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At the heart of many efforts to improve student mathematics achievement isa
focus on classroom practices that are thought to facilitate student learning. For this
reason, professiona development and the promotion of good instructional practices are
imperative to the success of these efforts. Many of the promoted practices are based on
documents such as the Curriculum and Evaluation Sandards for School Mathematics
(National Council of Teachers of Mathematics, 1989), the Mathematics Framework for
California Public Schools (California Department of Education, 1992, 1998), and the
Mathematics Content Standards for California Public Schools (California Department of
Education, 1997).

Earlier research has reported small, positive associ ations between achievement
and some types of individual practices. Stipek, Salmon, Givvin, Kazemi, Saxe, and
MacGyvers (1998) found that emphases on problem-solving and process-oriented
solutions were related to higher scores on a mathematics test of conceptual
understanding. Other studies have also found a positive relationship between the
teaching of higher-order thinking and achievement (Martinez & Martinez, 1998;
Ginsburg-Block & Fantuzzo, 1998). Research has also demonstrated the value of
collaboration (Webb & Palincsar, 1996) and of embedding instruction in real-world
contexts (Verschaffel & DeCorte, 1997). A study by Austin (1997), for instance,
showed that students enrolled in an NCTM standards-based high school math curriculum
that focused on application, cooperative learning, and open-ended problem-solving
performed better on an end-of-the year test than those enrolled in a more traditional class.
Similarly, Cohen and Hill (1998) found that teachers’ use of practices consistent with the
1992 California Mathematics Framework was positively related to student achievement.

The goal of the present study is to further explore the relationships between
student achievement and instructional practices. We also investigate how teacher
familiarity with the NCTM standards, California Mathematics Frameworks, and various
other standards documentsis related to instructional practices.

Thisanalysisis part of abroader study that investigates the instructional practices
used in teaching mathematics in California and the influences of policy on instruction.
The present analysis is supplemented with qualitative methods that examine the factors

facilitating or impeding effective mathematics teaching. Case studies of teachers and



interviews with state policy makers are used to explore the effects of curriculum
materias, staff development, and local and state policies on instructional practices.

Future policy implications are al'so considered.

Methods
Data from students and teachers were collected from 136 fourth-grade and 57
eighth-grade schools across 11 California school districts. Participating districts provided
the student data, whereas teacher surveys provided most of the teacher data. The
following sections present more details regarding the information obtained and the

methodology used to analyze the data.

Sample Characteristics
District Sample. A purposive sample of 11 districts was selected. This sample

contained districts with moderate to large total student enrollments. Districts were
chosen to be geographically dispersed across California, and most had relatively large
numbers of minority, low-income, and limited English proficient (LEP) students. We
excluded districts that did not want to participate or could not provide the necessary
student datafiles.*Hrhe sampleincludes five of the ten largest districtsin the state.
Taken together, the 11 districts contain 1.2 million students, which is 20.2 percent of all
studentsin the state.

Because the participating districts are not arandom sample of all districts, the
results of this study may not be representative of al of the state’'s students and teachers.
Thisis especialy true for districts with small enrollments. However, results that pertain
to such alarge number of students and teachers are likely to be meaningful and any
strong relationships found between teaching practices and student outcomes merit further
consideration.

School Sample. We selected a random sample of schools within each district.
The number of schools selected was designed to provide atarget sample of teachers. In
the largest district, the targets were 75 fourth-grade teachers and 38 eighth-grade

! Two large and four moderate sized districts declined to participate in the study. One moderate sized
district agreed to participate, but was unable to provide the necessary student data.



teachers. The corresponding targetsin the five other large districts were 50 and 25. I:IJhe
targets were 40 and 20 in the remaining districts. Because eighth-grade teachers teach
multiple classes, fewer eighth-grade teachers were needed to represent the same number
of students. Hence, fewer eighth-grade teachers were targeted. However, because of
difficulties in obtaining data on teaching practices for multiple classes per teacher, the
final sample consisted of only those students from the teacher's first mathematics class
during the day in which amajority of the students were eighth-graders.

For fourth grade, we estimated the number of teachers using the number of fourth
grade teacher equivaents (FTE) listed in the 1997 California Basic Educational Data
System (CBEDYS) data.DThis database does not provide the number of math teacher
equivalents by grade. We therefore used the total number of math teacher equivalentsin
the school divided by the number of gradesin that school to obtain an estimate of the
number of eighth-grade math teachers. In several districts, al of the eligible schools
were selected in order to meet the targeted number of teachers for the sample.

We used systematic sampling to select a diverse set of schoolsin terms of
students’ socioeconomic status, ethnicity, and language proficiency. Within each district,
schools were sorted by the percent of LEP and the percent of students from families
eligible for Aid to Families with Dependent Children (AFDC). Then starting with a
random draw (between 1 and k) every kth school on the list was selected where k equals
the number of eligible schoolsin the district divided by the number of schoolsin the
sample. For instance, if the district has 70 eligible elementary schools and the sample
sizeis 14 then k equals 5. See Cochran (1977) for details on systematic sqampling.“l:I

For the fourth-grade sample, eligible schools included all schools classified as
elementary (ELEM) schools with 10 or more fourth-grade students in the 1997 CBEDS
file. For the eighth-grade sample, eligible schoolsincluded all schools classified as
elementary (ELEM), middle (MIDD), junior high (JRH) or high (HIGH) schools with 10

2 The target sample sizes for fourth grade provide sufficient statistical power to detect small effects of
approximately .10 standard deviation units.

% In some schools the number of fourth grade teacher FTE's was small relative to the number of teachers.
In these schools we estimated the number of teachers by dividing the number of fourth-grade students by
35 rather than by the number of fourth-grade teacher FTE's.

* Inthe largest district, we selected a stratified systematic sample where schools were stratified by the
number of teachers (1 or 2; 3 or 4; or 5 or more). We used a stratified sample to control for the variability
in the number of teachers in sampled schools.



or more eighth-grade students in the 1997 CBEDS data. These criteria excluded
alternative and community schools. In addition, to avoid excessive burden on teachers,
elementary schools selected for the California Class Size Evaluation Projects were
excluded from this study.

We augmented the original samples to include replacement schools for those that
declined to participate. In large districts, the replacement school was the next school in
the sampling frame used to select the systematic sample. In smaller districts, replacement
schools included any school that was not included in the original sample.

The final sample of participating schools contained 136 elementary and 57 middle
school S.ElAS shown in Table 1, the sampled schools are generally similar to the other
schoolsin the 11 districts, athough there were dlightly fewer minority and AFDC

studentsin our sample.

Tablel. Sampleand District Characteristics

Elementary Schools Middle Schools
District Sample District Sample
Number of Schools 867 136 181 57
Average Percent 76% 63% 75% 65%
Minority Students
Average Percent 40% 28% 28% 23%
LEP Students
Average Percent
AFDC Eligible 27% 24% 24% 21%
Students
Teacher Sample

The fourth-grade and eighth-grade samples contained 570 and 235 teachers,
respectively. Overall, 310 (54.4%) fourth-grade teachers and 139 (59.1%) eighth-grade

math teachers completed surveys. We excluded the surveys of fourth-grade teachers who

® The sample size for the participating schools is the total number of schools from which teachers actually
returned the questionnaires, and does not represent the number of schools to which questionnaires were
sent.



did not teach at |east one class where one-third of the students were fourth graders (13),
could not be matched to their students because they shared classroom responsibilities
(20), did not teach at least half of the school year (3), or had students lacking test scores
(3). Thisleft uswith asample of 281 fourth-grade teachers.

For the eighth-grade sample, we excluded teachers who did not teach at least one
class where one-third of the students were eighth graders (10), failed to have identifiable
rosters (4), did not teach at least half of the school year (3), or had students lacking test
scores (3). We also excluded ateacher who taught geometry to a class of gifted students
because the study’ s results were overly sensitive to this teacher and her students’ data.
The final eighth-grade analyses included 118 teachers.

Sudent Data

The 281 fourth grade teachers had a total of 6,885 students with valid Stanford
Achievement Test, Version 9 (Stanford-9) multiple choice test scores.® I%lhe 70 students
in this sample who were missing demographic data were excluded from further analyses.
Thus, the fourth-grade student sample consisted of 6,815 students from 281 classrooms.
The 118 eighth-grade teachers had 3,063 students, but 30 were missing student
demographic data. Thus, our final eighth-grade sample contained 3,033 students.

The following information was available for the students in both the fourth grade
and eighth grade analysis samples: 1998 and 1999 Stanford-9 math scores, 1998 and
1999 Stanford-9 reading scores, and student background information, including gender,
racial/ethnic group, home language, and whether the student participated in a gifted
program, a special education program, and/or afree or reduced price lunch program.

Table 2 provides descriptive statistics for each student sample. At both grades,
approximately 60 percent of the students are members of a minority group and nearly
one-third are Hispanic. In addition, 26.7 percent of the fourth graders and 20.7 percent of
the eighth graders are classified as LEP. Nearly half (47.0 percent) of the fourth-grade
sample and over one-third of the eighth-grade sample are eligible for free and reduced

price lunches.

® Scores of 0 and 999 on the base Stanford-9 test were treated asinvalid. We did not analyze scores on the
augmented items.



Table 2. Percentage of Studentswith Various Background Characteristics.
Fourth | Eighth

Grade Grade
Racial/Ethnic Group
African-American 111 9.0
Asian 13.6 14.3
Hispanic 33.2 29.3
White 375 40.7
Other 4.6 6.7

Limited English Proficient 26.5 20.7

Eligiblefor Freeor Reduced | 47.0 36.7
Price Lunches

Measures
Teacher Questionnaire

Teachers completed a questionnaire that inquired about the frequency with which
they used various instructional practices, the amount and type of professiona
development activities they received, their opinions about teacher collaboration, and their
familiarity with certain mathematics standards and frameworks documents. Most of the
guestions regarding the frequency of activities used a 5-point Likert scale. Teachers
scores could range from 1 (“never use this practice”) to 5 (“engage in this practice almost
daily”). Questionsthat solicited opinions used a variation of a 4-point Likert scale.
These items typically ranged from 1 (* disagree strongly”) to 4 (“agree strongly”), but
teachers were also allowed to choose an “1 don’t know” response. The teachers also
answered severa guestions about their demographic characteristics, including
information regarding gender, racial/ethnic group, certification, highest degree received,

coursework in mathematics, and years of teaching experience.

Questionnaire Scales
The questionnaire items were grouped into 12 scales. Thiswas done using a
combination of judgments about item content and empirical analysis. Specifically, we

grouped questions that were intended to measure the same construct. We then evaluated



these judgments with an empirical analysisinvolving item intercorrelations. We found
that an item usually correlated more strongly with the other items on the scale to which it
was assigned than it did with items on other scales. Thefinal 12 scales are listed below:
Teacher-Centered Practices

Problem-Solving

Computational Practices

Applications

Group Work

Individual Work &

Computer Use

Familiarity and Influence of Mathematics Frameworks and Standards

© 0o N o g b~ wWw DN

Alignment with District Standards
10. Perceived Teacher Support
11. Perceived Teacher Collaboration

12. Professional Mathematics Devel opment

Appendix Al contains the itemsin each scale.

Curriculum Variables

The teacher questionnaire also contained alist of mathematics topics. Teachers
were asked to specify which of these topics were not covered in their class, and which
five topics were given the most emphasis. We then created a variable indicating the total
number of topics taught that were also cited in the Mathematics Content Standards for
California Public Schools, Kindergarten Through Grade 12. We also constructed
variables that made distinctions among the emphasis given to each topic (specifically, no
coverage, some coverage, and great coverage). For some concepts, there was not enough

variation to examine differences between teachers who emphasized a given topic and

"It isimportant to note that the individual work and group work scales are not opposites of one another,
and that teachers can engage in both types of activities and thereby receive high scores on both scales; i.e.,
if their students frequently work collaboratively as well asindependently. Similarly, teachers can receive
low scores on both scales if they frequently engage in other activities that are not represented on either
scale.



those who taught it but did not make it their focus. In such cases, our analysis

distinguished between teachers who covered the topic and those who did not.

Teacher Background Variables

To assess teachers mathematics experience, we added the number of
mathematics courses they said they took at the high school and college levels. The
teachers were a so asked whether they had a mathematics, general, or
emergency/internship teaching credential .SQNe treated the credential categories as
mutually exclusive by using the following decision rules: (i) teachers who possessed a
mathematics credential and any another kind of credential were categorized as possessing
amathematics credential, (ii) teachers who possessed both a general and an
emergency/internship credential were categorized as possessing a general credential, and

(iii) all other teachers were classified as having an emergency/internship credential.

Imputation of Missing Vaues

In general, less than 3% of the responses on any given teacher questionnaire item
wereinvalid or missing. Missing values on an item were imputed using aregression
procedure that considered the responses to other items. A complexity arose in estimating
values for the opinion items that contained an “1 don’t know” option because this
response resulted in a non-continuous metric. This option was chosen frequently on two
items concerning teachers' perceptions of whether their district was aligned with specific
mathematics frameworks. For these two questions, we compared the characteristics of
teachers who chose this option to those who did not. For the remaining items, we treated
the I don’t know” choice as missing, and imputed a value based on responses to the
other questionnaire items within the same scale.

At each grade, a small number of teachers were missing values on all theitems

comprising one or more of the scales. In addition, a small number of teachers were

8 Mathematics credentials refer to those with single subject credentialsin mathematics, standard secondary
credential in mathematics, and/or supplementary authorization in mathematics. General credentials refer to
teachers with: multiple-subject teaching, general or standard elementary, single subject credential not in
mathematics, and/or standard secondary credential not in mathematics. Emergency/internship credentials
refer to teachers with: emergency multiple subject teaching permit, emergency teaching permit in



missing values for some of the teacher background variables that were included in our
models. We imputed these values using teacher responses on the other scales and
background variables.

We also imputed missing 1998 Stanford-9 reading and math scores for studentsin
ateacher's classroom. In fourth grade, about 18 percent of students were missing at least
one prior year's test scores and in eighth grade roughly 14 percent of students were
missing either the 1998 math or reading score.

A four-step process was used to impute missing student and teacher data. First,
we imputed values for the missing test scores using student background variables, teacher
background variables, and the scales completed by all teachers. The models also
included district indicator variables. We imputed multiple values using Bayesian models
for multivariate clustered data as described in Schafer (1997). We used the PAN
software for Splus to fit the models and draw imputed values (Schafer, 1997). We
created 10 sets of imputed values. Creating multiple sets of imputed values allowed usto
adjust the standard errors of our estimates to account for missing data.

Next, we created teacher level data sets with one observation per teacher. These
data setsincluded all the teacher scales and classroom averages for student variables
including test scores. We included the imputed values in the classroom averages for test
scores. We created one teacher level data set for each set of imputed test scores.

In Step 3, we imputed the missing teacher scales using a multivariate normal
model. We used this model even for the missing education indicator variable. Although
indicator variables do not conform to the multivariate normal model, previous research
has shown that this approach to imputation does not tend to produce biased results. We
used the NORM software (Schafer, 1999) to fit the models and draw imputed values. We
drew one set of imputed teacher scales for each set of imputed test scores.

Finally, we used the observed student and teacher data and the imputed teacher
scales to impute new sets of test scores. We generated one set of imputed test scores for
each of the ten sets of imputed teacher scales. We again used Bayesian models for
multivariate clustered data as described in Schafer (1997).

mathematics, internship credential (multiple subject), internship credential in mathematics, credential
waiver, and/or other kinds of credentials.



Analysis

The primary purpose of this study was to investigate the degree to which student
achievement was associated with differences in instructional practices. We explored
these relationships using linear regression analysis. This approach enabled us to control
for differences in student and teacher background characteristics. We fit these models
using individual student data, with all the students from the same classroom receiving the
same values on each of the teacher questionnaire scales, and we used an adjusted
standard error estimate to account for possible correlation among responses from students
with the same teacher (McCaffrey & Bell, 1997). We also standardized test scores and
teacher scales so that the reported coefficient is the expected difference in test score
standard deviation units for a one standard deviation unit increase in scale scores.

Distributions of Teacher Questionnaire Scales

Table 3 shows the mean, standard deviation, and reliability (coefficient apha) of
each teacher scale at each grade level. The table shows the same rank ordering of the
instructional practices across grade levels. For example, at both grades 4 and 8, teacher-
centered practices were used often while computers were used infrequently. Teachers
were inclined to emphasize problem-solving and computational skills, but were less
likely to focus on math applications. Group work was also emphasized more often than

individual work.

10



Table3. Mean, Standard Deviation, and Reliability Coeffici or
Each Teacher Questionnaire Scale at Each Grade L evel

Fourth Grade Eighth Grade

ScaleﬁIEI g

Mean SD Alpha Mean SD Alpha
1. Teacher-Centered 4.45 51 49 4.69 .39 .35
2. Problem-Solving 3.88 46 .80 3.68 44 71
3. Computational Practices | 3.56 54 .59 3.45 49 52
4. Applications 2.85 47 .53 2.73 43 43
5. Group Work 281 71 .69 2.37 .59 .65
6. Individual Work 242 74 .58 1.93 .58 .62
7. Computer Use 1.82 75 .86 1.48 .55 .86
8. Familiarity and
Influence of Mathematics 2.54 .67 78 2.70 .70 .82
Frameworks and Standards
9. Alignment with District
Standards 3.20 .58 .70 3.35 49 .50
10. Perceived Teacher 3.23 51 .68 341 49 .76
Support
11. Perceived Teacher
Collaboration 2.19 .56 75 242 .50 12
12. Professional
M athematics Devel opment 2.23 .90 .87 2.86 1.04 .84

Most teachers believed their school was moderately aligned with district
standards, but they tended not to know whether their district was aligned with either the
NCTM standards or California Mathematics Frameworks. Teachers also believed such

documents had little influence on their practices. They reported having afair amount of

support from the administration and their colleagues, but did not collaborate often with

their peers. Additionally, teachers reported receiving little mathematics professional

development.

® The descriptive statistics and reliabilities are based on the observed data and do not include imputed

values.

19 Scales 1-7, 11, and 12 used a 5-point Likert scale. Scale 8 used a 4-point Likert scale and scales 9-10
used a variation of the 4-point Likert scale.
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There was considerable variation across schools in the teachers' reported use of
particular instructional practices. Thisis undoubtedly dueto avariety of factors, some of
which were related to variables in our survey (e.g., teacher and classroom demographics)
and some of which were not (e.g., preservice training, personal style, etc.).

Relationships of Sudent Characteristics to Instructional Practices

Teachers decisions about instructional practices may be related to student
characteristics. For instance, teachers with higher-ability examinees may focus on
problem-solving more often than teachers with lower-ability students. To explorethis
and other scenarios, we used aregression analysis to predict instructional practices from
student demographics.

We found that at the fourth grade, teachers with a higher proportion of gifted
students were less likely to use computers or have students work individually. Teachers
with a homogenous group of average ability students were more likely to use group work.
Teachers with a higher proportion of gifted, LEP, and special education students were
also less likely to focus on math applications.

Our regression models for the eighth grade were similar to those at the fourth
grade, but we controlled for differencesin courses. ‘L Feachers with a homogenous group
of high-ability students were more likely to incorporate computers in their lesson plans,
while teachers with a homogenous group of low-ability examinees were less likely to
engage in teacher-centered practices. Teachers with a higher proportion of female
students reported emphasizing computational practices less frequently, but those with a

higher proportion of Black students focused on computational practices more often.

Relationships of Teacher Characteristicsto Instructional Practices

To investigate the role of teacher demographics, we examined whether ateacher’s
reported use of instructional practices was related to that teacher’ s ethnicity, gender,
perceptions of teacher support and collaboration, hours of professional development time

1 There were three course types: Math 8, algebra, and integrated math. Math 8 consisted of several
mathematics courses, including pre-algebra, Math 7/8, Math 8, and problem-solving.
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spent on specific mathematics-related activities, years of teaching experience, credential
type, degree, and mathematics coursework.

At the fourth grade, teacher ethnicity and gender were related to instructional
practices. Female teachers tended to focus on computational skills. Black teachers
reported using group work less frequently, while Hispanic teachers reported engaging in
individual work less often. Hispanic teachers were also less likely to emphasize
applications and to use computersin instruction.

Fourth-grade teachers who collaborated with one another and whose instructional
practices were influenced by national and state standards were more likely to emphasize
group work, individual work, applications, and higher-order thinking skills. Greater
collaboration was also positively related to computer use, as was more mathematics
professional development. Additionally, teachers who had taken more mathematics
courses tended to use group work more frequently.

At the eighth grade, greater influence of national and state standards on teaching
practices and more mathematics professional development were positively related to
problem-solving practices. Integrated math teachers were more likely than either Math 8
or algebra teachersto incorporate computers into their lessons, and were lesslikely to

engage in teacher-centered practices.

Relationship between Teacher Characteristics and Student Achievement

After controlling for student demographics, teacher background characteristics
(such as ethnicity, gender, certification type, degree, and mathematics coursework) were
not related to student test scores. The one exception to this finding was that the total
number of years teaching had a significant positive relationship with student outcomes.
A one-unit standard deviation increase in years teaching was associated with a.074
standard deviation unit gain in scores at the fourth grade, and a .043 standard deviation

unit gain in achievement at the eighth grade.
Relationship between Instructional Practices and Achievement

Our analyses of the relationships between the teacher questionnaire scales and

student achievement controlled on some variables but not others. Specifically, we did not
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consider teacher background variables (such as ethnicity, gender, certification type,
degree, and mathematics course work) because in preliminary analyses they were not
related to student outcomes. For the same reason, we eliminated variables pertaining to
the differences in the number of students per class, the amount of instructional time
devoted to mathematics, and the number of topics taught that were consistent with the
current mathematics standards for California

To address the effects of specific mathematics concepts, we conducted analyses
that controlled for the emphasis given to each topic. Differencesin emphases tended to
be unrelated to achievement, but at the fourth grade, some coverage of probability was
positively associated with higher scores (i.e., a.088 standard deviation unit increase in
scores). Weretained this topic for further analyses, but eliminated the others. ]

We explored the data using several regression models, some of which included
the total number of years teaching as an independent variable. Although the total number
of yearsteaching is positively related to test scores, it is also moderately related to
instructional practices (i.e., correlations up to .35). Because the two variables are
correlated, if we adjust for total years teaching, the effects of instructional practices on
achievement will be reduced. For our final analysis, we used two models, one with the
total number of yearsincluded, and one without.

Our independent variables for the fourth-grade models included: districts, student
ethnicity, student gender, participation in a gifted program, participation in a special
education program, free or reduced lunch status, LEP status, prior year scoresin math
and reading, and coverage of probability. Our independent variables at the eighth grade
were virtually identical to those of the fourth-grade. However, we did not control for
coverage of probability and instead controlled for course differences.

Figure 1 shows the estimated coefficients for our fourth-grade analysis that
included number of years teaching. Figure 2 presents the results for the analysis that
excluded this variable. Figures 3 and 4 show the eighth-grade regression results with
and without total years teaching, respectively.

12 At the eighth grade, increased coverage of some topics was negatively associated with achievement, but
this counterintuitive finding appeared to be a result of teachers’ efforts to tailor the curriculum to students
ability levels (i.e., teachers spending more time on some mathematical topics with lower-achieving students
than with higher-achieving examinees).
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For the fourth-grade models, participation in a gifted program was positively
associated with test scores, as was being female or Asian. In contrast, African-American
race/ethnicity and participation in a special education program were negatively related to
achievement. Additionally, some exposure to probability was associated with higher
Scores.

The mgjority of the teacher scales at the fourth-grade level did not show a
statistically significant relationship with outcomes. When controlling for total years
teaching, only one scale, practices emphasizing applications, was rel ated to achievement,
such that a one-unit standard deviation increase on this scale was associated with a.036
standard deviation unit gain in scores. This very weak relationship, however, was not

significant when we excluded total years teaching. Under the model that did not control

Moderate Small Small Moderate
Negative Negative Zero Positive Positive

Applications T
Prob. Solve 1
Comp. Pract. 1
Computer Use 1
Group Work 1
Indiv. Work 1
Tch. Centered
Alignment 1
Familiarity 1
Prof. Dev. 1
Tch. Collab.T

Tch. Support 1

T T T I T T T
-0.30 -0.20 -0.10 0.0 ~0.10 0.20 0.30
Standard Deviation Units

Figure 1: Regression Coefficientsfor Fourth-Grade Modelswith Total Years Teaching
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Moderate Small Small Moderate
Negative Negative Zero Positive Positive

Applications 1
Prob. Solve 1
Comp. Pract. T
Computer Use 1
Group Work 1
Indiv. Work 1
Tch. Centered 1
Alignment
Familiarity
Prof. Dev. 1
Tch. Collab.1

Tch. Support T

-0.30 -0.20 -0.10 0.0 ~ 010 0.20 0.30
Standard Deviation Units

Figure 2: Regression Coefficientsfor Fourth-Grade M odels without
Total Years Teaching

for teaching experience, the use of computational skillswas very dightly positively
associated with achievement. But again, this effect was quite small (i.e., about the same
magnitude as was found for the applications scale).

At the eighth grade, the regression models that controlled for total years teaching
yielded similar results to models that excluded this variable. African-Americans,
Hispanics, females, and Math 8 students received |ower scores, whereas examinees
participating in a gifted program received higher scores. Greater reported use of
computers in instruction was negatively related to outcomes, but again, the effect was
guite small—a one-unit standard deviation increase on the computer use scale was

associated with a.041 standard deviation unit decrease in test scores. No other scale
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showed a significant main effect, but an interaction between the teacher-centered
practices and course was found. Specificaly, the teacher-centered scale was positively
related to test scores for algebra courses, but such practices were unrelated to outcomes

for Math 8 courses.

Moderate Small Small Moderate
Negative Negative Zero Positive Positive

Applications 1
Prob. Solve 1
Comp. Pract. T
Computer Use 1
Group Work 1
Indiv. Work 1
Tch. Centered 1
Alignment
Familiarity
Prof. Dev. 1
Tch. Collab.1

Tch. Support T

T
-0.30 -0.20 -0.10 0.0 ~ 010 0.20 0.30
Standard Deviation Units

Figure 3: Regression Coefficientsfor Eighth-Grade Models with
Total Years Teaching
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Moderate Small Small Moderate
Negative Negative Zero Positive Positive

Applications 1
Prob. Solve 1
Comp. Pract. T
Computer Use 1
Group Work 1
Indiv. Work 1
Tch. Centered 1
Alignment
Familiarity
Prof. Dev. 1
Tch. Collab.1

Tch. Support T

-0.30 -0.20 -0.10 0.0 ~ 010 0.20 0.30
Standard Deviation Units

Figure 4: Regression Coefficientsfor Eighth-Grade M odels without
Total Years Teaching

Teacher Familiarity with Standards

Several questionnaire items asked teachers how familiar they were with the
NCTM standards, California Mathematics Content Standards, California Mathematics
Frameworks, California Mathematics Program Advisory, and their local district
guidelines. Most teachers were very familiar with their own district standards, but were
less knowledgeabl e about the state and national frameworks. Approximately 39% of
fourth-grade teachers and 17% of eighth-grade teachers were unfamiliar with the 1989
NCTM standards. Furthermore, only 49% of fourth-grade teachers and 36% of eighth-
grade teachers reported being aware of the California Mathematics Program Advisory.
Teachers also said they were not familiar with the California Mathematics Content
Standards and the California Mathematics Frameworks, particularly versions earlier than
1998. For instance, 15% and 14% of fourth- and eighth-grade teachers, respectively,

were not familiar with the California Mathematics Content Standards. In asimilar vein,
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25% of fourth-grade teachers and 21% of eighth-grade teachers reported that “they had
never heard of” the 1985 California Mathematics Frameworks. Given these numbers, it
is not surprising that many teachers believed these frameworks had little influence on
their teaching practices.

Nearly 44% of the fourth-grade and 25% of the eighth-grade teachers did not
know whether their district standards were aligned to the NCTM standards. Similarly,
38% and 32% of the fourth- and eighth-grade teachers, respectively, indicated that they
did not know whether the district had provided professional development workshops
based on the 1992 California Mathematics Framework. Because teachers who know
whether their district is aligned with the national and state standards are likely to be
different from those who do not, we examined the characteristics of the two groups.

At the fourth-grade, teachers who did not know whether their district was aligned
with the NCTM standards or the California Mathematics Framework had fewer hours of
mathematics professional development and reported less collaboration. The teachers
responding “I don’t know” were also less likely to focus on individual work and problem-
solving. Additionally, uncertainty of district alignment with the NCTM standards was
associated with less frequent use of group work and a lower likelihood of possessing a
general credential, while uncertainty of district alignment with the 1992 California
Mathematics Framework was associated with fewer years of teaching experience.
Considering that it has been 8 years since the 1992 California Mathematics Framework
was published, the latter finding is not surprising.

We found similar results at the eighth grade. For example, teachers who were
unsure of the influence of the NCTM standards and California Mathematics Framework
on their district had less professional development and lower perceptions of teacher

support.

Discussion
After controlling for student background characteristics, only a few instructional
practices had statistically significant correlations with test scores. At the fourth grade,
coverage of probability was positively associated with achievement, as were emphases on

applications and computational skills. At the eighth grade, the use of computersin
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instruction was negatively related to outcomes. However, al of these effects were quite
small, particularly in relation to other student characteristics such as race/ethnicity.
Moreover, given the large number of variables investigated, some may actually be due to
chance.

The finding that the probability, applications, and computational skills scales were
positively related to student achievement islogica given the content of the Stanford-9,
which includes many contextualized statistics items that require procedural and
declarative knowledge. Because the test focuses on problems that are solvable via
heuristics, it may not be the most appropriate measure to assess higher-order thinking
skills. Thus, the failure to find a significant association between problem-solving
practices and achievement might stem from limitations of the Stanford-9 as opposed to a
lack of relationship per se.

The negative relationship between the use of computers and achievement may be
attributable to several sources. Students who receive computer instruction may spend
more time “playing with” the computer than actually using it to solve mathematics
problems. In arelated manner, teachers who use computers may need to devote more
instructional time to logistics (e.g., explaining how to use the computer), which might
trangdlate to less time explaining mathematics concepts. Other research has shown that
computers can have positive or negative effects on achievement, depending upon how
they are used (Wenglinsky, 1998). Alternatively, the Stanford-9 items may not be
sensitive to detecting the effects of computer instruction. Some mathematics problems
that can be presented via a computer are less feasible on a paper-and-pencil test. It might
be the case that students who receive computer instruction are encountering different
kinds of mathematics problemsin their classrooms than those presented on the Stanford-
9. Moreinformation about the nature of computer instruction is needed to better explain
the association between the use of computers and test scores.

The finding that teacher-centered instruction is positively related to scores for
algebra but not for Math 8 merits further attention. This may be due to differencesin the
content of each course. Math 8 typically entails ideas that have been introduced in prior
mathematics classes. In contrast, agebratends to involve skills, concepts, and

frameworks that are unfamiliar and qualitatively different from those previously learned.
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Hence, teacher-centered practices, such as going over homework or demonstrating how
to solve a problem, may be more beneficial with agebrathan with Math 8. This
interaction illustrates the importance of considering course content when evaluating the
relationship between achievement and instruction, as particular practices may be more
effective with one course than another.

Certain teacher characteristics were a so associated with different kinds of
classroom practices. Teacherswho said their teaching was influenced by the NCTM
standards or California Mathematics Frameworks were more likely to engage in
instruction espoused by these documents, such as practices focusing on group work,
applications, and problem-solving. Asis consistent with previous research, teachers who
reported more frequent collaboration with their colleagues were also more likely to
engage in thiskind of instruction with their students (McLaughlin & Talbert, 1993).
Notably, these practices are typically identified by many current reform efforts as
facilitating student learning. Such practices, however, are not solely dependent upon
teacher characteristics, as variations in student demographics were also related to
teaching style.

In comparison to those who had some knowledge of the NCTM standards and
California Mathematics Frameworks, the teachers who were not familiar with these
standards tended to have | ess teaching experience, participated in fewer professional
development programs, and reported less collaboration. Perhaps as aresult of their lack
of exposure to the standards, these teachers did not engage as frequently in practices that
have been endorsed by the NCTM standards or California Mathematics Frameworks.
However, there are many other factors that influence teaching practices, and more
research needs to be conducted in order to better understand why teachers choose to use

(or not use) certain kinds of practices.

Limitations
There are severa caveats that need to be considered when interpreting the results
of thisstudy. First, the teachers and students who participated in this study are not
representative of othersin the state. Consequently, the relationships (or lack thereof) that

were found in this research cannot be generalized beyond our sample of students,
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teachers, and schools. Furthermore, because we did not use an experimental design, we
cannot be certain that the observed relationships are attributable solely to classroom

practices. There may be other systematic student, teacher, and schools variables that we
did not measure but which neverthel ess affect what teachers do and what students |learn.

A second limitation of our study concerns the lack of information on what led
teachersto use particular practices. Although we investigated the relationships between
classroom instruction and teacher and student demographics, we have not explored the
full range of factorsthat could influence practices, such as district policies or local
community climate. Our initia intent was not to determine the reasons underlying
teachers' use of practices, but thisinformation would be helpful to those who are
designing and implementing professional development programs and other interventions
and policies.

The lack of significant relationships, particularly between many of the scales and
test scores, should be interpreted cautiously because the low reliability of some of these
scales makes it difficult to detect effects. More importantly, all the scales depended on
the accuracy of teacher perception of what they did and this perception may be less than
100 percent.

Another possible explanation for the lack of effects stems from our focus on
students’ exposure to practices during a single academic year, which does not allow usto
follow changesin teachers' practices or examine the effects of student exposure to these
practices across several years. Some practices may have been implemented only a short
time ago, in accordance with recently released standards (e.g., California Mathematics
Framework, 1998). Teachers may need more time before they can effectively implement
the practices, or students may need to be exposed to the practices for more than asingle
year before the effects of these practices on achievement become clearly evident.

As mentioned earlier, the content of the Stanford-9 may render it an inappropriate
measure for assessing relationships between certain classroom practices and achievement.
However, beyond its content limitations, there were concerns that its validity may have
been compromised by effortsto “drill” students on the specific skills required by the
exam. Approximately 71% of fourth-grade teachers and 81% of eighth-grade teachers
strongly agreed with the statement that “ There is a school-wide effort to improve student
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mathematics achievement on the Stanford-9.” If teachers are indeed narrowing their
curriculum to the topics found on the Stanford-9, serious questions arise regarding the
inferences that can be drawn from the scores. This problem islikely to be exacerbated as
the stakes attached to the Stanford-9 increase (Stecher & Barron, 1999).

Finally, the use of surveysis an imperfect method of assessing instructional
practices. Like any such measure, the items are subject to inaccurate responses,
particularly those that reflect social desirability. More importantly, the questions
addressed only the frequency with which teachers used particular practices and did not
address the way in which they were used or the overall quality of instruction. This
problem is alleviated with classroom observations and teacher interviews, but this type of
data collection istypically feasible only on a small-scale basis and the findings are not

widely generalizable to other populations.
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Appendix Al
Questionnaire ltemsin Each Scale

Teacher-Centered Practices

Go over homework with the class
Demonstrate how to solve a particular type of problem
Listen to teacher presentation of a new topic or procedure

Computer Use

Use a computer to present, smulate, or demonstrate concepts and techniques to the
class

Use computers to run simulations or demonstrations
Use computers to practice basic skills

Use computers to learn concepts

Use computers to collect data

Use computers as an analytic tool (e.g., spreadsheets)
Use computers to play mathematics game

Problem-Solving

Make provisions for students to work at their own pace or level

Check for student understanding at the end of alesson or class period
Assign specia challenges/enrichment as homework

Justify their answer or explain their reasoning when giving an answer
Discuss different ways to solve a particular problem

Generalize from particular problemsto other situations

Work on non-routine, higher-order problems

Use manipulative materials or models to solve problems or explore concepts
Work problems mentally

Engage in class discussion about mathematics or models to solve problems or explore
concepts

Tests requiring open-ended responses (e.g., descriptions, justifications of solutions)
Performance tasks for assessment purposes
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Applications

Introduce/teach topics in the context of everyday situations

Do mathematics in conjunction with other subjects

View or participate in mathematics demonstrations or investigations

Watch mathematics-related films, filmstrips, videotapes, or television programs
Go on mathematics-related trips

Computational Practices

Practice computational procedures

Memorize mathematics facts, rules, definitions, or formulas

Read or work problems from a textbook

Compl ete worksheets

Read aloud from a mathematics textbooks

Short-answer tests (e.g., multiple choice, true/false, fill-in-the-blank)
Tests made up of computational and/or word problems

Individual Work

Work on individual projects that take several days
Make individual presentations to the rest of the class
Write in a mathematics journal

Work individually at activity stations

Work individually at computers

Group Work

Work in pairs or small groups on mathematics problems/exercises
Work on group projects that extend for several days

Make group presentations to the rest of the class

Work in pairs or small groups at activity stations

Work in pairs or small groups at computers
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Familiarity and Influence of Mathematics Frameworks and Standards

NCTM Curriculum and Evaluation Standards (1989)

NCTM Standards 2000 (1998 discussion draft)

California Mathematics Framework (1985)

California Mathematics Framework (1992)

California Mathematics Framework (1998)

California Mathematics Program Advisory (1996)

California Mathematics Content Standards adopted by the State Board (1998)
Local district mathematics content standards/curriculum guidelines

Alignment with District Standards

Our district mathematics standards are aligned with the 1998 California Mathematics
Content Standards

There is a school-wide effort to implement our district mathematics standards

There is a school-wide effort to improve student mathematics achievement on the
Stanford-9

Our district has provided workshops/professional development based on our district
mathematics standards

Curriculum and instructional materials aligned with district mathematics standards
are readily available for use in my teaching

Perceived teacher support

Teachers in this school support one another in trying innovations in teaching
mathematics

The school administration promotes innovations in mathematics education
My way of teaching mathematics is supported by school administrators
My way of teaching mathematics is supported by the parents of my students

| feel that | belong to a professional community of mathematics educators at a
regional, state, or national level

| have some control over my mathematics teaching
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Perceived teacher collaboration

Suggestions or ideas from other teachersin your school

Suggestions or ideas from a mathematics specialist at the school, district, or county
office

Ideas from an in-service, workshop, institute, professional meeting, or conference
Teachers share ideas about mathematics instruction

Teachers observe one another teaching mathematics

Teachers work together to devel op mathematics curriculum

Teachers work together to coordinate the mathematics content of different courses
A specialist in mathematics education works with teachersin this school

Professional Mathematics Devel opment

M athematics content

Mathematics instructional techniques or strategies

Use of particular mathematics curricula or curriculum materias
Use of technology in mathematics instruction

M athematics standards

Mathematics assessment/testing
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