
Executive Summary
(State of Delaware)



  
Teachers' Mathematical Knowledge, Perceptions 

about Mathematics Teaching and Learning, 
and Professional Qualifications: 

Impact on Students’ Mathematics Achievement 
(State of Delaware) 

 
 
 

Patricia F. Campbell 
University of Maryland 

 

Amber H. Rust 
Anne Arundel Community College 

 
Masako Nishio 
University of Maryland 

 

Jill Neumayer DePiper 
Cape Cod Regional STEM Network 

 
Toni M. Smith 
American Institutes for Research 

 

Toya Jones Frank 
George Mason University 

 
Lawrence M. Clark 
University of Maryland 

 

Matthew J. Griffin 
University of Maryland 

 
Darcy L. Conant 
Notre Dame of Maryland University 

 
 

Youyoung Choi 
Hanyang Cyber University 
 

 
Center for Mathematics Education 

University of Maryland 
College Park, MD  20742 

2015 
 
 

This work was developed through the support of a grant from the National 
Science Foundation, Grant No. DRL 0426253. Any opinions, findings and conclusions 

or recommendations expressed are those of the authors and do not necessarily 
reflect the view of the National Science Foundation. 

 
 

   
University of Maryland Center for Mathematics 

Education 
   National Science Foundation 

    



 2 

Executive Summary 
 

 

 

 

 

 

 

 

 

 

There is a logical premise 
that teacher knowledge 
should directly and 
positively affect classroom 
practice and subsequently 
student achievement, but, 
with the exception of 
studies of high school 
mathematics teachers, 
prior empirical evidence 
has been inconsistent.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For educators and officials who shape professional development 
and school staffing policies, the fundamental question about 
teacher knowledge is whether and how it affects student 
learning. There is a logical premise that teacher knowledge 
should directly and positively affect classroom practice and 
subsequently student achievement, but, with the exception of 
studies of high school mathematics teachers, prior empirical 
evidence has been inconsistent. Weak or imprecise measures of 
mathematics teacher knowledge contribute to this inconsistency, 
and researchers have been challenged to define and develop 
more precise measures of both mathematical and pedagogical 
knowledge in order to reveal potential relationships between 
teacher knowledge and student learning. Furthermore, few 
studies have incorporated measures of teachers’ beliefs and 
perceptions in explorations of the relationship between teacher 
characteristics and student achievement, yet it is becoming 
increasingly evident that teachers’ beliefs and perceptions 
influence teachers’ pedagogical decisions. 

This study responded to these calls and challenges by defining 
frameworks characterizing teacher knowledge, developing 
measures of teacher knowledge of mathematics content and 
pedagogy associated with the mathematical content that the 
teachers were charged to teach, and investigating the effects of 
teacher knowledge as so measured on students’ mathematics 
achievement. Conducted in 23 school districts in Maryland, 
Delaware and Pennsylvania, this study empirically examined 
relationships between the mathematical knowledge of 443 early-
career teachers of fourth- through eighth-grade mathematics and 
their students’ achievement (17,303 students), after controlling 
for student- and teacher-level characteristics (including 
measures of teachers’ beliefs and perceptions related to 
mathematics teaching and learning).  Within this sample, eight 
school districts and 66 teachers (3,653 students) were from the 
State of Delaware. Note, the limited size of the Delaware-only 
teacher sample has limited the power for the Delaware-only 
analysis as reported herein. 
 

Background and Instrument Development  
A team of University of Maryland faculty, research associates, 
and graduate students conducted this study within the National 
Science Foundation-funded Mid-Atlantic Center for Mathematics 
Teaching and Learning. A primary research effort of the Mid-
Atlantic Center was to investigate the development, application, 
and influence of teacher knowledge within K-12 mathematics. As 
such, the University of Maryland team designed and conducted a 
quantitative study of the relationship between upper-elementary 
and middle-grades teachers’ mathematical knowledge and their 
students’ achievement.  

The first phase of the study consisted of the development of 
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quantitative study of the 
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teach that content. 
 

 

 

 

 

 

 

 

 

 

frameworks and measures of teachers’ mathematics knowledge 
based on careful synthesis of mathematics content that reflected 
understandings associated with teaching the Grade 4-8 school 
mathematics content upon which students are assessed 
(Maryland, Pennsylvania, and Delaware mathematics curriculum 
standards) and the understandings a teacher may draw on to 
teach that content. Teachers’ mathematical knowledge items 
were of two forms: mathematical content (CK) items and 
mathematical pedagogical content (PCK) items. In this study, CK 
items reflected the mathematical knowledge related to or 
underlying the school mathematics content assessed in Grades 
4–8. PCK items reflected knowledge of mathematics teaching 
and learning that teachers might draw on or use in instructional 
practice when teaching the mathematics content assessed on 
high-stakes state assessments, but not knowledge that is 
typically taught to more advanced pre-college students. All items 
were rigorously reviewed by mathematicians, mathematics 
educators, and school district supervisors, piloted with groups of 
mathematics teachers, and analyzed through a series of 
psychometric and statistical tests prior to use in this study. Only 
those CK and PCK items that met validity and reliability criteria 
were incorporated into the final forms of the assessments, 
consisting of 80 CK and 40 PCK items. 

The second phase of the study consisted of a review of research 
literature that identified teacher and classroom characteristics 
that have shown the potential to influence student achievement. 
Based on this review, the research team developed three 
teacher surveys: one to measure teachers’ beliefs and 
perceptions regarding mathematics teaching and learning, one to 
characterize teachers’ professional backgrounds, and the third to 
denote teachers’ instructional assignments.  

The beliefs and perceptions survey measured three beliefs and 
perceptions regarding mathematics teaching and learning: the 
belief that teachers should allow students to struggle or grapple 
with solving problems on their own before teacher intervention; 
the belief that teachers should model activities and approaches 
followed by student practice, emphasizing incremental mastery 
of procedural skills prior to solving application problems; and the 
extent to which the teachers claimed that they were aware of or 
took steps to determine their students’ mathematical 
dispositions.  
 

Data Collection 
The third phase of the study encompassed data collection, 
administering the knowledge assessments and surveys to early-
career teachers (6 years of experience or less) of fourth- through 
eighth-grade mathematics across Delaware, Maryland, and 
Pennsylvania. Forty-seven districts across the three states were 
contacted; 23 agreed to participate. To encourage participation 
and to attract teachers with varying levels of mathematical 
confidence, teachers were paid $350 for completion of the tests 
of teacher knowledge and the surveys. Tests and surveys were 
administered in an alternating fashion during a single, non-  
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The sample consisted of 
266 upper-elementary 
teachers (grades 4 and 5) 
and 193 middle-grades 
teachers (grades 6, 7 and 
8) and their anonymous 
student achievement and 
demographic data (6,413 
upper-elementary and 
10,890 middle-grades 
students).1 

 

 

 

 
There was a statistically 
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between the CK of 
elementary teachers and 
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mathematics achievement, 
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included in the analytic 
model. 
 

 

 

 

 

 

 

 

 

school day at local, non-school sites. The teacher sample 
consisted of 266 upper-elementary teachers (grades 4 and 5) 
and 193 middle-grades teachers (grades 6, 7 and 8). As a 
condition of participation, school districts were required to 
release participating teachers’ anonymous student achievement 
and demographic data for analysis.1 This yielded a student data 
file consisting of the scores of individual students (6,413 upper-
elementary and 10,890 middle-grades students) on their state’s 
mathematics assessment as required under No Child Left 
Behind federal regulations linked to their participating teacher, 
those students’ prior state mathematics assessment scores, and 
indicators of each student’s race, gender, English-language-
learner status, free-and-reduced-meals status, and special 
education status. 

 

Analysis 
The fourth phase of the study consisted of statistical analyses of 
the full data set (teacher-level and student-level data) using 
hierarchical linear modeling techniques. Because the research 
team developed different teacher knowledge assessments for 
upper-elementary and middle-grades teachers, the analyses of 
upper-elementary and middle-grades data were completed 
separately. As a result, four statistical analyses were conducted 
to explore the relationships between teachers’ mathematical 
knowledge (upper-elementary CK, upper-elementary PCK, 
middle-grades CK, and middle-grades PCK) and their students’ 
achievement. 

 

Findings 
Because the research team generated distinct statistical models 
for the upper-elementary and middle-grades data, the findings 
that follow are presented separately.  

Upper-elementary Findings  
The analysis of the upper-elementary teacher data associated 
with CK and PCK identified the following findings. 

• Across the three states, there was a statistically 
significant relationship between the CK of elementary 
teachers and their students’ mathematics achievement, 
but only when other teacher-level controls were included 
in the analytic model. Those teachers who had higher 
CK scores had significantly higher student achievement 
(for every 1 standard deviation increase in teacher 
content knowledge, on average, expected student 
achievement on state assessments increased by 7% of 
a standard deviation). This statistically significant 
relationship was not evident when only the data from 
Delaware were analyzed. 

                                                
1 The cooperating school districts were unable to locate student 
data for 7 upper-elementary and 9 middle-grades teachers. 
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No relationship between 
upper-elementary teachers’ 
knowledge of mathematical 
pedagogy (PCK scores) 
and their students’ 
achievement on 
standardized state 
mathematics assessments 
was indicated. 

 
 
Those upper-elementary 
teachers with high CK 
scores who also scored 
highly on a survey 
measuring their perceived 
awareness of their 
students’ mathematical 
dispositions had higher 
student mathematics 
achievement than those 
who did not demonstrate 
this combination. 

 
 
Those upper-elementary 
teachers in Delaware who 
held licensure for special 
education taught students 
whose scores on state 
achievement measures 
were comparable to those 
of students of upper-
elementary teachers who 
held only general 
elementary education 
certification. This was not 
true across the three-state 
sample, indicting a 
distinction between the 
Delaware data and the 
state-wide data from 
Maryland and 
Pennsylvania. 
 

• The analysis accessing data from all three states as well 
as the analysis only accessing data from Delaware 
indicated no relationship between upper-elementary 
teachers’ knowledge of mathematical pedagogy (PCK 
scores) and their students’ achievement on standardized 
state mathematics assessments. 

• Across the three states, there was a statistically 
significant, positive interaction between upper-
elementary teacher’s CK and their awareness of their 
students’ mathematical dispositions. In other words, 
those upper-elementary teachers with high CK scores 
who also scored highly on a survey measuring their 
perceived awareness of their students’ mathematical 
dispositions had higher student mathematics 
achievement than those who did not demonstrate this 
combination. This interaction was not statistically 
significant when only data from Delaware were 
analyzed. 

• The separate analyses of the CK and PCK data from the 
three states each indicated that upper-elementary 
teachers who taught students an above-grade-level 
mathematics curriculum had students with significantly 
higher student achievement scores than teachers who 
did not teach an above-grade-level mathematics 
curriculum (on average, 31-32% of a standard deviation 
higher achievement scores). However, no significant 
difference in student achievement scores due to the 
level of curriculum was identified when only the data 
from Delaware were analyzed.  

• Across the three states, the separate analyses of the CK 
and PCK data each indicated that those upper-
elementary teachers who held licensure for special 
education taught students who scored significantly lower 
on state achievement measures than did students of 
upper-elementary teachers who held general elementary 
education certification (on average, 17.5-19% of a 
standard deviation lower student achievement). This 
finding held even after adjusting for the special 
education status of students across the entire sample. 
But unlike the findings across the three states, upper-
elementary students in Delaware whose teachers held 
licensure for special education had state achievement 
scores comparable to those of students of upper-
elementary teachers who held only general elementary 
education certification. 

Middle-grades Findings 
The analysis of the middle-grades teacher CK and PCK data 
indicated the following statistically significant results. 

• Across the three states, there was a statistically 
significant relationship between the CK of middle-grades 
teachers and their students’ mathematics achievement 
with and without teacher control variables in the analytic  
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PCK of middle-grades 
teachers and their 
students’ mathematics 
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Across the three states, 
those middle-grades 
teachers’ with high CK or 
PCK scores who strongly 
held beliefs supporting 
modeling solutions with 
instruction organized for 
incremental mastery had 
significantly higher student 
mathematics achievement 
than those teachers who 
did not demonstrate this 
combination. However, 
those middle-grades 
teachers with low CK or 
PCK scores who strongly 
held these beliefs had 
significantly lower student 
mathematics achievement. 
 

 

 

 

model. Those teachers who had higher scores on the 
mathematics content assessment had significantly 
higher student achievement (for every 1 standard 
deviation increase in teacher mathematics content 
knowledge, on average, student achievement on state 
assessments increased by 17-22% of a standard 
deviation). A similar significant result was also noted 
when only the Delaware data were analyzed (for every 1 
standard deviation increase in Delaware’s middle-grades 
teachers’ CK scores, on average, expected student 
achievement on the Delaware state assessments 
increased by 22-30.5% of a standard deviation). 

• Across the three states, there was a statistically 
significant relationship between the PCK of middle-
grades teachers and their students’ mathematics 
achievement with and without teacher control variables 
in the analytic model. Those teachers who had higher 
mathematics pedagogy scores had significantly higher 
student achievement (every 1 standard deviation 
increase in teachers’ PCK, on average, predicted 
student achievement on state assessments increased by 
18-22% of a standard deviation). A similar significant 
result was noted when the Delaware data were analyzed 
but only if no other teacher control variables were in the 
model (every 1 standard deviation increase in 
Delaware’s middle-grades teachers’ PCK, on average, 
predicted student achievement on Delaware’s state 
assessments increased by 22% of a standard deviation). 

• When data for the three states were analyzed, a 
statistically significant positive interaction was noted 
between middle-grades teachers’ beliefs regarding 
modeling mathematical solutions and organizing 
instruction to support incremental mastery of skills and 
teachers’ CK and PCK scores (10% and 13.8% of 
standard deviation respectively). In other words, those 
middle-grades teachers’ with high CK or PCK scores 
who strongly held beliefs supporting modeling solutions 
with instruction organized for incremental mastery had 
significantly higher student mathematics achievement 
than those teachers who did not demonstrate this 
combination. However, those middle-grades teachers 
with low CK or PCK scores who strongly held these 
beliefs had significantly lower student mathematics 
achievement, as compared to teachers with low CK and 
PCK scores who did not hold this belief. When only data 
from Delaware were analyzed, this finding of a 
significant interaction was not identified.  

• Across the entire sample, the separate analyses of the 
CK and PCK data each indicated that middle-grades 
teachers who taught students an above-grade-level 
mathematics curriculum had students with significantly 
higher student achievement scores than teachers who 
did not teach an above-grade-level mathematics 
curriculum (on average, 23-29% of a standard deviation  
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knowledge scores of the 
middle-grades teachers 
from Delaware indicated 
that completing two 
courses at or above the 
level of calculus had a 
statistically significant 
positive impact on 
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with the completion of 
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mathematics courses. 
 
 
 
 
 
 
 

Across the three states, 
middle-grades teachers 
who had completed 
mathematics education 
courses (e.g., methods 
courses) had significantly 
higher scores on both the 
CK and the PCK tests. 
 
 
 
 
 
 
 
 
 
 
 

higher achievement scores). This finding was also 
identified when only data from Delaware were analyzed 
(on average, 42-53% of a standard deviation higher 
achievement scores). 

• Across the three states, the separate analyses of the CK 
and PCK data each indicated that those middle-grades 
teachers who held licensure for special education taught 
students who scored significantly lower on state 
achievement measures (on average, 39-40% of a 
standard deviation lower student achievement) as 
compared to students of middle-grades teachers who 
held only certification identified for their grade level or 
content specialty (general elementary or middle or 
secondary mathematics). This finding held even after 
adjusting for the special education status of students 
across the entire sample. But unlike the findings across 
the three states, middle-grades students in Delaware 
whose teachers held licensure for special education had 
state achievement scores comparable to those of 
students of middle-grades teachers who did not hold 
special education licensure. 

• Additional analysis of the data from across the three 
states revealed that those middle-grades teachers who 
had earned semester credits in mathematics at or above 
the level of calculus had significantly higher scores on 
both the CK tests and the PCK tests (48-51% of a 
standard deviation higher CK scores; 22-23% of a 
standard deviation higher PCK scores). This result was 
not identified in the data from Delaware, but 64% of the 
middle-grades teachers in Delaware had completed at 
least one course at or above the level of calculus. Only 
56% or 42% of the middle-grades teachers in Maryland 
and Pennsylvania respectively had completed a course 
at or above the level of calculus.  

• Further analysis of the teacher knowledge scores of the 
middle-grades teachers across the three states indicated 
that not only did completing a single course at or above 
the level of calculus have a statistically significant 
positive impact on teachers’ CK scores, this CK increase 
grew significantly when a second high-level course was 
completed. But in Delaware, the statistically significant 
positive impact on teachers’ CK scores was due to the 
completion of two or more mathematics courses at or 
above the level of calculus (a level of expertise held by 
49% of the sampled middle-grades Delaware teachers).  

• Analysis of data from across the three states revealed 
that those middle-grades teachers who had completed 
mathematics education courses (e.g., methods courses) 
had significantly higher scores on the CK tests (15-21% 
of a standard deviation higher scores) and on the PCK 
tests (19% of a standard deviation higher), but this PCK 
increase was only identified when teachers’ beliefs 
scores were not modeled. Completion of mathematics  
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Efforts to raise student 
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in the middle grades will be 
hampered as long as 
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content and pedagogical 
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education course(s) was not associated with either the 
CK or PCK scores of middle-grades teachers in 
Delaware.  

• Across the three states, middle-grades teachers who 
believed that mathematics teachers should model 
mathematical solutions and organize their instruction to 
emphasize students’ incremental mastery of skills 
scored significantly lower on the CK and the PCK 
assessments than teachers who did not hold those 
beliefs (24% and 20% of a standard deviation 
respectively). This relationship was not identified within 
either the CK or PCK data from Delaware.  

• Similarly, across the three states, middle-grades 
teachers of mathematics who held that students should 
engage in the struggle of solving mathematics problems 
prior to teacher intervention had significantly higher PCK 
scores (on average14% of a standard deviation higher) 
than teachers who did not hold those beliefs. This finding 
was not evident when only data of teachers from 
Delaware were analyzed. 

 

Implications 
An important finding that emerged from this analysis is that 
teacher knowledge matters, and, for mathematics, this is 
particularly true in the middle grades. While statistically 
significant across the three states, the size of the effect of upper-
elementary teachers’ mathematical content knowledge on 
student achievement was not particularly large. This may 
indicate that other teacher, classroom, or school factors not 
measured or controlled by the models employed in this study are 
influencing student achievement on standardized mathematics 
assessments in the upper-elementary grades. In contrast, the 
strength of the effect sizes in the middle-grades findings across 
the three states, as well as within Delaware, argues that efforts 
to raise student mathematics achievement in the middle grades 
will be hampered as long as teachers’ mathematical content and 
pedagogical knowledge remains constant.   

In addition, teachers’ beliefs and perceptions interact with 
teachers’ mathematical content and pedagogical knowledge in 
ways that appear to influence students’ mathematics 
achievement. This cross-state analysis indicates that in the 
upper-elementary grades, particularly with more knowledgeable 
teachers, student achievement in mathematics is related to 
teachers’ claimed awareness of their students’ mathematical 
dispositions, implying that knowledgeable teachers whose 
pedagogical practices support and encourage their students to 
see themselves as learners who “think, negotiate, and 
understand” mathematics (Boaler & Greeno, 2000, p. 190) will 
be more effective. 

In the middle grades across Maryland, Delaware, and 
Pennsylvania, if teachers’ beliefs about mathematics teaching 
and learning are strongly aligned with intended mastery of  
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procedural skills occurring prior to consideration of application 
problems, then the relationship between teachers’ CK and 
student achievement appears magnified. This association was 
also evident in the PCK analysis, indicating that if this 
instructional approach is to be effective and foster student 
achievement then teachers need strong content and pedagogical 
knowledge. But in the middle grades, instructional beliefs aligned 
with this perspective were more likely to be held by teachers with 
limited content and pedagogical knowledge, not by teachers with 
high knowledge scores.  

These findings were not identified when only data from Delaware 
were considered with one exception. Middle-grades teachers 
from Delaware who claimed to be aware of or to support their 
students’ mathematical dispositions had lower PCK scores. 
Whether this was due to limited statistical power in the 
Delaware-only analysis or to differences in the Delaware data is 
unknown. 
This investigation finds no evidence to support the assumption 
that emphasizing mathematical procedure and limiting 
instructional context to a sequential demonstrate/model-guided 
practice-independent practice routine will compensate for a 
middle-grades teacher’s weak understanding of mathematics 
content or pedagogy. While this finding does not make it any 
easier to address the challenge of improving teacher quality in 
order to enhance student achievement, it does illustrate that, 
particularly in the middle grades, the expedient solution of 
focusing on procedures or even scripting procedurally focused 
lessons for weaker teachers will not be effective. 

Concentrated efforts to deepen teachers’ mathematical content 
and pedagogical knowledge (in both teacher education programs 
and professional development offerings) may yield significant 
increases in student achievement. Investments by school 
districts in professional learning opportunities focused on both 
mathematics content and pedagogical content may prove to be a 
productive, meaningful use of resources if that professional 
development is targeted toward building mathematical content 
knowledge and understanding as well as developing instructional 
strategies directly related to the content that teachers are 
responsible for teaching.  

These findings suggest that teachers’ knowledge as well as their 
beliefs about mathematics teaching and learning matter. 
Professional learning opportunities that do not explicitly attend to 
and acknowledge teachers’ mathematical understandings as well 
as their beliefs about mathematics teaching and learning may 
miss valuable opportunities to encourage shifts not only in 
teachers’ knowledge, beliefs, and perceptions, but also in the 
achievement of their students.
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