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Abstract:

The problem addressed by this study was to analyze statistically the possible influence of several
profession-related factors on the levels of questions Montana public high school mathematics teachers
would use in their classrooms to assess higher-border thinking skills.

Questionnaires were sent to 220 public high school mathematics teachers in the state of Montana
during the winter of 1998. Chi-square tests of independence were used to determine if there was a
relationship between the categorization of the teachers’ written examples of a question that tests for
higher-order thinking skills and o the amount of SIMMS professional development that the teachers
had received; o the use of the SIMMS IM curriculum in the teachers’ classrooms; o the number of
credit hours that the teachers had accumulated from college classes in assessment or evaluation; o the
highest academic degree obtained by the teachers; and o the educational objective from Bloom’s
taxonomy that the teachers ranked most important for their classroom.

ANOVA tests were used to determine if there was a significant difference between o the mean number
of hours of professional development for teachers who wrote Level I, Level 11, Level III, or Level IV
questions as examples of questions that test for higher-order thinking skills; o the mean number of
years teaching mathematics for teachers who wrote Level I, Level II, Level III, or Level IV questions
as examples of questions that test for higher-order thinking skills.

To help interpret the results of this study, telephone interviews were conducted with ten of the teachers
who had returned questionnaires.

No significant relationship or difference was found for any of the factors stated above. Almost 60% of
the teachers participating in this study wrote a question that assessed lower-order thinking skills when
asked to write a question that assessed higher-order thinking skills.

Professional development, college measurement courses, and continuing education do not seem to
impact teachers’ assessment of higher-order thinking skills; furthermore, we cannot assume that
teaching experience alone, without proper training and classroom support, will improve this situation.
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ABSTRACT

The problem addressed by this study was to analyze statistically the possible
influence of several profession-related factors on the levels of questions Montana public
high school mathematics teachers would use in their classrooms to assess highier-order
thinking skills. :

: Questionnaires were sent to 220 public high school mathematics teachers in the
state of Montana during the winter of 1998. Chi-square tests of independence were used
to determine if there was a relationship between the categorization of the teachers’ written
examples of a question that tests for higher-order thinking skills and

o the amount of SIMMS professional development that the teachers had received,

o the use of the SIMMS IM curriculum in the teachers’ classrooms;

o the number of credit hours that the teachers had accumulated from college classes
in assessment or evaluation;

o the highest academic degree obtained by the teachers; and

o the educational objective from Bloom’s taxonomy that the teachers ranked most
important for their classroom.

ANOVA tests were used to determine if there was a significant dlfference between

o the mean number of hours of professional development for teachers who wrote
Level I, Level I, Level III, or Level IV questions as examples of questions that
test for higher-order thinking skills; ‘

o the mean number of years teaching mathematics for teachers who wrote Level I,
Level II, Level 111, or Level IV questions as examples of questions that test for
higher-order thinking skills. :

To help interpret the results of this study, telephone interviews were conducted with ten
of the teachers who had returned questionnaires.

No significant relationship or difference was found for any of the factors stated
above. Almost 60% of the teachers participating in this study wrote a question that
assessed lower-order thinking skills when asked to write a question that assessed higher-
order thinking skills. -

Professional development, college measurement courses, and continuing
education do not seem to impact teachers’ assessment of higher-order thinking skills;
furthermore, we cannot assume that teaching expenence alone, without proper training .
and classroom support, will improve this situation.




CHAPTER 1
- PROBLEM STATEMENT AND REVIEW OF LITERATURE
Introduction

The Impact of Assessment

Assessment substantially impacts the public school classroom. Crooks (1988), in
~ his review of the literature on classroom assessment, found that assessment affects
students in several ways:
For instance, it [assessment] guides their judgment of what is important to learn,
affects their motivation and self-perceptions of competence; structures their
approaches to and timing of personal study (e.g., spaced practice), consolidates
learnlng, and affects the development of enduring learning strategies and skills. It
appears to be one of the most potent forces influencing education. (p. 467)
That assessment is such a potent force is not unexpected considering that, on average,
formal written tests alone occupy from five to fifteen percent of a student’s time (Crooks,
1988). The lower figure is more typical of elementary school students whereas the higher
figure is more typical of high school students. In addition, teachers may spend as much

as 20 to 30% of their professional time directly involved in assessment-related activities.

(Stiggins, 1988). v




Higher-Order Thinking Skills

Assuming that assessment substantially impacts the public school classroom, then
what thinking skills should be emphasized through assessment? T he demands of
business and industry suggest that higher-ordér thinking skills should be emphasized in
educatibn. For example, Cross (1985) believes ‘that both small businesses and industry .
will need workers who can syntheéis and utilizg: information; higher-order thinking skills
according to Bloom’s taxonomy. Likewise, Déggett (1996) recommends-an emphasis on
the transfer of knowledge to unpredictable situations. He believes that this is an area
where American studenfs lag behind both European and Asian students, with possibly
profound economic and social consequences in the future.

- Research.on the levels (according to Bloom’s taxénomy) at which teachers assess
their students indicates that, generally, they assess lower-order thinking skills. For
instance, Fleming and Chambers (1983) in their research of the Cle\}éland school district
concluded that “. . . teacher-made tests do not require students to diépl‘ay higher order
abilities”. (p. 30) Nine years later, in his study of Georgia secondary mathematics
teachers, Cooney (1992) found that “. . . many teachers equate a deeper under_standing of
mathematics with the ability to perform more difficult computations or to solve one step

problems”. (p. 18)

The SIMMS Project

In 1991, the state of Montana received funding from the National Science
Foundation (NSF) for the Systemic Initiative for Montana Mathematics and Science

(SIMMS) Project. The SIMMS Project had nine objectives:
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Promote integration in science and mathematics education.
Redesign the 9-12 mathematics curriculum using an integrated
interdisciplinary approach for all students.

. Develop and publish curriculum and assessment materials Jor grades 9-16

[italics added]. .

Incorporate the use of technology in all facets and at all levels of mathematics
education. .

Develop an action plan to increase the participation of females and Native
Americans in mathematics and science.

Establish new certification standards and recertification standards for teachers.
Redesign teacher preparation programs using an integrated interdisciplinary
approach. _ )

Develop an extensive inservice [sic] program in mathematics grades 9-16 to
prepare teachers for integrated programs [italics added].

- Develop the support structure for legislative action, public information and

general education of the populace. (SIMMS Project, Summer, 1997, pp. 2-7)

There has to date, been no research on the impact of SIMMS professional developméht

on the assessment practices of SIMMS certified teachers.

Statement of the Problem

The problem addressed by this study was to statistically analyze the relationship -

between specific factors (listed below) and the levels of questions Montana public high

school mathematics teachers would use in their classroom to assess higher-order thinking

skills. This study was conducted to answer the following questions. Using Cooney’s

taxonomy for categorizing mathematical test questions,

1.

What le\;els of questions do Montana public high school mathematics teachers

write to assess the higher-order thinking skills of their students?

Is there a significant difference in the amount of professional dével'opment that

Montana public high school mathematics teachers have received based upon
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the categorization of their written examples of questions that they would use

in their classroom to test for higher-order thinking skills?

3. Isthere a significant difference in the number of years teaching mathematics

for Montana public high school mathematics teachers based upon the

categorization of their written examples of questions that they would use in

their classroom to test for higher-order ﬂﬁnking skills?

4. Is there a pattern or relationship between the categorization of Montana public

high school mathematics teachers’ written examples of questions they would

use in their classroom to test for higher-order thinking skills and

o

. the amount of SIMMS professional development that they have

received;
their use or non-use of the SIMMS IM curriculum;

the number of credit hours that they have accuriiulated from college

" classes in assessment or evaluation;

their highest academic degree;
the order in which they rank the importance of the educational objects

from Bloom’s taxonomy.

Furthermore, what rationale do teachers give for determinihg if a question assesses

higher-order thinking skills?
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The Importance of the Stﬁdv |

There is ample evidence from ;the literature suggesting that assessment, through
teachér—generated tests, has an impact upon what and how students learn. In addition,
studies of teacher-made tests indicate that teachers often assess predominantly lower-
order thinking skills, relative to Bloom’s taxonomy. What the literature does not tell us is -
the cognitive levels of the questiqns that teachers would use in their c;lassroom to ‘test for
‘higher-order thinking skills and what factors may influence this. The study by Cooney
(1992) was the first step in providing answers to these questions, with respect to
secondary mathematics teacheré. However, in the absence of further reseélrch to. support
or confirm his conclusions, we cannot generalize his results across the whole population
of public high school mathematics teachers in this country.

The importance of this study is that it informs mathematics educators of the
cognitive levels, according to Cooney’s taxonomy, of questions that a specific population
of teachers (Monfana public high school mathematics teachers) would use in their -
classroom to assess higher-order thinking skills. It also sheds some light on the impact
that SIMMS professional developﬁent, the SIMMS IM curriculum, and other factors
have had upon the cognitive levels of questions that teachers would use in their classroom
to assess higher order thinking skills.

Before we as mathematics eciucators suggest ﬁlethods to remedy the problem of
public high school mathematics teachers aésessing, predominantly, lower-order thlnklng
skills, wé must first know vx;hat levels of questions teachers believe assess higher-order

thinking skills and what factors may influence those beliefs. If we do not determine the
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specific factors that influence teacher beliefs about the assessment of higher-order
thinking skills, then we may be throwing solutions at problems that we do not adequately

understand.

Definition of Terms'

For the purpose of this study, the researcher will use the following definitions:
Assessment; The comprehensive accounting of an individual’s or group’s functioning
within a specific subject area or application of that subject area. (Adapted from Webb,

1992, pp. 662-663)

Cooney’s Taxonomy: A modification of Bloom’s taxonomy used to classify questions
from tests and quizzes in mathematics. Cooney’s taxonomy consists of the following
levels:
Level 1 questions are those that requiré'recognition on the part of the student or a
simple computation. This category is synonymous with Knowledge in Blobm’s
taxonomy.
Level 2 quesﬁons require a student to make some deéision, but once made the
solution process is straightforward (e.g., a simple one-step problem). This
category is synonymous with Comprehension in Bloom’s taxonomy.
Level 3 questions are applicatioﬁ questions or multiple-step problems in which a
studen.t must make several decisions about the solution process or what operationsi
to use. This category is synonymous with Application in Bloqm’s taﬁonomy.

Level 4 questions are non-routine or open-ended problems. This category is
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synonymous with the combination of Analysis, Synthesis, and Evaluation from
Bloom’s taxonomy.
Evaluation: Assigning value to the results of an assessment.

Higher-Order Thinking Skills: These would include the following skills from Bloom’s

taxonomy: Application, Analysis, Synthesis, and Evaluation (Levels 3, 4, 5, and 6,
respectively).

High School: Grades nine through twelve in the publid schools.

Low.er-Order Thinking Skills: These would include the following skills from Bloom’s
taxonomy: Knowledge and Comprehension (Levels 1 and 2, réspec’;ively).

Non-SIMMS IM: A Montana teacher who has received less than three hours of SIMMS

professional development.

Open-ended Question: Using Frederiksen’s (1994, p.538) definition, a question is open-
ended if it (a) is non-algorithmic; (b) is complex; (c) may yield more than one sélution,
each of which has different benefits and/o£ disadvantageé; (&) may require nuanced
judgments -~ sensitivity to subtle aspects of a problem situation; (e) may involve the
application of multiple and sometimes conflicting criterfa; (f) may involve uncertainty
because all of the facts are not known; (g) ma)" involve self-regulation of the thinking
process (metacognition); (h) may-require one to find structure in apparent disorder; and

(i) requires effort because of the complexity of problems.

SIMMS IM certified: A Montana teacher who has received a minimum of two weeks (60

or more hours) of SIMMS professional development.
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SIMMS IM trained: A Montana teacher who has received from one to two weeks (30

hours to 59 hours) of SIMMS professional development.

SIMMS IM introduced: A Montana teacher who has received from one-hélf of'a day fo
less than one week (3 hours to 29 hours) of SIMMS professional development.

Substantial Native American Population: Thirty-three percent or more of the students are

Native American according to data collected by the Office of Public Instruction in the

state of Montana.

Review of the Literature

Assessment
In 1988, Crooks published a review of research literature related to assessment
practices. He found that assessment affects students by

o reactivating or consolidating prerequisite skills or knowledge prior to

introducing new material;

focusing attention on important aspects of the subject;

encouraging active learning strategies; _

giving students opportunities to practice skills and consolidate learning;

providing knowledge of results and corrective feedback;

helping students to monitor their own progress and develop skills of self

evaluation; ' ,

o guiding the choice of further instructional or learning activities to increase
mastery; .

o helping students feel a sense of accomplishment. (p. 443)

0o 06 0 0 O

Frederiksen (1984) observed that “tests tend to increase the time and effort spent in
learning and teaching what the tests measure and . . . decrease efforts to learn and teach

skills not measured by the test.” (p- 193) Further, he notes that “If educational tests fail to
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represent the spectrurn ot‘ knowledge and skills that ought to be taught, they may
introduce bias against teaching important skills that are not measured.” (p. 193)

It is important to focus on the assessment practices of hlgh school mathematlcs
teachers because research indicates that thls group of teachers tends to spend more time
assessmg students through teacher-made tests than through any other method of
assessment. In addltlon, these tests have a large influence on how high school
mathematics teachers evaluate students wheh determininé report card grades. Ina
nationwide study of teachers, including 363 high school teachers, Herman and Dorr-
Bremme (1984) found that on a scale from 1 to 4, where 1 indicates unimportant and 4
indicates cracial tmp,ortance, secondary school teachers rated teacher-made test at 3.65 in
terms of deciding on report card grades. The authors also found.that about 76% ot” the
time tenth-grade mathematics teachers devoted to testing was apportioned to
administering teacher-made tests. The importance of teacher-made tests to high school
teachers was confirmed by Stiggins and Iéridgeford (1985) in a nationwide study of 228
teachers in public schools. They concluded that “the higher the grade level, the greater
the tender_lcy for teachers to report using their own assessments rather than published
tests.” (p. 281)

In 1992, Marso and Pigge.published a summary of their review of approximately
225 stltdie’s addressing K-12 classroom teachers’ knowledge of skills related to the
development and use of teacher-made tests. With regard to teachers’ testing practices,

attitudes, and beliefs, the researchers arrived at the following conclusions:
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o Teachers rely on teacher-made tests to a much greater extent than standardized
tests and district state competency tests for making decisions about individual
pupils. ‘

o Teachers believe that self-constructed assessments generally better meet the
instructional needs of their classes than do assessments derived from other
sources such as workbooks or textbooks.

o Teachers believe that they are less proficient in testing skills when compared
to their proficiencies in other professional skill areas.

o Teachers generally report that they have deficiencies in testing and
measurement, feel that their self-constructed tests could be improved, and
would like inservice [sic] training in tests and measurements if this training
were oriented toward practical classroom needs, but they tend to be confident
about their general abilities and knowledge. '

o Teachers believe that essay tests as compared to objective tests are impractical
and disliked by pupils but result in greater study efforts and usually measure at
higher cognitive levels.

o Teachers believe that testing, evaluation, and grading activities are among
their more demanding and less pleasant classroom responsibilities.

o For most preservice [sic] and inservice [sic] teachers it appears that their
knowledge of classroom testing practices and principles is inadequate to meet
classroom evaluation needs, and it appears that little progress has been made
in overcoming this inadequacy during the past quarter century.

o Neither inservice [sic] training, if provided, not increased years of teaching
experience appear to improve either classroom teachers’ testing knowledge or
their test construction skills as measured by paper and pencil tests and as
revealed by direct analysis of construction flaws found on their self- -
constructed tests.

o Teachers appear to value the importance of having higher cognitive
functioning questions on teacher-made tests, but they infrequently use such
questions; they tend to over-estimate the number of higher order questions
used on their tests; and they have difficulty identifying and writing test
questions that function beyond the knowledge level. (pp. 23-27)

Another study that relates to teachers’ assessment practices was conducted by
Newman and Stallings (1982). In May of 1980, Newman and Stallings mailed out 1500
questionnaires to K-12 teachers in Atlanta, Georgia, Pensacola, Florida, and Mobile,
Alabama for the purposes of deteﬁnining how well teachers understand classroom testing

principles and gain information on the measurement preparation and classroom practices
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of teachers. The return rate was approximately 21.5%. _The researchers found that
“teachers use teacher-made tests extensively and spend a substantial émount of
professional time constructing, administering, scoring, and interpreting them.” (p. 8) |
Furthermore, it was concluded that although the data suggest a trend towards more
measurement work in teacher training programs, as compared to a study conducted in

1967, this did not translate into a better understanding of classroom testing principles.

Higher-Order Thinkine Skills |

Teaching and assessing higher-order t}ﬁpldng is considered a priority by many
authors. Cross (1985) believes that the advent of the “information explosion_” will require
business and industry in the 21st century to place a premium on employees who can
synthesize large amounts of information. Daggett (1994) noteé that in the 1950’5, about
60% of the jobs in the United States were unskilled, whereas recently that percentagé has
dropped to 35%. By the year 2000 he predicts that only 15% of the jobs in the United
States wi_ll be unskilled. The skill that Daggett affirms will be in high demand in the
future is the ability to transfer knowledge to new situations. He attributes this to the
demand of small Businesses for workers who can solve problems without procedures to
follow or meénagers to assist them. Reviewing statistics released by the U. S. Department
of Labor in November 1995, Daggett (1996) found that the American work force
employed by companies with 20 or fewer employees is increasing at an annual rate of
7.5%.

Many educators contend that higher-order thinking skills should be taught and

assessed in the public schools. J ones (1988), in his review of the literature on
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assessment, states that the Alexander-James Study Group recommended that mathematics

1

and science teachers assess problem-solving and higher-order thinking skills so as to
“‘allow . . . inferences about the thought processes contributing to the answer’ (Alexander
& James, 1987, p. 23).” (p. 235) Lohman (1993) stresses that “transfer is an impdrtant, if
not the most important goal of education” and concludes that “Consequently, one of the
most important functions of tests should be to estimate how far students can transfer their
learning.” (p. 48) Frederiksen (1994) cites six properti€s that tests of the future should
have: Two of them that pertain to the present discussion- are
o It would be ideal if the new tests would collectively assess all of the important
aspects of learning, not just factual knowledge. This means that tests should
assess problem solving not only in the conventional sense, but also with the
relevant underlying skills and abilities that are involved.
o The new tests should encourage generalization of learning. The use of a wide
variety of problems in different situations and settings should facilitate
transfer to new situations. (p. 534)
Similar statements about the need to assess higher-order thinking are often found in the
literature. See, for example (Research into Practice Project, 1984), (Peterson, 1988), or
(National Academy of Sciences, 1991).
Stiggins, Rubel, and Quellmalz (1985) wrote, “We believe that the new wave of
* educational improvement is focusing on the improvement of reasoning skills. These are
the new basic skills.” (p. 37) They continue by stating that “One key to the success of
these efforts will be each individual teacher’s ability to measure thinking skills in a valid
and reliable mannér.” (p. 37)

An interesting study that relates instructional goals to the emphasis, by teachers,

of higher-order thinking was conducted by Raudenbush, Rowan, and Cheong (1993).
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Questionnaires were mailed to all teachers in 1‘6 high schools in the states of California
and Michigan to explore variations iﬁ emphasis on teaching hi;gher-orcier thinking in
secondary schools. The return .rate‘ varied from 50 to 100% with a median of 75%. The
researchers concluded that, with respect to emphasis on higher-order thinking,
“differentiated instructional objectives are stropgly institutionalized in the secondary .
mathemetics and science curricula” (p548) and that thefe are insti'Futional obstacles to

promoting higher-order thinking in secondary mathematics and science.

Assessment of Higher-Order Thinking Skills

Several studies between 1983 and 1997 have documented the lack of assessment
of higher-order thinking skills through testing in the public schools. A court order for
desegregation of the Cleveland school district required a systematiq technical analysis of
teacher-made tests in the district 'to‘determine if they were being developed, administereel,
scored, and used in a nondiscriminatory manner. Fleming and Chambers (1983) reported
that the review process generated ihfor_mation about the technical aspects of 342 (8800
test questions) teacher-made tests. in four subject areas (including mathematics), grades 1
through 12, over a two-year period. A second review prbcess classified test questions
according to behavioral categories delineated by Bloom (1981): knowledge of terms;
knowledge of “facts; knowledge of rules and prmczples skzll in using processes and
procedures abzlzty to make translatzons and ability to make applzcatzons Eight
observations about how teachers test in the Cleveland school district emerged:

1. Teachers use short-answer questions most frequently in t-heir test makmg

2. Teachers, even English teachers, generally avoid essay questions.
3. Teachers use more matching items than multiple-choice-or true-false items.
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4. Teachers dev1se more test questions to sample knowledge of facts than any of
the other behavioral categories studied.

5. When categories related to knowledge of terms, knowledge of facz‘s and
knowledge of rules and principles are combined, almost 80% of the test
questions reviewed focus on these areas.

6. Teachers develop few questions to test behaviors that can be classified as
ability to make applications.

7. Comparison across school levels shows that junior high school teachers use
more questions to tap knowledge of terms, knowledge of facts, and knowledge
of rules and principles than elementary or senior high school teachers (94%,
69%, 69% respectively).

8. Atall grade levels, teacher-made mathematics and science tests reflect a
diversity of behavioral categories, since they typically feature questions in all
six behavioral categories. (p. 32)

Over 73% of the mathematics questions surveyed tested at the levels knowledge of terms,
knowledge of facts, knowledge of rules and principles, and skill in using processes and

- procedures. Ability to make translations and ability to make applications were evaluated
by less than 27% of the questions.

Support for the generalization of Fleming and Chambers (1993) observations
across not only the nation, but also across subject areas, is found in a studyv by Carter
(1984). This study was conducted using a sample of 310 secondary reading and language
teachers from a four-state area in the south central region of the United States. Teachers
were given ten multiple-choice items and asked to identify the reading skills that they
believed the items were designed to test. They were then given an objective specifying
one of four reading skills (main idea, detail, inference, and prediction) for which they
were to develop a multiple choice item that assessed for the achievement of that

objective. Results of the study inidicate that many of the teachers were unable to -

rec':ognize the particular skill being tested by individual test items. Also, “Teachers spent




15

more time on and had more difficulty in developing items tapping higher-level skills than
writing items to test lower level cognitive skills.” (p. 59)

A study by Ball, Doss, and Dewalt (1986) of 74 social studies teache;rs in two
southeastern states was conducted through a questionnaire and the collection of
classroom tests. It was found that “Slightly less than half of the teachers (47%) indicated.
tha‘; higher level objectives were important in their students’ learning and fewer (24%)
said they predominantly used higher level objectives in ’gheir classroom teaching or
indicated they used them when constructiﬁg classroom tests (26%).” (p. 29) It was found
that the vast majority of test questions on classroom tests (from 95.6 to 99.7%) assessed
lower-le%/el _objectives.

Utilizing interviews, observations, and samples of teachers’ assessment
instruments, Stiggins, Griswold, and Wikelund (1989) gathered data on the assessment
praétices of 36 volunteer teachers (grades 2-12) in a suburban school district in the
northwestern region of the United States. The sfudy focused .on four content areas:
matheﬁétics, science, social studies, and language arts. Bcsidés other methods of data
collection, the researchers asked the teachers to provide four to six samples of paper and
pencil assessments recently used in their classroom. It was defermined that although the
vast. majority of teachers had been trained to teach higher-order thinking skills, fewer than
one;third had participated in more than one training session in t.he assessment of higher-
order thinking skills and one-third had not received any training at all in this area.
Training in the assessment of higher-prder thinking skills was found to be more common

among teachers at the middle and high school level. The largest percentage of test items
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collected by the investigators (approximately 46%) tested for recall of facts and
informaﬁon; Knowledge and Comprehension according to Bloom’s taxonorhy.' This
pattern was consistent across grade levels. If we focus only upon the mafthematics test
items we find that 19% of the items tested for recall (Knowledge according to Bloom’s
taxonomy), nine percent tested for comparison (4nalysis according to Bloom’s
taxo;lomy) and all of the rest (72%) tested for inference (4dpplication and Synthesis
according ;co Bloom’s taxonomy). The later results (categorjzation of mathematics test
items) seem iﬁconsisteﬁt with other researph. This may be explained by the observation
that the researchers considefeq a problem to be higher-order if a student was expected to
solve a problem without being prompted by the teacher for the required steps needed to
solve the problem. The researchers considered professional development that focus;:s on
the assessmeﬁt of higher-order thinking skills, a critical factor in changing teachers’
assessment préctices.

A study by Cooney (1992) was conducted to provide a basis for understanding the
nature of secondary mathematics teachers’ (gradé 7-12) evéluation practices. The study -
consisted of three phases: the admim'stratioﬁ of a questionnaire aimed at obtaining general
information about teachers’ assessment practices, a second ‘questionnaire that focused on’
soliciting teachers’ reactions to five non-traditional aséessment items, and an interview
with selected teachers. Copies of the Phase I questionnaire were sent to all instructors in
the State of Georgia who were teaching Eisenhowe? Plan supported mathemétics or
mathematics education courses for teachers. Two hund'red and seventy-nine teachers

responded to the Phase I questionnaire and of these, 201 teachers taught mathematics in
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grades 7-12. Phase II questioﬁnaires were sent to the 201 teachers who had completed the -
first questionnaire and taught mathematics in grades 7-12. Of those, 102 completed the
questionnaire. Twenty of thé 102 teachers completing the second questionnaire were
selected to be interviewed at tﬂeir schools,.but only 18 coﬁld participate. The teachers
‘ who.were selected".to be interviev&.;ed reflected a wide range of evaluation pracﬁcés, varied
responses to t‘he Phase I queétionﬁaire, and different geographical and school settings.

The Phase I questionnaire was designed to provide descriptive information about
the contexts in which the teachers taught the previous school year (1989-1990), the nature
of their assessmént practices, the importance attributed to different purposes for
assessment, and their perception of how math is learned’. As part of the first |
questionnaire, teachers were asked to write or draw a typical problem that they had given
their students that they believed tested for a miniimal understahding of the topic.
Similarly, they were asked to do the same thing for a typical problem that they believed
tested for a deep and thorough uhderétanding of the topic. Their responses werev
categoriied using the follovx;ing four levels:

1. Simple computation ;)r recognition;

2. Comprehension. Students must make some decision but once made the

solution process is straightforward, e.g., a simple one step problem;

3. Anapplication or multistep problem in which [the] student must make several

decisions about [the] solution process or what operations to use; and

4. Nonroutine or open-ended problem. (Cooney, 1992, p. 7)

In addition, teachers were asked to give a rating ranging from ’1 (very important) to 5 (of
no importance) to the following purposes of assessment:
1. Certify ievel of mathematical competf;nce 3

2. Identify students’ misconceptions
3. Provide feedback to students on [their] progress
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4. Help students organize knowledge

5. Increase students’ motivation to learn

6. Ass;st teachers in keeping students on task. (p. 10)

The Phase II questionnaire presented five non-’graditional items and asked the
teachers to construct an ideal response, identify the mathematical éontent and processes
each item assessed, indicate the likelihood that they would use the items with their
students, and describe the type of sﬁdent or class for which they would most be inclined
to use the items. The interview protocol was developed to obtain more detailed
information about the teachers’ responses to the first two questionnaires.

It was found that only 2 of the 18 teachers interviewed had any substantial

knowledge of the NCTM Curriculum and Evaluation Standards for School Mathematics

(1989) (henceforth referred» to as the Standards) and none of the teachers had any
knov;zledge of the Evaluation section of the Standards. Cooney suggested that the
Standards be used as a leverage point for teacher education programs. There'is evidence
from this study that many teachers are assessing students on a narrow range of outcomes
such as computations and one-step problems. A high proportion (57%) of fthe teachers in
the study equated a deeper understanding of mathematics with the ability to perform
difficult computatioris or to solve one-step problems. Less experiencgd teachers were less
likely to write Levél 3 or Level 4 items to tést for a deep and thorough understanding than
their experienced counterparts. The author suggegted that beginning teachers receive
some sort of pre-service or in-service training that focuses on generating such questions.
Teachers liked the non-traditional test items in the second questionnaire that required the

generation of a specific number more than the test items that required an explanation or
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the generation of a counterexample. They rationalized this preference by exp;essing
concern about the time that it would take to grade ﬁore open-ended questions. Other
. frequently mentioned concerns were

1. Students’ ability to read and write are [sic] too low to profit from responding

to such items.
2. Students have poor thinking skills. .
3. Students have short attention spans. (Cooney, 1992, p. 17)

Teachers indicated that the most important purposes c;f assessment are to certify
competence, identify misconceptions so- that instruction can be adjusted, and to provide
' feedback to students on their progress. |

Cooney concluded that skill performance, rather than conceptual understanding, is
what many teachers associate w1th mathematical competence and that reform in the
mathematics classroom is not a widespread phenomena and is not likely to become one
unless significant in-service progﬁns are provided. I:Ie asserted that teachers need to see
mathematics as more than just a sequence of well-defined steps. A final observation
made by the author was that we cannot expect reform in mathematics education to occur
in the absence of assessment methods that reflect a broader view of mathematics.
Students and teachers must see mathematics as a science of reasoning, posing and solving
problems, and as a means of corﬁmunication.

Tﬁe most recent study of éssessment practices by high school mathematics
teachers was conducted by Senk, Beckmann, and Thompson (1997). Nineteen classes in -
five high schools in three Midwestern cities were studied utilizing data obtained from

questionnaires and the collection of all written assessment instruments used in each

classroom. It was determined that “the most frequently used assessment tools were tests
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and quizzes, with lthese determining about 77% of students” grades.” (p. 187) In common
with the majority of the other studies of classroom tests mentioned above, tests items,
generally, “were low level, were stated withoﬁt reference to a realistic context, involved
very little reasoning, ar;d were almost never open-ended.” (p. 187) It is interesting to note
that the “teachers’ knowledge and beliefs, as well as the content and textbook of the
course, influenced the characteristics of test items and other assessment instruments.” (p.

187)

Professional Development

In each of the studies reviewed in the previous section, the authors suggested that
teachers receive further fraimhg in assessment either through pre-service instruction or
professional development. Fielding and Shaughnessy (1990) conducted a study of the
impact of profeésional development using teachers from ten high schools, two from each
of five school districts in western Oregon. The goal of their program was to enhance high
school sciencé teachers’ skills in designing and using tes;ts as aids to instruction.

Teachers from five of the schools participated in school-based wbrkshops whereas
teachers from theﬂ other five schools receiveci no trainihg. Based upon informal comments
and written responses from teachers who participated in the workshops, the workshdps
were considered a success. A subsequenf impact analysis utilizing student and teacher
interviews and classroom observations revealed that there were no clear differences
between teachers whom had received training and those who had not. This was
attributed, initially, to the limited training time and follow-up support. However, the

researchers did not consider this an adequate explanation. They concluded that the
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demands of classroom management, the curriculum’s overemphasis on content coverage,

and a lack of organizational commitment oh the part of the schools, rather than

inadequacies in the training program, resulted in their training program having little or no

lasting impact upon the assessment practices of teachers in the experimental group.
In 1989, Sparks and Loucks-Horsley organized what was then known about

professional development into five models:

1. Individually-Guided Staff Development

2. Observation/Assessment

3. Involvement in a Development/Improvement process
4. Training :

5. Inquiry

The SIMMS Project introduced Montana mathematics teachers to.the SIMMS IM
curriculum by utilizing three of those ﬁodels: Involvementina .
Development/Improvement Process, Training, and Observation/Assessment. The
SIMMS Project, over a four-year period (1992-1996), employed approximately 70

teachers to help de&elop the SIMMS IM curriculum. In addition, about 80% of all high
school mathematics teachers in the state of Montana have received some degree of -
SIMMS IM professional development through workshops, seminars, summer institutes,
extended studies courses, and ihfservice programs. (SIMMS Project, Summer, 1997, p.
10) Initially, when the curriculum was introduced into high school classrooms, site visits
were used to provide feedback to participating teachers. Unlike the profcséional

development program utilized by Fielding and Shaughnessy, the SIMMS Project has

provided several Montana teachers with extensive professional development related to the

SIMMS IM curriculum.
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Theoretical Framework

Studies conducted by Fleming and Chambers ( 1983); ,.Carter (1984); Ball, Doss,
and Dewalt (1986); Sﬁggins, Griswold, Green, and Associates (1987); Cooney (1992);
and Senk, Beckmann, and Thompson (1997) inciicaté that,. generally speaking, higher-
order thinking skills are not being assessed by teacher-made tests in the public schools.
With the exception of both Carter and Cooney, all of those studies focused on tﬁe tests
and quizzes tﬁat teachers used to assess their students. Teachers. were not asked to
specifically generate a question that a;sessed Higher—order thinking skills. Hence, we
cannot determine if teachers have the ability to write queétions for their students that
assess higher-order thinking skills. In addition, with the exception of the study by
Cooney (1992), the research litérature does not indicate what factors may affect the levels
at which public high school mathematics teachers assess their students. Cooney
cateéorizeci teacher-made questions-according to a taxonomy, created spe;:iﬁcally for the
study, based upon Bloom’s taxonomy and related those results to the teachers™ teaching
experience.

Bloom (1956) established a' theoretical framéwork for cat-egorizing assessment
questions according to behaviors that students were asked to demonstrate. Cooney
.moaiﬁed this taxonomy for use in categorizing teacher-made mathematical problemé and
related those categories to teachers’ teaching experience to determine if there was a

pattern or relationship. The theoretical framework of this study was based upon this
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éspect of Cooney’s research. This study utilized research methéds similar to Cooney’s
(questionnaires and interviews) with two substantial differences:

1. Statistical comparison and test of relationship were used to analyzé the data.

2. Other factors besides teaéhing experience were tested for relationship to the

levels of the problems that teachers wrote.

Thié study is significant in that it focuses on factors that are directly or indirectly
affected by mathematics educators and utilizes statistical techniques to determine if those
factors relate to the assessment of higher-order thinking skills by: high school
mafhematié:s teachers in the state of Montana. This information is necessary for
determining the type and content of classes that should be used to prepare high school
mathematics teachers so that they have available working-knowledge of };ovx; to assess

higher-order thinking skills in their classroom.
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CHAPTER 2

METHODOLOGY

Quantitative Research Methodolo,qs}

Population Description and Sampling Procedure

The population for this study was all full-time mathematics teachers in the state of
Montana who teach grades nine through twelve in the public high schools. It was

originally estimated, based upon the SIMMS Integrated Mathematics Implementation

Schools' Directory (1997-1998), that there were approximately 576 teachers in the state of
Montana teaching mathematics in gradc;.s nine th%ough twelve in the public high sch.ools
during the 1997-_1998 school year and that 30 to 35% of those teachersﬂ used SIMMS M
curriculum materials in their classrooms. |

.Base upon those estimates, 234 teachers from the population described above
were selected to participéte in this Study using a stratified random sample. The sample
size was determined by calculating the size of a sample requireci for a 95 perc;ent degreé
of accuracy using the formula published by Krejcie and Morgan (1970, p. 607). Midway
through the process of collecting the questionnaires, it was determined that the estimate
of 576 secondary high school mathematics teachers in the state of Montané was t00 .high
since seve'ral of the teachers who responded did not meet the criteria of the study. A

better estimate for the population of the study would be somewhere between 475 and 500
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teachers with a sample size of between 215 to 220 teachers to obtain a 95% degree of
accuracy. A simple computation, based updn‘ returned questionnaires, indicated that ..
approximately 35 of the teachers receiving the questionnaire did not meet the criteria of
thé study so it was decided to add another group of 21 randomly selected teachers to the
original sample.
Seven categoriés_ of teachers were randomly sampled in p:oportién to the-ratio of
the number of teachers in each category to the total population of teachers being.éampled.
Those categories, as determined 'by the Office of Public Instruction in the state of
Montana, were:
1. Teachers who teach at a Class C high school with a substantial Native
American population (see p. 8 for the definition of Substantial Native
American Population)

2. Teachers who teach at a Class C high school that does not have a subsfantial
Native American vpopulation |

3. Teachers who teach at a Class B high school with a substantial Native
American population

4. Teachers who teach at a Class B high school that does not have a substantial
Native American population

S5 Teac}-lers‘ who teach at a Class A high school w:ith a substantial Native

Arnericaﬂ population

6. Teachers who teach at a Class A high school that does not have a substantial

Native American population
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7. Teachers who teach at a Class AA high school that does not have a substantial
Native American population
There are, presently, no Class AA public high séhools with a substantial Native American

population in the state of Montana.

Null Hypotheses to be Tested

It should be noted that any reference to the categorization of teaciler’s written
questions, for the purpose of this study, is in terms of Cooney’s taxonomy. In addition to
determining the number-and percent of pﬁblic high scho6l mathematics teachers in the
state of Montana who -wrote Lével 1, Level 2, Level 3, and Level 4 questions, this study '
tested.the following null hypotheses:

1. There is no significant diff.erence bétween the mean number of hours of professional

. development fo.r teachers who wrote Level I, Level II, Level III, or Level IV questions
as examples of ques;tions that test for higher-order thinking skills.

2. There is no significant difference between the mean nmnBer of years teaching
mathematics for teachers who wrote Level I, Level II, Level III, or Level IV questions
as examples of questions that test for higher-order thinkjﬁg skills.

3. There is no relationship between the categorizétion of teachers’ writte:n examples .ot;
questions that test for higher-order thinking skills and the amount of SIMMS
professional development that they have received.

4. There is no relationship between the ca’_tegoriiation of teachers’ written examples of
questions that test for higher-order thinking skills and the use of the SIMMS IM

curriculum in their classroom.
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5. There is no relationship between the categorization of teachers’ written examples of
questions that test for higher-order thinking skills aﬁd the number of credit hours that
they have accumulated from college classes ih assessment or evaluation.

6. The;e is no relationship between the categorization of teachers’ written examples of
questions tHat test for higher-order thinking skills and the highest academic degree
they have obtained. | |

7. There is no relationship between the categorization of teachers’ written examples of
questidns that test for higher-order thinking skills and which educational objective

from Bloom’s taxonomy they rank most important in their classroom.

Categorization of Variables

Categories for Level 1, Level 2, Level 3, and Level 4 questions were sometimes
combined when utilizing a chissquére test of independence so that there would be no
zeroes in the matrix. This was done by combining Levels 1 and 2 (lowe;—order
obj ectives)vand Levels 3 and 4 (higher-order objectives), réspectively.-

The variabies for Null Hypothesis 1 were categorization of the teacher’s question
and amount of professional development. The former variable was categorized in the
following way: | | |

1. Teachers who wrote a Levél 1 question as an example of a q111estion that

assesses higher-order thinking skills

2. Teachers who wrote a Level 2 question as an example of a question that

assesses highef—order thinking skills-
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" 3. Teachers who wrote a Level 3 question as an example of a question that
assesses higher-order thinking skillé
4, Tgachers who Wrote a Level 4 question as an example of a question that
assesses higher-order thinking skills |
The variables for Null Hypothesis 2 were categorization of the teacher’s question
and years of experience teaching mc.zt.hematics. The former ';lariable" was categorized in
the following way:
1. Teachers who wrote a Level 1 question as an example of a question that
assesses higher;order thinking skills
2. Teachers who wrote a Level 2 question as an example of a question that
assesses higher-order thinking skills
3. Teachers who wrote a Level 3 question as an example of a question that
assesses higher-order thinking skills
4. Teachers who wrote a Level 4 question as an example of a question that
assesses higher-ofder thinking skills
The variables for Null Hypothesis 3 were caz‘egorizc%tion of the teacher’s quesﬁ'on
and amount of SIMMSproﬂssional developmen_z‘. The former variable was categorized in
“the following way:
1. Teachers who wrote a Level 1 question as an example of a question that
assesses higher-order thinking skills
2. Teachers who wrote a Levelv 2 question as an example of a question that -

assesses 'higher-order thinking skills
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3. Teachers who wrote a Level 3 question as an example of a question that
assesses higher-order thinking skills |
4. Teachers_ who wrote a Level 4 question as an example of a question that
assesses higher—order thinking skills
The latter variable was categorized in the following way:
1. Teachers who are either SIMMS IM introduced or Non-SIMMS IM
2. Teacﬁers who are either SIMMS IM certified or SIMMS IM trained
The variables foy Null Hypothesis 4 were categorization of the teacher’s question
and use of the SIMMS IM curriculum in the classroom. The former variable was
categorized in the following way:
1. Teachers who wrote a Level 1 or Level 2 question as an example of a question

that assesses higher-order thinking skills

2. - Teachers who wrote a Level 3 or Level 4 question as an example of a question '

that assesses higher—order thinking skills
The latter variable was categorized in the following way:
1. Teachers who use SIMMS IM curriculum materials exclusively in one or more
of their classroomis and are either SIMMS IM certified or SIMMS IM trained
2. Teachers who use SIMMS IM curriculum materials exclusively in oné or more
of their classrooms and are eithér SIMMS IM introduced or‘ Non—SIMMS M,
teacﬁers who use SIMMS IM curriculum materials in their classrooms in

conjunction with another textbook or curriculum, or teachers who do not use
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SIMMS curriculum materials in their classroom and are either SIMMS IM
certified or SIMMS IM trained
3. Teachers who do not use SIMMS curriculum materials in their classrooms and
are either SIMMS IM introduced or Non-SIMMS IM' .
By splitting teachers into these three categories the influence of SIMMS professionai
development on those teachers who do not teach using fhe SIMMS IM curriculum was
controlled.
The variables for Null Hypothesis 5 were categorizéz‘z'on of the teacher’s question
‘and number of credit hours. The former variable was categorized in the following way:
1. Teachers who wrote a Level 1 or Level 2 question as an example of a question
. that assesses higher-order thinking skills
2. Teachers who wrote a Level 3 or Level 4 question as an example of a question
that assesses higher-order thinking skills | |
The latter variable was categorized in the following way:
1. Teachers who have accumulated zero to three credit hours for colleée classes
in assessment or evaluation
2. Teachers who have accumulated from four to six credit hours for college
classes in assessment or evaluation
3. Teachers who have accumulated seven or more credit hours for college classes

in assessment or evaluation
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The variables for Null Hypothesis 6 were categorization of the teacher’s question

and highest academic a’egreé obtained. The former variable was categorized in the
follow;ing way: . | ,
1. Teachers who wrote a Lev_el 1 or Level 2 question as an example of a question
that assesses highér—or,der thinking skills |
2. Teachers \;vho wrote a Level 3 or Level 4 question as an example of a question
fhat assesses higher-order thinking skills
The latter variable wés categorized in the following way:
1. Teacher who have obtained a baccalaureate degree
2. Teachers who have obtained either a master or a doctor degree
The variables for Null Hypothesis 7 were.categorization of the teacher’s question
and highest ranked educational object from Bloom's i‘axqr;zomy. The former variable was
categorized in the following way:
1. Teachers who wrote a Level 1 or Level 2 question as an example of a question f
that assesses high;ar-order thinking skills
2. Teachers who wrote a Level 3 or Level 4 questidn as an example of a question
that assesses higher-order thinking skills.
The latter variable was categoriéed in the following way:
1. Knowledge
2. Comprehension
3. Application

4. Analysis
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5. Synthesis

6. Evaluation

Method of Data Collection

To gather the data for this study, questionnaires were mailed to 234_ra1}dom1$/
selected full-time high school mathematics teachers in the state of Montaﬁa during the
fall of 1958. As explaiﬁed above, 21 randomly selected teachers were added to the
sample and mailed questionnaires during the winter of 1998. The Total Design Method
(TDM)), as outlined by Dillman (1978), was utilized. This entailed ‘sending

o apostcard to each teacher announqing that they had been selected for the study

and woﬁld receive a questionnaire in one week;

o acover letter and questionnaire one week after the postcard was sent;

o apostcard reminder to all 255 teachers one week after the questionnéire was

sent; '

o acover letter and replacemeﬁt questionnaire to all non-responders four weeks

after the reminder was sent; |

o a final mailing of a cover letter and replacement questionnaire to all non-

responders three weeks after the second questionnaire was’ sent.
Non-responders from among the 21 teachers who were subsequently added to the s_ampi‘e
receiveci only one replacement qﬁestionnaire; not two, as were' some non-responders in

the original sample. Dillman examined 38 surveys that used the TDM either completely

or in part and found that those surveys that used the TDM completely on a specialized
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population obtained an average response rate of 81%. Those that used the TDM _
completely on the general population obtained an average response rate of 73%. (p. 27)
The questionnaire designed for this study was targeted at the specialized population

described above.

Reliability and Validity

Tﬂe questionnaire for this study required teachers to provide the following

information:

o Write two questions; one that they would gi\'/e their students to assess higher-
order thinking skills and another that they would give to assess lower-order
thinking skills;

o Determine. the approximate amount of professional development they have
received from 1996 to 1998 and the amount of SIMMS professional
development they had receivéd from 1992 to 1998;

o List the textbooks that they use in their classroom;

o Rank-order a list of educational objectives;

o Indicate the number of years they have taught mathematics in the public
schools and the total number of years that they have taught;

° Indicaté the highest degree they have received and the subject area for which
they received that degree;

° Iﬁdicate the number of credit hours they have accumulated from classes in

assessment or evaluation at the collegé level.
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Pleasé refer to the copy of the original éuestionnaire in Appendix A.

Two aspects of reliability were addressed: First, the reliability of the questionnaire
and se;:ond, the reliability of the categorization of question Q2a By the researcher.
Reliability of the questionnaire was established through a test/retest conducted over a
four-week period, in the winter of 1998, involving seven high school mathematics
teachers. Originally, nine teachers were scheduled to participate, but two did not return

the first questionnaire. The results of this test/fetest are shown in Table 1.
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Queéstion
Number Test Retest . Test Retest -
Teacher 1 Teacher 2
Q-2a Cooney 3 Cooney 4 Cooney 4 Cooney 2
Q-4 500 hrs. 600 hrs. 375 hrs. 320 hrs.
Q-5 SIMMS SIMMS SIMMS SIMMS
Certified Certified Certified Certified
Q-6 SIMMS SIMMS Mixed Mixed
Curriculum - Curriculum Curriculum Curriculum
Q-7 Bloom 3 Bloom 3 Bloom 5 Bloom 2
Q-8 4 Years 4 Years 9 Years 9 Years
Q-9 4 Years 4 Years 8 Years 8 Years
Q-10 10,11,12 9,10,11,12 9,10,11,13 9,10,11,12
Q-11 Bachelor Bachelor Bachelor Bachelor
Q-12 Math Ed. Math Ed. Math Math
Q-13 4-6 Credits 7 or More 0-3 Credits 0-3 Credits
_ Credits
Teacher 3 Teacher 4
Q-2a Cooney 2 Cooney 2 Cooney 2 Cooney 2
Q-4 30 hrs. 8 hrs. 520 hrs. 520 hrs.
Q-5 SIMMS SIMMS SIMMS SIMMS
' Introduced Introduced Certified . ~ Certified
Q-6 Mixed Mixed Non- Non-
. Curriculum Curriculum SIMMS SIMMS
Curriculum Curriculum
Q-7 Bloom 6 . N/A Bloom 6 Bloom 6
Q-8 2 Years 2 Years 7 Years 7 Years
Q-9 2 Years 2 Years 5 Years 5 Years
Q-10 9,10,11 9,10,11,12 9,10,11 9,10,11
Q-11 Bachelor Bachelor Bachelor Bachelor
Q-12 Math and Math and Math Ed. Math Ed.
Other Other '
Q-13 4-6 Credits' 0-3 Credits © 4-6 Credits

4-6 Credits
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Question _
Number Test Retest Test Retest
Teacher 5 ' Teacher 6
Q-2a Cooney 3 Cooney 3 Cooney 3 Cooney 3
Q-4 135 hrs. 348 hrs. " 350 hrs. 210 hrs.
Q-5 Non- Non- SIMMS SIMMS
SIMMS SIMMS Certified Certified
Q-6 N/A N/A Non- Non
SIMMS SIMMS
Curriculum Curriculum
Q-7 Bloom 6 Bloom 6 Bloom 6 Bloom 6
Q-8 18 Years 22 Years 7 Years 7 Years
Q-9 12 Years " 11 Years 7 Years 7 Years
Q-10 N/A N/A 9,10,11,12 9,10,11,12
Q-11 Master Master Bachelor " Bachelor
Q-12 Other Other Math Ed. Math Ed.
Q-13 4-6 Credits 4-6 Credits 4-6 Credits 7 or More
Credits
Teacher 7
Q-2a Cooney 2 Cooney 2
Q-4 60 hrs. 20 hrs.
Q-5 Non-SIMMS  Non-SIMMS
Q-6 Non- Non-
SIMMS SIMMS
Curriculum Curriculum
Q-7 Bloom 1 Bloom 2
Q-8 4 Years 3 Years
Q-9 4 Years 3 Years
Q-10 10,11,12 10,11,12
Q-11 Bachelor Bachelor
Q-12 Math and Math Ed.
Math Ed.
4-6 Credits 0-3 Credits

Q-13

There were some discrepancies between the test and retest for most of the
teachers. For qﬁestion Q-2a, Teachers 1 and 2 had a discrepancy. The discrepancy for

Teacher 1 was one level on Cooney’s taxonomy. Questions at both levels 3 and 4 assess

| | - | | o
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higher-order thinking skills and therefore ﬂ'HS discrepancy is not serious. The discrepancy
for Teachér 2, on the other hand, is'large (from 4 to 2). .This may be explained by the fact
that the teacher did no.t originally write a question for the retest and, when subsequently
asked to, hurriedly wfote one and sent it in the mail.

There were several discrepancies for questién Q-4. ‘ The differences in hours
between the test and retest range from 0 to 213 hours with an average of about 81 hours
per teacher, or 27 hours per year.

Teach_ers 2 and 7 had a discrepancy on question Q-7 whilé Teacher 3 failed to
complete it on the retest. It was decided to réwﬁte this question and conduct a test/retest
during the summer of 1998. This will be discussed below. |

Only Teacher 5 was inconsistent on questions Q-8 and Q-9. Teacher 5 also had
- taught longer than any of the other teachers and may have forgqtten exéctly how many
years she has taught.

Teachers 1 and 3 were énconsistent on question Q-10. On thé first questionnaire,
Teacher 1 commented that he had also taught grade 9 for three years. This may have been
the reason that it was included on the retest. Teacher 3 should not have made the same
mistake'since he was teaching at the same time that he completed the questionnaire. It
should be noted that this teacher included a comment on h:is retest stating that “these
questionnaires are getting annoying.” |

Four teachers were inconsistent on questioﬁ Q-13. Teachers 1 and 6 were tai(ing

courses that included an assessment component during the semester that they completed

the questionnaires and may have therefore included those credits on the retest. Teacher 3
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appears to have filled out the retest in a hurried manner. This may account for the
inconsisténcy. The inconsistency of Teacher 7 cannot be explained.

After cofnpleting the questionnaire for the first time, the teachers who participated
in the test/retest were asked to éomplete a survey evaluating the questionnaire. Teacher 1
suggested thét the instructions for question Q-13 indicate that only classes in assessment
or evaluation should be considered and that question Q-11 include the option “currentiy
working on an advanced degree”. This was one of the teachers who were taking cdurses
during the semester that they completed the questionnaires. Teacher 2 thought that the
option “other” should be included in question Q-5. Teacher 7 commented that the
questionnaire was “a little \;erbose” and that this made it hard to read every word. The
same teacher thought that the instructions for questions Q-4 and Q-5 should specify
whether or not pre-teaching experience should be included in. the nulﬁber of hours of
professional development. These suggestions were taken under consideration and
appropriate changes were made.

As stated above, qﬁestion Q-7 was réwritten and piloted during the summer of
1998. Ten students attending a graduate course for Imathematics teachérs (Advanced
Teaching Strategies) were asked to rank-order the six items. Three weeks later they were
again asked to rank-brder the items. The results are shown in Table 2. Three of the ten
students were inconsistent. Several of the students had trouble interpreting the meaning
of the words “analyze” and “synthesize”. It was therefore decide to replace these words |
with “breakdown” and “combine”, resiaectively; both of which come directly from the

condensed version of Bloom’s taxonomy (Bloom, 1956, pp. 205-206).
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Table 2. Test/Retest Results for Revised
Question Q-7 ,
. Objective Selected as First

Student Test Retest
1 Bloom 6 Bloom 4
2 Bloom 5 Bloom 5
3 Bloomé6 Bloom 3
4 Bloom 3 Bloom 3
5 Bloom 3 Bloom 3
6 Bloom 3 Bloom 3
7 Bloom 3 Bloom 5
8 Bloom 3 Bloom 3
9 Bloom 6 Bloom 6

10 - Bloom5 " Bloom5-

Members of the researcher’s committee and mathematics educators from Montana
Sta’Fe University determined the validity of the questioné used in 'th.e questionnaire. To
- obtain reliability in categorizing the teacher-generated problems (question Q-2a), the
researcher and his committee Co-Chair (Dr. Maurice Burke) trained in classifying exam
questions using questions submitted by teachers for the test/retest described -above.‘ A
rubric for categorizing questions was designed based upon Cooney’s taxonomy and
guidelines suggested b§f Bloom (1956). ’Dr. Burke and the researcher independently
categorized 40 randomly sélected teaéher'-generated problems from the questionnaires.
After this was -completed, an interclass correlation (ICC) was computed, based upon a
method outlin\ed by Futrell (1995, pp. 81-86). This method was designed to estimate the
reliability of two or more judges’ averaged ratings. Any value lower than a 0.7 is
considered unacceptable, whereas a value higher than 0.9 is considered excellent. An
ICC of 6.836 was computed for the 40 questions categorized by Dr. Burke and ‘;he-

researcher. Fleming.and Chambers (1983) found that agreement between judges, when
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categorizing accbrding to Blooﬁl's taxonoﬁy, ‘could be achieved in 85% or more of the
classifications through explanation and préctice. The reliability of the classification of
data from the other questions (Q-4 through Q-13) was obtained by designing the
‘categories so that they were mutually exclusive.

Another form of reliability, pertaining to the classification of teacher-generated
problems, must be discusséd. Schrag (1989) states that ... whether a task requires
higher-order thinking depends on the resources of the thinker.” (p. 530) Before we can
categorize a problem using either Cooney’s or Bloom’s taxon.omy, we must know what
the students already knows and what types of problems were assigned to thg students by
the teacher. The problem was acidressed in this research by requ'iring the teacher to
indicate the specific class and curriculum unit for which the question was desi;gned. Both
Dr. Burke and the researcher found this information vital for categorizing the problems.
and helpful in résolving most differences in categorization encountered during the test of
reliability.

The validity of Cooney’s taxonomy follows from the validity of Bloom’s
taxonomy. Cooney’s taxonomy has the following cate_gories:

M Simple computation or recognition;

Level 2. Compr;:hension. Students must make some decision but once made the

solution process is straightforward, e.g., a simple one step problem;

Lgy_ql_ﬁ_. An application or multistep problém in which [the] student must

make several decisions about [the] solution process or what operations to use; and

Level 4. Nonroutine or open-ended problem. (Cooney, 1992, p. 7)




41

This taxonomy was developed directly from Bloom’s taxonomy (Bloom, 1956), but
focuses only on mathematical obje;:tives. Level 1 is associated with Bloom’s category
Knowledge, Level 2 is associated with Bloom’s category Comprehension, te;/el 3is
. associated with Bloom’s category Application, and Level 4 encompasses Bloom’s three
categorigs: Analysis, Synthesis, and Evaluation. Hence, the validity Qf this taxonomy is
directly related to the validity of Bloom’s taxonomy. Furthermore, this taxonomy has
already beén applied to research on teacher-made questions and the results were
published over five years ago. |

As noted above, the researcher designed a rubric to help categorize teachers’
questions using Cooneyfs taxonomy. This rubric (see Appendix B) was designed using
Bloom’s taxonomy (1956) as a guide and was expanded and refined based upon the
categorization pf teacher-generated questions by both Dr. quke and the researcher. This

process was completed before the reliability test, discussed above, was administered.

Research Design and Analytical Techniques

There are both rural and noq—rmal schools in Montana with varying percentages of
Native American students. These variables were controlled through the use of a stratified
random sample.

Each null hypothesis in this study was tested with an o =.05. This, rather than an
o = .01, was selected since the SIMMS IM curriculum and SIMMS professional
development programs have already been introduced into the state of Montana and the
costs for their design and development have already been accrued. .Therefore, the

decision by any school system to incorporate the SIMMS IM curriculum as a result of this
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study will be no more expensive than the decision to incorporate any other new

curriculum.

The following null hypotheses were tested using the chi-square test of

independence:

3. There is no relationship between the categorization of teachers’ written examples of

questions that tést for higher-order thinking skills and the amount of SIMMS
professional development that they have received.

. There is no relationship between the categorization of teachers’ written examples of
questions that test for higher-order .thinking‘ skills and the use of the SIMMS IM
curriculum in their classroom.

. There is no relationship between the categorization of teachers’ written examples of
questions that test for higher-order thinking skills and the number c;f credit hours that
they have accumulated from college classes in assessment or evaluation. |

. There is no relationship between the categorizatioﬁ of teachers’ written examples of -
questions that test for hiéhér-o_rder thinking skills and the highest academic degree
they have obtained.

. Thereisno relati.onship between the categorization of teachers’ written examples of
questions that test for higher-order thinking skills and which educational object from
Bloom's taxonomy they rank most important i'n their classroom.

The following null hypothéses were tested using an analysis of variance (ANOVA):
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1. There. is no significant difference between the mean number of hours of professional
development fpr teachers who wrote Level I, Level II, Level I1I, or Level IV questions
as examples of questions that test for higher-order ﬂﬂﬁking skills.

2. There is no significant difference between the mean number of years teaching
mathematics for feachers- who wrote Level I, Level II, Level III, or Levei IV questions

as examples of questions that test for higher-order thinking skills.

@alita_tive Research Methodology

Purpose of the Qualitative Research

The purpose of the qualitative research was to assist in the interpretation and
explanation of the quantitative data. Generating hypotheses as to why teachers assess the
cognitive levels that they do in the classroom helped the researcher'interpret the statistical

results obtained from the data provided by the questionnaire.

Population and Sarhp' ling PrOCed.ure

' The population for the qualitative research was the 59 teachers who indicated on
their return postcard that they would be willing to participate in an intérview. A stratified
sample (the same stratification as used for the quantitative portion of this study) of those
59 teachers was used for this phase of the research. Only two teachers from schools with

a substantial Native American population would agree to be interviewed.
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Methods of Data Collection

Data was collected through telephone interviews and by obtaining at least three
tests from each teacher that they had actually used in their classroom.. Th;: interview
protocol was biloted on two teachers from Belgrade High School and one teécher from
Park Senior High School in Livingston. Below is a list of the questions that each teacher
was asked to respond, to during the interview.

1. Describe the types of test quegtions used by your high school mathema;tics

teachers to assess your understanding of mathematics.

2. Describe the types of test Questioné used by your college mathematics teachers
to assess your. understanding of mathematics.

3. List one, two, or at most three factors that have most 'inﬂuenced the way that
you assess your students and explain how they have influenced your
assessment practices.

4. - To gain more detail about 'your assessment practices in the classroom, describe
to me othe;r methods fhan regular classroom tests that you use to assess your
students understanding of mathematics.

5. In order of importance, list which methods of assessment pr0vidé the most
weight when you eventually assign a letter grade to a student’s performance in
the classroom.

6. Presently; there is; discussion in the education journals of assessment of

higher-order thinking skills, relative to Bloom’s taxonomy. As an expert in














































































































































































































































































































































































































































