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ABSTRACT: *When compared with high-achieving countries around the world, the
U.S. appears to be significantly behind in providing certa,in kinds of professional
learning opportunities” (Wei, Daring-Hammond, Andree, Richardson, & Orphanos,
2009, p. 39). The present study was designed to investigate the relationship
between sustained, targeted professional development in mathematics a‘r\d
student performance in the United States and in the high-achieving countries
listed in the Third International Mathematics and Science Study. The research fpr
this study involved teachers and students in a consortium of school districts in
the state of Ohio, formed to meet the challenge of closing the achievernent gap in
mathematics and science for students in the United States. The findings indicage
that professional development can be seen as a significant contributing factor in
the learning cycle and that sustained, targeted professional development has a
positive effect on student achievement.

y ‘ The purpose of this article is to examine the effects of international
‘ w studies of student achievement in mathematics and science on
changes in professional development and teaching and learning in selected
public schools in the United States.

In August 1997, the Martha Holden Jennings Foundation of Cleveland,
Ohio, sponsored a leadership retreat in which public school superintendents,
members of the Ohio Department of Education, and community leaders
reviewed the findings of the 1995 Third International Mathematics and
Science Study (TIMSS). These education leaders found that U.S. public
schools’ curriculum lacked focus, depth, coherence, and rigor and that most
textbooks were too broad, covering too many topics with no real depth. They
also found that the achievement levels of students in the United States were
significantly lower than they were for students in peak-performing countries
like Singapore, Korea, Japan, Ifong Kong, Belgium (Flanders), the Czech
Republic, the Slovak Republic, Belgium (French), Switzerland, France, Hun-
gary, the Russian Federation, and Ireland. Following the retreat, a group of
public school superintendents formed a consortium of urban, suburban, and
rural school districts to continue a discussion of the TIMSS results and what
implications they might have for student achievement in their school dis-
tricts—thus, the start of the SMAR'T Consortium (Science and Mathematics
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Achievement Required for ‘Tomorrow). The goal of the consortium was to
“promote continuous improvement in mathematics and science achieve-
ment by bringing school districts together to capitalize on diversity, share
resources, build capacity in the region, develop powerful practices, improve
instructional strategies, align curriculum, and share instructional materials”
(Williams, Tabernik, & Krivak, 2008, p. 439). The Ohio Aerospace Institute
agreed to host the consortium and act as the fiscal agent, whereas the Jen-
nings Foundation provided the initial operating funds.

When the consortium began, it included more than §,000 math and sci-
ence teachers working with more than 225,000 students, more than 40% of
whom were minorities. The member school districts from northeast Ohio
included the Cleveland Metropolitan School District, suburban districts, and
rural districts. The Ohio Department of Education ratings for these districts
ranged from effective (the highest rating) to academic emergency (the lowest).
Analysis of the TIMSS results raised concerns about U.S. teachers’ content
knowledge and how their deficiency in such knowledge might affect student
scores in terms of content, cognitive domain, and achievement. Understand-
ing that teacher training in the United States was markedly different from
that in peak-performing countries—in both depth of content and breadth of
pedagogy—the superintendents focused on improving the teaching-learning
cycle by investing in their teachers (Wei, Darling-Hammond, Andree, Rich-
ardson, & Orphanos, 2009):

When compared with high-achieving countries around the world, the U.S.
appears to be significantly behind in providing certain kinds of professional
learning opportunities. The differences are especially marked with respect to ob-
servational visits to other classrooms and schools, collaborative action research,
and regularly scheduled collaboration among teachers on issues of instruction.

(p. 39

Information from the TIMSS became the foundation for one of the basic
tenets of the consortium—that is, to create and deliver targeted sustained
professional development to the teacher. SMART superintendents believed
that their teachers needed to engage in professional development to increase
their knowledge of content and pedagogy. They believed that professional
development was essential in meeting the consortium goal of reducing the
failure rate on the state mathematics and science tests by 50% in 7 years.

Over the next 10 years after the birth of SMART, more than 500 adminis-
trators and 3,600 teachers participated in SMART professional development
opportunities in mathematics and science. Examination of state assessment
data for consortium districts showed a decrease in failure rates over time.
The Ohio assessment data appeared to indicate that students were perform-
ing at increased levels from year to year. A review of reports of the TIMSS
results from the 2003 and 2007 test administrations also noted improvement
in the scores for U.S. students but not enough to substantially reduce the
gap between the United States and peak-performing countries (Gonzales &
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supports a link between participation in high-quality professional develop-
ment and student achievement. These researchers found that high-quality
professional development can serve to increase teachers’ content knowledge,
their understanding of pedagogy, and their basic effectiveness over time.
Fullan (1993) and Stigler and Hiebert (1999) found that professional devel-
opment can be a powerful tool for reculturing the teaching profession and
promoting teacher learning, thereby rewriting the scripts of what cffective
teaching is and thus increasing student learning. Others, such as Garet and
colleagues (2001), Birman, Desimone, Porter, and Garet (2000), and Rog-
ers and colleagues (2007), found that teachers need and want to learn more
about the actual subject area content they teach. They found that teachers
enjoy being challenged and that they prefer professional development that is
focused on deepening their understanding of concepts and skills, as well as
on how to deepen similar understandings for their students. Ball and Cohen
(1999), Killion (2002b), and Thompson and Zeuli (1999) found cognitive
dissonance to be another key ingredient for effective professional develop-
ment. They pointed out that the highest-quality professional development
challenges teachers to change their behavior by presenting them with a better
practice. The teachers then come to understand the basis of effective change
and the importance of replacing a current practice with a better one.

The Study

This study of the effects of professional development on mathematics achieve-
ment has the potential to reinforce the value of professional development
targeted to increasing mathematics content knowledge and to understanding
instructional strategies that support standards-based education. In addition,
the study can provide school districts and the federal government with evi-
dence to support the investment of funds to promote teacher participation in
sustained, targeted professional development as a means to positively affect
student outcomes.

An analysis of variance and a Level 2 hierarchical linear model were used
to explore the relationship between teacher participation in sustained, tar-
geted professional development in mathematics and student performance on
the Ohio Achievement Test for Mathematics (OATM). Sixty-nine teachers
were selected for this study from those who had participated in mathematics
professional development through the SMART Consortium between June
2004 and April 2007, More than 4,100 OATM test histories were retrieved
for students of the selected teachers. Results indicated a positive relationship
between teacher participation in sustained, targeted professional develop-
ment and student achievement on the OATM. Teacher participation in
a minimum of 90 hours of professional development, years of experience,
and certification in mathematics were all significant predictors of student
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performance on the 2007 QOATM. Teacher participation in professional
development and teacher certification in mathematics were associated with a
narrowing of the gap between male and female students with regard to level
of improvement in student performance on the OATM from 2006 to 2007,
Finally, teacher background in mathematics was associated with a narrow-
ing of the minority achievement gap with regard to level of improvement
in scores over the 2-year period. Professional development, as shown in this
study, can serve to enhance teacher characteristics, adding value to student
learning and supporting increased student achievement.

Research Questions

The study was designed to include both a quantitative and a qualitative com-
ponent. The quantitative portion of the study investigated the relationship
between sustained, targeted professional development and passage rates on
the 2007 OATM, student standard scores on the OATM, and the level of im-
provement in student standard scores on the OATM from 2006 to 2007. The
qualitative part of the study revealed teachers’ and administrators’ thoughts
on effective professional development and its effect on student learning.

The study compared the achievement levels of two groups of students. The
first group was assigned to teachers during the 2007-2008 school year who
had participated in more than 90 hours of targeted professional development
tthugh the SMART Consortium during the course of three school years,
This group was compared to students whose teachers participated in fewer
than 90 hours of professional development during the same period. The
s.tu.dy examined whether or not there was a relationship between teacher par-
ticipation in professional development and the following student outcomes:
increased student proficiency rates, individual student scores on the 2007
OATM, and the level of improvement in student scores on the OATM from
2006 to 2007.

The research questions for the study were as follows:

"To what extent does teacher participation in sustained, targeted professional
development in mathematics predict student passage rates on the 2007
OATM?

"To what extent does teacher participation in sustained, targeted professional
development in mathematics predict

* individual student outcomes in terms of student performance at the pro-
ficient level or above on the 2007 OATM?

*a chan.ge in the gender gap with regard to student performance at the
proficient level or above on the 2007 QA TM:?

* achange in the minority achievement gap with regard to student perfor-
mance at the proficient level or above on the 2007 QOATM?
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To what extent does teacher participation in sustained, targeted professional
development in mathematics predict

* the level of improvement in student performance on the OATM from
2006 to 2007 for students assigned to the teachers’ classes in 20077

* a change in the gender gap with regard to level of improvement in
student performance on the OATM from 2006 to 2007 for students as-
signed to the teachers’ classes in 2007?

* a change in the minority achievement gap with regard to level of im-
provement in student performance on the OATM from 2006 to 2007
for students assigned to the teachers’ classes in 20072

What views do teachers and administrators hold with regard to the value and
benefits of professional development related to student achievement and

personal growth?

Data Sources

This study udlized four data sources. The first was an electronic database
secured from the SMART Consortium, which comprised the names of educa-
tors from more than 58 school districts who had participated in professional
development sponsored by the consortium over the last 7 years. The database
included the names of educators (teachers and administrators) and addresses,
phone numbers, e-mail addresses, school districts, building assignmet)ts,
grade-level assignments, subject area assignments, and hours of participation
in professional development activities sponsored by the consortium over each
of the past 5 years. The researcher (Tabernik, A. M.) had firsthand knowledge
of the quality of the professional development opportunities sponsored by the
SMART Consortium during the period under consideration, having attended
most sessions. Sixty-nine teachers consented to be participants in the study.

The second data source was student test history and demographic data
provided to school districts by the Ohio Department of Education. Some
local school districts store their own data, whereas smaller districts contract
with an A-site to manage and store data. Fourteen school districts were asked
to provide student demographic information and OATM individual scaled
scores for the 2006 and 2007 test administrations (also for the 2005 test ad-
ministration, when available) for students assigned to the mathematics classes
of the teacher participants during the 2006-2007 school year.

A survey instrument served as the third data source. This survey was
needed to supplement and update the SMART Consortium database with
information about the teachers included in the sample. The survey was sent
to 159 teachers. Students were not asked to complete any surveys or fill in
any forms.

"T'he fourth data source comprised a combination of six teacher participants
and their supervising administrators and superintendents, who were invited
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to participate in individual interviews in an effort to provide further insight
into the role of professional development in our schools. The 11 participants
were asked to do the following: describe high-quality mathematics profes-
sional development, identify the components of this type of professional
development, discuss the role that professional development plays in promot-
ing increased student achievement in mathematics, describe the relationship
that exists between participation in professional development and student
OATM scores, and describe the role that professional development plays in
their professional growth,

Data Collection

In sum, 159 teachers were invited to participate in the study on the basis of
their level of participation in mathematics professional development activi-
ties sponsored by the SMART Consortium during the period of July 1, 2004,
through April 30, 2007. All the teachers were listed in the database as the
teachers of record for students in Grades 4-8. OF this population, 50 teach-
ers (31.5%) were identified as having participated in a minimum of 90 hours
of mathematics professional development through the SMART Consortium
and were identified for inclusion in Group A. The remaining 109 teachers
(68.5%) were identified as having participated in fewer than 90 hours of
mathematics professional development through the SMART Consortium
and were identified for inclusion in Group B.

Of the original 159 teachers solicited for inclusion in the study, 51 (32.1%)
were eliminated for a variety of reasons, including not being listed as the
teacher of record for mathematics in 2007, no district consent to use student
data, and no teacher consent to participate. The population of teacher partici-
pants for the study was finalized to include 33 in Group A and 36 in Group B.
Demographic information for the selected teachers, as well as records of their
participation in professional development sessions from July 1, 2004, through
April 30, 2007, were retrieved from the SMART Consortium database. The
69 teachers had class rosters consisting of 3,817 students in a total of 212
class sections. The sample of teachers represented 46 school buildings in 11
school districts (1 rural school district, 4 urban/ first-ring school districts, and
6 suburban school districts).

‘Teacher participants for the qualitative portion of the study were selected
from those in the quantitative portion. Their principals and central office
administrators were then identified and invited to participate in the interview
process. Eleven participants were interviewed.

This research was designed to study the relationship between teacher
participation in targeted professional development in mathematics provided
over a 3-year period and student performance on the OA'TM. Teacher par-
ticipation in SMART Consortium professional development in mathematics
ranged from 0 hours to 198 hours, with a total of 4,455 hours of participation
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recorded for all the participants over the 3-year period under consideration,
Teachers in Group A participated in an average of 123 hours of professional
development through the SMAR'T” Consortium, whereas teachers in Group
B averaged 17 hours of professional development through the SMAR'T Con-
sortium. Participation in mathematics professional development outside the
SMART Consortium ranged from 0 hours to 283 hours, for an aggregate of
1,499 hours for all teachers in the sample. Teachers in Group A participated
in an average of 30 hours of outside professional development, and teachers
in Group B participated in an average of 13 hours.

A total of 4,125 test histories were retrieved for students assigned to the
classes of the 69 teachers in the study, which resulted in a total of 7,634 scaled
scores for consideration. The student population was determined by the
grade level of the teacher participants and was almost evenly divided between
men (49.8%) and women (50.2%). The majority of the students (80.4%)
were nonminority students. The grade-level distribution of students was as
follows: 30.2% in eighth grade during the 2006-2007 school year, 24.1% in
seventh grade, 19.2% in sixth grade, 8.3% in fifth grade, and 18.2% in fourth
grade. Forty-one percent of the students in the study were from districts
where less than 15% of the students were identified as being economically
disadvantaged; 49% of the students were from districts with 30% to 40% of
the student population being identified as economically disadvantaged; and
the remaining 10% of the students were from districts where 50% to 75% of
the students were identified as being economically disadvantaged.

Findings
Finding 1

An analysis of variance revealed that teacher participation in 90 or more
hours of professional development was associated with a higher student pas-
sage rate on the 2007 OATM. In addition, teachers with a major or minor in
mathematics were predicted to have a higher student passage rate than their
colleagues. When these same teachers with the background in mathematics
participated in 90 or more hours of professional development, passage rates
for their students were predicted to be even higher.

Finding 2

As based on a Level 2 hierarchical linear model, the analysis showed that
student outcomes (expressed as standard scores) were predicted to be higher
for students assigned to teachers who participated in 90 or more hours of pro-
fessional development and teachers who were certified to teach mathematics.
Increased years of teaching experience were associated with higher standard
scores for students on the 2007 OATM. If these teachers with more years of
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experience participated in a minimum of 90 hours of professional develop-
ment, their students’ scores were predicted to be even higher.

Finding 3

‘Teacher participation in sustained, targeted professional development was
associated with a slight narrowing of the gender gap, although not statisti-
cally significant at the .05 level. When examined by gender, none of the other
teacher-level variables were significant predictors of a change in the gap of
student performance. Teacher participation in 90 or more hours of targeted
professional development and teacher certification in mathematics were as-
sociated with a narrowing of the gap between male and female students with
regard to level of improvement in student performance on the OATM by
about one tenth of a standard deviation. Teacher experience was associated
with a slight widening of the gender gap by increasing the level of improve-
ment for female students more so than male students. The female students
appeared to benefit from teacher years of experience more than the male stu-
dents did, widening the achievement gap between the two groups. There was
no relationship between teacher background in mathematics and the level of
improvement in performance between male and female students.

Finding 4

‘Teacher-level variables, as measured by years of experience, certification in
mathematics, and background in mathematics, were not significant predictors
of narrowing or widening the minority achievement gap. Participation in pro-
fessional development was associated with a narrowing of the achievement gap
between minority and nonminority students but not at a statistically significant
level. Teacher certification in mathematics was associated with a widening
of the minority achievement gap such that there was a one-third-standard-
deviation increase in the level of improvement in performance for nonminority
students whose teachers were certified to teach mathematics. However, teacher
background in mathematics was associated with a narrowing of the minority
achievement gap in that there was about one-fourth-standard-deviation re-
duction in the performance gap between nonminority and minority students,
There was no relationship between the factors of years of experience and
teacher participation in professional development and the level of improve-
ment in student performance on the OATM from 2006 to 2007.

Finding 5

Teacher participation in sustained, targeted professional development in
mathematics was a significant predictor of increased levels of improvement
in student performance on the state assessments.



Diaconu, 2004). The upward trend in student scores exhibited in the con-
sortium districts appeared to mirror the performance of U.S. students in the
1995 and 1999 rounds of TIMSS assessment.

The administrators of the SMART Consortium believed that a positive
relationship existed between participation in their professional development
programs and student increases in mathematics achievement. However, the
superintendents asked for concrete, significant proof of the benefits of
professional development with regard to increasing student achievement
as evidenced by state assessment data. T'o find this proof, the director of
professional development for the SMART Consortium designed a study to
examine quantitative and qualitative data from a subset of the consortium
member school districts. The purpose of the study was to examine the value
of sustained, targeted professional development in mathematics. Value in
the context of this study was to demonstrate the importance of such devel-
opment to teachers, their students, their schools, the school districts, and
the entire community.

No Child Left Behind (NCLB), signed by President Bush on January
8, 2002, set into motion a program of historic educational reform that
increased the level of accountability for student achievement results. One
motivation for the NCLB legislation was based on data from continuous
student assessments in participating countries that consistently indicated
low achievement by students in the United States. The U.S. Department of
Education devoted an entire website to the pros and cons of this legislation,
noting that “No Child Left Behind puts special emphasis on determin-
ing what educational programs and practices have been proven effective
through rigorous scientific research” (http://www.ed.gov/policy). Federal
funding has been targeted to support these programs and the teaching
methods that work to improve student learning and achievement. This
legislation reiterates what some researchers believe—namely, that our best
shot to increase student achievement in schools is to improve teaching by
bridging the gap between standards-based reform and teacher training
(Elmore, 2002; Garet, Porter, Desimone, Birman, & Kwang, 2001; Gus-
key, 2002; Shaha, Lewis, O’Donnell, & Brown, 2004). Section 2213.C7 of
NCLB provides funding for states to carry out activities focused on “de-
veloping systems to measure the effectiveness of specific professional de-
velopment programs and strategies to document gains in student academic
achievement.” Through NCLB, legislators are taking a hard look at quality
professional development and asking a question many have investigated be-
fore: whether the investment of federal funds for professional development
really yields any tangible payoffs for students (Guskey, 1995). Teachers can
no longer view professional development as an entitlement of the job or a
service routinely provided by school districts.

NCLB’s adequate yearly progress provision spotlights student achieve-
ment in reading and mathematics and underscores the need for “highly

qualified” teachers possessing the necessary skills to provide students with
high-quality learning experiences. A major challenge today for many districts
in Ohio, in light of the rigors of NCLB, is how to meet the need to support
teacher growth with limited funding. District budgets continue to increase
while state financial support for schools continues to shrink and taxpayers
demand relief from increasing property taxes. The funding crunch escalates
the urgency of determining financial priorities so that teachers can increase
their content knowledge, stay abreast of research on teaching and learning,
and implement best practices in standards-based instruction while meeting
the needs of an increasingly diverse student population. So if a district is
to set aside funds for professional development, the expectation is that the
expenditure will directly and positively affect student learning, which raises
a number of basic questions: What proof is there that a link exists between
student achievement and professional development? Why should precious
dollars be set aside for teacher learning? Do students really benefit from
their teachers’ participation in professional learning activities? In the end, if
such a relationship does exist, school districts can feel confident that invest-
ing dollars in professional development is as important as funding any other
instructional or support program.

One of the criticisms of the NCLB legislation is the lack of funding for
professional development and other improvements needed to increase stu-
dent achievement. In fact, NCLB may not be renewed unless the federal
government can find the funds to adequately retrain the teachers so that
every child has a highly qualified teacher. Many school boards believe that
the professional development practices in their schools are poor quality and
basically prove to be a waste of time and money. One of the major criticisms
of professional development cited by teachers is the onetime nature of most
sessions—“blow in, blow up, and blow out”—which tends to support the
thinking expressed by some board members that money spent on professional
development is generally wasted. This may be why many boards of education
see no relationship between professional development and improvements in
teaching and learning. One of the purposes of this study, then, was to deter-
mine if a statistical and significant relationship exists.

Research has suggested a complex relationship between teacher par-
ticipation in professional development and increased student achievement
(Darling-Hammond, 1997; Guskey, 2000; National Staff Development
Council, 2001; Sparks, 2002; Wenglinsky, 2002). Guskey and Sparks (1996)
explored this possible link and noted that “although the relationship between
staff development and improvement of student learning is complex, it is not
random or chaotic” (p. 37). Killion (2002a) supported this view and pointed
out that finding the link between professional development and student
achievement is challenging and essential to pursue if we are to improve our
schools. Research by Darling-Hammond (1997), Garet, Birman, Porter,
Desimone, and Herman (1999), Sparks (2002), and Wenglinsky (2000)
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Finding 6

The views of teachers and administrators varied widely with regard to the
value of professional development related to increasing student achievement
and fostering personal growth. There was a sense that the administrators and
superintendents generally spoke with their public voices, which reflected their
awareness of speaking on tape for a study to be read by others. However, this
same level of collegiality might have contributed to the trustworthiness of
the interview data. The teachers seemed to speak freely, share their thoughts
openly, and communicate with more of an inner voice. The teachers talked
about the need for professional development as a means of sharing experi-
ences with colleagues and learning new skills to better meet the increasingly
diverse needs of their students. In essence, teachers expressed a desire to
attend professional development sessions wherein they could walk out with
something to use the next day in the classroom—what is referred to as “imake
it-take it” professional development. Administrators, however, tended to
have a more global view of professional development, looking at it through
the lens of fostering long-term change and compensating for gaps in teach-
crs’ preservice learning rather than providing a series of stopgap activities.

The teachers expressed frustration over district professional development
activities that they perceived as “the flavor of the month,” the latest initiatives
in education, or their simply listening to the most popular speakers on the
circuit. It was difficult for teachers to articulate how their district professional
development offerings come together to drive improvement in the district.
They saw most offerings as being disjointed or targeted to address issues far
removed from their day-to-day experiences with students in class. Teachers
expressed a view of how professional development should be designed to
drive improvement, and it differed from that given by the administrators.
Administrators pointed out that district professional development initiatives
must focus on promoting improvement at multiple levels in the district. In
their view, professional development should align with the overarching goals
of the district and not necessarily with the desires of the teachers.

The teachers and administrators readily reported a belief that teacher
participation in sustained, targeted professional development in math-
ematics would lead to increased student achievement. The teachers held
faith that participation in professional development opportunities would
improve teaching and increase student achievement. The administrators
agreed with the teachers but added the caveat of requiring a level of ac-
countability for improved student performance on the part of the teachers.
All the teachers and administrators appeared to honestly believe that par-
ticipation in professional development was important for personal growth
and would continue to be a vital part of their professional lives. Their
comments reflected their desire to be lifelong learners. The teachers and
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administrators all expressed a strong belief in the power of professional de-
velopment as a means for promoting growth in themselves, their students,
and the educational system as a whole. These beliefs should provide the
support and impetus that school districts need for designing, implement-
ing, and sustaining systemic reform. At the end of each interview session,
participants were asked to provide a summary statement reflective of their
experiences and views on professional development. The teachers reiterated
their desire to participate in professional development opportunities that
provide them with concrete experiences and activities that can be replicated
in their classrooms. The administrators, however, once again commented
in more global terms about professional development.

The qualitative data obtained through the interview process provided
information about the value that teachers and administrators place on profes-
sional development as a means to support increased student achievement and
promote personal growth. The two groups viewed professional development
through different lenses, with teachers focused on what can be of immediate
use in their classrooms and with administrators tending to look at the bigger
picture for the district as a whole. These beliefs framed their comments rela-
tive to the need for professional development. Teachers expressed the view
that professional development was needed as a means to help them address
the diverse needs of today’s students, whereas administrators were more
concerned with providing teachers with content knowledge to compensate
for gaps in preservice education programs. Both groups stated they believed
that professional development should lead to increased student achievement,
but administrators sought to add a caveat that teachers should be held ac-
countable for efforts to increase student achievement. Finally, all respondents
expressed the belief that professional development must remain an important
part of their professional lives.

Recommendations for Practice

The teaching and learning cycle is complex, which is why it is imperative
that teachers become what Jacob and Lefgren (2004) called gourmet omni-
vores—that is, professionals committed to improving their knowledge and
skills through growth opportunities. Quality professional development is the
cornerstone of improving the teaching practice in high-achieving countries.
It can provide teachers with opportunities to experience cognitive dissonance,
to explore the dynamics of student learning, and to be learners themselves

(Ball & Cohen, 1999),

Professional developinent policies and practices in high-achieving nations reflect
many of the principles of effective professional learning outlined by research,
providing sustained and extensive opportunities to develop practice that go well
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beyond the traditional “one-shot” workshop approaches that are more com-
monly found in the U.S. (Wei et al., 2009, p. 28)

As such, this study found the following.

[irst, teacher participation in sustained professional development of at least
90 hours leads to improved teaching and increases in student achievement.
Teachers in Ohio need to complete a minimum of six semester hours of course-
work or 18 continuing education units (180 contact hours) related to their area
of licensure within § years to renew. The 90 hours is equivalent to one half the
required amount of contact hours needed for a teacher to renew a license.

Second, for teachers to attain the goal of increasing student achievement,
teachers will have to continue to pursue opportunities for professional growth,
develop a deeper understanding of content matter, learn new instructional
strategies, stay abreast of technology, and commit to lifelong learning. Wei
and colleagues (2009) noted that “such an approach to professional learning
has become the norm in many countries that are our competitors, but is the
exception here” (p. 39).

Third, teachers generally prefer professional development sessions focused
on activities that can actually be replicated for use in their classrooms, a view
that contrasts with professional development practices in high-achieving
countries that focus on subject area content rather than “make it-take it”
activities. U.S. administrators seemed to embrace the belief that systemic
change is possible only if professional development is designed to address
district goals instead of individual teacher interests. To the extent that the
view of administrators inadvertently limits the amount of targeted, sustained
professional development offered to teachers, the result will be similar to that
voiced by Wei and colleagues (2009): “When compared with high-achieving
countries around the world, the U.S. appears to be significantly behind in
providing certain kinds of professional learning opportunities” (p. 39).

Fourth, reform in the U.S. educational system must be targeted to address
preservice training and in-service professional development to focus on im-
proving the teaching and learning cycle through increased teacher content
knowledge and skill development. The “highly qualified” provision in NCLB
acknowledges the dynamics between teacher content knowledge and student
achievement. It is not enough for teachers to develop strong pedagogical
skills; they must also know their subject area well enough to understand how
to teach it to students.

Fifth, the opportunity-to-learn initiative being embraced in schools
across the United States will allow students to compete with those in peak-
performing countries where students can take algebra in the eighth grade,
in contrast to the majority of U.S. students, who do not study algebra until
the ninth grade. This lack of opportunity to learn among U.S. students has
negatively affected their level of achievement in mathematics, and it has
enormous repercussions for college and career readiness in the 21st cen-
tury. Chen, Reys, and Reys (2009) noted,
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Although the reasons for this are complex, educators generally agree that op-
portunity to learn . . . is a contributing (if not a major) factor. . . . Based on a
review of official curriculum documents, results of this study indicate that the
mathematics content, grade placement and cognitive level of learning expecta-
tions related to selected measurement topics vary markedly across states and
countries. This variability in learning expectations results in striking difference
in students’ opportunity to learn. (p. 1031)

School districts in the United States need to consider the examination and
adoption of nontraditional mathematics textbook programs. Manouchehri
(1998) noted, “There is a call for more emphasis in mathematics classrooms
on conceptual experiences and less emphasis on repeated computations algo-
rithms” (p. 276).

Finally, in response to the need for change, the University of Chicago ob-
tained funding from the National Science Foundation to develop a research-
based mathematics textbook series for kindergarten through' sixth grade
called Everyday Mathematics. State assessment results in mathematics from
82 school districts in the state of Ohio that adopted this textbook series re-
flected significantly higher average proficiency passage rates when compared
to the overall passage rate for students across the state. In other words, the
researchers found that achievement levels, as evidenced by increased passage
rates on the state achievement tests, were positively correlated to the use of
the Everyday Mathematics program.

Conclusion and Summary

Student achievement scores in mathematics and science are in lower quar-
tiles in international tests of student achievement—both in the United
States and in other countries. There is a growing body of research that
points out the need to change professional development practices so that
student achievement levels can be increased in these countries. Wei and
colleagues (2009) noted,

We found a number of common features characterizing professional develop-
ment practices in high achieving countries:

* Extensive opportunities for both formal and informal in-service develop-
ment;

* Time for professional learning and collaboration built into teachers’ work
hours;

* Professional development activities that are embedded in teachers’ contexts
and that are ongoing over a period of time;

* School governance structures that support the involvement of teachers in
decisions regarding curriculum and instructional practice;

* Teacher induction programs for new teachers with release time for new teach-
ers and mentor teachers, and formal training for mentors. (p. 18)
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Although no direct causal effects were found in Wei and colleagues’ tech-
nical report, low-achieving countries should exam their professional devel-
opment practices—namely, the United States, the Slovak Republic, Spain,
Norway, Luxembourg, Italy, Portugal, Greece, Turkey, and Mexico. These
countries achieved the lowest scores on the international student achieve-
ment assessment entitled the “Programme for International Student Assess-
ment 2006: Science Competencies for Tomorrow’s World.”

Student achievement in the United States lags behind the peak-performing
countries of the world. This is particularly true in the areas of mathematics
and science. Professional development practices among the peak-performing
countries is more sustained and more targeted to building teacher content
knowledge, in contrast to most professional development offered in the
United States. This study found that sustained and targeted professional de-
velopment leads to increased student achievement in mathematics, as demon-
strated by student performance on one state’s achievement tests. The study
reinforces the findings reported in Wei and colleagues’ technical report re-
garding professional development among high- and low-achieving countries,
and it has implications for school districts across the United States. The na-
tion’s goal to leave no child behind can be achieved only if every student has
a highly qualified mathematics teacher in the classroom every day, in every
school across the land. E
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