, not to find a
solution, but to understand their relationships. -1 0 +1

Recognize mathematical structure, including the properties of the

111

6. *Demonstrate why algorithms work for operations with rational
numbers. -1 0 +1

Comments (Include suggestions for objectives you feel should
be included):

operation of division on the rational numbers. -1 0

Follow a line of reasoning. -1 0

Read and interpret a problem. -1 0

+1

+1

+1



OBJECTIVE SUMMARY

COMPUTATION

1.1 The student will identify the terms of division: (dividend, divisor,

quotient, remainder) upon seeing them in various contexts.

Comments: No mention of factorization

1.2 The student will accurately carry out an algorithm (including

representation of a remainder when appropriate) for the division of

any one of the following:

1.2.1 a natural number divided by a natural number;

1.2.2 a natural number divided by a rational number;

1.2.3 a rational number divided by a natural number;

1.2.4 a rational number divided by a rational number.
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TASK -1 0 +1 Total %

1 1 4 10 9 60.0

2 6 6 3 -3 -20.0

3 0 0 15 15 100.0

TASK -1 0 +1 Total %

1 8 3 5 -3 -18.8

2 0 1 15 15 93.8

3 8 3 5 -3 -18.8



1.3 Given a basic facts exercise in the operations of subtraction,

multiplication, or division, the student will recall the correct

difference, product, or quotient.
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Comments:

If students are asked for the 'quotient" they need to know the terms;

however, if they are asked to find 3. they don't

Why include subtraction? We're excluding (at the problem (top) level)

division of 2 integers, right? In which case the division algorithm,

which includes subtraction, is not involved.

TASK -1 0 +1 Total %

1 0 1 14 14 93.3

2 7 3 5 -2 -13.3

3 7 1 7 -3 0.0



COMPREHENSION

2.1 Given examples of partition, measurement, and inverse of

multiplication problems involving the division of rational numbers,

the student will classify subsequent problems accordingly.

Comments:

I'm unclear of how 3 ties in to the objective. In some ways it applies

and in others it does not.

I do not think this should be an objective for children.

How is inverse of multiplication different from the other two?
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TASK -1 0 Total %

1 0 0 15 15 100.0

2 2 7 6 4 26.7

3 4 8 3 -1 -6.7

6 0 0 15 15 100.0



Comments: Too many objectives to evaluate together.
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2.2 The student will choose an appropriate iconic model to explain the

validity of the following algorithms involving rational numbers:

2.2.1 repeated subtraction algorithm (both natural and rational

numbers);

2.2.2 standard (partition) algorithm (natural numbers only);

2.2.3 common denominator algorithm (rational numbers only);

2.2.4 invert and multiply algorithm natural numbers and rational

numbers).

TASK -1 0 +1 Total %

1 3 5 7 4 26.7

2 2 5 8 6 40.0

3 4 3 8 4 26.7

6 5 3 7 2 13.3



Comments: By the word "argument' I assume that you mean a line of
a c adreasoning, not simply replacing by x

You mean choose from among several given, or what?

2.4 The student will choose the most appropriate explanation of the

quotient when one or both of the numbers is zero.

116

2.3 The student will choose an appropriate symbolic argument to show

that the quotient of a specific pair of rational numbers can be found by

multiplying the dividend by the reciprocal of the divisor.

Comments"

I assume that "one or both of the numbers" refers to the dividend and

the divisor.

TASK -1 0 +1 Total %

1 9 2 4 -5 -33.3

2 0 2 13 13 86.7

3 2 2 11 9 60.0

6 8 1 6 -2 -13.3

TASK -1 0 +1 Total %

1 7 2 6 -1 -6.7

2 1 2 12 11 73.3

3 0 3 12 12 80.0

6 8 1 6 -2 -13.3
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2.5 Given a problem including extraneous information andlor numbers,

the student will identify the data necessary for the solution of the

problem.

Comments: The word "rational" isn't mentioned.

2.6 The student will demonstrate his/her understanding of closure by

identifying sets for which division is closed.

Comments: I would append the objective to include ... closed and by

identifying sets which are not closed. I believe they should have

equal emphasis.

TASK -1 0 +1 Total %

1 5 5 4 -1 -7.1

2 4 4 6 2 14.3

3 8 2 4 -4 -28.6

6 0 0 14 14 100.0

TASK -1 0 +1 Total %

1 12 1 2 -10 -66.7

2 4 2 9 5 33.5

3 0 0 15 15 100.0

6 9 3 3 -6 -40.0



2.8 Given a word problem involving division of rational numbers, the

student will choose the most appropriate number sentence for

obtaining a correct solution.
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2.7 The student will recognize that multiplication with the reciprocal is

TASK -1 0 +1 Total %

1 6 3 6 0 0.0

2 4 4 7 3 20.0

3 7 3 5 -2 -13.3

6 0 0 15 15 100.0

equivalent to division.

TASK -1 0 +1 Total %

1 7 1 7 0 0.0

2 0 3 12 12 80.0

3 2 1 12 10 66.7

6 9 3 3 -6 -40.0



2.9 The student will identify division of rational numbers with an

appropriate repeated subtraction.

Comments:
What repeated subtraction problem is associated with believe

that repeated subtraction is natural with whole numbers, but totally

unnatural with fractions.

Do you want to use repeated subtraction for division of rational

numbers or whole numbers? I think that for rational numbers

"repeated subtraction" is better interpreted as a length model (e.g. C-.13 31
rods), especialy (sic) in a problem like (though lends itself

nicely to repeated subtraction).

2.10 The student will identify the correct relationship between ratio,

proportion, and division.
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TASK -1 0 +1 Total %

1 4 3 7 3 21.4

2 3 2 9 6 42.9

3 4 1 9 5 35.7

6 4 4 6 2 14.3

TASK -1 0 +1 Total %

1 9 1 5 -4 -26.7

2 0 2 13 13 86.7

3 5 0 10 5 33.3

6 4 7 4 0 0.0



Comments: Task #2 is vague

3.2 Given several solutions to routine problems involving the division of

rational numbers, the student will select the solution with the most

reasonable treatment of the remainder.

APPLICATION

3.1 Given a routine problem of the type which is solvable by dividing with

rational numbers, the student will find a solution.
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Comments:

Not clear to me!

'tRemainders" usually refer to division of whole numbers. In most

rational number contexts the term is meaningless, i.e., that's why

we have rational numbers!!

TASK -1 0 +1 Total %

1 7 1 7 0 0.0

2 5 2 8 3 20.0

7 8 1 6 -2 -13.3

TASK -1 0 +1 Total %

1 0 0 15 15 100.0

2 5 6 4 -1 6.7

7 4 4 7 3 20.0
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3.3 Given a routine problem involving division of rational numbers,

where the numbers are cumbersome for pencil and paper

computation, the student will choose the best estimate of the solution.

3.4 The student will place various numerals for rational numbers

(including terminating and repeating decimals) in the correct

increasing or decreasing order.

Comments: #5 would be rated 1 if "involving division with whole

numbers."

TASK -1 0 +1 Total %

1 7 1 7 0 0.0

2 6 0 9 3 20.0

7 0 1 14 14 93.3

TASK -1 0 +1 Total %

1 9 4 2 -7 -46.7

2 0 0 15 15 100.0

7 4 6 5 1 6.7
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3.5 The student will represent a repeating decimal as the quotient of two

integers.

Comments: This objective doesn't involve rational number division.

3.6 The student will select an appropriate sequence for obtaining the

answer to rational number division using a hand-held algebraic

calculator.

Comments: Not very clear.

TASK -1 0 +1 Total %

1 9 1 5 4 -26.7

2 8 4 3 -5 -33.3

7 9 3 4 -5 -33.3

TASK -1 0 +1 Total %

1 4 3 8 4 26.7

2 8 4 3 -5 -33.3

7 5 3 7 2 13.3



3.7 The student will choose an appropriate routine for finding the

remainder in division with whole numbers using a hand-held

123

Comments:

This objective could also be stated in the already stated objectives.

Is Obj 3.7 to be done before or after instruction in finding remainders?

What kind of remainders - whole numbers or decimal?

algebraic calculator.

TASK -1 0 +1 Total %

1 4 2 8 4 28.6

2 4 7 3 -1 -7.1

7 7 4 3 -4 -28.6



ANALYSIS

4.1 Given a nonroutine problem of the type which includes the division of

rational numbers, the student will find a solution.

4.2 The student will predict what happens to various parts of the division

sentence when others are varied or remain constant.

Comments: Nothing happens if they remain constant.

TASK -1 0 +1 Total %

1 0 0 15 15 100.0

2 5 6 4 -1 -6.7

5 9 3 3 -6 -40.0

TASK -1 0 +1 Total %

1 5 5 5 0 0.0

2 0 1 14 14 93.3

5 4 4 7 3 20.0



4.3 The student will choose an appropriate argument that division of

rational numbers can be accomplished by multiplication with an

inverse.

Comments: Choosing is not "discovery"

12.5

TASK -1 0 +1 Total %

1 8 5 2 -6 -40.0

2 3 5 7 4 26.7

5 0 1 14 14 93.3
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4.4 Given the quotient of two rational numbers, the student will select an

appropriate repeated subtraction model which illustrates it.

Comments:

I don't understand this objective. The quotient of two rational

numbers is a whole number or "rational" as you defined it earlier.

In either case, what does this have to do with repeated subtraction?

If you mean indicated quotient like what does this have to do

with repeated subtraction?

In this objective, is the student given a number sentence? (i.e. are the

dividend and divisor given?).

This objective as stated (student selects) belongs more at the

application level than here.

See comment P. 13 (Objective 2.9).

TASK -1 0 +1 Total %

1 6 5 3 -3 -21.4

2 4 2 8 4 28.6

5 1 0 13 12 85.7



4.5 Given an algorithm for division of rational numbers, the student will

identify its limitations and hidden assumptions.

Comments

Did I miss something?

Vague. What is meant?

4.6 The student will pair a division exercise with its related

multiplication sentence.

Comments:

This objective is a subset of objective 2.3.

I think this objective belongs under "computation". It relates to

"rules the students presumably have learned".

There is a question whether this is discovery. If #2 said "verify" I

would rate it +1.

TASK -1 0 +1 Total %

1 9 2 4 -5 -33.3

2 2 3 10 8 53.3

5 4 5 6 2 13.3

TASK -1 0 +1 Total %

1 7 4 3 -4 -28.6

2 2 5 8 6 35.7

5 1 0 13 12 85.7



4.7 The student will identify correct relationships between ratio,

proportion, and division.

Comments: Identify and discover are not the same.

4.8 Given the results of at least three examples of quotients of rational

numbers where the divisor and the dividend have the same

denominator, the student will identify the common denominator

algorithm as the best generalization of the concept.
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Comments:

Statement of objective is confusing - What concept? What

generalization? Why best (What others are there)?

I don't think "the best" should be part of this objective. I doubt if

asked to fill in this rating sheet a week later, the answers would be in

100% agreement. (Maybe 70%-90%) but PLEASE don't ask me to do it

TASK -1 0 +1 Total %

1 11 0 4 -7 -46.7

2 5 3 7 2 13.3

5 9 2 4 -5 -33.3

TASK -1 0 +1 Total %

1 8 3 4 -4 -26.7

2 0 3 12 12 80.0

5 8 2 5 -3 -20.0
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again! This is due to the vagueness of the items, the way words like

'discover" are interpreted, and how literally the interpretations are

made.



APPENDIX D

ITEM WORKSHEETS

ITEM SUMMARY

The following worksheets are typical of those used by the panel of

content specialists to evaluate the items suggested by the researcher and

other panel members as appropriate th the objectives. Each item was

measured against several objectives and the Item-objective Congruence

coefficient (Martuza, 1977) was computed for each one. Items with a

coefficient of less than 0.80 were eleminated from the pool.
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ITEM WORKSHEET

RATER DATE

APPLICATION

Item 3.24
Choose the letter corresponding to the most appropriate answer.

Jerry can haul 5 1/2 tons of wheat in his truck. How many trips will
it take for him to haul a total of 25 tons?

a. 45/9 b. 4 c. 5 d. 219

e. none of the above.

This test item is to be rated for each of the objectives given. A value of +1
should be assigned if the item is a measure of the specific objective, a value
of -1 if the item is definitely not a measure of the objective, and a value of
zero otherwise.
A good item will measure a single objective.

Objective 3.1 -1 0 + 1

Given a routine problem (similar to one which the student is
familiar) of the type which is solvable by dividing with natural and/or
rational numbers, the student will find a solution.

Objective 3.2 -1 0 +1

The student will place various numerals for rational numbers
(including terminating or repeating decimals) in the correct increasing or
decreasing order.

Objective 3.3 -1 0 +1

Given a routine problem involving division of natural and/or rational
numbers, where the numbers are cumbersome for pencil and paper
computation, the student will choose an appropriate estimate of the
solution.
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ITEM SUMMARY

COMPUTATION ITEMS - Index of Item-Objective Congruence

132

Item

M N

Objective 1.1 Objective 1.2 Objective 1.3

S S I S S' I S S' I

1.1 3 4 2 -6 0.63 -4 0 -0.50 -2 -2 -0.13

1.2 3 4 4 -6 0.88 -2 0 -0.25 -4 2 -0.63

1.3 3 4 -4 -2 -0.38 -4 -2 -0.38 2 -8 0.75

1.4 3 5 5 -10 1.00 -5 0 -0.05 -5 0 -0.50

1.5 3 4 -3 0 -0.38 -4 1 -0.56 4 -7 0.94

1.6 3 5 -5 0 -0.50 5 -10 1.00 -5 0 -0.50

1.7 3 5 -5 0 -0.50 5 -10 1.00 -5 0 -0.50

1.8 3 5 -4 0 -0.40 5 -9 0.95 -5 1 -0.55

1.9 3 4 4 -8 1.00 -4 0 -0.50 -4 0 -0.50

1.10 3 4 -3 0 -0.38 -4 1 -0.56 4 -7 0.94

1.11 3 4 -3 0 -0.38 4 -7 0.94 -4 1 -0.56

1.12 3 4 -3 0 -0.38 4 1 -0.56 4 -7 0.94

1.13 3 4 -4 0 -0.50 4 -8 1.00 -4 0 -0.50

1.14 3 5 -5 0 -0.50 -5 0 -0.50 5 -10 i.00

1.15 3 4 -4 2 -0.63 -2 0 -0.25 4 -6 0.88



ITEM SUMMARY

COMPUTATION ITEMS - Index of Item-Objective Congruence
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Item

M N

Objective 1.1 Objective 1.2 Objective 1.3

S 5' I S S' I S S' I

1.16 3 5 -4 0 -0.40 5 -9 0.95 -5 1 -0.55

1.17 3 5 5 -8 0.90 -3 0 -0.30 -5 2 -0.60

1.18 3 5 5 -8 0.90 -5 2 -0.60 -3 0 -0.30

1.19 3 4 -4 0 -0.50 4 -8 1.00 4 0 -0.50

1.20 3 4 4 0 -0.50 4 -8 1.00 -4 0 -0.50

1.21 3 5 -5 0 -0.50 5 -10 1.00 -5 0 -0.50

1.22 3 4 4 -8 1.00 -4 0 -0.50 -4 0 -0.50

1.23 3 5 -5 0 -0.50 5 -10 1.00 -5 0 -0.50

1.24 3 5 -2 0 -0.20 -5 3 -0.65 5 -7 0.85

1.25 3 4 4 0 -0.50 -4 0 -0.50 4 -8 1.00

1.26 3 5 5 -8 0.90 -3 0 -0.30 -5 2 -0.60

1.27 3 5 5 -9 0.95 -5 1 -0.55 4 0 -0.40

1.28 3 4 4 0 -0.50 4 -8 1.00 4 0 -0.50

1.29 3 5 4 0 -0.40 -5 1 -0.55 5 -9 0.95

1.30 3 5 5 -8 0.90 -3 0 -0.30 -5 2 -0.60



ITEM SUMMARY

COMPUTATION ITEMS - Index of Item-Objective Congruence
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Item

M N

Objective 1.1 Objective 1.2 Objective 1.3

S S' I S S' I S S' I

1.31 3 4 -1 1 -0.19 -2 2 -0.38 3 -3 0.56

1.32 3 5 5 -10 1.00 -5 0 -0.50 -5 0 -0.50

1.33 3 5 -5 0 -0.50 -5 0 -0.50 5 -10 1.00

1.34 3 4 4 0 -0.50 -4 0 -0.50 4 -8 1.00

1.35 3 5 -5 1 -0.55 -3 -1 -0.25 4 -8 0.80

1.36 3 5 -3 0 -0.30 -5 2 -0.60 5 -8 0.90

1.37 3 4 4 0 -0.50 4 0 -0.50 4 -8 1.00

1.38 3 5 -3 0 -0.30 -5 2 -0.60 5 -8 0.90

1.39 3 5 -2 0 -0.20 -5 3 -0.65 5 -7 0.85



ITEM SUMMARY

COMPREHENSION ITEMS - Index of Item-Objective Congruence
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Item

M N

Objective 2.1 Objective 2.2 Objective 2.3

S S I S St I S S' I

2.7 3 4 -4 -2 -0.38 4 -2 -0.38 2 -8 0.75

2.8 3 4 4 -8 1.00 4 0 -0.50 -4 0 -0.50

2.10 3 5 -5 0 -0.50 -4 -1 -0.35 4 -9 0.85

2.12 3 5 -5 -5 -0.25 0 -10 0.50 -5 -5 -0.25

2.14 3 4 4 -8 1.00 -4 0 -0.50 -4 0 -0.50

2.15 3 5 -5 0 -0.50 5 -10 1.00 -5 0 -0.50

2.17 3 5 -5 0 -0.50 -5 0 -0.50 5 -10 1.00

2.20 3 5 -5 -3 -0.35 2 -10 0.70 -5 -3 -0.35

2.25 3 4 4 -8 1.00 4 0 -0.05 4 0 -0.50

2.29 3 5 4 -10 0.90 -5 -1 -0.45 -5 -1 -0.45

2.30 3 5 -5 4 -0.30 1 -10 0.60 -5 4 -0.30

2.35 3 5 -5 -1 -0.45 -5 -1 -0.45 4 -10 0.90



ITEM SUMMARY

COMPREHENSION ITEMS - Index of Item-Objective Congruence
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Item

MN
Objective 2.4 Objective 2.5 Objective 2.6 Objective 2.7

S S' I S S' I S S' I S S' I

2.1 4 5 5 -15 1.00 -5 -5 -.33 -5 -5 -.33 -5 -5 -.33

2.3 4 5 -4 -5 -.23 4 -13 0.83 -5 -4 -.37 -4 -5 -.23

2.4 4 5 -5 -5 -.33 5 -15 1.00 -5 -5 -.33 -5 -5 -.33

2.5 4 5 -5 -5 -.33 -5 -5 -.33 -5 -5 -.33 5 -15 1.00

2.9 4 5 -5 -7 -.27 -5 -7 -27 -5 -7 -.27 3 -15 0.80

2.11 4 5 -3 -7 -.07 3 -13 0.73 -5 -5 -.33 -5 -5 -.33

2.16 4 5 5 -15 1.00 -5 -5 -.33 -5 -5 -.33 -5 -5 -.33

2.18 4 5 5 -15 1.00 -5 -5 -.33 -5 -5 -.33 -5 -5 -.33

2.23 4 5 -4 -7 -.17 -5 -6 -.30 -5 -6 -.30 3 -14 0.77

2.24 4 5 -5 -6 -.30 4 -15 0.90 -5 -6 -.30 -5 -6 -.30

2.27 4 5 -5 -6 -.30 -5 -6 -.30 4 -15 0.90 -5 -6 -.30

2.31 4 4 -4 -4 -.33 -4 -4 -.33 4 -12 1.00 -4 -4 -.33

2.33 4 5 -5 -7 -.27 -5 -7 -.27 -5 -7 -.27 3 -15 0.80

2.34 4 5 5 -15 1.00 -5 -5 -.33 -5 -5 -.33 -5 -5 -.33

2.38 4 5 -5 -5 -.33 -5 -5 -.33 5 -15 1.00 -5 -5 -.33

2.40 4 5 -5 -5 -.33 -5 -5 -.33 5 -15 1.00 -5 -5 -.33



ITEM SUMMARY

COMPREHENSION ITEMS - Index of Item-Objective Congruence

137

Item

M N

Objective 2.8 Objective 2.9 Objective 2.10

S S' I S S' I S S' I

2.2 3 5 -5 -2 -0.40 -5 -2 -0.40 3 -10 0.80

2.6 3 5 -5 0 -0.50 5 -1 1.00 -5 0 -0.50

2.13 3 4 2 -7 0.69 -3 -2 -0.25 4 -1 -0.44

2.19 3 5 -5 -2 -0.40 -5 -2 -0.40 3 -10 0.80

2.21 3 5 5 -8 0.90 4 1 -0.45 4 1 -0.45

2.22 3 5 -5 0 -0.50 5 -10 1.00 -5 0 -0.50

2.26 3 5 4 -10 0.90 -5 -1 -0.45 -5 -1 -0.45

2.28 3 5 -5 -2 -0.40 -5 -2 -0.40 3 -10 0.80

2.32 3 5 -5 -2 -0.40 -5 -2 -0.40 3 -10 0.80

2.36 3 5 -3 -2 -0.20 3 -8 0.70 -5 0 -0.50

2.37 3 5 4 -8 0.80 -3 -1 -0.25 -5 1 -0.55

2.39 3 5 -5 1 -0.55 5 -9 0.95 4 0 -0.40



ITEM SUMMARY

APPLICATION ITEMS - Index of Item-Objective Congruence
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Item

M N

Objective 3.1 Objective 3.2 Objective 3.3

S S' I S S' I S S I

3.1 3 4 -4 0 -0.50 4 -8 1.00 4 0 -0.50

3.2 3 4 4 -7 0.94 -4 1 -0.56 -3 0 -0.38

3.3 3 5 -4 0 -0.40 -5 1 -0.55 5 -9 0.95

3.4 3 5 1 -5 0.35 -5 1 -0.55 0 -4 0.20

3.5 3 5 -1 -1 -0.05 -5 3 -0.65 4 -6 0.70

3.6 3 4 -3 1 -0.44 4 -6 0.88 -3 1 -0.44

3.7 3 4 4 -6 0.88 -4 2 -0.63 -2 0 -0.25

3.8 3 4 4 -7 0.94 4 1 -0.56 -3 0 -0.38

3.9 3 4 -2 0 -0.25 4 2 -0.63 4 -6 0.88

3.10 3 5 -3 0 -0.30 -5 2 -0.60 5 -8 0.90

3.11 3 5 -5 1 -0.55 5 -9 0.95 4 0 -0.40

3.12 3 5 5 -7 0.85 -4 2 -0.50 -3 1 -0.35

3.13 3 5 -2 -2 -0.10 -5 1 -0.55 3 -7 0.65

3.14 3 4 4 0 -0.50 4 -8 1.00 -4 0 -0.50

3.15 3 5 -5 -1 -0.45 4 -10 0.90 -5 -1 -0.45



ITEM SUMMARY

APPLICATION ITEMS - Index of Item-Objective Congruence
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Item

M N

Objective 3.1 Objective 3.2 Objective 3.3

S S' I S S' I S S' I

3.16 3 3 0 -2 0.17 -3 1 -0.58 1 -3 0.42

3.17 3 5 5 -5 0.75 -4 4 -0.60 -1 1 -0.15

3.18 3 5 5 -9 0.95 -5 1 -0.55 -4 0 -0.40

3.19 3 3 -2 1 -0.42 3 -4 0.83 -2 1 -0.42

3.20 3 3 -3 0 -0.50 3 -6 1.00 -3 0 -0.50

3.21 3 4 4 -7 0.94 4 1 -0.56 -3 0 -0.38

3.22 3 3 0 -2 0.17 -3 1 -0.58 1 -3 0.42

3.23 3 5 0 -5 0.25 -5 0 -0.50 0 -5 0.25

3.24 3 4 4 -6 0.88 4 2 -0.63 -2 0 -0.25

3.25 3 5 -5 0 -0.50 5 -10 1.00 -5 0 -0.50

3.26 3 4 2 -6 0.63 4 0 -0.50 -2 -2 -0.13

3.27 3 4 1 -2 0.25 -3 2 -0.50 1 -2 0.25

3.28 3 5 -2 -2 -0.10 -5 1 -0.55 3 -7 0.65

3.29 3 5 4 -5 0.65 -5 4 -0.70 0 -1 0.05

3.30 3 5 5 -9 0.95 -5 1 -0.55 4 0 -0.40

3.31 3 5 4 1 -0.45 5 -8 0.90 4 1 -0.45

3.32 3 5 -5 0 -0.50 5 -10 1.00 -5 0 -0.50

3.33 3 2 -2 0 -0.50 2 4 1.00 -2 0 -0.50



ITEM SUMMARY

ANALYSIS ITEMS - Index of Item-Objective Congruence

Item Objective 4.1 Objective 4.2 Objective 4.3
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M N S S' I S S' I 5 5' I

4.1 4 4 4 4 -0.33 4 -4 -0.33

4.2 5 4 -4 -8 -0.25 4 -16 1.00 -4 -8 -0.25

4.3 5 5 -3 37 -0.13 -5 -5 -0.38 5 -15 0.88

4.4 5 4 4 -16 1.00 -4 -8 -0.25 -4 -8 -0.25

4.5 5 4 3 -16 0.88 -4 -9 -0.22 4 -9 -0.22

4.6 5 4 3 -16 0.88 -4 -9 -0.22 -4 -9 -0.22

4.7 5 5 -5 -10 -0.25 -5 -10 -0.25 5 -20 1.00

4.8 4 5 ..5 ..5 -0.33 -5 -5 -0.33

4.9 4 5 -5 -6 -0.30 -5 -6 -0.33

4.10 5 3 3 -12 1.00 -3 -6 -0.25 -3 -6 -0.25

4.11 4 5 -5 -8 -0.23 -5 -8 -0.23

4.12 4 3 -3 -3 -0.33 -3 -3 -0.33

4.13 5 5 -5 -10 -0.25 5 -20 1.00 -5 -10 -0.25

4.14 5 4 1 -16 0.63 -4 -11 -0.16 -4 -11 -0.16

4.15 4 5 -5 -5 -0.33 -5 -5 -0.33



ITEM SUMMARY

ANALYSIS ITEMS - Index of Item-Objective Congruence

Item Objective 4.1 Objective 4.2 Objective 4.3
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M N S 5? 5 5? 5 S I

4.16 5 4 -4 -8 -0.25 4 -16 1.00 -4 -8 -0.25

4.17 4 5 -5 -7 -0.27 -4 -8 -0.13

4.18 5 5 -4 -10 -0.15 5 -19 0.98 -5 -9 -0.28

4.19 5 5 4 -9 -0.18 5 -18 0.95 -5 -8 -0.30

4.20 5 5 -5 -10 -0.25 5 -20 1.00 -5 -10 -0.25

4.21 4 4 -3 -6 -0.13 -4 -5 -0.29

4.22 5 4 -4 -8 -0.25 4 -8 -0.25 4 -16 1.00

4.23 5 4 -4 -8 -0.25 -4 -8 -0.25 4 -16 1.00

4.24 4 5 -5 -7 -0.27 -5 -7 -0.27

4.25 5 4 4 -16 1.00 4 -8 -0.25 4 -8 -0.25

4.26 4 4 4 -6 -0.25 4 -6 -0.25

4.27 5 4 -4 -8 -0.25 4 -8 -0.25 2 -14 0.69

4.28 5 3 -3 -6 -0.25 -3 -6 -0.25 3 -12 1.00

4.29 5 3 -3 -6 -0.25 -3 -6 -0.25 3 -12 1.00

4.30 4 4 4 -6 -0.25 4 -6 -0.25

4.31 5 5 -5 -10 -0.25 5 -20 1.00 -5 -10 -0.25

4.32 4 5 -5 -7 -0.27 -5 -7 -0.27

4.33 5 5 2 -20 0.70 -5 -13 -0.18 -5 -13 -0.18

4.34 4 5 4 -7 -0.17 -5 -6 -0.30

4.35 4 5 4 -7 -0.17 -5 -6 -0.30



ITEM SUMMARY
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ANALYSIS ITEMS

Item

M N

- Index of Item-Objective Congruence

Objective 4.4 O1jective 4.5

S S' I S 5' I

4.1 4 4 4 -12 1.00 -4 -4 -0.33

4.2 5 4 -4 -8 -0.25 -4 -8 -0.25

4.3 5 5 -2 -8 0.00 -5 -5 -0.38

4.4 5 4 -4 -8 -0.25 -4 -8 -0.25

4.5 5 4 -4 -9 -0.22 -4 -9 -0.22

4.6 5 4 -4 -9 -0.22 -4 -9 -0.22

4.7 5 5 -5 -10 -0.25 -5 -10 -0.25

4.8 4 5 -5 -5 -0.33 5 -15 1.00

4.9 4 5 4 -15 0.90 -5 -6 -0.30

4.10 5 3 -3 -6 -0.25 -3 -6 -0.25

4.11 4 5 -5 -8 -0.23 2 -15 0.70

4.12 4 3 3 -9 1.00 -3 -3 -0.33

4.13 5 5 -5 -10 -0.25 -5 -10 -0.25

4.14 5 4 -4 -11 -0.16 -4 -11 -0.16

4.15 4 5 5 -15 1.00 -5 -5 -0.33

4.16 5 4 -4 -8 -0.25 -4 -8 -0.25

4.17 4 5 2 -14 0.67 -5 -7 -0.27

4.18 5 5 -5 -9 -0.28 -5 -9 -0.28

4.19 5 5 4 -9 -0.18 5 -8 -0.30

4.20 5 5 -5 -10 -0.25 -5 -10 -0.25



ITEM SUMMARY

ANALYSIS ITEMS - Index of Item-Objective Congruence
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Item

M N

Objective 4.4 Objective 4.5

S 5' I S S' I

4.21 4 4 4 -5 -0.29 2 -11 0.71

4.22 5 4 -4 -8 -0.25 -4 -8 -0.25

4.23 5 4 4 -8 -0.25 -4 -8 -0.25

4.24 4 5 3 -15 0.80 -5 -7 -0.27

4.25 5 4 -4 -8 -0.25 -4 -8 -0.25

4.26 4 4 -4 -6 -0.25 2 -12 0.75

4.27 5 4 -2 -10 0.06 -4 -8 -0.25

4.28 5 3 -3 -6 -0.25 -3 -6 -0.25

4.29 5 3 -3 -6 -0.25 -3 -6 -0.25

4.30 4 4 2 -12 0.75 -4 -6 -0.25

4.31 5 5 -5 -10 -0.25 -5 -10 -0.25

4.32 4 5 3 -15 0.80 -5 -7 -0.27

4.33 5 5 -5 -13 -0.18 -5 -13 -0.18

4.34 4 5 -5 -6 -0.30 3 -14 0.77

4.35 4 5 -5 -6 -0.30 3 -14 0.77



APPENDIX E

STUDENT RATING OF ITEMS FOR CLARITY

The following questions are designed to be given to college students as

part of a test to determine cognitive domain status in operations with

rational numbers. The test will not be used to determine grades.

Please rate each question on a scale of 0 - 5 with respect to clarity

only. Do not consider whether the task required is hard or easy, only

whether or not the question clearly states what is required.
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STUDENT RATING SHEET

Rate the clarity of each item using the following scale:

o - Very difficult to understand
1 - Difficult to understand
2 - Somewhat difficult to understand
3 - Somewhat clear
4 - Clear
5 - Very clear

Item 1.9 Do not answer the question. Rate for clarity only.

Choose the letter corresponding to the most appropriate answer.

7x8=?

a. 45 b. 54 c.

e. none of the above.
Clarity: 0 1 2 3 4 5

Item 1.18 Do not answer the question. Rate for clarity only.

Choose the letter corresponding to the most appropriate answer.

728 =?

a.
1

b. 7 c. d. 9

e. none of the above.
Clarity: 0 1 2 3 4 5

Item 1.26 Do not answer the question. Rate for clarity only.

Choose the letter corresponding to the most appropriate answer.

28 divided by 7 =?

a. b. 4 c. 196 d.4 196

e. none of the above.
Clarity: 0 1 2 3 4 5

1

45 d. 54
1
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CLARITY OF ITEMS - RATING BY PRESERVICE TEACHERS

COMPUTATION ITEMS

*Jtem removed if 30% score it less than 4.

Obj. Item 0 1 2 3 4 5 %<4

1.1 1.1 1 1 7 11.1

1.2 1 2 6 11.1

1.4 1 1 7 11.1

1.9 1 1 7 11.1

1.17 1 2 6 11.1

1.18 1 1 7 11.1

1.22 1 1 7 11.1

1.26 1 2 6 11.1

1.27 1 2 6 11.1

1.30 1 2 6 11.1

1.32 1 2 6 11.1

1.2 1.6 3 3 0.0

1.7 3 3 0.0

1.8 3 3 0.0

1.11 1 1 1 1 *50.0

1.13 4 0.0

1.16 3 3 0.0

1.19 4 0.0

1.20 3 3 0.0

1.21 3 3 0.0
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COMPUTATION ITEMS

*Item removed if 30% score it less than 4.

Obj. Item 0 1 2 3 4 5 %<4

1.2 1.23 3 3 0.0

1.28 2 2 0.0

1.3 1.5 1 4 6 12.5

1.10 1 7 0.0

1.12 1 7 0.0

1.14 1 7 0.0

1.15 1 7 0.0

1.24 1 7 0.0

1.25 1 7 0.0

1.29 1 1 6 12.5

1.33 1 7 0.0

1.34 1 1 3 20.0

1.35 1 4 0.0

1.36 1 1 1 4 28.6

1.37 1 1 1 4 28.6

1.38 1 1 1 4 28.6

1.39 1 7 0.0
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CLARITY OF ITEMS - RATING BY PRESERVICE TEACHERS

COMPREHENSION ITEMS

*Item removed if 30% score it less than 3.

Obj. Item 0 1 2 3 4 5 %<3

2.1 2.1 2 3 0.0

2.2 2 2 1 0.0

2.10 1 3 1 20.0

2.15 4 1 3 0.0

2.16 1 1 2 1 20.0

2.17 1 3 1 20.0

2.18 1 3 1 20.0

2.19 2 2 1 0.0

2.28 2 2 1 0.0

232 2 2 1 0.0

2.34 2 3 0.0

2.2 2.6 1 1 1 3 16.7

2.8 1 2 3 16.7

2.14 1 2 3 16.7

2.21 1 3 1 2 14.3

2.22 1 2 2 20.0

2.25 1 2 3 16.7

2.26 1 3 1 2 14.3

2.29 1 2 3 16.7
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COMPREHENSION ITEMS

*Jtem removed if 30% score it less than 3.

Obj. Item 0 1 2 3 4 5 %.c::3

2.2 2.37 1 3 1 2 14.3

2.39 3 4 2 0.0

2.3 2.3 1 2 1 3 14.3

2.4 1 2 1 3 14.3

2.5 2 3 0.0

2.9 1 2 3 0.0

2.25 1 2 3 16.7

2.27 3 1 2 0.0

2.31 1 1 1 3 16.7

2.33 3 3 0.0

2.38 3 1 2 0.0

2.40 1 4 1 0.0
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CLARITY OF ITEMS - RATING BY PRESERVICE TEACHERS

APPLICATION ITEMS

*Jtem removed if 30% score it less than 3.

Obj. Item 0 1 2 3 4 5 %<3

3.1 3.2 1 6 14.3

3.7 1 1 1 2 20.0

3.8 2 2 1 0.0

3.12 2 2 1 0.0

3.18 3 2 0.0

3.21 3 2 0.0

3.24 1 2 2 20.0

3.30 1 2 2 20.0

3.2 3.1 7 0.0

3.6 7 0.0

3.11 7 0.0

3.14 7 0.0

3.15 7 0.0

3.19 7 0.0

3.20 7 0.0

3.25 7 0.0

3.31 7 0.0

3.32 7 0.0

3.33 7 0.0
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APPLICATION ITEMS

*Item removed if 30% score it less than 3.

Obj. Item 0 1 2 3 4 5 %<3

3.3 3.3 1 2 3 1 1 *375

3.9 1 5 16.7

3.10 1 3 4 0.0
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CLARITY OF ITEMS - RATING BY PRESERVICE TEACHERS

ANALYSIS ITEMS

*Item removed if 30% score it less than 3.

152

Obj. Item 0 1 2 3 4 5 %<3

4.1 4.4 1 1 4 0.0

4.5 2 1 3 0.0

4.6 2 2 0.0

4.10 2 1 1 0.0

4.25 2 3 0.0

4.2 4.2 2 4 1 0.0

4.13 1 1 4 0.0

4.16 1 2 3 2 *375

4.18 1 5 1 14.3

4.19 1 2 1 3 14.3

4.20 1 1 2 0.0

4.31 2 1 1 0.0

4.3 4.3 1 1 2 1 2 28.6

4.7 1 2 2 0.0

4.22 1 1 1 1 2 *333

4.23 1 2 2 0.0

4.28 1 2 2 0.0

4.29 1 2 2 0.0



ANALYSIS ITEMS

*Item removed if 30% score it less than 3.
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Obj. Item 0 1 2 3 4 5 %'z3

4.4

4.5

4.1

4.9

4.12

4.15

4.24

4.32

4.8

1

1

1

1

2

1

1

1

1

1

1

1

2

1

3

2

2

2

1

4

1

4

2

2

4

11.1

25.0

11.1

0.0

*40.0

0.0

14.3



APPENDIX F

DOMAIN STATUS TEST

This is a copy of the final version of the Domain Status Test in

Division of Rational Numbers. Participants were asked to fill out a

background factor sheet as well as the answer sheet so that statistics could

by used to determine the validity of the results of the test. A copy of the

background factor questionnaire and the answers sheet precede the actual

test.
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BACKGROUND FACTORS

SSN

Please circle the number or letter next to the most appropriate response to each of the items
below:

F Female
M Male

Current age group
1 Under 18
2 18 through 24
3 25 through 34
4 35 through 44
5 Over 44

Years since last math course
0 Less than ayear
1 Between one and three years
2 Between three and five years
3 Between five and ten years
4 More than ten years

High School Math Courses (highest level completed)
0 No Algebra
1 Algebra I
2 Geometry
3 Algebra II
4 Trigonometry or Analysis (including pre-calculus)
5 Calculus

College Mathematics (highest level completed)
0 None
1 Structure of Mathematics of Elementary Teachers
2 Intermediate Algebra or Algebra for Elementary Teachers
3 College Algebra and/or Pre-calculus
4 Finite Mathematics or Statistics
5 Calculus
6 Course for which Calculus is a prerequisite

Mathematics Methods Course
0 None
1 Currently enrolled in Elementary Methods
2 Completed Elementary Methods
3 Currently enrolled in Secondary Methods
4 Completed Secondary Methods

Teaching Experience
0 None
1 Classroom Experience (Ed 340)
2 Student Teaching (Include part time teaching or substitution,
3 Certified teaching (Include non-certified teaching in a private school

if full time.)



DOMAIN STATUS TEST - ANSWER SHEET Control No.

156

SECTION I

1.abcde 5.abcde 9.abcde
2.abc de 6.abc de 1O.ab c de
3.ab c de 7.ab c de 11.ab cd e
4.ab c de 8.ab cd e 12.ab c de

SECTION II

1.abc de 5.ab c de 9.ab c de
2.ab c de 6.abcde 1O.ab c de
3.ab c de 7.abcde 11.ab c de
4.ab c de 8.ab cd e 12.ab cd e

SECTION III

1.ab c de 5.ab c de 9.ab cd e
2.ab c de 6.abcde 1O.ab c de
3.ab c de 7.abc de 11.ab c de
4.abc de 8.abc de 12.abc de

SECTION IV

1.abc de 5.ab cde 9.ab c de
2.ab c de 6.abcde 1O.ab c de
3.ab c de 7.ab cd e 11.ab cd e
4.ab c de 8.abcde 12.ab c de
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Control No.

DOMAIN STATUS TEST

SECTION I

Do not mark the test. A score sheet will be furnished. Select the
answer which is most appropriate and mark it with a heavy X. It is all
right to guess.



1a. 4 b.

e. none of the above.

Choose the letter corresponding to the most appropriate answer.

6.2
I 3 1 3 1

a. 5050 b. .505 c. 505 d. 5.05

e. none of the above

Choose the letter corresponding to the most appropriate answer.

54
81432

In this division sentence the number 54 is the:

a. quotient b. remainder

c. divisor d. dividend

e. none of the above

6
25

Section I

1. Choose the letter corresponding to the most appropriate answer.

43=?

c. 1 d.
2
3
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Choose the letter corresponding to the most appropriate answer.

.07f.0 28

a. .004 b. .04 c. .4 d. 4

e. none of the above

Choose the letter corresponding to the most appropriate answer.

a.
7 7 4 16

b. c. d.

e. none of the above.

Choose the letter corresponding to the most appropriate answer.

=?

a. 16

e. none of the above.

b. 5 c. 3 d.
1

3
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Choose the letter corresponding to the most appropriate answer.

In the division sentence 32 = 8, the number 32 is the:

a. quotient b. remainder

c. divisor d. dividend

e. none of the above

Choose the letter corresponding to the most appropriate answer.

6 divided by =?

a. 18 b.

e. none of the above.

9. Choose the letter corresponding to the most appropriate answer.

12 divided by ?

a. 24 b. 6 c.

e. none of the above.

1

18
c. 2 d.

1

24
d.

1

2

1
6

160



Choose the letter corresponding to the most appropriate answer.

In the division sentence 1 2, the number 2 is the:

a. quotient b. remainder

c. divisor d. dividend

e. none of the above

Choose the letter corresponding to the most appropriate answer.

57=?

b. 1 c. 6

e. none of the above.

Choose the letter corresponding to the most appropriate answer.

In the division sentence 42 divided by = 63, the number 42 is the:

a. quotient b. remainder

c. divisor d. dividend

e. none of the above

d.
1

6

161
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Control No.

DOMAIN STATUS TEST

SECTION II

Do not mark the test. A score sheet will be furnished. Select the
answer which is most appropriate and mark it with a heavy X. It is all
right to guess.



Section II

In the following problem, identify the data necessary to solve it.

Deborah drives to Seattle and back to Spokane averaging 75
kilometers per hour on the trip. She buys 35.6 liters of gasoline at
Ritzville on the way. The 832 kilometer round trip takes a little more
than 11 hours. If she used 1 liter of oil and 92.3 liters of gasoline,
what is her average fuel consumption in kilometers per liter?

75 kph, 832 kilometers, 35.6 liters of gasoline.

832 kilometers, 11 hours, 1 liter of oil.

92.3 liters of gasoline, 832 kilometers.

can't tell from data given.

none of the above.

2. In a division problem:

the measurement interpretation occurs when the size of the
subsets is known and the question is "how many subsets?"

the Dartition interpretation occurs when the number of subsets
is known and the question is, "how many in each subset?"

Choose the most appropriate interpretation for the following problem:

Shirley is planning to make cookies for her class. If she bakes 60
cookies and there are 23 students in the class, how many would each
student receive?

a. measurement b. partition

both d. can't tell

e. none of the above.
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3. Choose the most appropriate explanation of the quotient

08=?
a 0 = 0, because all division into 0 results in 0.

0 is undefined because all division involving 0 is undefined.

0 is undefined because zero is nothing.

0 = 8, because zero is nothing.

none of the above.

4. Read the following word problem, then choose the most appropriate
number sentence to solve it.

A piece of redwood 3 feet long is to be partitioned into 30 smaller
pieces for plaques. How many inches long will each of the small
pieces be?

a. 3x1230= b. 303x12=

c. 3x3012= d. 33012=

e. none of the above.

5. Given a division sentence with natural and/or rational numbers,
chose the multiplication sentence most closely related to it.

65=
54 55

a. x=? b.

c.
65

d.
64

e. none of the above.
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Which of the following is an appropriate argument that the quotient13 18of can be found by the product x ?

13 3 13 18
= = =

1 3 13 1x3 1 8
2'8 = 28 = 2x8

1 3 3 1 31 3 3 1 1x8 1 828 = 28 = 28 - = = 2x3 =

18 18
1 3 1 8

1

83
e. none of the above.

Which of the following sets is closed with respect to the operation of
division?

{O, 1, 2, 3,)

111
'2'4'8'

11
C.. ...}

(1,2,4,8)

none of the above.
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8. Which of the following sets is closed with respect to the operation
of division?

{... , , 1, 10, 100, ...}

{... , 1, 6, 36, ...}

111
C.

(.. , , 1, 5, 25, ...}

none of the above.

9. Which of the following is equivalent to the division

2
3 8

a. 25
b.

28

C.
3 5

d.
3 8

e. none of the above.



10. Choose the most appropriate explanation of the quotient

=?

= 0, because all division with 0 results in 0.

is undefined because zero is nothing.

is undefined because there is no number such that 0

times the number is

= because zero is nothing.

none of the above.

11. Choose the multiplication sentence most closely related to the
following division sentence.

14 = ?

a. 14x?= b. ?x=14

c. 14x=? d. 14x=?
e. none of the above.
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12. In a division problem:

the measurement interpretation occurs when the size of the
subsets is known and the question is "how many subsets?"

the partition interpretation occurs when the number of subsets
is known and the question is, "how many in each subset?"

Choose the most appropriate interpretation for the following problem:

Terry delivers firewood with a truck that can carry 2 cords of wood.

How many trips must he make in order to deliver 6 cords?

a. measurement b. partition

both d. can't tell

e. none of the above.
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Control No.

DOMAIN STATUS TEST

SECTION III

Do not mark the test. A score sheet will be furnished. Select the
answer which is most appropriate and mark it with a heavy X. It is all
right to guess.



Section III

1. Choose the letter corresponding to the most appropriate answer.

Place the following numbers in order from smallest to largest.

170

2. Choose the letter corresponding to the most appropriate answer.

Place the following numbers in order from smallest to largest.

3.12 3.8 3.256 3.4175 4

a. 4, 3.8, 3.12, 3.256, 3.4175

b. 3.8, 3.12, 3.256, 3.4175, 4

c. 3.12, 3.8, 3.256, 3.4175. 4

d. 3.12, 3.256, 3.4175, 3.8, 4

e. none of the above.

a.
43

43

13
'

21 11
16

11

16
21
64'128'

b.
11i' 13

'

21
64'

43
128

11 21 43 13
C. 16' 64' 128'

d.
21
64'

43 13
'

11
16128'

e. none of the above



3. Choose the letter corresponding to the most appropriate answer.

Tern must deliver 14 tons of apples. If her truck can carry 3 tons at
a time, how many trips must she make?

a. 4r2 b. 4

2
C. 4

e. none of the above.

Read the following problem carefully. Without working the
arithmetic in detail, choose the answer corresponding to an
appropriate estimate of the solution.

The Whitley Corporation builds office furniture. Last year 5,204
pieces of furniture were sold for a total of $1,533,662.28. What was the
average price of each piece?

a. $100 b. $200

$300 d. $400

e. none of the above.

Choose the answer corresponding to the most appropriate answer.

Jodie's barn will take 40 hours to paint.
how long will it take to finish the job?

d. 5
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1
Working 6 hours per day,

a. 7 days b. 6 days

c. 6 days d. 5 days

e. none of the above.



Choose the letter corresponding to the most appropriate answer.

Charles drives a truck 654 kilometers on of a tank of fuel. How

many kilometers will the truck go on a full tank?

a. 490.5 km b. 872.0 km

c. 817.5km d. 523.2km

e. none of the above.

Choose the letter corresponding to the most appropriate answer.

A hamburger patty machine used pound of hamburger per patty.

How many patties will it make from 20 pounds of hamburger?

a. 6 patties b. patties

c. 64 patties c. 6 patties

e. none of the above.

Read the following problem carefully. Without working the
arithmetic in detail, choose the answer corresponding to an
appropriate estimate of the solution.

Darlene Foster and her space shuttle crew made 390 orbits of the
earth in 24 days 6 hours and 37 minutes. What is the average time
for an orbit?

a. 1 hours b. 15 hours

c. 2 hours d. 25 hours

e. none of the above.
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C.

d.

e. none of the above

10. Choose the letter corresponding to the most appropriate answer.

Place the following numbers in order from smallest to largest.

1 3
2' 8'

11 1

' 2'
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a.
5

'

11
16

11

16'
7
8'

5
8 4

3
4

b.
11
16'

7
8'

5
'

3
4

11
C. 8' 4' '

d.
3
4'

7
8'

11
16'

5
2

e. none of the above

9 11
16'

3 9
8' 16

9. Choose the letter corresponding to the most appropriate answer.

Place the following numbers in order from smallest to largest.

9 3 1 11

9 3 1 11
16' 8' 2' :

' 16'
31
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Read the following problem carefully. Without working the
arithmetic in detail, choose the answer corresponding to an
appropriate estimate of the solution.

Bob Scolari drove 1178 miles in 19 hours, 34 minutes and 47 seconds.
What was his average in miles per hour?

a. 40 mph b. 60 mph

c. 80 mph d. 100 mph

e. none of the above.

Read the following problem carefully. Without working the
arithmetic in detail, choose the answer corresponding to an
appropriate estimate of the solution.

Field Marshal Irwin Rommel marched the Afrika Korps 1438
kilometers across Libya in 28 days. What was the average distance
per day?

a. 20 kilometers b. 30 kilometers

c. 40 kilometers d. 50 kilometers

e. none of the above.
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Control No.

DOMAIN STATUS TEST

SECTION 111

Do not mark the test. A score sheet will be furnished. Select the
answer which is most appropriate and mark it with a heavy X. It is all
right to guess.



Section IV

1. Choose the letter corresponding to the most appropriate answer.

138
Consider the division sentence

If the sentence is to remain true, what must happen to the if is

increased while the remains constant?

It must increase. b. It must decrease.

It must stay the same. d. It is not possible to tell.

e. none of the above.

2. Average speed for a trip is total distance divided by total time. If
Maggie rides her ten-speed 12 miles at 12 mph, then 36 miles at 18
mph, what is her average speed? (Answers are to the nearest mph.)

a. 15 mph b. 14 mph

c. 13mph d. 16mph

e. none of the above.

3. Nell and Belle are paid $500 to paint a barn. Nell estimates that she
could paint the barn herself in five days. Belle is sure that she could
do it by herself in seven days. If both of these estimates are correct,
how long will it take them if they work together?

a. l2days b. less than three days

c. between 3 and 4 days d. between 4 and 5 days

e. none of the above
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4. To prove the "invert and multiply" rule for division with rational
numbers it is necessary to do the following:

Give at least three positive examples.

Give one counter-example.

Show that the rule can be derived in logical steps.

all of the above.

none of the above.

Choose the letter corresponding to the most appropriate answer.

1.. 32. 3..
In the division sentence divided by = if the is increased

while the remains constant, what must happen to the for the

sentence to remain true?

a. It must increase. b. It must decrease.

c. It must stay the same. d. It is not possible to tell.

e. none of the above.

6. Choose the letter corresponding to the most appropriate answer.

Red and Fred are paid according to the amount of work they do. A
certain job would take Red 10 hours while Fred could do it in 8. If
they work together and are paid $90 for the job, how much will each
receive?

a. Red $45, Fred $45 b. Red $50, Fred $40

c. Red $40, Fred $50 d. can't tell

e. none of the above.
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Choose the letter corresponding to the most appropriate answer.

In any true division sentence, what must happen to the divisor if the
quotient remains the same while the dividend is decreased?

a. It will increase b. It will decrease.

c. It will stay the same. d. It is not possible to tell.

e. none of the above.

Choose the letter corresponding to the most appropriate answer.

Betsy von Drake travels one hour on the Autobahn at 110 kph
(kilometers per hour). She remembers that there is no maximum
speed limit on the Autobahn and travels three more hours at 150 kph.
What is her average speed for the trip? (Answers are to the nearest
kph.)

a. 140 kph b. 130 kph

c. 131 kph d. 139 kph

e. none of the above.

Claim. If x, y, z, and w are integers and y, z, and w, are not
zero, then:

x z x w= - -
y w y z

Choose the best formal argument from below.

No argument is possible because the statement is false.

Division with rational numbers is undefined.

Invert and multiply.

x x w x w x w
d ywzz wzw 1 y z

w w z w z

e. none of the above.



10. Which of the following is an appropriate formal argument for the
"invert and multiply rule for division of rational numbers?

a c a d
a.

b.

C.

d.

a
b

S c a
d =b

c-
a c-b dab-

b

aa ebb
e. none of the above.

11. Choose the letter corresponding to the most appropriate answer.

In the division sentence 9.9356 divided by 4.21 = 2.36, what must
happen to the quotient if the dividend is decreased while the divisor
remains constant if the sentence is to remain true?

a. It must increase. b. It must decrease.

It must stay the same. d. It is not possible to tell.

e. none of the above.
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12. Which of the following is an appropriate formal argument for the
"invert and multiply" rule for division of rational numbers?

x z x w= - . -Y wy Z
b zz_Y

X X W X W X W
x z
y W ZZ WZ w 1 y z

W W Z W'Z

z z z z.-
X Z W X W X W X W ) Z1 =x

y x y xy

a.

e. none of the above.
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APPENDIX G

SCORES ON OBJECTIVES, SECTIONS, AND TEST

SECTION I Mean Scores

Class

Elem 1

Elem 2

Elem 3

Elem 4

Elem 5

n

2.1 (4 items)

11 3.273

12 3.417

14 2.857

18 3.111

8 3.000

SECTION II Mean Scores

Objective

2.2 (4 items)

2.909

2.917

2.786

3.000

2.375

2.3 (4 items)

2.182

2.833

1.929

1.944

1.625

Section

II (12 items)

8.364

9.167

7.571

8.056

7.000

181

Class n Objective Section

1.1 (4 items) 1.2 (8 items) I (12 items)

Elem 1 11 3.545 6.182 9.727

Elem 2 12 3.667 6.917 10.583

Elem 3 14 3.571 5.357 8.929

Elem 4 18 3.667 5.889 9.556

Elem 5 8 3.125 5.250 8.375

All Elem (SD) 63 3.556 (0.980) 5.937 (2.162) 9.492 (2.402)

Secondary (SD) 18 3.167 (1.543) 6.944 (0.837) 10.111 (2.055)

All classes (SD) 81 3.469 (1.130) 6.160 (1.990) 9.630 (2.332)

All Elem (SD) 63 3.127 (0.833) 2.841 (1.110) 2.111 (1.002) 8.079 (2.281)

Sec (SD) 18 3.500 (0.618) 3.444 (0.511) 2.722 (0.895) 9.667 (1.534)

All (SD) 81 3.210 (0.802) 2.975 (1.037) 2.247 (1.007) 8.432 (2.230)



SECTION IV Mean Scores
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All Elem (SD) 63 2.508 (1.076) 2.063 (1.243) 2.746 (1.047) 7.317 (2.645)

Sec (SD) 18 3.278 (0.958) 3.222 (0.808) 2.778 (1.114) 9.278 (2.081)

All (SD) 81 2.679 (1.093) 2.321 (1.253) 2.753 (1.055) 7.753 (2.648)

All Elem (SD) 63 1.603 (1.225) 1.841 (1.273) 2.444 (1.292) 5.889 (2.908)

Sec (SD) 18 2.389 (1.092) 3.167 (0.786) 3.611 (0.778) 9.167 (1.689)

All (SD) 81 1.778 (1.235) 2.136 (1.301) 2.704 (1.289) 6.617 (3.007)

SECTION III Mean Scores

Objective SectionClass n

3.1 (4 items) 3.2 (4 items) 3.3 (4 items) III (12 items)

Elem 1 11 2.455 1.818 2.727 7.000

Elem 2 12 2.750 2.917 2.917 8.583

Elem 3 14 2.071 1.357 2.500 5.929

Elem 4 18 2.944 2.444 2.944 8.333

Elem 5 8 2.000 1.500 2.500 6.000

Class n Objective Section

4.1 (4 items) 4.2 (4 items) 4.3 (4 items) IV (12 items)

Elem 1 11 1.455 2.091 2.364 5.909

Elem 2 12 2.167 2.333 3.000 7.500

Elem 3 14 1.429 1.7 14 2.429 5.571

Elem 4 18 1.611 1.722 2.556 5.889

Elem 5 8 1.250 1.250 1.500 4.000
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TEST TOTAL Mean Scores

n TestClass

Elem 1 11 31.000

Elem2 12 35.833

Elem 3 14 28.000

Elem4 18 31.833

Elem5 8 25.375

All Elem (SD) 63 30.778 (8.099)

Secondary (SD) 18 38.222 (5.826)

All Classes (SD) 81 32.0432 (8.231)



APPENDIX H

ITEM ANALYSIS FORM C

SECTION I (Form C number! Final number)

184

Item 1/X 2/1 3/2 413 5/4 6/5 7/X 8/6

Obj 1.1/K 1.3/1.2 1.3/1.2 1.211.1 1.3/1.2 1.3/1.2 1.2/1.1 1.3/1.2

Mr 13.392 13.881 14.019 13.964 14.111 13.873 13.500 14.143

M 13.714 12.182 12.222 12.269 11.000 10.200 12.200 10.889

SI) 2.376 2.376 2.376 2.376 2.376 2.376 2.376 2.376

p 0.914 0.728 0.667 0.914 0.778 0.877 0.938 0.778

p(1-p) 0.019 0.198 0.222 0.0749 0.173 0.108 0.058 0.126

y 0.157 0.332 0.306 0.157 0.298 0.204 0.122 0.298

"rbjs" -0.068 0.428 0.551 0.360 0.762 0.823 0.261 0.797

Item 9/7 10/8 1119 12/10 13/11 14/X 15/12 16/K

Obj 1.2/1.1 1.3/1.2 1.3/1.2 1.2/1.1 1.3/1.2 1.2/1.1 1.2/1.1 1.1/K

Mr 13.899 14.283 14.283 13.901 13.942 13.481 13.955 13.513

Mw 10.667 10.952 10.952 10.000 10.417 12.250 10.857 6.00

SD 2.376 2.376 2.376 2.376 2.376 2.376 2.376 2.376

p 0.852 0.741 0.741 0.877 0.852 0.951 0.857 0.988

p(l-p) 0.126 0.192 0.192 0.108 0.126 0.047 0.143 0.012

y 0.231 0.324 0.324 0.204 0.231 0.101 0.256 0.031

"rbjs" 0.746 0.834 0.835 0.874 0.814 0.742 0.731 1.241



Section I Reliability Analysis

Item Number

Removed Remaining KR2O

185

16 0.682

1 15 0.708

16 14 0.703

14 13 0.711

7 12 0.722



Section II (Form C number! Final number)

186

Item 111 2/X 3/2 4/X 5/3 6/4 7/5 8/6

Obj 2.2 2.1 2.2 2.2 2.3 2.2 2.1 2.1

Mr 12.057 11.600 11.821 11.847 12.130 12.236 11.684 11.803

Mw 9.929 11.109 8.929 9.909 9.704 9.385 5.800 9.200

81) 2.428 2.428 2.428 2.428 2.428 2.428 2.428 2.428

p 0.654 0.432 0.827 0.728 0.667 0.679 0.938 0.815

p(l-p) 0.226 0.245 0.143 0.198 0.222 0.218 0.058 0.151

y 0.369 0.393 0.256 0.332 0.363 0.358 0.122 0.267

"rbjs" 0.537 0.126 0.665 0.476 0.610 0.715 1.150 0.606

Item 9/7 10/8 11/X 12/9 13/10 141X 15/11 16/12

Obj 2.3 2.3 2.3 2.1 2.3 2.1 2.1 2.2

Mr 13.462 17.074 11.431 11.513 11.885 11.427 12.286 11.803

Mw 10.912 9.815 10.875 8.400 9.600 10.000 10.282 9.200

S.D 2.428 2.428 2.428 2.428 2.428 2.428 2.428 2.428

p 0.160 0.667 0.803 0.938 0.753 0.926 0.519 0.815

p(l-p) 0.135 0.222 0.159 0.058 0.186 0.069 0.250 0.151

y 0.243 0.363 0.278 0.122 0.316 0.140 0.398 0.267

"rbjs" 0.582 0.570 0.131 0.690 0.554 0.288 0.518 0.616



Section II Reliability Analysis

Item Number

Removed Remaining KR2O

187

16 0.580

2 15 0.628

14 14 0.633

4 12 0.617

11 12 0.643



188

Section III (Form C number! Final number)

2/2 3/X 4/X 5/3 7/5 8/6Item 111

Obj 3.2 3.2 3.3 3.1 3.1 3.3 3.1 3.1

Mr 12.560 10.926 11.190 10.905 11.625 11.519 11.017 11.580

Mw 9.411 7.538 9.513 8.556 8.576 8.111 8.682 8.452

SD 3.040 3.040 3.040 3.040 3.040 3.040 3.040 3.040

p 0.309 0.840 0.519 0.778 0.593 0.667 0.728 0.691

p(l-p) 0.213 0.135 0.250 0.173 0.241 0.222 0.198 0.236

y 0.352 0.243 0.398 0.298 0.388 0.363 0.332 0.369

'rbjs" 0.628 0.618 0.346 0.448 0.624 0.686 0.458 0.659

Item 9/X 10i7 1118 12/9 13/10 14/11 1&12 16/X

Obj 3.2 3.1 3.3 3.2 3.2 3.3 3.3 3.1

Mr 10.836 11.133 11.872 11.623 11.929 11.000 10.773 11.115

Mw 9.360 8.238 9.000 8.036 8.718 8.059 8.667 9.069

SD 3.040 3.040 3.040 3.040 3.040 3.040 3.040 3.040

p 0.691 0.741 0.431 0.654 0.519 0.791 0.815 0.642

p(l-p) 0.213 0.192 0.250 0.226 0.250 0.166 0.151 0.230

y 0.353 0.324 0.399 0.369 0.399 0.288 0.267 0.373

"rbjs" 0.294 0.564 0.591 0.723 0.661 0.557 0.392 0.415



Section III Reliability Analysis

Item Number

Removed Remaining KR2O

189

16 0.680

16 15 0.680

4 14 0.675

9 13 0.686

3 12 0.705



190

Section IV (Form C number/ Final number)

Item 1/1 2/2 3/3 4/4 5/5 6/6 7/7 8/X

Obj 4.2 4.1 4.1 4.4/4.3 4.2 4.1 4.2 4.51X

Mr 11.130 10.930 12.100 11.256 10.977 11.370 10.897 9.836

Mw 7.833 7.528 8.483 7.714 7.655 8.444 8.048 8.538

SD 3.224 3.224 3.224 3.224 3.224 3.224 3.224 3.224

p 0.481 0.556 0.259 0.491 0.531 0.333 0.481 0.679

p(1-p) 0.250 0.247 0.192 0.250 0.249 0.222 0.250 0.218

y 0.398 0.395 0.324 0.398 0.398 0.363 0.398 0.358

"rbjs" 0.641 0.661 0.665 0.689 0.645 0.556 0.534 0.245

Item 9/X 10/8 1119 12110 13/X 14/11 15/X 16/12

Obj 4.3/X 4.1 4.4/4.3 4.4/4.3 4.3/X 4.2 4.5/X 4.3

Mr 9.806 10.725 10.400 10.491 10.016 10.423 9.830 10.206

M 8.158 7.200 6.619 6.875 7.333 7.621 8.853 6.667

SD 3.224 3.224 3.224 3.224 3.224 3.224 3.224 3.224

p 0.765 0.630 0.741 0.704 0.778 0.642 0.580 0.778

p(l-p) 0.180 0.233 0.192 0.209 0.173 0.230 0.244 0.173

y 0.307 0.378 0.324 0.346 0.298 0.373 0.391 0.298

"rbjs" 0.299 0.675 0.695 0.676 0.483 0.536 0.189 0.637



Section IV Reliability Analysis

Item Number

Removed Remaining KR2O

191

16 0.736

15 15 0.735

8 14 0.737

9 13 0.735

13 12 0.728



APPENDIX I

CORRELATION COEFFICIENTS

192

Bold figures (p < 0.005)

Section Background Factor

I II III IV T 1 2 3 4 5 6

I

II

III

IV

T

1

2

3

4

5

6

7

1.00

.498

.491

.368

.711

.150

.148

-.025

.173

.131

.012

-.055

1.00

.588

.616

.826

.362

.102

-.302

.246

.370

.039

.179

1.00

.608

.842

.400

.248

-.176

.163

.342

-.138

-.112

1.00

.832

.508

.341

-.168

.159

.453

.035

-.052

1.00

.455

.274

-.207

.226

.413

-.018

-.119

1.00

.157

-.128

.151

.638

.060

.000

1.00

.266

-.290

.086

-.092

-.128

1.00

.020

-.154

-.011

.221

1.00

.331

-.002

.044

1.00

-.054

.000

'

1.00

.080 1.00


