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Relationship Between Professional Development, Teachers’
Instructional Practices, and the Achievement of Students in
Science and Mathematics

The purpose of this study was to examine the relationship between different types of professional
development, teachers’ instructional practices, and the achievement of students in science and
mathematics. The types of professional development studied included immersion, examining
practice, curriculum implementation, curriculum development, and collaborative work. Data
regarding teachers’ instructional practices and the amount of professional development were
collected using teacher surveys. Ninety-four middle school science teachers and 104 middle school
mathematics teachers participated in the study. Student achievement was measured using eighth
grade state science and mathematics achievement test data. Regression analyses suggested that for
both science and mathematics teachers, examining practice and curriculum development were
significantly related to the use of standards-based instructional practices. Only curriculum
development for mathematics teachers was significantly related to student achievement. Implica-
tions of results for the professional development of science and mathematics teachers are
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discussed.

Over the years there have been numerous calls for
educational reform that uses professional development
as a central feature of improving science and math-
ematicseducation (Elmore, 1996; National Commussion
on Mathematics and Science Teaching, 2000; National
Education Goals Panel, 1994). The need for profes-
sional development is great, given the large number of
science and mathematics teachers who enter the teach-
ing profession on emergency certification and the num-
ber of science and mathematics teachers who teach out
of field (National Commission on Teaching and
America's Future, 1996). Despite the need, there are
some who question the investment in professional de-
velopment for teachers unless it clearly results in im-
proved studentachievement (Education Commission of
the States, 1997; Riley, 1998). The accountability move-
ment in the United States has also placed increased
pressure on schools and districts to provide targeted
professional development that will clearly help improve
student achievement.

Unfortunately, research regarding the impact of
professional development on student achievement is
limited. The majority of research on professional
development has, instead, examined changes in
instructional practices, teachers’ knowledge, teachers’

beliefs, and other important variables that may be
indirectly linked to studentachievement (Loucks-Horsley
& Matsumoto, 1999). These are important variables to
examine even if they are not directly linked to student
achievement. However, more research is needed that
examines the relationship between professional
development and student achievement.

Research on the impact of professional develop-
ment on student achievement is limited because it is
difficult and expensive to study, and the link between
professional development and student achievement is
complex. Models have been proposed to illustrate the
complexity and number of possible factors that can
impinge upon the relationship between professional
development and student achievement. In a review of
research on professional development in science and
mathematics, Loucks-Horsley and Matsumoto (1999)
proposed amodel of professional development in which
highquality professional development was proposed to
lead to improved teacher learning (i.e., knowledge,
skills, and beliefs), which in turn, would lead to im-
proved studentachievement. Loucks-Horsley, Hewson,
Love, and Stiles (1998) also identified numerous pro-
fessional development strategies for science and math-
ematics teachers, which they describe as high quality
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professional development. The strategies canberoughly
grouped into five categories: immersion, examining
practice, curriculum development, curriculum imple-
mentation, and collaborative work.

* Immersion strategies involve having teachers
actually “do” science or mathematics and gain
the experience of doing science or math with a
scientist or mathematician.

* Curriculum implementation involves having
teachers usingand refining the use of instructional
materials in the classroom.

* Curriculumdevelopmentinvolves having teachers
help create new instructional materials to better
meet the needs of students.

» Examining practice includes case discussion of
classroom scenarios or examiningreal classroom
instruction.

« Collaborative work includes study groups, peer
coaching, mentoring and classroom observation
and feedback.

Theoretically, these five types of professional de-
velopment fit with Ball and Cohen’s (1999) “practice-
based" theory of professional development. According
to this theory, professional learning forteachers should
emphasize long-term active engagement, connections
between teachers’ work and their own students’ learn-
ing, and opportunities to practice and apply what stu-
dents learns in areal-world context. The emphasisis on
a continuous cycle of exploring new issues and prob-
lems, creating cognitive dissonance, engaging in col-
laborative discussions, constructing new understanding,
and improving professional practice.

The types of professional development described
by Loucks-Horsley et al. (1998) have not been
extensivelyresearched. Furthermore, the link between
these different approaches and student achievement is
not well established. Several of these professional
development approaches, however, have been shown
to affect positively teachers’ knowledge and
instructional practice. For example, research on
examining practice suggests itcan help teachers improve
their knowledge of mathematics and help change their
instructional practice (Barnett, 1998; Schifter, 1996).
Curriculum implementation has also been found to
improve teachers’ knowledge of mathematics and
instruction (Cohen & Hill, 1998). These results provide
some evidence for the efficacy of these approaches in
the professional development of science and
mathematics teachers. It would be helpful to the field
to compare and contrast these different approaches to
understand better the relative merits of these
professional development strategies. This information

could help providers of professional development choose
between different strategies and plan more effective
professional development for science and mathematics
teachers.

Purpose of the Study

The purpose of this study was to examine the
relationship between different types of professional
development, teachers’ instructional practices, and the
achievementoftheir studentsin science and mathemat-
ics. Specifically, this study examined five types of
professional development recommended by Loucks-
Horsley etal. (1998) and their relationship to teachers’
instructional practices and the achievement of students.

Research Design

This study was part of a larger study funded by the
National Science Foundation (NSF) to examine the
impact of state reform efforts in science and math-
ematics on student achievement. The authors were
funded to conduct an independent evaluation of the
reform and were not part of the design or implementa-
tionofany initiative.

The state in which this study took place was
attempting to reform science and mathematics educa-
tion through the use of coordinated professional devel-
opment workshops. The goal was to reform science
and mathematics education by encouraging more sci-
ence and mathematics teachers to engage in long-term
intensive professional development. The rationale was
that teachers have the most direct effect on classroom
instruction and, hence, have the greatest opportunity to
affect student achievement.

A wide variety of professional development work-
shops were offered throughout the state in both math-
ematics and science. University faculty offered
workshops, and teachers could choose among different
offerings with varied length and duration. They ranged
from short 3- to 5-day workshops to longer summer
workshops, with extended follow-up throughout the
school year. For example, in one workshop for biology,
chemistry, and physical science teachers the focus was
oncollecting and analyzing water collected fromalocal
swamp. The teachers attended an initial 10-day sum-
mer workshop, followed by 5 additional days during the
academic school year.

Given the voluntary nature of teachers’ participa-
tion, the engagement of teachers varied quite widely,
which meant that some teachers engaged in more
professional development than others. This situation
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created a natural ex-post facto design with variability in
the type and frequency of professional development in
which teachers engaged.

Sample

For this study, the focus was on eighth-grade
science and mathematics teachers in a southern state.
Data were collected from 94 science teachers and 104
mathematics teachers located in a total of 46 schools,
The schools were located throughout the state and in
rural, suburban, and urban districts. Teachers in this
state are some of the lowest paid in the country. In
addition, the state suffers from the large number of
teachers who teach out of field or do not have back-
grounds in science or mathematics. Demographic char-
acteristics of the teachers in this study are included in
Table 1. The results suggest that, on the whole, the
mathematics teachers in this sample had slightly more
years of classroom teaching experience than did the
science teachers,

This state also suffers from one of the highest
povertyratesin the nation, with over 50% of all students
receiving free or reduced-price lunches. In addition,
eighth-grade student scores on the National Assess-
ment of Educational Progress (NAEP) in both science
and mathematics are among the lowest in the country.
Demographic characteristics of the students are in-
cluded in Table 2. The science and mathematics stu-
dents who were from the same schools, of course,
appeared quite similar in terms of gender, race, speak-
ing English, and grades in school.

Table 1
Demographic Characteristics of Science and
Mathematics Teachers

Science Mathematics
Teachers Teachers
(Percent) (Percent)
Highest Degree
Bachelors 68.8 663
Masters or Ph.D. 312 337
Years Teaching Subject
1 year 16.1 6.1
2 years 11.8 4.1
3-5 years 16.2 245
6-10years 247 255
11-20 years 194 245
More than 20 11.8 153

Instrumentation

The written survey used in this study measured
teachers’ views of the extent to which they used the
instructional methods described in the National Sci-
ence Education Standards (National Research Coun-
cil, 1996) and the National Council of Teachers of
Mathematics (1989) standards. To develop the survey,
questions were selected from established sources,
suchas Horizon Research Incorporated (1997), foruse
in the NSF supported Local Systemic Change Projects,
Third International Mathematics and Science Study
(1996), and Newmann and Associates’ (1997) surveys
used to measure authentic pedagogy. The items were
all Likert scaled and modified to focus specifically on
the extent to which teachers used various standards-
based techniques.

“Standards-based” was defined according to the
national standards in mathematics and science. The
national standards for teaching science and mathematics
closely match this state’s standards. To help ensure
quality instrument development, initial drafts of the
surveys were written, pilot tested, and revised by a
team of university-level science and mathematics

Table 2
Demographic Characteristics of Students
Science Mathematics
Students Students
(Percent) (Percent)
Female 521 519
Male 479 48.1
Typical Grades in School
As 114 11.8
As & Bs 311 323
Bs 52 39
Bs & Cs 270 268
Cs 79 7.1
Cs & Ds 134 144
Ds or Lower 39 37
Speak English at home
Always or Almost Always 914 91.1
Sometimes 6.1 6.0
Almost Never 26 29
Caucasian 654 664
African-American 218 212
Hispanic/Latino 24 12
American Indian 19 20
Asian 1.6 1.3
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educators. In addition, a measurement specialist from
the university was consulted on psychometric properties
ofthe items. The pilot testing included one-on-one talk
aloud protocols to help ensure that teachers properly
interpreted questions on the survey. The data from the
pilot tests were used to check individual items for
appropriate mean scores and ranges. Factor analyses
andreliability analyses were also conducted to confirm
that teachers had consistent views of the items and to
trim the surveys down to the items that were most
reliable and that most closely matched the construct of
standards-based instruction. Using Cronbach’s alpha
as a measure of reliability, the standards-based
curriculumand instruction scale hadacceptablereliability
of .77 for mathematics teachers and .81 for science
teachers. (See appendix for the items on the scale.)

The survey had teachers indicate how often they
used various instructional methods and activities using
the following rating scale: 1 = never or rarely,2=once
a month, 3 = once a week, 4 = two or three times a
week, 5 = daily. A mean score on the curriculum and
instruction scale was calculated for each teacher. This
scale was used as the dependent variable in the regres-
sion analyses described in the results section.

State Achievement Tests

Existing state achievement test scores were used
to measure student achievement. Although achieve-
ment test scores can be distal measures of student
achievement, these testscores are the primary measure
used to judge school quality and the performance of
schoolsinthisstate. For thisreasonalone itis important
to study the relationship between professional develop-
ment and these tests. Mathematics mean achievement
scores were calculated for students in the mathematics
teachers’ classes, and science mean scores were
calculated for students in science teachers’ classes.
These class mean scores were used as the dependent
variable in the regression analyses.

The state achievement test scores used in this study
were part of a criterion-referenced state assessment
system designed to measure student achievement of
the state standards. The tests are administered to all
eighth-grade students in the spring of the academic year
in the content areas of English, mathematics, science,
and social studies. Inaddition, the tests are aligned with
the state content standards in each subject area. The
mathematics test is designed to measure studentachieve-
ment in six areas: number and number relations, alge-
bra, measurement, geometry, data analysis, and patterns,
relations and functions. The test includes multiple-

choice and open-ended formats in an effort to measure
both traditional computation skills and more advanced
problem solving skills. Concepts and skills are often
assessed in realistic contexts and situations. The open-
ended questions have problems with more than one
possible solution or more than one pathtoasolution, and
students are asked to explain their solution in writing.
The science test is designed to measure student achieve-
ment in five areas: physical science, life science, earth
and space science, science and the environment, and
science as inquiry. Included are multiple-choice ques-
tions that assess concepts and skills in all five areas,
short answer questions that assess the four content
areas, and a comprehensive science task that assesses
students’ ability to engage in scientific inquiry.

Results

Teachers also completed survey questions to help
describe the type and duration of the professional
development in which they participated. The survey
included five questions about the extent to which
teachers engaged in different types of professional
development. For each type of professional develop-
ment, teachers were asked to indicate how long they
engaged in the activities. The choices were not at all,
less than 2 weeks, 2 to 4 weeks, 4 to 6 weeks, or
continuing contact for 6 months or more. Table 3
includes a breakdown of the amount of time science and
mathematics teachers engaged in different types of
professional development. Itisinteresting tonote thata
slightly higher percentage of science teachers engaged
in no professional development at all.

Regression analyses were conducted separately
for both science and mathematics teachers. In addition,
two different regression analyses were run on both
science and mathematics teachers; one using teachers’
scores on the curriculum and instruction scale as the
dependent variable and one using student achievement
asthedependent variable. The independent variables in
all regressions were the five types of professional
development (i.e., immersion, curriculum implementa-
tion, curriculumdevelopment, examining practice, and
collaborative work). These analyses allowed an exami-
nation of the extent to which the five types of profes-
sional development were predictive of the use of
standards-based curriculumand instructionand student
achievement in science and mathematics.

The first two regressions were designed to exam-
ine the relationship between the different types of
professional development and teachers’ use of stan-
dards-based curriculum and instruction. (See tables 4
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Table 3

Percent of Science and Mathematics Teachers Engaged in Different Types of Professional Development

Science Teachers Mathematics Teachers

Typeof Professional Development Duration (percent) (percent)
1. Immersion: Immersioninto solving None 62% 55%
scientific problems or experiences in <2 weeks 23% 28%
the day-to-day work of scientists 2-4 weeks 1% 2%
4-6 weeks T 6%
Continuing ™% %
2. CurriculumImplementation: learning, None 18% 10%
using and refining use of instructional <2 weeks 3% 46%
materials in the classroom. 2-4 weeks 17% 12%
4-6 weeks %% 13%
Continuing 20% 18%
3. CurriculumDevelopment: Creating None 28% 16%
new instructional materials and <2 weeks 28% 41%
strategies to better meet the learning 2-4 weeks 13% 12%
needs of students. 4-6 weeks 13% 17%
Continuing 19% 14%
4. Examining Practice: Case discussions None 40% 33%
of classroom scenarios or examining <2 weeks 37% 41%
student work and scoring assessments. 2-4 weeks 13% 14%
4-6weeks 6% 6%
Continuing 4% 6%
5. Collaborative work: study groups, None 37% 28%
coaching, mentoring or classroom <2 weeks 29% 35%
observation and feedback. 2-4weeks 11% 1%
4-6 weeks 9% %%
Continuing 14% 17%

and 5.) For both science and mathematics teachers it
was found that curriculumdevelopment and examining
practice were significant predictors of teachers’ use of
standards-based curriculum and instruction. Immer-
sion, curriculumimplementation, and collaborative work
were not found to be significant predictors in the model.
For science teachers the model accounted for 35% of
the variance of standards-based curriculum and in-
struction. For mathematics teachers the model ac-
counted for 18.5% of the variance.

The next two regressions were designed to examine
therelationship between the type of professional develop-
ment and student achievement. For science teachers,
none of the different types of professional development
were significantly related to student achievement. For
mathematicsteachers, only curriculum development was

found to relate to student achievement; however, the
relationship was negative (See Table 6). Immersion,
curriculum implementation, examining practice, and col-
laborative work were not found to predict studentachieve-
ment. The model accounted for 16% of the variance of
student achievement.

Discussion

This study provides a unique look at the impact of
professional development on student achievement.
The results suggest that for both science and
mathematics teachers participation in two types of
professional development, namely, examining practice
and curriculum development, are related to the use of
standards-based instructional practice. Immersion,
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Table 4

Science Teachers’ Duration of Different Types of Professional Development Regressed on Standards-

Based Curriculum and Instruction

Type of Professional
Development B
Step 1
CurriculumDevelopment 237
Step 2
CurriculumDevelopment 176
Examining Practice 180

Note. R°= 28 for Step 1; R?= 35 for Step 2 (*p <.05)

Standard

ErrorB Beta p-value
043 528 000*
046 393 000*
062 297 005*

Table 5

Mathematics Teachers' Duration of Different Types of Professional Development Regressed on Standards-

Based Curriculum and Instruction

Typeof Professional

Development B
Step 1
Examining Practice 189
Step 2
Examining Practice 128

CurriculumDevelopment 009

Note. R*= 149 for Step 1; R*=.185 for Step 2 (*p < .05)

Standard

ErrorB Beta p-value
047 .386 000*
055 262 021*
046 225 047*

Table 6
Mathematics Teachers' Duration of Different Types of Professional Development Regressed on Student
Achievement.

Typeof Professional Standard

Development B Error B Beta p-value

Step 1

Curriculum Development

-5.991 2.109 -406 007*

Note. R *= .16 for Step 1 (*p <.05)

curriculum implementation, and collaborative work
were not found to relate to teachers’ use of standards-
based instruction. These results appear to parallel
previous research on this issue.

In terms of examining practice, Desimore, Por-
ter, Garet, Yoon, and Birman (2002) found that
professional development focused on examining spe-
cific teaching practices can increase the use of those
practices. For example, examining practice through
the use of case discussions and teacher narratives has

been found to alter teaching practices (Barnett, 1998;
Schifter, 1996).

Inaddition, previous research suggests that the use
of professional development focused on student think-
ing can be helpful for instruction designed to improve
student understanding of mathematics concepts
(Fennema et al., 1996). These findings and the results
of the present study appear logical. One would expect
that having teachers examine their instructional prac-
tice would lead to changes in those practices.
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The positive relationship between engaging in
curriculumdevelopment and standards-based instruction
ismore difficult to explain, especially since curriculum
implementation was not found to relate significantly to
instruction. One explanation for this finding is that
participation in curriculum development is selective,
and only the more skilled teachers tended to engage in
suchactivity. Additionally, professional development
that is coherent with the daily environment of schools
has been found to enhance practice (Garet, Porter,
Desimone, Birman & Kwang, 2001). It has also been
suggested that professional development should occur
in the context of the daily work of teachers so that
enhanced knowledge and skills can be validated in
classrooms (Mewbom, 2003).

The teachers in the present study were likely to be
involved in more local school-based curriculum
development that was coherent with and that occurred
within the contextof their own schools and classrooms.
For example, at one of the schools the teachers were
involved in the development of curriculum materials to
analyze their own local water resources. This situation
may have produced more ownership on the part of
teachers and better implementation and impact. The
idea of ownership and coherence also helps to explain
why curriculum implementation professional
development did not relate to standards-based
instruction. The teachers may have been expected to
implement a curriculum they did not “own,” which
might not fit with their setting or students. Also, the
teachers may have been reluctant to fully implement or
may not have had the skills to implement as intended.
This corresponds to ideas about the impact of
empowerment inthe literature (Louis, Marks & Kruse,
1996; Newmann & Associates, 1997).

Ferrini-Mundy (1997) pointed out that teachers
need to be part of the process. Ultimately, teachers
make the choice to implement or not. One way to get
their ownership is to have them plan the changes.
Tyack and Cuban (1995) favored a reform model that
attempts to work from the “inside-out” by enlisting the
skills of classroom teachers as key players in reform.
Fullan and Miles(1992) also emphasized thatultimately
change is always implemented by teachers in the
classroom. Successful reform, according to Fullan
(1991), requires that the change be viewed by the
teachers as relevant to the needs of the school, that
teachers be ready for change, and that teachers have
the necessary resources to support change. Reform is
local and ultimately controlled by teachers in the
classroom; hence, ownership is essential.

Previous research also shows that ownership may

be necessary for proper curriculum implementation. In
a longitudinal study of curriculum implementation in
high school science, Lawrenz, Huffman, and Lavoie
(2001) reported that the schools where teachers
instigated and pursued reform for their own sake were
able to sustain the reform more than schools where the
change was forced upon the teachers. More research,
however, is needed to better understand the complex
relationship between curricular implementation and
mstructional practice in mathematics and science,

Immersion and collaborative work were also not
found to relate to standards-based instructional prac-
tices. Immersion is likely to have more of a long-term
and amorphous effect, rather than relate directly to
instruction or achievement. Many of the professional
development activities that immerse teachers in the
real-world of scientists or mathematicians strive for
better understanding of the nature of science and
mathematics and the complexity of the process, rather
than skills or knowledge that can be directly applied to
the classroom. The results might be apparent over time
as teachers change their perspectives about science or
mathematics, but one is unlikely to see an immediate
impact on instruction or student test scores. Collabora-
tive work is also highly recommended, but as with
immersion it can be more amorphous and unfocused. In
fact, Gerhart et al. (1999) found that professional
development aimed merely at collaboration without a
specific focus on topics such as student thinking, con-
tent, or curriculum was not as effective. Having teach-
ers meet and discuss may be valuable, but it is not
always focused on instructional practice and, as a
result, may not strongly relate to instruction.

In terms of student achievement, only curriculum
development for mathematics teachers was found to
relate to student achievement. Mathematics teachers
with students who have lower achievement were found
to engage in more long-term curriculum development.
One explanation is that these mathematics teachers
may have engaged in more curriculum development
because they had students who were low achieving and
unresponsive to the traditional curriculum, and they
strove to find and create something better. This is good
news in that it appears the statewide system of profes-
sional development isreaching the teachers in most need.

On the other hand, teachers with students who
have higher achievement do not appear to be engaged
in as much long-term professional development. Their
students are already doing well on achievement tests,
and as a result, these teachers do not necessarily have
as much motivation to engage in curriculum develop-
mentor change what theyare doing. Additionally, many
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other factors unrelated to the classroom and profes-
sional development affect student achievement. In this
study curriculum development accounted for 16% of
the variance of student achievement, suggesting that
other factors account for more of student achievement.
Previous research suggests that variables such as
professional community, decentralized and expanded
leadership, supportive school structures, and increased
parental and community involvement can all signifi-
cantly affect student achievement (Louis et al., 1996;
Newmann, 1997; Stringfield, 1995). More research is
needed on engaging teachers in curriculum develop-
ment and its impact on student achievement.

Overall, theresults of this study add to the literature
regarding the impact of professional development.
Althoughthe different types of professional development
investigated in this study are all recommended as
examples of high quality enhancement for teachers, it
is. informative to find that examining practice and
curriculum development are most predictive of
standards-based instruction. It isalso important to note
that this finding was apparent for both science and
mathematics teachers. However, there appears to be
only a weak relationship between these types of
professional development and student achievement on
state exams. While professional development is often
touted as the key to science and mathematics education
reform, it appears that professional development for
individual teachers is not enough.

Sparks (2002) espoused a three-part premise related
to professional learning. First, quality teaching can
enhance student learning; second, akey factorin quality
teaching is the professional learning of teachers and
principals; and third, the structure and culture of the
school environmentare critical to enhancing the impact
ofprofessional learning,

One could argue that the focus should be on school-
wide reform rather than on individual teachers. Using
the school as the unit of change takes into consideration
that student success is affected by more than the
individual science or mathematics teacher. School
structure and culture, school leadership, human
resourcesand support, and the professional community
are all important factors that need to be considered in
efforts to improve student achievement. More research
1s needed to better understand how these various
systemic reform factors interrelate with professional
development and student achievement. Although such
systemic reform is difficult to create, it may be one of
the most important means of truly reforming science
and mathematics for all students.
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Appendix
Items on the Teacher Survey

Curriculum & Instruction Scale

How often do students: (rarely or never, once a month, once a week, 2-3 times a week, daily)

1. Participate in student-led discussions.

2. Participate in discussions to deepen science/math understanding.
3. Make formal presentations to the class.

4. Read from a science/math textbook in class.

5. Read other science related material.

6. Work on solving real-world problems.

7. Share ideas or solve problems with each other in small groups.
8. Engage in hands-on science/math activities.

9. Follow prescribed steps in an activity or investigation.

10. Record, represent and/or analyze data.

11. Complete worksheets that emphasize mastery of essential skills.
12. Prepare written science/math reports of at least three pages.
13. Write reflections in a notebook or journal.

14. Describe what they know about a topic before it is taught.

15. Use community resources in the classroom.

16. Use calculators or computers to solve science/math problems.
17. Document and evaluate their own science/math work.
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