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Abstract This study investigates the impacts of a year-

long professional development program on Kindergarten

teachers’ beliefs and practices and the association of these

changes with student achievement in mathematics mea-

sured by curriculum-based instruments. Although teacher

content knowledge was not statistically significantly dif-

ferent before and after participation in the program, chan-

ges in teachers’ beliefs and practices were both noticed: a

trend towards discovery/connectionist orientation and stu-

dent-centered practices. Teachers’ gain scores on a mea-

sure of mathematics content knowledge was positively

related to the linear growth rate of student achievement.

Keywords Kindergarten � Mathematics education �
Professional development � Reform-oriented

pedagogies � Common Core

Overview

The implementation of the Common Core State Standards

(NGO/CCSSI 2011) calls for early childhood educators to

focus heavily on Kindergarten students’ understanding of

numbers and quantities, including counting and other basic

skills. Research has identified several teacher characteristics

that are empirically linked to teachers’ effective instruction

and their students’ achievement (Nye et al. 2004; Polly

2008). Large-scale syntheses of studies concluded that

teachers’ content knowledge, their beliefs about mathe-

matics teaching and learning, and knowledge of pedagogies

and mathematics content are significantly related to teach-

ers’ enactment of effective pedagogies (Ball et al. 2001; Hill

et al. 2005; Remillard 2005). In this paper, we describe

findings from a research study in which we analyze data

from Kindergarten teachers and their students about the

influence of a year-long professional development project

on their content knowledge, beliefs about mathematics,

instructional practices, and student achievement.

Supporting Teachers’ Mathematics Instruction

Some research studies have found relationships between

specific teacher characteristics or behaviors and their stu-

dents’ mathematical understanding (Polly 2008; Carpenter

et al. 1996; Fennema et al. 1996; Stigler and Hiebert 1999).

Studies on specific mathematics pedagogies have found

that these characteristics (knowledge of content and peda-

gogy and beliefs) also influence of the use of worthwhile

mathematical tasks (Henningsen and Stein 1997; Polly

2012), teachers’ knowledge about students’ mathematical

thinking (Carpenter et al. 1989, 1996), knowledge of

mathematics content related to topics that they teach (Hill

et al. 2005), and ability to foster students’ mathematical
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communication (Huffered-Ackles et al. 2004). These

mathematics pedagogies align to recommendations for

mathematics education reform that have been advanced by

organizations and leaders in mathematics education (Hig-

gins and Parsons 2010; National Council for Teachers of

Mathematics (NCTM) 2000; U.S. Department of Education

2008), and are often referred to as reform-based or stan-

dards-based pedagogies (McGee et al. 2013).

Remillard’s (2005) synthesis of research found that

teachers’ curricula enactments were linked to teacher

characteristics, including mathematics content knowledge,

beliefs about mathematics teaching and learning, and

contextual factors, such as support from their administra-

tors and colleagues. Drake and Sherin (2002, 2006) con-

cluded that their enacted pedagogies in their classroom

were heavily influenced by their beliefs about teaching and

learning as well as their perception of their mathematics

content knowledge.

In the United States, the implementation of the Common

Core State Standards for Mathematics (NGO/CCSS1 2011)

calls for teachers to enact more standards-based pedagogies

(Polly and Orrill 2012; Russell 2012). One of the ways to

support teachers’ enactment of these practices is through

intensive professional development projects (Polly and

Hannafin 2010; Polly et al. 2010; Loucks-Horsley et al.

2009). To that end, there is a need to design and evaluate

the impact of teacher professional development programs

that simultaneously addresses teachers’ knowledge of

content and pedagogies; in other words, teachers’ beliefs as

well as their instructional practices.

Professional Development and Its Impact

Guskey (2000) provided a multi-level framework (Table 1)

for evaluating PD, which has been used in prior mathe-

matics studies (Polly and Hannafin 2011; Polly 2012). As

mentioned earlier, there is an intuitive relationship among

teachers’ knowledge and skills, teachers’ application of

that knowledge, and student learning outcomes. Further, as

a result of the research on teachers’ beliefs and instruction,

evaluations of PD programs must also consider teachers’

beliefs when examining how PD impacts both teachers’

instruction and students’ learning.

Based on the gap in the literature about the empirical

relationship among teachers’ knowledge, their beliefs and

instructional practices, and student learning outcomes, this

study was conducted to examine how a year-long profes-

sional development program influenced Kindergarten’s

teacher characteristics (knowledge, beliefs, and instruc-

tional practices) and student learning outcomes. Following

the methods and procedures, we discuss our findings and

highlight implications related to the development, prepa-

ration, and support of early childhood educators.

Methodology

This section describes the methods and procedures of

examining the influence of the professional development

program on Kindergarten teachers’ content knowledge,

beliefs, instructional practices, and their students’ mathe-

matics achievement.

Description of the Professional Development

This section describes the professional development pro-

ject that the teacher-participants were engaged in during

the year of the study.

Context

The professional development program for this study was a

one-year project funded by the United States Department

of Education Mathematics Science Partnership (MSP)

program. ‘‘Content Development for Investigations’’

(CoDE:I). The data in this study come from the second

year of a 3 year grant. While the grant was a multi-year

grant, teachers in each cohort participated only for

10 months (August thru June of the following year). The

purpose of the MSP grant program was to further the

professional development of elementary mathematics

teachers by giving teachers the tools to teach with a new

standards-based mathematics curriculum, Investigations in

Number, Data, and Space (Investigations).

The participants in this study were Kindergarten teach-

ers and their students in two school systems located near a

large metropolitan city in the southeastern United States.

System One is a large, urban school system and System

Two is a smaller school system in a neighboring city. In

Table 1 Levels of evaluating professional development (PD)

Level Question(s)

Teachers’ reactions What are teachers’ reactions during and

after PD? Does the PD influence their

beliefs about teaching?

Teachers’ acquisition of

knowledge and skills

What knowledge and skills do teachers

develop during PD?

Teachers’ use of

knowledge and skills

How do teachers apply their new

knowledge and skills before, during,

and after instruction?

Impact on the organization What types of organizational changes

have been made as a result of the PD?

What was the impact of these

changes?

Student learning outcomes What is the impact of teachers’ use of

new knowledge and skills on their

students’ learning?
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System One, 57 of the systems’ 106 schools receive Title I

funding whereas all of five elementary schools in System

Two qualify for Title I funding. Title I funding is based on

the percentage of students eligible for free/reduced-price

lunch program, which is based on students’ socio-economic

status.

The PD was co-designed by the project team, which

consisted of a mathematics professor, 2 mathematics edu-

cation professors, and leaders from school districts. Each

teacher-participant completed 48 h of a summer workshop,

12 h of follow-up workshops during the school year, and

approximately 20 h of classroom-embedded professional

learning activities. The two school systems conducted PD

separately and on different days throughout the grant pro-

gram, but the overall content and focus of the PD remained

consistent. The facilitators worked with both groups of

teachers. More information about the professional devel-

opment activities can be found in an earlier manuscript

(Polly and Lehew 2012).

Typical Professional Development Activity

During workshops, teachers completed a variety of activ-

ities, including exploring mathematical tasks, examining

lessons in their curriculum, and modifying curriculum-

based lessons to meet the Common Core Standards as well

as the needs of their students. For example, when looking

at addition and subtraction, teacher-participants examined

the Common Core Standards and solved different types of

word problems. They followed that activity by examining

where these problems appear in their curriculum, looking

for times in which they needed to include more problems or

modify them to make the problems easier or more difficult.

Participants

The participants were 15 Kindergarten teachers and their

students from the two school systems. Of the 15 partici-

pants, 8 were from System One and 7 from System Two. In

System One, participants’ years of teaching experience

ranged from 1 to 32 years, with a mean of 14.29 and a

standard deviation of 11.67. In System Two, the partici-

pants’ years of teaching experiences ranged from 1 to

35 years with a mean of 9.29 and a standard deviation of

11.70. In System One, 7 (87.5 %) of the participants were

female and 1 (12.5 %) was male. In System Two, all 7

participants were female. In System One, the ethnicity of

the teachers was: 5(62.5 %) Caucasian and 3(37.5 %)

African American. In System Two, all teachers were

Caucasian.

Participants also included 245 students, of which 145

(59 %) were from System One and 100 (41 %) were from

System Two. Gender and ethnicity were reported by

teachers for their aggregate classrooms. Of those 245 stu-

dents, 123 (50 %) were females and 122 (50 %) were

males. Of the 245 students, 105 (43 %) were European

American, 64 (26 %) were African American, 59 (24 %)

were Hispanic, 5 (2 %) were Asian, and 12 (5 %) were

identified with other ethnic background.

Data Sources

Four key components of the PD were evaluated: (a) teacher

content knowledge in teaching mathematics; (b) teacher

beliefs about teaching and learning mathematics,

(c) instructional practices in teaching mathematics; and

(d) impact of teacher beliefs and practices on student

learning outcomes in mathematics.

Long-time engagement and multiple instruments were

used to collect data for the formative and summative

evaluations. Teacher beliefs, practices and mathematics

content knowledge were measured using pre- and post- test

instruments. Student achievement was measured using the

same assessment from Investigations immediately after

students had completed 3 different units focused on num-

ber sense throughout the year.

Teacher Instruments

All teacher-participants completed three pre-project and

post-project instruments: a Teacher Beliefs Questionnaire

(TBQ; ‘‘Appendix 1’’), a Teacher Practices Questionnaire

(TPQ; ‘‘Appendix 2’’), and a Content Knowledge for

Teaching Test (‘‘Appendix 3’’). Both the TBQ and TPQ

have been previously used by the authors to evaluate the

impact of PD projects with elementary school teachers

(Polly et al. (in press); Polly et al. 2013). The TBQ includes

general questions used to examine teachers’ espoused

beliefs about mathematics, mathematics teaching, and

mathematical learning (Swan 2006). For each of those

three dimensions, teachers reported the percentage to

which their views align to each of the transmission, dis-

covery, and connectionist views. The sum of the three

percentages in each section is 100. Since discovery and

connectionist both reflect the project staff’s views of stu-

dent-centered teaching, teachers were coded as either dis-

covery/connectionist or transmission. Teachers were coded

as discovery/connectionist if they indicated at least 45 % in

either discovery or connectionist (Swan 2006). The TPQ

examined participants self-report about instructional prac-

tices related to their mathematics teaching (Swan 2006).

Each of the items reflects either student-centered or tea-

cher-centered pedagogies relevant to mathematics teaching

from Kindergarten through the secondary levels. Teachers

identified their instructional practices on a 5-point Likert

scale, where 0 represents ‘‘none of the time’’ and 4
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represents ‘‘all of the time.’’ Items that reflect student

centered practices (Items 5, 6, 7, 11, 12, 15, 16, 17, 20, 21,

24 and 25) were reversely coded so that teachers with a

mean score of 2.00 or less were coded as ‘‘student cen-

tered’’ and teachers with a mean score of 2.01 or more were

coded as ‘‘teacher centered.’’ The Content Knowledge for

Teaching Test (see sample in ‘‘Appendix 3’’) measures

teachers’ knowledge of mathematics content (Hill et al.

2005). The form used for this study examined teachers’

knowledge of number sense issues, and included concepts

that were aligned to the PD goals and activities. For each

teacher, the number of correct items was recorded.

Student Achievement Measures

The student achievement measure was an assessment from

the Investigations curriculum (Russell and Economopolous

2007). Kindergarten teachers were asked to administer the

same assessment at the beginning, middle, and end of the

school year. The assessment measured students’ ability to

count and organize objects, a critical area of the Kinder-

garten Common Core Standards. The assessment was

completed with a teacher and individual students; the tea-

cher gave a student objects to count and manipulate, while

the teacher recorded student’s performance on the record-

ing sheet. Project staff collected the recording sheet and

scored the assessments. One of the project evaluators

worked with a mathematics education expert to score a few

initial assessments prior to completing the scoring. All

scores were converted to a percentage.

Data Analysis

The multiple sources of data listed above were used to

triangulate the results. Descriptive and inferential statistical

procedures were employed to examine the distribution of

the variables and the possible relationships and differences

among these variables. Normal distribution is a basic

assumption for the statistical tests used in this study, so an

alpha level (.05) was used to evaluate the significance of

skewness and kurtosis with small samples for teacher

participants while histograms were used to check the shape

of the distribution with large samples for student partici-

pants. This is because the standard errors for both skewness

and kurtosis would be small with a large sample size. Box’s

M test was used to check the assumption of homogeneity of

variance and covariance. T-tests and analysis of variance

(ANOVA) were used to examine group differences and

Hierarchical linear modeling (HLM) were used to analyze

the student data nested within teacher variables to account

for the within- and between-group variances (Raudenbush

and Byrk 2002). Normal Q–Q plot and histograms of the

residuals at each level of the HLM model were checked the

appropriateness of the HLM models such as normal dis-

tribution of the residuals and linear relationship between

the predictors and the dependent variable. Presence of

multivariate outliers was checked with Mahalanobis dis-

tance whereas multicollinearity was checked with variance

inflation factors (VIF) by running ordinary least squared

regressions with residual files. The magnitude of effect, or

proportion of variance explained by the complete model for

HLM, was calculated by 1 minus the ratio between the

estimated variance of the complete conditional model and

that of the unconditional model.

Results

The results of this study are organized based on the influ-

ence of the professional development on the various data

sources that were collected.

Influence on Teacher Beliefs

Of these 15 teachers, 5 changed from transmission to dis-

covery/connectionist orientation, 8 remained unchanged,

and 2 changed from discovery/connectionist to transmis-

sion orientation with respect to teacher beliefs about

mathematics. As for teacher beliefs about learning mathe-

matics, 2 changed from transmission to discovery/con-

nectionist orientation, 12 remained unchanged, and 1

changed from discovery/connectionist to transmission ori-

entation. Finally, 1 changed from transmission to discov-

ery/connectionist orientation, 8 remained unchanged, and 6

changed from discovery/connectionist to transmission ori-

entation with respect to teacher beliefs about teaching

mathematics. Of those who remained unchanged, all were

originally in the discovery/connectionist orientation.

Influence on Teacher Practices

At the beginning of the study, 9 teachers reported enacting

primarily student-centered practices and 6 teachers repor-

ted enacting primarily teacher-centered practices. After the

PD, 14 teachers reported enacting primarily student-cen-

tered practices, while 1 teacher reported enacting primarily

teacher-centered practices. All of the teacher-centered

teachers prior to PD reported a shift to student-centered

practices, and 8 student-centered teachers reported

remaining student-centered. One teacher, who was student-

centered prior to PD, reported primarily teacher-centered

practices at the end of the project. The comparison of mean

scores of teacher practices also showed a statistically sig-

nificant change from pre (M = 2.70, SD = 0.42) and post

(M = 2.09, SD = 0.39), t (14) = 5.25, p\ .001. The

skewness of the pre-mean scores was -0.01 with a
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standard error of 0.58 whereas that of the post-mean scores

was -0.21 with a standard error of 0.58. The kurtosis of the

pre-mean scores was 0.05 with a standard error of 1.12

whereas that of the post-mean scores was -0.44 with a

standard error of 1.12. Neither of the skewness or kurtosis

of these measures was statistically significantly different

from zero (p[ .05), therefore, the assumption of normal

distribution held for both the pre-mean scores and post-

mean scores for teacher practices.

Influence on Mathematical Content Knowledge

for Teaching

The Content Knowledge Test was completed by 8 teachers

in System One and 7 teachers in System two at the

beginning and end of the year. Descriptive statistics of

teacher content knowledge are presented in Table 2.

Repeated measures analysis of variance revealed no

statistically significant interaction effect between school

system and time, F(1, 13) = 0.02, p = .96, partial

g2\ 0.001, indicating that teachers in the two school

systems did not differ with respect to their content

knowledge in mathematics at the beginning or the end of

the year. The main effect of change was not statistically

significant either, F(1, 13) = 0.53, p = .48, partial

g2 = .04, indicating that the change of teacher content

knowledge after participating in the PD could be possibly

due to chance. Box’s M test showed that the assumption of

homogeneity of variance and covariance held for this test

(p = .47). The skewness of the teacher content knowledge

test scores at the beginning of the year was -0.70 with a

standard error of 0.58 whereas that at the end of the year

was -0.34 with a standard error of 0.58. The kurtosis of the

teacher content knowledge test scores at the beginning of

the year was -0.38 with a standard error of 1.12 whereas

that at the end of the year was -0.55 with a standard error

of 1.12. Neither of the skewness or kurtosis of these

measures was statistically significantly different from zero

(p[ .05), therefore, the assumption of normal distribution

held for the teacher content knowledge test scores both at

the beginning and end of the year. Gain scores were

completed by subtracting pre-test scores from post-test

scores (Table 2). The large standard deviations of the gain

scores suggested that the impact of the PD on teachers’

content knowledge varied, some experienced large gains,

some experienced less gains, and some experienced nega-

tive gains In summary, these results suggest it is difficult to

conclude if the PD was successful in increasing teachers’

content knowledge in teaching mathematics.

Influence on Student Learning Outcomes

Student assessment including gain scores (post-test minus

pre-test) were presented in Table 3.

Multivariate analysis of variance (MANOVA) noted

statistically significant differences between the two school

systems on the combination of all kindergarten student

assessments, F(3, 249) = 3.38, p = .02, partial g2 = .04.

Histograms for the student assessment scores showed that

the data were negatively skewed. This was not surprising

because most students had already been exposed to the

content knowledge and skills by the time of each assess-

ment. Although significance tests are usually based on the

assumption of normal distribution of the dependent vari-

ables, MANOVA are robust to normality as long as the

sample size is large (Tabachnick and Fidell 2007). The

assumption of homogeneity of variance–covariance matri-

ces for MANOVA was violated (p\ .001) by Box’s

M test, which is a notoriously sensitive test. Based on a

Monte Carlo test, robustness of significance tests is

expected if the sample sizes are equal (Hakstian et al.

1979). Since the student sample sizes are not the same (100

and 140), the outcome of Box’s M test was considered and

Pillai’s criterion instead of Wilks’ lambda was used to

evaluate multivariate significance. This is because the lar-

ger variance was found with the smaller sample (System

Two).

Three-level growth curve models were applied because

these students were assessed on the same achievement

measure three times across the year and because the stu-

dents are nested within teachers. Since some teachers did

not turn in their student assessments for all three points

Table 2 Descriptive statistics of teacher content knowledge in

mathematics

Pre Post Gain

System one (n = 8)

M 26.50 27.50 1.00

SD 8.72 10.46 6.63

System two (n = 7)

M 35.29 36.43 1.14

SD 4.96 6.32 4.30

Table 3 Descriptive statistics of student assessment in mathematics

First round Second round Third round

M SD M SD M SD

System one

(n = 145)

91.15 20.70 94.48 19.25 96.32 14.23

System two

(n = 100)

78.50 31.89 94.33 15.75 96.83 11.77

Kindergarten students were given the same assessment three times

during the year
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during the year. Due to the missing data on one of the three

assessments, only 15 Kindergarten teachers and their 228

students were used in the growth curve models. Descriptive

statistics for the three assessments as well as the plots

(Fig. 1) show that the student achievement followed a

quadratic trend: Pre-test1 (M = 85.98, SD = 17.88), Post-

test1 (M = 94.42, SD = 17.87), and Post-test2

(M = 96.53, SD = 13.26). As a result, a curvilinear model

(quadratic) was used. The student performances within the

two school systems were: Pre-test (M = 91.15,

SD = 20.70 for System One and M = 78.50, SD = 31.89

for System Two), Post-test1 (M = 94.48, SD = 19.25 for

System One and M = 94.33, SD = 15.75 for System

Two), and Post-test2 (M = 96.32, SD = 14.23 for System

One and M = 96.83, SD = 11.77 for System Two).

Moreover, independent samples t test suggested statisti-

cally significant differences between the two school

systems at pre-test, t(243) = -3.76, p\ .001, but not at

post-test1, t(243) = -0.06, p = .95, or post-test2,

t(243) = 0.30, p = .77. Therefore, the school system was

dummy coded (0 refers to School System 2 and 1 refers to

School System 1) and used as a predictor at Level 2. The

influence of teacher content knowledge, practice, and

beliefs were assumed to have the same impact on students

within two school systems, so these impacts were fixed

within school systems and used as predictors at Level 3.

The parameter estimates of these models were presented in

Table 4.

Mahalanobis distance values were converted into Chi

square values to determine the probability associated with

values larger than these values. No multivariate outliers

were found as all the probabilities were larger than 0.001.

The VIF values ranged from 1.27 to 1.89, so multicollin-

earity was not a concern either.

As is in the null model (without any predictors), both the

linear and quadratic coefficients were statistically signifi-

cantly different from zero, supporting the curvilinear rela-

tionship between student achievement and time of

assessment. The negative quadratic coefficient suggests that

the growth of student achievement slowed down from the

second to the third assessment. Students in System One per-

formed significantly better than students in System Two at

pre-test, but students in System Two had significantly higher

linear growth rates than students in System One. Further-

more, the positive quadratic coefficient for the difference

between System One and System Two indicated that the

slowing down trend between the second and third assessment

was less observable in System Two than that in System One.

The gain of teacher content knowledge had a strong

positive impact on the linear growth rate for all students,

but had no statistically significantly impact on the quadratic

Fig. 1 Linear and curvilinear growth of student assessment across

two school districts

Table 4 Parameter estimates of three-level hierarchical liner models for kindergarten students

Initial status Linear Curve linear

Coef. S.E. Coef. S.E. Coef. S.E.

Null model 81.59 1.90*** 20.34 3.91*** -6.21 1.88**

System one 9.44 3.18** -19.74 6.48** 6.81 3.11*

Content_gain -0.55 0.32 0.49 0.23* -0.36 0.29

Teacher practice

T to S -10.31 3.12** 3.43 2.25 -2.98 3.45

Belief in

Teaching

T to DC -11.74 7.40 8.55 4.79 -9.62 8.18

Learning

T to DC -0.45 5.40 1.33 3.37 -1.29 5.76

Mathematics

T to DC 4.19 4.53 -1.21 2.82 -0.20 4.81

* p\ .05; ** p\ .01; *** p\ .001
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growth rate. Students who were taught by teachers who

changed their practice from teacher-centered to student-

centered had a statistically lower performance at pre-test

than students who were taught by teachers who were

originally student-centered and remained student-centered

from the beginning to the end of the PD program. This

change of teacher practice had no statistically significant

impact on the linear growth rate or the quadratic growth

rate. The change of teacher beliefs in mathematics, learning

mathematics, or teaching mathematics, had no statistically

significant impact on either the initial status at the pre-test,

or the linear growth rate, or the quadratic growth rate. The

magnitude of effect of the complete growth curve model

was 5.98 %, indicating that these teacher-level variables

could only explain less than 6 % of the changes of this

kindergarten student achievement.

Discussion and Implications

Numerous findings from this study warrant further dis-

cussion, focusing on the positive, statistically significant

influence that the PD had on Kindergarten students’

mathematics achievement, teachers’ mathematical content

knowledge, teachers’ instructional practices, and teachers’

beliefs. Data analysis also indicated statistically significant

relationships between gains in teacher content knowledge

and student achievement, and also between teachers’

instructional practices and student achievement.

Students’ Mathematics Achievement

Data analysis showed gains in achievement on the number

sense curriculum-based assessment with Kindergarten

students from both school systems. The gains were statis-

tically significant from the pre-test (late August, early

September) to Post-test1 (January) and Post-test 2 (May).

While it is intuitive to expect Kindergarten students to

grow in their mathematics achievement and understanding

from the beginning of the year through the end of the year,

we are most interested in teacher-level variables and other

factors related to these noted gains in student learning

outcomes.

First, the statistically significant difference that existed

between school systems on the Pre-test had been eradicated

by the first post-test, 4 months later. This finding provides

support to the value of teachers’ instruction in Kindergar-

ten and raises the need for further research about the

influence of mathematical instruction and the achievement

gap that exists for Kindergarten students at the beginning

of the school year. This study provides evidence that the

use of standards-based instruction helped to close this

achievement gap. Other findings related to student learning

outcomes and teacher-level variables are discussed below.

Teachers’ Content Knowledge

The data from this study indicate that PD focused on

number sense concepts and algebraic reasoning positively

influenced gains in Kindergarten teachers’ mathematical

content knowledge and gains in their students’ achieve-

ment. For the Kindergarten teacher-participants, the gains

in mathematical knowledge can likely be attributed to the

PD’s focus on mathematics content in the elementary

grades (Grades K-5), which included content that the

teachers either did not know or had not worked with in a

few years. The time during workshops spent on fractions

and algebraic reasoning, two topics that Kindergarten

teachers do not typically work with, may have influenced

the increase on the content knowledge measure. The sta-

tistically significant positive relationship between gains in

teachers’ content knowledge and student achievement

indicates that the content knowledge either gained or

refreshed during the PD is related to student achievement

on the curriculum-based measure focused on number sense.

Prior research (Hill et al. 2005) found statistically signifi-

cant relationships between a similar content knowledge

measure and student achievement. However, Hill et al.’s

work (2005) with first and third graders used the assess-

ment to measure teachers’ content knowledge at one point

and examined that one data point with gains in student

learning, while this present study used the same assess-

ment, but examined teachers’ knowledge at two points,

while relating their growth to student achievement. Further,

the Hill et al. (2005) study focused on all mathematics

concepts, while our curriculum-based measure focused

only on number sense concepts, which was the focus of the

present study.

While PD researchers espouse the value of developing

teachers’ content knowledge (Borko 2004; Darling-Ham-

mond et al. 2009; Heck et al. 2008), few studies have been

disseminated looking at the influence of mathematics PD

projects on teachers’ content knowledge. While some

research studies (Hill and Ball 2004) have found positive

impacts of PD on mathematical content knowledge, little is

known on the interplay between PD, mathematical content

knowledge, and students’ achievement. This study con-

tributes to that body of research.

Teachers’ Instructional Practices

The PD influenced a statistically significant shift from

teacher-centered instructional practices toward primarily
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enacting student-centered instructional practices. This

aligns to prior research where PD projects have found that

mathematics PD can positively influence teachers’ enact-

ments of student-centered and standards-based mathemat-

ics pedagogies (Carpenter et al. 1996; Heck et al. 2008;

Polly and Hannafin 2011). The shift towards student-cen-

tered practices was large; 8 of 15 (53.33 %) were student-

centered prior to the workshops, while 14 teachers

(93.33 %) reported enacting primarily student-centered

practices at the end of the study.

While these data were self-reported by participants,

classroom observations conducted as a separate part of the

evaluation indicated that teachers’ enacted practices were

student-centered. During observations, teachers posed

mathematical tasks and supported students with a variety of

questions that encouraged students to reason about math-

ematics and communicate their mathematical thinking

orally (McGee et al. 2013).

Kindergarten students in classrooms taught by teachers

who used primarily student-centered practices scored sta-

tistically significantly higher on the curriculum-based

achievement measure than Kindergarten students who were

in classroom taught by teachers who reported using pri-

marily teacher-centered practices at the beginning of the

year. There was a statistically significant difference

between these groups of students throughout the year,

indicating that while the teacher-centered teachers shifted

their practices during the year, their students consistently

scored statistically significantly lower than teachers who

enacted primarily student-centered practices throughout the

entire year.

Teachers who were enacting student-centered practices

may have been more apt to report this in Kindergarten due

to the number of math centers, games, and hands-on

activities that the curriculum included during the year.

Simply by following and implementing the activities in the

curriculum, teachers’ instructional practices may have been

influenced to be more student-centered.

Teachers’ Beliefs

In this present study, participants demonstrated statistically

significant changes from transmission to discovery/con-

nectionist about participants’ beliefs about mathematics as

a subject, and a statistically significant change from dis-

covery/connectionists to transmission about participants’

beliefs about mathematics teaching. There was no statisti-

cally significant change regarding the learning of mathe-

matics, and there was no statistically significant

relationship between teachers’ beliefs and student

achievement.

The PD included numerous experiences for participants

to solve mathematical tasks. Through this, teachers

explored many connections between mathematical con-

cepts and also discovered how mathematics was embedded

in these cognitively-demanding tasks. These reasons likely

led to the shift towards discovery/connectionist beliefs

about mathematics as a subject.

The shift towards transmission-oriented beliefs regard-

ing teaching mathematics contradicts the professional

developers intended shift for participating teachers. The

item regarding beliefs about teaching mathematics refers

to transmission teaching as a ‘‘linear curriculum’’ and ‘‘a

lot of practice,’’ two facets of teaching with Investigations

that were frequently discussed in the workshops. First,

teachers asked frequently if there was freedom to use the 7

Kindergarten units in any order that they wanted, and the

project staff told participants that the curriculum should be

kept intact with the books taught in their order. This aspect

alone could have attributed for participants’ high rating for

transmission beliefs about teaching. Further, Kindergarten

teachers discussed the critical idea of practicing essential

skills, such as counting objects, and working with repre-

sentations, such as a 5-frame. While the authors expected

participants to rate themselves as discovery/connectionist

at the end of the project, the survey items’ referral to

linear curriculum and practice likely caused teachers to

report themselves in line with transmission beliefs about

teaching.

The lack of a statistically significant shift for teachers’

beliefs about learning mathematics could be explained by

the fact that a majority (53 %) of the participating

teachers were discovery/connectionist at the beginning of

the study.

The lack of a relationship between any of the measured

aspects of teachers’ beliefs and student learning out-

comes, while there was an increased shift from teacher-

centered to student-centered instructional practices indi-

cates that while teachers’ beliefs did not favor discovery/

connectionist beliefs about teaching, their instructional

practices were reported to be student-centered. One pos-

sible explanation for this could be that teachers in this

present study, like some teachers in Fennema et al.’s

(1996) cognitively guided instruction study, used their

classroom as a laboratory to test these instructional

practices, and were willing to do that before changing

their beliefs about mathematics teaching. Another possible

explanation is that the Kindergarten teachers, as stated

earlier, viewed the Investigations curriculum to be aligned

to transmission orientations to teaching mathematics with

the linear curriculum and amount of practice for certain

skills.
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Limitations

As repeated measures ANOVA does not tolerate missing

data, only students with complete information on all vari-

ables were used in inferential statistical analyses. This

reduced the student sample size from 245 to 228. Although

the pattern of missing data was random and the concern of

missing data as a result of the study itself was ruled out, the

loss of 17 student participants might have reduced the

statistical power.

The sample size for teachers is small (n = 15). This

limited the representativeness of these teacher participants

in the school districts and might have also reduced the

statistical power of the teacher-level data analyses, The

student performance data on the assessments were not

normally distributed. Although ANOVA and MANOVA

are both robust to non normality with large sample sizes,

means are not the best indicator for central tendency in the

dependent variables used in this study. The two school

systems are not identical; one is a large urban district with

106 elementary schools, while the other is a small suburban

district with only 5 schools. Although the teacher average

years of experience in teaching is not significantly different

between the two school districts, the teacher participants in

System Two scored significantly higher (an average of 10

out of 45 points).

Finally, this is not an experimental study and there was

no control group. Therefore, cautions should be taken when

generalizing the results. The model only suggested rela-

tionships between teacher content knowledge gain and

student achievement growth whereas student growth in

mathematics skills could be related to many other factors

not included in the model.

Appendix 1: Teacher Beliefs Questionnaire
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Appendix 2: Teacher Practices Questionnaire

Indicate the frequency with which you utilize each of the

following practices in your teaching by circling the number

that corresponds with your response.

This questionnaire was adapted from Swan (2006).

Designing and using research instruments to describe the

beliefs and practices of mathematics teachers. Research in

Education, 75, 58–70. Permit for use was obtained on May

29, 2009.

Appendix 3: Sample of Content Knowledge

for Teaching Mathematics (CKT-M)

Ms. Dominguez was working with a new textbook and she

noticed that it gave more attention to the number 0 than her

old book. She came across a page that asked students to

determine if a few statements about 0 were true or false.

Intrigued, she showed them to her sister who is also a

teacher, and asked her what she thought.

Which statement(s) should the sisters select as being

true? (Mark YES, NO, or I’M NOT SURE for each item

below.)

Yes No I’m not

sure

0 is an even number 1 2 3

0 is not really a number. It is a placeholder

in writing big numbers

1 2 3

The number 8 can be written as 008 1 2 3

Practice Almost

never

Sometimes Half

the

time

Most of

the time

Almost

always

1. Students learn through

doing exercises

0 1 2 3 4

2. Students work on their

own, consulting a

neighbor from time to

time

0 1 2 3 4

3. Students use only the

methods I teach them

0 1 2 3 4

4. Students start with easy

questions and work up

to harder questions

0 1 2 3 4

5. Students choose which

questions they tackle

0 1 2 3 4

6. I encourage students to

work more slowly

0 1 2 3 4

7. Students compare

different methods for

doing questions

0 1 2 3 4

8. I teach each topic from

the beginning,

assuming they don’t

have any prior

knowledge of the

topic

0 1 2 3 4

9. I teach the whole class

at once

0 1 2 3 4

10. I try to cover everything

in a topic

0 1 2 3 4

11. I draw links between

topics and move back

and forth between

topics

0 1 2 3 4

12. I am surprised by the

ideas that come up in

a lesson

0 1 2 3 4

13. I avoid students making

mistakes by

explaining things

carefully first

0 1 2 3 4

14. I tend to follow the

textbook or

worksheets closely

0 1 2 3 4

15. Students learn through

discussing their ideas

0 1 2 3 4

16. Students work

collaboratively in

pairs or small groups

0 1 2 3 4

17. Students invent their

own methods

0 1 2 3 4

18. I tell students which

questions to tackle

0 1 2 3 4

19. I only go through one

method for doing each

question

0 1 2 3 4

continued

Practice Almost

never

Sometimes Half

the

time

Most of

the time

Almost

always

20. I find out which parts

students already

understand and don’t

teach those parts

0 1 2 3 4

21. I teach each student

differently according

to individual needs

0 1 2 3 4

22. I tend to teach each

topic separately

0 1 2 3 4

23. I know exactly which

topics each lesson will

contain

0 1 2 3 4

24. I encourage students to

make and discuss

mistakes

0 1 2 3 4

25. I jump between topics as

the need arises

0 1 2 3 4
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