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ABSTRACT 

 

In 1996, the National Commission on Teaching and America�s Future 

proposed the creation of �stable, high-quality sources of professional development� 

(NCTAF, 1996). Schools and districts encourage teachers to engage in professional 

development in order to improve teacher effectiveness. However, the empirical 

evidence is mixed regarding the effectiveness of professional development as a tool 

for improving student outcomes. Using fifth-grade data from the Early Childhood 

Longitudinal Study-Kindergarten Cohort, this paper explores the relationships 

among teacher characteristics, professional development, and student achievement. 

In a probit model predicting professional development participation, higher 

educational levels significantly decrease the probability of taking math professional 

development, while taking additional courses in math methods increases that 

probability. With a two-stage least-squares approach, additional hours of math 

professional development have no bearing on a student�s math test scores. 
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Chapter 1.  Introduction 

In 1996, the National Commission on Teaching and America�s Future produced 

a report entitled �What Matters Most: Teaching for America�s Future.� The report 

proposed the following goal, to be accomplished by 2006: �provide every student in 

America with what should be his or her educational birthright: access to competent, 

caring, qualified teaching in schools organized for success.� Ten years later that goal 

has not been achieved. 

The report starts from the premise that �what teachers know and can do is the 

most important influence on what students learn.� Educational research substantiates 

this claim (e.g., Desimone, Smith, and Ueno, 2006; Kent, 2004; Parsad, Lewis, Farris, 

and Greene, 2001). In turn, ongoing training, in the form of mentorship or professional 

development, has an important influence on what teachers know and can do. The 1996 

report and the U.S. Department of Education support professional development as an 

avenue to strengthen teachers� knowledge and expertise (Wilson and Berne, 1999). 

The U.S. Congress and the U.S. Department of Education created policies 

mandating a minimal level of quality for all teachers because of their role in improving 

student outcomes. In 2001, Congress passed the No Child Left Behind Act, which 

required all teachers to be �highly qualified,� a strategic policy aimed at improving 

student outcomes. As part of improving student achievement, NCLB focuses on 



 

2 

improving teacher quality. Some of the strategies employed by the Department to 

develop teacher expertise are the Promising Practices Initiative and the Teacher-to-

Teacher Initiative (U.S. Department of Education, 1998; U.S. Department of 

Education, 2006). The Promising Practices Initiative commissions research to discover 

effective practices for improving educational outcomes of students. The Teacher-to-

Teacher Initiative holds regional workshops where teachers educate one another on 

effective teaching practices. Both of these initiatives assume the worth of professional 

development in developing teacher expertise. 

This paper investigates which teachers are more likely to participate in 

professional development, and whether higher levels of participation affect student 

outcomes. Using data from the Early Childhood Longitudinal Survey (ECLS-K), I 

explore characteristics that may motivate teachers to participate in professional 

development. I then consider whether participation levels have any effect on student 

achievement. 
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Chapter 2.  Background 

As teachers have a significant role in a child�s academic achievement, 

increasing achievement may be a function of improving teacher quality. Both 

policymakers and researchers have concluded that professional development is a 

necessary component of improving this teacher quality.  

Schools and districts encourage teachers to engage in professional development 

in order to improve teacher effectiveness. Researchers have explored the benefits of 

professional development courses and which ones are the most successful. The 

following sections look at the importance of teacher quality, define professional 

development, and consider how professional development affects students. 

Importance of Teacher Knowledge 
Numerous studies provide evidence that teachers significantly contribute to 

student achievement. Indeed, a teacher�s background is more important to student 

learning than student characteristics and school inputs (Darling-Hammond, 1999; 

Greenwald, Hedges, and Laine, 1996), including class size, spending per pupil, and 

teacher salaries. 

Drawing from employee performance literature, Rowan and colleagues (1997) 

examined data from the National Educational Longitudinal Study (NELS: 88) to 

discover how teachers affect student achievement. They found three factors that help 
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explain the relationship: teacher ability and knowledge, teacher motivation, and work 

situation (including class size, collaboration opportunities, etc). Specifically, several 

variables have a positive relationship with student achievement in math: teachers 

having a math degree, teachers� score on the math quiz (included in the NELS: 88), 

and the number of high level math classes taken. Hill and colleagues (2005) obtained 

similar results with a separate sample of students (1,190 first graders and 1,773 third 

graders): teachers� math knowledge is significantly positively related to student 

achievement in math. These studies provide support that teachers with more 

knowledge in a subject area are positively related to student test scores. 

What Is Professional Development? 
The aforementioned research indicates that teachers are an important part of 

student learning, however not every teacher arrives on the job with the same amount of 

knowledge and skills. Professional development not only addresses this knowledge 

gap, but also enhances the knowledge of the teachers who are prepared. In her 

literature review of professional development, Kent (2004) found that it is a cost 

effective way to improve the quality of teachers and thereby improve student 

achievement. She cited a paper that defines professional development as �the process 

of improving staff skills and competencies needed to produce outstanding educational 

results for students.� As opposed to college courses or preservice education, 
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professional development occurs while the teacher is actively teaching. The diverse 

workshops and courses offered under this definition can last a day or up to a year, and 

might cover any one of a number of content areas, general teaching skills, or specific 

pedagogy for a content area. They may skim the surface of a subject or cover it in 

depth and detail. They may be offered by school districts or universities. Almost any 

course or seminar on instruction-related subjects taken by a teacher while teaching is 

considered professional development. 

Varieties of Professional Development 
Teachers exhibit preferences for many types of professional development. In 

general, district workshops have a poor reputation among teachers and are often seen 

as irrelevant (Sandholtz, 2001; Wilson and Berne, 1999). Parsad and colleagues (2001) 

used teacher questionnaires from the 2000 Fast Response Survey System (FRSS) of the 

National Center for Education Statistics (NCES) to discover what types of professional 

development teachers attend. A majority of teachers attended seminars related to state 

or district curriculum and standards (80%), assimilating educational technology (74%), 

content-specific seminars on one�s own subject area (72%), teaching methods (72%), 

and student performance assessments (62%). Less than half of teachers report 

attending seminars related to children with disabilities (49%), classroom management 

(45%), effective practices for students with diverse cultural backgrounds (41%), and 
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methods of teaching English language learners (26%). Additionally, they found that 

most teachers participated in one to eight hours of professional development during the 

previous twelve months, but teachers who participated in more than eight hours were 

more likely to report that professional development helped them improve as teachers. 

Desimone and colleagues (2006) analyzed teacher surveys from the 

administration of the 2000 National Assessment of Educational Progress (NAEP) to 

discover what types of teachers take what types of professional development, 

particularly in math. They specifically wanted to explore the relationship between 

teachers with different levels of math knowledge and in what types of professional 

development they were engaging. They found that teachers with strong content 

knowledge (which they measured using education degrees) were more likely to take 

sustained, content-focused development than teachers with weak content knowledge. 

They concluded that the teachers who most need prolonged professional development 

(those with weak content knowledge) were not participating in it. 

 Understanding teachers� motivations can help to uncover why certain teachers 

take certain types of professional development. Scribner (1999) used case study 

information on high school teachers to discover intrinsic and extrinsic motivations for 

teachers to participate in professional development. The intrinsic motivators included a 

desire for more content knowledge (going deeper into one�s own subject matter or to 
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broaden knowledge in another subject), desire for more pedagogical knowledge 

(usually for �tricks of the trade� and not always for how students learn), classroom 

management practices, moral obligation, and a personal interest. The extrinsic 

motivators were compensation and licensure requirements. 

What Makes Professional Development Effective 
Research indicates that there are four elements that contribute to effective 

professional development. The first is the opportunity for, and promotion of, 

collaboration, both within a school and between schools (Elmore, 2002; Harris and 

Anthony, 2001; King and Newmann, 2001; Scribner, 1999; Wilson and Berne, 1999). 

Garet, Porter, Desimone, Birman, and Yoon (2001) recommend that groups of teachers 

from a school, grade, or subject attend the same courses/workshops in order to have a 

shared body of knowledge. The second element is a focus on specific teacher 

knowledge, whether it is content knowledge of a specific subject or pedagogical 

knowledge (teaching methods and practices for instructing a specific subject) (Elmore, 

2002; Garet et al. 2001; Sandholtz, 2001). The third element is a coherence of the 

professional development with district practices, curriculum, and standards. When 

professional development is placed into or easily applied to a teacher�s specific work 

context, it has a greater effect on teacher knowledge, beliefs, and practices (Elmore, 

2002; Garet et al. 2001; King and Newmann, 2001; Klingner, 2004; Pritchard and 
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Marshall, 2002; Scribner, 1999). The final element is sustained professional 

development. Development that is carried out over a longer period of time or continues 

connections that are established between schools and professional development 

providers enhances the positive effects of professional development (Elmore, 2002; 

Garet et al. 2001; Harris and Anthony, 2001; Kent, 2004; Klingner, 2004; Pritchard 

and Marshall, 2002; Scribner, 1999). 

These studies identify several additional elements of effective professional 

development. Allowing teachers and administrators to take ownership of the content 

and structure of professional development is effective (King and Newmann, 2001; 

Klingner, 2004; Pritchard and Marshall, 2002). Active, as opposed to passive, 

participation in the workshop or seminar is effective (Elmore, 2002; Garet et al. 2001; 

Wilson and Berne, 1999). Finally, when providers are able to demonstrate evidence of 

effectiveness for their type of professional development, teachers are more effective 

and efficient at implementing the practices taught (Elmore, 2002; Klingner, 2004; 

Pritchard and Marshall, 2002). 

Professional Development and Student Outcomes 
There are few studies that link professional development to student outcomes 

directly and explicitly. Instead, the impact of professional development seems to work 

more indirectly, through changing teachers� beliefs and practices in the classroom to 
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reflect more accurately how students learn (Desimone et al. 2006). Armed with this 

better knowledge, teachers then adapt their pedagogical behaviors and hopefully 

increase student achievement. 

Carpenter, Fennema, Peterson, Chiang, and Loef (1989) conducted a 

randomized experiment with 40 teachers to discover what effect a math workshop had 

on student achievement. Teachers were randomly assigned to treatment and control 

groups. The treatment group attended a month-long workshop aimed at explaining how 

children develop problem-solving skills in addition and subtraction. At the end of the 

study period, teachers in the treatment group knew more about how students solve 

problems than teachers in the control group. This was evidenced by the increase in 

time they spent teaching children problem-solving skills and the decreased time spent 

on fact-memorization. Treatment teachers used a variety of strategies and were willing 

to listen to students as they went through the problem-solving process. This then 

helped students to become more confident in their ability to solve problems and they 

understood math better than students with teachers in the control group. Students with 

teachers in the treatment group had higher test scores overall, though on some 

measures the differences between the groups were not statistically significant. 

In a meta-analysis by Kennedy (1998), the structure of professional 

development (duration, size of class, activities of class, etc) only has an effect through 
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the content of the seminar. In this study, professional development is positively related 

to students� test scores in math and science. However, the study has several flaws, 

including the omission of standard errors. Several computed effect sizes are negative, 

but these are not explained. There are also several abnormally large test scores and for 

one study, effect sizes range from (� 0.09) to (1.14). Therefore, these findings do not 

provide proof of a positive relationship with student achievement. 

Finally, Jacob and Lefgren (2002) exploited a natural experiment in Chicago 

Public Schools when a new school probation policy went into effect. Schools scoring 

below a certain level on standardized tests were put on probation and given extra funds 

to be used on professional development for their teachers. Jacob and Lefgren found 

that teachers in schools on probation participated in a greater number of professional 

development activities than teachers in schools that were not on probation. However, 

this increase in professional development was not significantly related to student test 

scores. 

Summary 
In 1996, the National Commission on Teaching and America�s Future proposed 

the creation of �stable, high-quality sources of professional development� (NCTAF, 

1996). Since that time there have been many studies that recommend different 

components for effective professional development (such as collaboration and 



 

11 

coherence with district standards). Most studies focus on a specific �brand� of 

professional development. There has not yet been a study that examines teacher 

characteristics to determine the likelihood of participating in professional development 

generally. This paper seeks to fill that gap in hopes of learning more about professional 

development as a potentially effective tool for improving student achievement. 
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Chapter 3.  Hypotheses 

This paper will explore two issues. The first pertains to the teachers that 

participate in professional development. Previous studies have shown that teacher 

characteristics might be linked to the type of professional development taken. To this 

point, there has been no research on who takes any type of professional development, 

as opposed to specific workshops. I hypothesize that teachers with higher levels of 

education will be more likely than their colleagues to take professional development 

because they will have already demonstrated the desire to gain more knowledge 

through formal education. This paper will focus on math teachers taking math 

professional development. Most of the current literature focuses on the effects of math 

professional development, so this paper will follow in that vein.  

The second issue concerns student achievement. Professional development is 

encouraged as a method of increasing teacher knowledge, and several studies show that 

teachers� knowledge, beliefs, and practices are changed in positive ways after 

participating in professional development. Prior literature has shown that professional 

development has positive influences on teacher practices in the classroom, which have 

great influence on student achievement. Pursuant to prior research and looking at 

general math professional development, I hypothesize that the more hours of math 

professional development a teacher takes, the higher a student�s test scores will be. 
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Chapter 4.  Data 

In this paper I analyze data from the Early Childhood Longitudinal Study-

Kindergarten (ECLS-K) from the National Center for Education Statistics (NCES). I 

use the public-use cross-sectional data file, which includes information collected 

during the spring of the students� fifth grade year. The ECLS-K study includes a 

nationally representative sample of students, with parent, teacher, and school data 

linked to each student. The data contain a variety of variables providing information on 

school facilities; school security; assessments of students; food consumption of 

students; and background characteristics of school administrators, teachers, parents, 

and students. Most of the information was obtained through questionnaires (to 

administrators, teachers, and parents) and direct assessments of students. 

While the ECLS-K is a nationally representative sample of students, it is not a 

nationally representative sample of teachers. Additionally, the sample was not 

�freshened� after the students� first grade year. In other words, new students were not 

sampled to replace those lost due to attrition. For these reasons, the generalizability of 

this study is limited. 

The full data sample contains information on 11,820 students. Just over half of 

the students are male (52 percent) and the majority of students are white (57 percent). 
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Thirty-nine percent of the students fall into the bottom two quintiles of the national 

measure of socioeconomic status. 

Sample 
This work will be confined to evaluate math teachers with information on 

professional development and fifth-graders with reported math scores. Therefore, the 

sample size used will be much smaller than the complete dataset (4,261 students). 

Approximately 13 percent of students in the dataset were not in the fifth grade. 

Additionally, half of the students were linked to a science teacher and the other half 

were linked to a math teacher, which automatically excluded half of the sample. 

In the restricted sample, only 50 percent of the students are male and white 

students are still the majority of the sample. Most children are between 11 and 12 years 

old and 42 percent of students fall into the upper two quintiles of the national 

socioeconomic status (SES) measure (see Table 1). 

In the restricted sample, most of the teachers have education beyond their 

bachelor�s degree. Interestingly, most of the teachers in the sample are not qualified to 

teach elementary mathematics, even though the sample only includes elementary math 

teachers. Qualification is defined as having either an undergraduate or graduate degree 

in mathematics or math education, or having a certification in elementary mathematics. 

Other teacher characteristics are given in Table 2. 
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Table 1. Student Characteristics - Analytic Sample 
Characteristic n Percent 
    
Race   
 White 2,565 60.24% 
 African-American 603 14.16% 
 Hispanic 795 18.69% 
 Asian/Pacific Islander 137 3.21% 
  Other 158 3.70% 

Gender   
 Male 2,158 50.64% 
  Female 2,103 49.36% 

SES Quintile   
 1st quintile (low) 718 16.85% 
 2nd quintile 801 18.79% 
 3rd quintile 870 20.42% 
 4th quintile 979 22.98% 
  5th quintile (high) 893 20.97% 

Age    
 Less than 11 years 1,180 27.71% 
 11 years to less than 12 years 2,951 69.24% 
  12 years and older 130 3.05% 
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Table 2. Teacher Characteristics - Analytic Sample 
Characteristic n Percent 
    
Qualified in Elementary Math   
 Yes 1,667 39.13% 
  No 2,593 60.87% 

Highest Level of Education Completed   
 Bachelor's Degree or Less 1,046 24.78% 
 At least 1 year beyond Bachelor's Degree 1,309 31.02% 
 Master's Degree 1,542 36.53% 
  Education Specialist/Professional Diploma/Doctorate 324 7.67% 

Type of Teaching Certification   
 Regular/Standard State Certification 3,715 90.16% 
  Other Certification 405 9.84% 
      Standard 
    Mean Deviation 
    
College Courses in Methods of Teaching Mathematics 2.71 1.79 

Years of Teaching Experience 14.24 10.29 
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Chapter 5.  Empirical Strategy 

Measures 
Professional Development Variables 

To determine which teachers take professional development, the outcome 

variable in the first analysis will be math professional development taken in the last 

year. Teachers reported the number of hours they spent in professional development. 

Teachers reported math professional development hours from 0 to 270 for the past 

year. I use only data on attendance at workshops and seminars related to mathematics 

or the teaching of mathematics (content or pedagogy). I recoded this variable to 

indicate whether the teacher had attended any workshop or seminar (1-270 hours) or 

none at all (0 hours). Seventy-one percent of the teachers in the sample had attended 

some form of professional development related to mathematical content and/or 

pedagogy in the last year and 29 percent had not. The original continuous measure of 

hours reported is used as a control variable to explore the second hypothesis. 

Student Achievement Variable 

The outcome variable corresponding to the second analysis is the Math Item 

Response Theory (IRT) Scale Score for each student. Each student took one math 

assessment, divided into two stages. The first stage provided a common link from 

which to place students into low, medium, and high categories for the second stage. 
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The IRT Scale Score incorporates scores from both stages to obtain one coherent scale 

score, which is an estimate of the student�s performance on the whole set of assessment 

questions, even those which the student did not answer. The method uses the pattern of 

right, wrong, and omitted responses for each student on an assessment and the 

difficulty, discriminating ability, and �guess-ability� of each item to estimate each 

child�s score on a continuous ability scale (Tourangeau, 2006). This thesis will only 

look at the fifth-grade cross-section of the longitudinal data, but using this scale score 

will be an advantage for comparing results with other papers studying different grades. 

Possible scores on the IRT range from 0 to 150. The average IRT score for the sample 

is 114.97 and the standard deviation is 20.29. This measure was z-scored to standardize 

interpretations of the effects of different variables.  

Both analyses will account for the differences in student and teacher 

backgrounds and other characteristics. This section first discusses control variables for 

the model pertaining to the first hypothesis, then the student characteristics used as 

controls for answering the second hypothesis. 

Teacher Education and Experience 

Controls for the number of college courses in methods of teaching mathematics 

and years of teaching experience are included as continuous measures. Teachers� 

highest level of education includes four categories (Bachelor�s Degree or Less as the 
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reference category, at least one year beyond Bachelor�s Degree, Master�s Degree, and 

Education Specialist/Professional Diploma/Doctorate). A dummy variable indicating 

standard teaching certification is also included. The indicator for whether or not the 

teacher is qualified to teach elementary math was created as described in the Sample 

section. 

Teacher Beliefs and Practices 

Six measures of teachers� views towards their colleagues and towards their 

administrators are used in the analysis of the first hypothesis. Each measure includes 

replies ranging from strongly disagree to strongly agree. Two measures of teachers� 

beliefs of their involvement in the school are also used. Teachers were asked how 

much control and influence they thought they had over curriculum in the classroom 

and school policy, respectively. Original responses ranged from no control or influence 

to a great deal of control or influence. The final two measures indicated frequency of 

interactions among teachers. One measure asked teachers to state how often they met 

with other teachers for the purpose of curriculum development and the second measure 

asked about meeting for lesson planning. Responses varied from �never� meeting 

together to meeting �daily.� These variables were all z-scored and considered to be 

continuous variables. More details can be found in Table 3. 
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Table 3. Measures of Teacher Beliefs and Practices 

    

Professional 
Development 
Participators 

Professional 
Development Non-

Participators   

Measure Mean 
Standard 
Deviation Mean 

Standard 
Deviation Scale 

           
Agreement with �        1 - 5 
 Staff Accept Teacher as Colleague 4.42 0.67 4.39 0.74  
 Teachers Learn & Seek New Ideas 4.19 0.76 4.07 0.79  
 Staff Have School Spirit 4.01 0.84 4.00 0.89  
 School Administration Encourages Staff 4.10 0.99 4.00 0.99  
 School Administrator Communicates Vision 4.13 0.90 4.01 0.98  
  School Administrator Prioritizes Well 4.01 0.91 3.97 0.92   

Belief of Control/Influence over �        1 - 5 
 Curriculum in the Classroom 4.27 0.93 4.31 0.99  
  School Policy 3.29 1.13 3.17 1.21   

Frequency of Collaboration on �        1 - 6 
 Curriculum Development 3.01 1.06 2.68 1.04  
  Lesson Planning 3.73 1.30 3.29 1.29   

 

Student Controls 

Student background characteristics included gender (male = 1, female = 0), race 

(white as the reference category, black/African-American, Hispanic, Asian/Pacific 

Islander, and other), age (less than 11 years old, 11 to less than 12 years old, and 12 

years or older as the reference category), and socioeconomic status (by quintile, with 

the middle quintile as the reference category). A number of other control variables 

relating to the students were also used, including the number of children�s books in the 
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home, as reported by the child�s parent. This is a continuous measure with an average 

value of 109 books in the home. Math teachers rated their students compared to 

children at the same grade level. Ratings ranged from far below average to far above 

average. Teachers were also asked to state how often the student worked to the best of 

his ability in math. Responses ranged from never to always. The last two measures 

gauge how often the student did homework (on any subject) and how often she worked 

on math in the classroom. Responses varied from never to daily. These last four 

variables were z-scored and considered to be continuous. More information on these 

variables can be found in Table 4. 

Table 4. Student Control Measures 

Measure Mean 
Standard 
Deviation Scale 

    
Teacher Rating of Child's Math Skills 3.15 0.94 1 - 5 

How Often Child Works to Best of Ability in Math 3.19 0.65 1 - 4 

How Often Child Does Homework 4.35 0.84 1 - 5 

How Often Work on Math in Classroom 4.93 0.33 1 - 5 
 

Analytic Method 
To discover the relationships between teacher characteristics, professional 

development, and student achievement, I will estimate two equations. Each equation 

will be weighted for non-response among students and for the lack of freshening (using 

the provided weight C6CPTM0; see Chapter 4 for explanation). 
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The first analysis uses professional development participation in a probit 

regression with controls for teacher education, experience, beliefs, and practices. The 

second analysis utilizes an instrumental variables approach through a two-stage least 

squares model. The first stage estimates the number of hours spent in professional 

development as a function of student characteristics, controls for teacher education and 

experience, and the instruments to be used (how often teachers meet together for 

curriculum development and agreement with �Teachers Learn and Seek New Ideas�). 

The second stage regression predicts student achievement as a function of student 

characteristics and controls for teacher education and experience. The purpose of using 

this instrumental approach is due to the possible endogeneity of the professional 

development variable. Because professional development participation might not be 

independent and might depend on other factors, this approach is preferred. The first 

stage results from this model will not be reported as it is the second equation in which 

we are interested. Instrument testing will be reported in the Results section. 

Because students are grouped with other students in the same classroom with 

the same teacher, the standard errors in the second model need to allow for the fact that 

students in the same classroom may have more similar outcomes to each other than to 

students overall. Without considering this �clustering,� it will appear that we have 

more independent data than we actually do and we may conclude that results are 
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significant when they are not. To deal with this issue, I will cluster student 

observations by teacher. This will not change the model estimates, but will cause the 

standard errors to be higher than otherwise to produce the desired, more conservative 

significance testing. 
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Chapter 6.  Results 

Who Takes Professional Development? 
I hypothesized that teachers with higher levels of education will be more likely 

to take professional development than their peers. In fact, education levels beyond a 

Bachelor�s Degree are associated with significant decreases in probability of taking 

math professional development (by 0.087 for those with at least one year beyond a 

Bachelor�s Degree and by 0.113 for those with a Master�s Degree; for more details see 

Table 5). However, taking additional college courses in methods of teaching 

mathematics significantly increases the probability of taking professional development. 

1 Teachers with higher agreement with the statements �Teachers Learn and Seek New 

Ideas� and �School Administration Encourages Staff� are also more likely to 

participate (a one standard deviation increase in these measures results in an increased 

probability of 0.030 and 0.027, respectively). Counter to intuition, the more teachers 

agree with the statement �School Administrator Prioritizes Well,� the less likely they 

are to engage in professional development activities. Higher frequency of collaboration 

on curriculum development and lesson planning increases the probability that the 

teacher will participate in professional development. Some variables had no effect on 

the likelihood of teacher participation, such as type of teaching certification,  
                                                                                                                                                                                                                                                                                                             

1 All estimates consider the other variables to be at their average values. For example, for the 
average teacher, taking an additional course in methods of teaching mathematics increases the 
probability of participating in professional development by 0.031, or 3.1 percentage points. This 
interpretation holds for each estimate. 
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Table 5. Results from Probit Model Predicting Professional Development Participation 

Variable 
Marginal 
Effect� 

Standard 
Error 

    
Qualified in Elementary Math -0.004 0.03 

Highest Level of Education Completed   
 At least 1 year beyond Bachelor's Degree       -0.087*** 0.03 
 Master's Degree       -0.113*** 0.03 
 Education Specialist/Professional Diploma/Doctorate -0.034 0.05 
  Reference: Bachelor's Degree or Less     

Regular/Standard Teaching Certification  0.040 0.05 

College Courses in Methods of Teaching Mathematics        0.031*** 0.01 

Years of Teaching Experience -0.001 0.001 

Agreement with �   
 Staff Accept Teacher as Colleague    0.0004 0.01 
 Teachers Learn & Seek New Ideas      0.030** 0.01 
 Staff Have School Spirit -0.013 0.02 
 School Administration Encourages Staff    0.027* 0.02 
 School Administrator Communicates Vision  0.023 0.02 
  School Administrator Prioritizes Well    -0.041** 0.02 

Belief of Control/Influence over �   
 Curriculum in the Classroom -0.006 0.01 
  School Policy   -0.0004 0.01 

Frequency of Collaboration on �   
 Curriculum Development      0.033** 0.01 
  Lesson Planning       0.045*** 0.01 

Wald Chi-Squared 81.46   

Pseudo R-Squared 0.05  

Number of Observations 3,964   
� Percentage point changes can be obtained by multiplying the effect by 100. 
*Denotes statististical significance at 10%; **denotes statistical significance at 5%; 
     ***denotes statistical significance at 1%   
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qualification to teach elementary math, and years of teaching experience. It is worth 

noting that all of the marginal effects are small in magnitude and thus may not 

substantially increase or decrease the chances of participation. 

Because many of the measures seem to be correlated with each other 

(especially teachers� attitudes toward administrators and fellow teachers), I thought 

that multicollinearity might be a problem. The damaging side effects of 

multicollinearity are over-controlling and inflated standard errors. I ran several 

robustness checks to test for evidence of multicollinearity. First, I ran a table of 

correlations amongst all the dependent variables. All of the measures reported in Table 

3 are significantly correlated with each other. This led me to believe I might have a 

problem, so I estimated a linear probability model (LPM) using ordinary least squares 

(OLS). The obtained coefficients did not significantly differ from the marginal effects 

of the probit model, so I proceeded to estimate the variance inflation factor (VIF) for 

each independent variable.2 When the VIF is higher than 10 for any variable, the 

variances might be inflated due to a collinearity problem with that variable, which 

leads to overestimation of the standard errors and reduces the likelihood of significant 

findings. However, none of the variables in the model had a VIF higher than 3. 

                                                                                                                                                                                                                                                                                                             

2 I chose not to report effects from the LPM because I did not think that the relationship 
between my independent and dependent variables was linear. However, the coefficients from an LPM 
are similar to the marginal effects from a probit model. Since the statistical software I used does not 
support estimation of VIF from a probit model, I used the LPM to obtain these estimates. 
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Because this is a stronger measure than correlation coefficients, I determined that my 

variances were not unnecessarily inflated. To check for over-controlling, I ran a 

number of different models excluding different variables from Table 3. None of the 

marginal effects changed significantly from model to model, so I concluded that the 

equation did not include too many control variables and that results were robust to 

multicollinearity. 

Does Professional Development Affect Student Achievement? 
I hypothesized that the more hours of math professional development a teacher 

takes, the higher a student�s test scores will be. Nevertheless, while the estimated effect 

size is positive, it is not statistically significant and therefore cannot be distinguished 

from zero (see Table 6). In fact, no teacher characteristic is a significant predictor of 

student achievement. 

However, all of the student background characteristics are significant predictors 

of student achievement. Males and younger children have significantly higher scores 

by about 0.2 standard deviations (SD) than females and older children, respectively (1 

standard deviation is equal to approximately 20 points on the IRT Scale Score). 

African-Americans, Hispanics, and those in the �Other� race category have 

significantly lower scores than white children (by 0.4, 0.2, and 0.3 SD, respectively). 

Socioeconomic status is also a significant predictor of achievement, with  
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Table 6. Results from Two-Stage Least Squares Model Predicting Student Achievement 

Variable Effect Size 
Standard 

Error 
    
Child's Age   
 Less than 11 Years     0.223* 0.13 
 From 11 to less than 12 Years     0.234* 0.13 
  Reference: 12 Years and Older     

Child's Gender: Male = 1         0.214*** 0.38 

Child's Race   
 Asian/Pacific Islander   -0.110 0.07 
 Black/African-American         -0.365*** 0.06 
 Hispanic         -0.189*** 0.07 
 Other         -0.315*** 0.09 
  Reference: White     

Child's Socioeconomic Status   
 Low         -0.379*** 0.07 
 Medium-Low         -0.168*** 0.07 
 Medium-High      0.090* 0.05 
 High          0.196*** 0.05 
  Reference: Medium     

Number of Children's Books in the Home         0.0003** 0.0001 

Teacher Rating of Child's Math Skills         0.576*** 0.03 

How Often Child Works to Best of Ability in Math  -0.003 0.02 

How Often Child Does Homework   0.016 0.02 

How Often Work on Math in Classroom  -0.016 0.05 

Highest Level of Education Completed   
 At least 1 year beyond Bachelor's Degree  0.021 0.05 
 Master's Degree  0.014 0.06 
 Education Specialist/Professional Diploma/Doctorate  0.002 0.08 
  Reference: Bachelor's Degree or Less     
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Table 6. Results from Two-Stage Least Squares Model Predicting Student 
Achievement (continued) 

Variable Effect Size 
Standard 

Error 

Hours of Professional Development (Instrumented)  0.012 0.01 

Qualified in Elementary Math -0.005 0.04 

Regular/Standard Teaching Certification  0.048 0.08 
College Courses in Methods of Teaching 
Mathematics -0.007 0.03 

Years of Teaching Experience  0.001 0.003 

Centered R-Squared 0.49   

Number of Observations 3,923  

Hansen J Statistic 0.149  
 p-value 0.70  

Cragg-Donald Statistic 11.87   
*Denotes statististical significance at 10%; **denotes statistical significance at 5%; 
     ***denotes statistical significance at 1%   

 

students in the higher quintiles scoring higher than those in the lower quintiles. Other 

significantly positive predictors of achievement include the number of children�s books 

in the home (though at 0.0003 SD, this is not substantively significant) and the 

teacher�s rating of the student�s math skills (0.6 SD). 

I checked for multicollinearity in this model in a similar way to the probit 

model. I ran a table of correlations amongst all the dependent variables. The only 

variables that were significantly and substantially correlated with each other were the 

teacher�s rating of the student�s math skills and how often the student worked to the 

best of her ability in math (correlation coefficient of 0.54). I also estimated an OLS 
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model in order to obtain the VIF. Most of the variables did not have a VIF higher than 

2. The only exceptions were the age variables, which had factors of 7.8 and 7.9. 

However, these are still not larger than 10 indicating that multicollinearity was not a 

problem for this model. 

Valid instruments must meet three criteria: exogeneity, excludability, and 

strength. To be exogenous, the instrument cannot be caused by the outcome variable. 

An instrument is excludable if its effect on the outcome is through the instrumented 

variable and not through any other means. A strong instrument will explain a good 

portion of the variance in the instrumented variable. There is no reason to think that 

student achievement levels cause teachers to either collaborate on curriculum 

development or agree with �Teachers Learn and Seek New Ideas.� Likewise, 

collaboration and agreement would not directly affect student achievement. These 

attitudes and actions should only have an effect only through another variable, such as 

professional development. The Hansen J statistic tests the null hypothesis that the 

instruments are correlated with the error term in the second-stage regression (the null 

of exogeneity and excludability). Due to the high p-value of this test (0.70), I fail to 

reject the null hypothesis and have no reason to think that my instruments are not 

exogenous and excludable. The Cragg-Donald statistic reports on instrument strength. 

According to Stock and Yogo (2002), a statistic of 11.87 with 25 regressors and two 
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excluded instruments indicates that the instrumented estimate of professional 

development contains less than 10 percent of the bias that would have been present had 

I not instrumented for this variable. Therefore, I concluded that my instruments meet 

the three criteria and are valid instruments. 
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Chapter 7.  Implications and Conclusions 

The main finding in this paper is that professional development participation 

has no discernible effect on student achievement. This supports the findings of Jacob 

and Lefgren (2002) in Chicago and also points to the need for more study on this topic. 

There could be a number of reasons for the null results, such as the limited sample size 

or the possibility that teachers had not yet implemented what they had learned in the 

professional development activities. Further research with the ECLS-K could include 

exploring effects on reading and science scores, expanding the scope to teachers� 

participation in professional development subjects other than math, looking at student 

gains in test scores (to discover a possible time-lag effect), and exploring the 

possibility of a non-linear relationship between hours of professional development and 

student achievement. 

Nevertheless, without knowing its true effects on students, it is difficult to 

recommend policy avenues to encourage or discourage professional development 

participation. If it was clearly beneficial for students, there are policy recommendations 

that would flow from the results of investigating the first hypothesis of this paper. For 

instance, principals and superintendents would do well to take note that teachers who 

meet together for curriculum development and lesson planning are significantly more 
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likely to take professional development. However, I hesitate to recommend a policy 

that does not have proven benefits. 

It is surprising that none of the teacher variables are significant predictors of 

student achievement. Given the multiplicity of studies that have found significant 

teacher effects, this result is somewhat puzzling. On the other hand, with these 

insignificant findings, this paper supports the growing consensus that measurable 

teacher characteristics have no bearing on teacher quality or student achievement. 

Model specification could be a problem. However, a number of different models were 

run and the results remained unchanged. Additionally, the effect sizes for the student 

characteristics are in the expected directions and the magnitudes are supported by 

previous educational research. 

In conclusion, while professional development is highly touted as a means to 

improving student achievement, this paper finds no such effect. However, more 

investigation is warranted, especially considering that none of the �usual� teacher 

variables were significant in the model. If benefits of professional development can be 

clearly found, then this paper does provide some guidance for principals as they seek to 

encourage their teachers to engage in these activities. 
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