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Increasingly, state standards for mathematics are portraying an ambitious vision of rigorous and 
robust mathematics learning and student outcomes that require elementary teachers to access and 
use strong mathematical content and pedagogical knowledge effectively. Similarly NCTM’s 
Principles to Action (2014) calls for advancing mathematical understanding and self-confidence 
in all students. This necessitates addressing teachers’ content and pedagogical knowledge in the 
context of their practice as well as the quality of mathematics teaching practices. Many school 
districts are turning to elementary mathematics specialists or coaches to address these challenges. 
The objective is for the mathematics specialist-coach to address the mathematical content and 
pedagogical knowledge of teachers in the context of their practice while supporting the 
emergence of collective professional habits that advance school-wide improvement as well as 
student learning and achievement (Marzano, Walters, & McNulty, 2005; York-Barr & Duke, 
2004). Particularly in elementary schools serving poorly resourced communities, school 
administrators use Title I funds or school-improvement grants to finance mathematics coaches. 
In rural areas, many district leaders are developing on-site teacher leaders as a means of offering 
leadership, professional development, and instructional support to small populations of teachers 
spread over isolated geographical areas (Hartman, 2012; Keller, 2007). 

Prior research has identified the positive impact of highly qualified coaches on elementary 
students’ mathematics achievement in schools located near universities, where the coaches had 
access to preparation courses and supportive district-level mathematics supervisors (Campbell & 
Malkus, 2011). However, many school systems are not located near universities and do not have 
mathematics expertise in their central administration. Recognizing this, a collaborative project 
involving five universities developed preparation courses and then carried out a cross-district 
research study investigating the impact of elementary mathematics specialist-coaches on student 
achievement in rural school districts, documenting the specialist-coaches’ on-site activity. This 
paper addresses the results of this study offering a quantitative characterization of the activity of 
these specialist-coaches, as well as findings from an analysis of the impact of specialist-coaches 
on student achievement.  

Theoretical Framework 

This study positions the mathematics coach as advancing teachers’ learning in the “core 
conceptual framework” of professional development (Desimone, 2009, p. 183), addressing 
mathematics content and pedagogy, active learning, coherence, duration, and collective 
participation. Theoretically, coaching may be interpreted as fostering the co-learning of on-site 
teacher educators (coaches) and teachers (Jaworksi, 2001) in a modification of Zaslavsky and 
Leikin’s (2004) model. This model (Campbell & Malkus, 2014) envisions a coach’s preparation 
for and work with an individual teacher in a planning-teaching-debriefing cycle (West & Staub, 
2003), followed by the coach and the teacher independently reflecting on the completed coaching 
cycle, prior to engaging in yet another cycle. In this perspective, coaching is theorized to increase 
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teachers’ content and pedagogical knowledge and competencies and to address their beliefs 
regarding teaching and learning in ways that can impact instruction and student achievement. 
Ideally, coaches have no supervisory responsibilities for the teachers that they are coaching. 
This study’s specialists-coaches had no supervisory responsibilities. In addition, they were 
assigned to a single school but not identified as the teacher of record for any student, making 
them available for access to classrooms and teachers throughout the school day. However, in 
addition to working with individual teachers, this study’s specialist-coaches were encouraged to 
facilitate grade-level planning and to foster a community of practice that might entail, for 
example, working with teachers and school leaders to interpret student achievement data or 
collaborating with local-school administrators to negotiate a shared image of teaching and 
learning for a school-wide mathematics program (Saphier & West, 2009/2010). Because this 
project’s intent was not only for the project’s participants to coach individual teachers, but also 
to serve as the “ready resource” and  “community organizer” for mathematics in a school 
(Neufeld & Roper, 2003) and to be proactive in terms of forging partnerships with a school 
principal, the term elementary mathematics specialist is used. 

Research Questions 

This paper addresses these research questions:  
(1) What activities did elementary mathematics specialists engage in and what proportion of 

their time did they spend completing differing activities?  
(2) What is the impact of elementary mathematics specialists on student achievement, 

controlling for the elementary mathematics specialists’ activities and level of interaction 
with individual teachers?  

Research Design 
This study utilized a control-treatment design, randomly identifying schools to receive a 
mathematics specialist for a 2-year period. Across 13 rural school districts in Virginia, 45 
schools participated in the study. As coded by the National Center for Education Statistics 
(NCES), these schools were positioned in distant rural, remote rural, rural fringe, distant town, 
fringe town, small city, or small suburb communities with the small city and small suburb locales 
surrounded by rural settings. While most of these schools were of similar size upon initiation of 
the study, there were four participating schools with limited student and teacher populations, 
with two of these schools located in one school district and the other two schools in another 
district. As defined at the initiation of the study for purposes of randomization, these two sets of 
small schools were treated as two school sites, not as four distinct schools.  
As specified by the randomization protocol, the lead researcher defined school pairings based on 
school size, academic tradition, Title I status, and student/school demographics. When possible, 
schools in the same school district with similar characteristics were paired; cross-district parings 
reflected comparable NCES locale codes and similar school size. Each of the two sets of small 
schools was treated as a single school site for the randomization protocol; all other schools were 
treated as separate school sites. Each school site was assigned a unique identification number and 
then, using a random number table, the lead researcher selected one school site from each pairing 
as the site for placement of a specialist. The randomization protocol indicated that if a set of 
small schools that were being treated as single school site was identified for placement of a 
specialist, then the school district and local school administrators would work with the study to 
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define a rotation for sharing a single specialist so that each small school had full access to a 
specialist for 5 out of every 10 days of school throughout the school year. Based on the 
randomization protocol, each of the school sites that were actually pairs of small schools was 
subsequently identified as a control school. In order to recognize that 44 participating schools in 
this study constituted 42 treatment or control locations, the term school site is used. 
Over the two years of data collection, there were five unrelated school boundary changes or 
school closure decisions that impacted the study’s original research design, with two of these 
changes affecting the paired small schools that this study treated as single school sites. One of 
these pairs of schools was located in the same distant town and enrolled all of the pre-
kindergarten through fourth-grade students in the school district. After one year, the school 
district changed the attendance boundaries for these two schools with one school serving as a 
primary school and registering all of the pre-kindergarten and first-grade students in the town, 
while the other school served as the elementary school registering all of the students in the 
second through fourth grades. As stated in this district’s revised enrollment policy, students from 
the primary school matriculated to the elementary school and teachers could be relocated from 
one school to the other, depending on grade-level assignment. The other pair of small schools 
that this study treated as a single school site was located in an area identified by NCES as a 
distant rural community. Due to financial demands, one of these schools closed prior to the 
second year of the study’s data collection with all students and faculty moving to the other 
school. 

Prior to the second year of data collection, another K-5 control school closed with all of its K-4 
teachers and students being relocated to a larger K-4 school and its fifth-grade teachers and 
students being transferred to a middle school. This larger K-4 school agreed to participate as a 
control site during the last year of data collection, becoming the 45th participating school. To 
maintain longitudinal consistency, the study accessed the student achievement data from all of 
the available fourth graders in the new school who were enrolled as third graders in the original 
control school, but no other fourth-grade achievement data. Similarly the study only accessed the 
student achievement data of those third graders in the new school who were taught by a teacher 
who had been transferred from the original control school. However, no fifth-grade student 
achievement data were available from this control site during the second year of data collection. 

Finally, in July 2012, two treatment schools closed due to financial need and declining student 
enrollment, necessitating the loss of two specialists and two control schools. 

Methodology 
Elementary Mathematics Specialists 

There were 28 district-nominated, volunteer teachers who were accepted into the graduate 
program of one of the cooperating universities and began accessing the specialist preparation 
courses. The prospective specialists initiated their study (24 graduate credits, tuition free, with 
additional available courses yielding a master’s degree) in February 2010. Due either to health 
reasons, personal demands, or the higher-than-anticipated expectations of the program, seven 
participants dropped out of the preparation program prior the initiation of the third course.  

As reported in Table 1, most of the 21 remaining participants did not possess a master’s degree at 
the initiation of the program, and the potential of earning this degree was an incentive. There 
were three males in this cohort, with two of the males being experienced elementary teachers and 
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Table 1:  Specialists’ Demographics and Professional Background upon Program Entry 

Source Rural Specialists 
N = 21 

Master’s Degree (%) 9.5% 
Certified as an elementary teacher (%) 90.5% 
Certified as a middle-grades mathematics teacher (%) 4.8% 
Certified as a secondary mathematics teacher (%) 4.8% 
Mean number of mathematics credits (undergraduate) 12.26 
Mean number of mathematics credits (graduate) 1.89 
Mean number of mathematics education credits (undergraduate)  1.05 
Mean number of mathematics education credits (graduate) 1.37 
Mean number of graduate credits (no master’s degree) 3.10 
Mean number of graduate credits (beyond master’s degree) 1.43 
Mean number of years of teaching experience (elementary) 7.8 
Mean number of years of teaching experience (middle school) 2.4 
Assigned to their original home school as a specialist (%) 33.3% 
Gender (% female) 85.7% 
Race (% Caucasian) 90.5% 
 
one male having middle-grades mathematics teaching experience. Seven of these specialists were 
placed in the same elementary school where they had been employed as a teacher prior to 
participating in this study. This cohort of prospective specialists is predominantly White. 

Specialist Preparation Program. The 24 semester credits of coursework in the specialist-
preparation program addressed mathematics content, pedagogy, and leadership/ coaching. While 
continuing to work as classroom teachers, prospective specialists accessed seven of these 
preparation courses (21 credits) through blended distance learning and project-supported, 
summer institutes prior to placement in a school as an elementary mathematics specialist. The 
final specialist-preparation course was delivered in a blended distance learning format during the 
specialists’ first semester of placement. Each of the eight specialist-preparation courses were co-
taught with university mathematicians and mathematics educators staffing the mathematics 
content courses and university mathematics educators and district leaders co-teaching the 
leadership/coaching courses, addressing state licensure expectations for K-8 mathematics 
specialists. 
Five of these courses addressed mathematics content (Number and Operations, Geometry and 
Measurement, Rational Numbers and Proportional Reasoning, Statistics and Probability, and 
Algebra and Functions). Three of these mathematics content courses were delivered via a 
blended distance-learning format; the other two courses were offered during a full-time summer 
institute at one of the partnered universities. There were three Education Leadership/Coaching 
courses with two of these courses completed prior to placement in the schools, while the third 
course was completed during the specialists’ first semester of placement. The first leadership 
course addressed mathematical standards and standards-based instruction with a focus on 
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supporting students’ mathematical understanding as well as observing and analyzing teaching. 
The rationale underlying this course was that perspective coaches could not address change in 
others’ teaching until they first established and practiced more ambitious mathematics teaching 
in their own classrooms. The second course focused on coaching within the planning-teaching-
debriefing cycle (West & Staub, 2003), as well as designing and facilitating grade-level, 
structured professional development. The third course returned to a focus on school-based 
mathematics leadership, addressing approaches that might foster school-wide change in 
mathematics teaching and learning. It addressed lesson study, professional learning communities, 
supporting formative assessment, and interpreting/utilizing summative standardized assessment 
reports, as well as navigating the organizational structure in schools and districts. All three of 
these courses were delivered via a blended distance-learning format. 
The 21 participants were placed in a school as a specialist at the start of the 2011-12 academic 
year. School districts were paid an allotment of $25,000 per specialist per year in order to offset 
the cost of replacement classroom teachers.  

Specialists’ Daily Activity. The specialists recorded their daily professional work activity by 
type and time via a data-collection-transmittal program operating on an iPad for two years (2011-
2013). Instructional Specialist Activity Manager (ISAM) is a menu-oriented entry interface that 
allowed the specialists to log their daily activities chronologically by type and duration.  

Within the Daily Activity Log option of ISAM, the specialists chronologically indicated the 
duration of an activity and then clicked the primary identification of that activity. Based on a 
branching network, activities of interest triggered the presentation of more detailed sub-choices, 
which the specialists again selected by “clicking” on the button of interest. After the activities of 
a complete day were entered, specialists could review the day’s entries and, if necessary, modify 
the listing prior to confirmation. Daily, confirmed data were subsequently transmitted over the 
Internet onto a comprehensive data management platform. A descriptive summary of these data 
is noted in Table 2. 

The contract day for the specialists varied from 7 hours 15 minutes to 7 hours 45 minutes with a 
mean of 7 hours 30 minutes (standard deviation of 10.3 minutes). In terms of hours per day, the 
values in Table 2 may be interpolated according to the formula that 13.3% is equivalent to 5 
hours per week (1 hour per day). 

The specialists’ on-the-job activities were classified as being in one of four categories: coaching 
and supporting coaching, community organizer for mathematics, personal professional 
development, and other. The classification of personal professional development was assigned 
when a specialist was either attending or preparing for on-going courses delivered through the 
study’s specialist-preparation program or a partnered university’s master’s degree program, 
engaging in professional interactions with other specialists, or attending district, state, regional or 
national professional conferences. Non-job description duties included bus duty, chaperoning 
field trips, substitute teaching, or school-wide coordination that did not address mathematics 
instruction and learning (e.g., training student safety patrols, substituting as a school’s 
administrator for a day). The most frequent non-job-description duty was on-site bus duty, 
averaging 6.3% of a specialist’s time or approximately 28 minutes per day. 
While these patterns of elementary mathematics specialist activity are probably generalizable, 
the prevalent pattern of bus duty may be a study-related artifact. Prior to placement, more  
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Table 2: Specialists’ Mean Percent Time per Activity During Contracted Days of Work  

Activity Year 1 
N = 21 

Year 2 
N = 19 

Coaching and Supporting Coaching 42.1% 39.5% 
Observe a teacher’s instruction 5.8% 2.8% 

Demonstrate or model the teaching of a lesson  3.4% 2.9% 
Co-teach a lesson 12.2% 14.3% 

Meet with an individual teacher 3.3% 3.3% 
Meet with a grade-level team 2.1% 2.4% 

Write notes and/or reflections 1.2% 0.8% 
Prepare or plan for coaching 14.1% 13.0% 

Community Organizer for Mathematics 21.4% 20.8% 
Support use of materials (purchase, locate, distribute) 3.2% 3.3% 

Deliver professional workshop 0.4% 0.4% 
Align curricula 0.3% 0.2% 

Attend meeting with a mathematics agenda 3.4% 3.0% 
Develop assessments 0.7% 1.1% 

Analyze student data 1.4% 1.5% 
Teach students (with no observing teacher) 8.9% 7.7% 

Communicate with others (email, program descriptions) 2.9% 3.4% 
Recruit volunteers; schedule meetings 0.2% 0.2% 

Engage in Personal Professional Development 12.8% 10.6% 
Other  23.2% 29.3% 

Complete non-job-description duties (e.g., bus duty) 10.1% 12.0% 
Attend a meeting with no mathematics agenda 2.0% 2.8% 

Manage assessments (logistics, proctoring, training) 6.0% 8.9% 
Absent 5.1% 5.6% 

 
experienced specialists told the participants that volunteering for bus duty was a way to build 
entrée into their school placements without sacrificing teacher access, as most teachers would not 
be available to meet with a specialist at the very beginning or end of the school day. 

Specialists’ Weekly Reflection Logs. While the specialists were responsible for working with 
all of the mathematics teachers in a school, in practice their level of engagement with individual 
teachers varied. To measure this, the ISAM system activated a Weekly Reflection Log at the end 
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of each workweek that the specialists were expected to complete. Each week, this component 
presented specialists with the names of one-sixth of the teachers of mathematics in a specialist’s 
school. These names rotated in a cycle so that over the course of the 36-week school year, an 
individual teacher’s name would appear approximately every 6 weeks for a total of 6 times over 
the year. The specialist was to reflect on her interaction with a named teacher over the past 10-14 
school days and then to select descriptors to note her level of engagement with that teacher, the 
purpose of her engagement with that teacher, and that teacher’s level of engagement within 
grade-level teams. Due to the small size of many of the rural schools as well as the prevalence of 
clustering in many of the upper-elementary grades with only one teacher responsible for teaching 
mathematics to all students in that grade, the grade-level team planning code was interpreted as 
not yielding valid and reliable data.  
When identifying the degree of engagement with an individual teacher, a specialist could choose 
only one of eight descriptors. Specialists self-rated their degree of engagement with a teacher 
over the past 10-14 days, as either: 

• Working with a teacher who sought out the specialist,  
• Serving as a professional colleague with or for a teacher,  
• Working with a teacher to provide support for other teachers, 
• Seeking out a teacher who accepted professional interaction with the specialist, 
• Not working with a teacher because the teacher was absent from school, 
• Not working with a teacher because, although the teacher been in school, the teacher was 

not available meet with the specialist, 
• Not working with a teacher because, although the teacher been in school, the teacher had 

chosen not to meet with the specialist, or 
• Not working with a teacher because the specialist was absent from a school for the past 

week. 
There were six descriptors classifying the purpose of a specialist’s engagement with a teacher 
over the past 10-14 days. A specialist could select more than one descriptor to code his 
interaction with a teacher. These descriptors included: addressing pedagogy and planning, 
addressing student performance and/or understanding, addressing the mathematical content or 
expectations in the curriculum, addressing a teacher’s mathematical understanding, encouraging 
or addressing a teacher’s concerns, and the default category of no individual interaction.  
Specialists were to choose the descriptor of Addressing Pedagogy and Planning to describe the 
purpose of their interaction with a teacher if their discussion addressed any of the following: 
classroom management; the intent or meaning of instructional approaches including 
consideration of exemplars; discussion of a lesson plan or collaboration producing a lesson plan. 
The descriptor of Addressing Student Performance and/or Understanding was recorded if a 
specialist was working with a teacher to document student performance, to analyze student work, 
and/or to consider a trajectory of student learning. This descriptor was also selected if a specialist 
and a teacher were discussing or anticipating students’ mathematical needs. The descriptor of 
Addressing the Mathematical Content or Expectations in the Curriculum identified a specialist’s 
interaction with a teacher regarding curriculum objectives, district or state mathematics standards 
or expectations, the meaning of big ideas in a mathematics, or a trajectory for mathematical 
content or knowledge. When specialists’ interactions with a teacher focused on discussing 
mathematical concepts or solving mathematical problems or tasks with the intent of enhancing 
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teachers’ personal mathematical understandings, the specialists would select the descriptor 
labeled Addressing Teacher’s Mathematical Understandings as the purpose of engagement. 
There were times when teachers met with their specialists to raise concerns or to express 
reservations associated with instructional change and student learning or when teachers simply 
expressed a need for reassurance regarding their instructional efforts or the implications/rationale 
underlying intended mathematics teaching and learning. If this was the purpose of a specialist’s 
interaction with a teacher, then the descriptor labeled Encourage or Address Concerns was 
selected. Finally, because the specialists did not select the teachers for whom they would enter a 
Weekly Reflection Log but rather the ISAM system cyclically presented teacher names to each 
specialist, it was possible for a teacher name to appear in a given weekly log which identified a 
teacher with whom a specialist had had no interaction over the past 10-14 days.  In that case, the 
specialist simply selected the default descriptor of No Individual Interaction as the “purpose” of 
the interaction with that teacher. 
Data Sources 

Student-level Data. Virginia administers a statewide, standardized achievement test in 
mathematics to all students in grades 3 though 8 each spring. Termed the Standards of Learning 
Assessment (SOL) this high-stakes measure and its aligned collection of student demographic 
data satisfies Virginia’s expectations for assessment as required under the No Child Left Behind 
federal regulations. SOL data include a total scale score for mathematics with possible scores 
ranging from 200 to 600. The analysis that follows considers the third-, fourth-, and fifth-grade 
students’ SOL scores over 2 years (2011-2013). Table 3 presents selected descriptive statistics 
for the analyzed mathematics SOL scores by grade and year. Note that there was shifting student 
enrollment in all of the schools across the two years of the study, but this was most evident in 
grade 4 in the control schools  

Table 3: Descriptive Statistics and Student Mathematics Achievement (SOL) Scores 

 2011-2012 2012-2013 
 Treatment 

21 School 
Sites 

Control 
21 School 

Sites 

Treatment 
19 School 

Sites 

Control 
19 School 

Sites 

Grade 3     
Mean (SD) SOL Scores 422.6 (63.2) 407.8 (64.3) 432.8 (69.5) 411.6 (67.8) 
n of students 1223 1154 1249 1167 
n of teachers 54 48 55 46 

Grade 4     
Mean (SD) SOL Scores 435.2 (61) 430.3 (61.3) 441.9 (67.4) 434.4 (65.5) 
n of students 1221 1112 1217 1181 
n of teachers 42 36 44 32 

Grade 5     
Mean (SD) SOL Scores 430.4 (66.6) 427.4 (63.9) 440.7 (71.4) 438.6 (72.3) 
n of students 1030 964 982 895 
n of teachers 30 28 33 26 
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In addition to the usual student-level demographic controls addressing free-and-reduced meal 
status, special education status, and a flag to indicate if a student’s race-ethnicity was non-White, 
the analysis that follows also noted each student’s age in months beyond the mean for that grade 
at the time that the spring standardized testing was administered. The mean age for grade 3 was 9 
years 3 months (111 months), the mean age for grade 4 was 10 years 3 months (123 months), and 
the mean age for grade 5 was 11 years 3 months (135 months). 

To further address school and community distinctions, a school-level measure of prior academic 
tradition was coded to identify those schools whose mean 2011 SOL mathematics scale scores 
were one standard deviation below the sample mean of all participating schools by grade level. 
While the paired school sites in the control-treatment design were comparable in terms of their 
demographics and prior student performance on state mathematics assessments, there were 
differences between the pairs of school sites, reflecting the differing communities and districts 
participating the study. The variable of Low Academic Tradition served as a control to balance 
the school-level differences between and within pairs of school sites. Six of the school sites in 
the analysis were flagged as having Low Academic Tradition. 
Classroom-level Data. Over the course of the 2 years, 841 kindergarten through fifth-grade 
teachers agreed to participate in the project with over half of these teachers assigned to 
kindergarten through second-grade classrooms. Of the 42 school sites participating in the project, 
4 school sites did not enroll students in fifth grade in either year of data collection, as these 
students matriculated to an area middle or intermediate school. In addition, as noted previously, a 
school closure led to the loss of all of the fifth-grade students at a control site prior to the second 
year of data collection. As noted in Tables 3 and 4, this resulted in fewer fifth-grade teachers and 
students participating in the study and providing data for the analysis. As inferred from Table 4, 
fifth-grade teachers were more likely to have earned a master’s degree.  

As compared to the third-grade teachers, there was a higher likelihood that a teacher in either 
grade 4 or 5 was the sole mathematics teacher for that grade in school, teaching mathematics to 
more than one classroom of students, but there were no strong grade-level distinctions in terms 
of assignment of novice or experience teachers. This sample of teachers did reflect mobility 
either in teaching assignment by grade or by school over the 2 years of the study, with somewhat 
more turnover in the assignment of teachers to fourth-grade instruction. In order to account for  

Table 4: Grades 3-5 Teachers’ Professional Demographics 

Teacher Characteristics 
Grade 3 
(N = 141) 

Grade 4 
(N = 110) 

Grade 5 
(N = 81) 

Master’s degree (%) 36.2 33.6 51.9 

Gender (% female) 94.5 93.2 94.2 
Only present in Year 1 (%) 29.1 36.4 28.4 
Only present in Year 2 (%) 27.7 29.1 32.1 

Only teacher in grade (%) 12.1 29.1 35.8 
Novice teacher (less than 2 years experience) (%) 12.8 14.5 14.8 

Experienced teacher (15 or more years experience) (%) 36.9 30.0 34.6 
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this variability, the analysis that follows identifies whether a classroom of students was assigned 
to a teacher who was present only for the first year of the study or only for the second year of the 
study, with the default comparison being teachers who taught mathematics to at least one 
classroom of students in a single grade over both years of the study. 

Recall that each year, each treatment teacher’s degree of engagement with a specialist was coded 
approximately six times via descriptors in ISAM. Each of these ISAM descriptors was then 
classified as reflecting a high, medium, or low level of engagement. A High Level of 
Engagement was coded when a specialist indicated that a teacher was a person whom, over the 
past 10-14 days, the specialist had worked with because the teacher had sought her out, or whom 
the specialist had worked with as a professional colleague, or whom the specialist had worked 
with to provide support for other teachers (three descriptors). The classification of a Medium 
Level of Engagement was assigned when a specialist indicated that he had sought out a teacher 
who had accepted professional interaction with him over the last 10-14 days (one descriptor). 
Finally Low Level of Engagement was coded if a specialist indicated that she had not worked 
with a teacher over the last 10-14 days because the teacher was either absent from school or in 
school but not available or in school but choosing not to meet with the specialist. The 
classification of Low Level of Engagement was also applied if a specialist was absent from a 
school for the past week, yielding four possible descriptors defining the low level of engagement 
classification. For each treatment teacher, three values were computed identifying the proportion 
of High, Medium, and Low Level of Engagement codes assigned to that teacher in a given year. 
Table 5 depicts the mean proportion and standard deviation of specialists’ ratings of their level of  

Table 5:  Proportion of Treatment Teachers’ Level and Purpose of Individual Engagement 
with a Specialist  

Individual Engagement 
K-Grade 5 
Mean (SD) 

Grade 3 
Mean (SD) 

Grade 4 
Mean (SD) 

Grade 5 
Mean (SD) 

Level of Individual Engagement     
 Low .160 (.262) .144 (.268) .073 (.186) .125 (.218) 

 Medium .418 (.339) .352 (.338) .271 (.302) .338 (.349) 
 High .420 (.374) .501 (.393) .656 (.358) .536 (.424) 

Purpose of Individual Engagement     
 Pedagogy and Planning .239 (.279) .316 (.312) .412 (.300) .348 (.310) 

 Student Performance .176 (.233) .242 (.251) .249 (.207) .205 (.205) 
 Mathematics Curriculum Content 

Expectations .179 (.241) .196 (.256) .241 (.273) .238 (.274) 

 Teacher’s Mathematical 
Understandings .116 (.213) .160 (.254) .157 (.239) .126 (.232) 

 Encourage a Teacher or Address 
Concerns  .182 (.228) .201 (.234) .225 (251) .212 (.239) 

 No Individual Interaction .410 (.340) .293 (.300) .154 (.228) .222 (.299) 
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engagement with individual teachers within the categories of high, medium, or low engagement.  
Similarly, each year, there were at least six points in time when a specialist classified the 
purpose(s) for a given teacher’s interaction with a specialist over the past 10-14 days. For each 
purpose-of-interaction code, the number of entries identifying that code as the purpose for a 
specialist and teacher’s interaction in a given year was determined. Dividing that summed value 
by 6 yielded a proportional measure characterizing the extent to which a given teacher’s 
interaction with a specialist over a year addressed that purpose. Table 5 depicts the mean 
proportion and standard deviation of specialists’ purpose for engaging with individual teachers.  

Note that for each treatment teacher in each year, the sum of that teacher’s high, medium and 
low proportion codes totals 1 because, in each cycle of teacher names, specialists could only 
select one identifier to code their level of engagement with a teacher over the past 10-14 days. 
However, for each treatment teacher in each year, the sum of that teacher’s six proportional 
values classifying purpose of teacher-specialist interaction could be greater than 1 because, in 
each cycle of teacher names, a specialist could select more than one purpose to describe 
interaction with a teacher over the past 10-14 days.  
The analysis that follows includes a variable modeling by year and teacher the proportion of time 
over the six annual data points that a treatment teacher was coded as having High Level of 
Engagement with a specialist (0 ≤ level of high engagement ≤ 1) with teachers in control schools 
coded as 0. This value was entered in the analytic model as a second-level classroom variable 
(High Engagement) by year. Similarly, the analysis that follows includes a variable modeling by 
year and teacher the proportion of time over the six annual data points that a specialist noted 
working with a treatment teacher to address the teacher’s own mathematical understanding (0 ≤ 
teacher’s mathematical understandings ≤ 1), with the value for the control teachers set at 0. This 
value was entered in the analytic model as a second-level classroom variable (Address Teacher’s 
Mathematical Understandings with a Specialist) by year. These are second-level variables 
because treatment teachers who were in the study for 2 years have a High Engagement value and 
a Teacher’s Mathematical Understanding value for each year. If a teacher had more than one 
identifiable classroom of students in a given year, the High Engagement value and the Teacher’s 
Mathematical Understanding value for that teacher in that year were assigned to each of that 
teacher’s classrooms. 

Recall that the ISAM descriptors classifying the purpose of a specialist’s interaction with an 
individual teacher included a code of No Individual Interaction with a specialist. The analysis 
that follows notes the proportion of time over the six annual data points that a treatment teacher 
was coded as having no individual interaction with a specialist (0 ≤ no individual interaction ≤ 1) 
with teachers in control schools coded as 1. This value was entered in the analytic model 
associated with a second-level classroom variable (No Interaction) by year. 

Teacher-level Data. Because the number of fifth-grade students, teachers and classrooms was 
limited and because the number of third-, fourth- or fifth-grade teachers who taught a single 
classroom of students for only one year was high, the difference between the number of 
classrooms and the number of teachers in this sample is not large, limiting the degrees of 
freedom. For that reason, it was not feasible to model teacher-level and school-level data 
separately. Thus, some school-level characteristics are aggregated down to the teacher level for 
analysis. These include the indicator of a school’s low academic tradition as well as some 
measures addressing specialists’ activities across an assigned school. Recall that the specialists 
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were responsible for building the capacity of the teachers of mathematics across their school 
placement in order to enhance instruction and student learning. Thus while the Classroom-level 
data provide a measure of the degree and purpose of interaction between a specialist and 
individual teachers in the treatment schools, with 0 coded for the teachers in the control schools, 
two variables addressing the specialists’ pattern of activity within the treatment schools were 
defined as aggregate data variables at the teacher level. 

The total number of minutes by year that a specialist spent engaged in activities classified as 
being associated with Coaching and Supporting Coaching was computed, as well as the median 
and standard deviation of total time for that classification by year across the specialists. A 
specialist was characterized as having a high level of activity in Coaching and Supporting 
Coaching if a specialist’s total time for that year was greater than the median plus .5 standard 
deviation, while a specialist was coded as having a low level of activity in Coaching and 
Supporting Coaching if the specialist’s total time for that year was less than the median minus .5 
standard deviation. Otherwise a specialist was classified as having a medium level of time spent 
in activities associated with Coaching and Supporting Coaching.  
Similarly, the total number of minutes by year that a specialist spent engaged in activity 
classified as serving as the Community Organizer for Mathematics was computed, as well as the 
median and standard deviation of total time for that classification by year across the specialists. 
Following the definition noted above, specialists were coded as having a high, medium, or low 
level of time serving as the Community Organizer for Mathematics. This same procedure was 
applied to code specialists as having spent a high, medium, or low level of time performing 
Other work in schools. Table 6 presents the frequency of specialists’ classification of Coaching 
and Supporting Coaching, of serving as the Community Organizer for Mathematics, and of 
performing Other tasks by level.  

Two categories of specialist activity aggregated to the teacher level were modeled in the analysis 
investigating the impact of elementary mathematics specialists on student achievement. These 
variables were Coaching and Supporting Coaching and serving as the Community Organizer for 
Mathematics. In the analyses that follow, teachers in the control schools were coded 0 for the 
Coaching and Supporting Coaching variable and for the Community Organizer for Mathematics 
variable. Teachers in the treatment schools were coded as either 3, 2 or 1 for the Coaching and 
Supporting Coaching variable and for the Community Organizer for Mathematics variable, 
depending on whether the specialist assigned to the teachers’ schools was coded High, Medium, 
or Low, respectively. 
The final teacher-level variable in the model identified the teachers’ years of teaching experience.  

 
Table 6: Frequency of Specialists as Characterized by Category and Level 

 High Medium Low 

Coaching and Supporting Coaching  4 13 4 

Community Organizer for Mathematics in a School 6 11 4 
Engaged in Personal Professional Development 7 10 4 

Other 4 9 8 
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Analytic Model 
To determine the impact of specialists on student mathematics achievement as measured by 
Virginia’s state standardized testing program in grades 3-5, this study utilized 3-level 
hierarchical linear modeling (HLM), reflecting students nested in classrooms by year, with 
classrooms nested in teachers. This analytic model included student demographic variables for 
students in grades 3, 4, and 5 as Level 1 variables, as well as the prior year standardized 
mathematics achievement scores for students in grades 4 and 5. Level 2 variables included 
controls for teachers who were only present for one year of the study, as well as variables 
indicating proportion of sampled time by year when a teacher was classified as having a high 
level of engagement with a specialist and proportion of time by year that a treatment teacher was 
coded as addressing her own mathematical understanding with a specialist (with teachers in 
control schools identified as having no interaction with a specialist). Level 3 variables indicated 
the number of years of teaching experience for individual teachers, the academic tradition of the 
school that a teacher taught in, as well as the degree to which a teacher’s assigned specialist 
addressed on-site coaching and community organizing for mathematics (with teachers in control 
schools identified with a default comparison value of 0). 

Findings 
Some portion of the variance in students’ scores can be attributed to the classroom in which a 
student is taught and some to the teacher or school. By estimating a fully unconditional model 
for each grade, with no predictors at the student, classrom, or teacher level, it is possible to 
determine the interclass correlation coefficient (ICC) for the classroom level (level 2) and the 
teacher level (Level 3). These measures indicate the proportion of the total variance of students’ 
scores associated with their classrooms and teachers. The ICC for level 2 indicated that 7.7% of 
the variance in third-grade scores, 8.1% in fifth-grade scores, but only 3.2% of the variance in 
fourth-grade scores was associated with classrooms. The ICC for level 3 showed 12.9% of the 
variation in grade 3 students’ scores was associated with the teacher teaching mathematics to a 
student, with the teacher accounting for 16.4% of the variance in grade 4 and 13.3% in grade 5. 
Thus, on average, 6.3% of the difference in student scores in this sample is associated with 
classroom groupings and 14.2% with teacher grouping, while 79.5% is attributable to individual 
student differences. Note that in contrast to grades 3 and 5, the limited variance in student 
achivement at the classroom level for grade 4 indicates that it will be difficult to identify 
statistically signficant classroom-level differences at grade 4. This maybe an artifact of the 
standardized achievement measures or other unknown charcteristics of the fourth-grade data 
and/or instructional implementation.  

Modeling Treatment versus Control 
Although there are no school-level indicators in the model identifying treatment schools, the 
effect of elementary mathematics specialists on student achievement is discernible through five 
variables in the model.  

At the classroom level, control teachers were all rated with a value of 0 for a variable modeling 
high engagement with a specialist by year as well as a variable addressing frequency of a 
specialist’s individual interaction addressing a teacher’s mathematical understandings, while 
teachers in the treatment schools were rated with a proportional value from 0 to 1 inclusively for 
these same variables. Similarly, the classroom-level variable modeling no interaction beween an 
individual teacher and a specialist by year serves as a control variable and provides an estimate 
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of the degree to which a treatment teacher was not supported by a specialist, with all control 
teachers rated with a value of 1. Two variables characterizing the degree to which a specialist 
engaged in coaching activity or served as a community advocate for mathematics in his school 
were aggregated down to the teacher level with every teacher in a specialist’s school receiving an 
ordered value of 3 (high), 2 (medium), or 1 (low), with control teachers receiving a value of 0 for 
these variables. 

Specialists’ Impact on Student Achievement 
Findings from the analyses of grades 3, 4, and 5 student mathematics achievement data are 
presented in Table 7, with the grouped columns specifiying the statistics for each grade. In 
grades 3 and 5, there was no statistical difference in students’ SOL achievement that could be 
attributed to the degree to which elementary mathematics specialists provided coaching to the 
teachers in their schools or engaged in activity to prepare for coaching teachers within their 
school sites. However, in grade 4, this coefficient was statistically significant and negative (p = 
.038). This indicates that the grade 4 mathematics achievement of students in those treatment 
schools where the elementary mathematics specialists spent more time engaged in coaching 
efforts that addressed the needs of teachers throughout their school and in coaching preparation 
activities had significantly lower scaled grade 4 SOL scores, as contrasted to the achievement of 
the other grade 4 students across the remaining treatment and control schools. In grade 3, on 
average, students in schools where specialists engaged more frequently in activities supporting a 
school’s mathematics program had signficantly higher scaled SOL scaled scores, as compared to 
the scaled grade 3 SOL scores across the remaining treatment and control schools (p =.036), but 
this effect was not noted in the grade 4 and grade 5 data.  

A key variable of interest was the variable modeling the degree to which a specialist was 
engaged with a teacher. As noted in Table 7, after controlling for the other analytic variables, the 
SOL scores of the third- and fifth-grade students in the treatment schools whose teachers were 
highly engaged with their elementary mathematics specialist were significantly higher than either 
the SOL scores of students in the control schools or the SOL scores of students in the treatment 
schools whose teachers were not highly engaged with their specialist (Grade 3: p = .034; Grade 
5: p = .044). However, this effect was not evident in the fourth-grade data. 
The analytic model included one variable specifying whether the purpose of a specialist’s 
interaction with teachers was to address a teacher’s understanding of mathematics content. The 
effects of this interaction were not consistently significant across the grade-level analyses but 
were always negative, with increasing strength in the upper grades. For each standard deviation 
increase in the proportion of time that fifth-grade teachers worked with their specialists to 
address the teachers’ mathematical understandings, on average their students’ SOL scores 
decreased by 41% of a standard deviation (p = .004). While not reaching the standard of 
statistical significance (p = .056), this trend was also evident in the fourth-grade data where a 
decrease of 24.4% of a standard deviation in SOL scores was identified, with a weaker effect in 
grade 3 (decrease of 24.4% of a standard deviation in SOL scores, p  = .108). 

At the classroom level, the mean scaled SOL scores of third-, fourth- or fifth-grade students 
whose teachers were assigned to teach mathematics in the first but not the second year of the 
study were significantly lower than then mean SOL scaled scores of students whose teachers 
taught mathematics over both years. This differential pattern of achievement was also identified 
for those teachers who only taught mathematics to third- and fourth-grade students in the second  
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Table 7: Effects of Elementary Mathematics Specialists on Student Achievement (SOL Scores) by Grade 

 Grade 3  Grade 4  Grade 5 
Effect Coefficient SE  Coefficient SE  Coefficient  SE 
Intercept –.096 .068  .299*** .085  .114 .083 
Student Variables         

Non-White Student –.133*** .035  –.128*** .027  –.014 .027 
Free or Reduced Meal –.411*** .027  –.155*** .020  –.104*** .021 
Special Education –.735*** .043  –.194*** .033  –.267*** .034 
Test Age –.010*** .002  –.004* .002  –.005** .002 
Prior SOL Score --- ---  .655*** .011  .679*** .011 

Classroom Variables         
Teacher Only in Year 1 –.281*** .076  –.211** .069  –.183* .087 
Teacher Only in Year 2 –.330*** .078  –.270*** .075  –.110 .090 
High Engagement with a Specialist .278* .130  .074 .093  .208* .102 
No Interaction with a Specialist .123 .155  –.175 .162  .018 .155 
Specialist Addresses a Teacher’s  

Mathematical Understanding 
 

–.225 
 
.139 

  
–.244† 

 
.126 

  
–.410** 

 
.138 

Teacher (School) Variables         
Teaching Experience .134* .066  –.266*** .064  –.040 .075 
Low Academic Tradition –.367*** .103  –.388*** .094  –.347** .117 
School-wide Coaching and Supporting Coaching –.012 .052  –.134* .063  –.050 .063 
Community Organizer for Mathematics .099* .047  –.009 .049  –.014 .060 

†p < .10   *p	  <	  .05	  	  	  	  **p	  <.01	  	  	  	  ***p	  <	  .001	  	  	  	   
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year of the study, but this pattern was not evident in the fifth-grade SOL data.  
The effects of teaching experience were not consistently statistically significant across the grade-
level analyses, and, in grade 4, this effect was not in the expected direction as the SOL scores of 
fourth-grade students decreased significantly as teachers’ experience increased (p < .001).  

Across all three grades, the individual effects of student age, special education status, and 
poverty had consistently negative effects on the SOL mathematics achievement scores, with 
race/ethnicity effects not being significant in grade 5.   

Conclusions 

Positioning elementary mathematics specialists in schools is an ambitious but demanding route 
for professional development. This study found a positive impact of specialists on student 
achievement in grades 3 and 5 for those students whose teachers were highly engaged with a 
specialist, but this effect was not identified in grade 4. Yet, at the same time, an interpretation 
drawing on the data in Table 5 suggests that when specialists in this study spent time with grade 
4 teachers, they were more likely to be highly engaged with those teachers, often addressing 
pedagogy and planning, as compared to the degree and purpose of their interactions with 
teachers in the other grades. Whether this reflected differential instructional proficiency or 
greater needs within the fourth-grade teachers or students in the treatment schools is unknown.  
This study’s data document the fact that some specialists spent relatively little time coaching 
teachers. Simply positioning a well-prepared elementary mathematics specialist in a school will 
not change instruction nor influence student learning and achievement if teachers do not access 
the specialists or if the interaction between specialists and teachers is not focused on advancing 
teacher knowledge and on examining and modifying instructional practice in order to improve 
student learning. When specialists work as school-based community organizers for mathematics 
in concert with their school administration and other site-based teacher leaders, there is the 
potential for bringing about programmatic change and an increased focus on improved 
mathematics teaching. But positive instructional change cannot occur if specialists are focused 
on program management that meets administrative or instructional needs while reinforcing the 
status quo. Similarly, supporting a school’s mathematics program by organizing school-wide 
mathematically focused events, distributing instructional resources, or teaching mathematics to 
small groups of students with no observing teacher can be a comfortable way to “make a 
difference.” But if the time spent on these tasks limits the time when a specialist can be available 
to work collaboratively and strategically with teachers within a productive planning-teaching-
debriefing cycle, then the result is lessened teacher access and decreased teacher-specialist 
interaction.   

Many elementary teachers have a somewhat superficial understanding of mathematics content, 
and addressing teachers’ mathematical missteps can be a particularly vexing problem for 
mathematics specialists. A particularly interesting finding in this study is the pattern 
documenting the increasing negative relationship between the proportion of time that elementary 
mathematics specialists spent addressing teachers’ mathematical understanding and student 
achievement across grades 3 through 5. In grade 5, this effect was statistically significant with 
the mathematics achievement of students in the classrooms of teachers whose collaboration with 
a specialist more frequently addressed the teachers’ mathematical knowledge being lower than 
the achievement of students in the control schools or in treatment schools where specialists’ 
work with teachers addressed other pedagogical goals. In contrast to the mathematical objectives 
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in the curricula of primary grades, mathematical content in the upper-elementary grades reflects 
increased rigor and abstraction, raising increased challenge for teachers and students. While 
specialists can provide a mechanism for augmenting teachers’ mathematical knowledge by 
providing a safe learning environment for teachers, this study provides evidence that these 
interactions are not a quick or ready solution that will result in increased student achievement. 
Indeed, when specialists and teachers interact to address a teacher’s understanding of 
mathematics content, the result may be a teacher’s own continued learning, but transferring that 
emergent understanding to changed instruction that increases student learning requires time and 
persistent effort. 
This study’s findings inform practice addressing the design of coaching initiatives and policies 
addressing use and supervision of specialists. This will be particularly informative as school 
leaders consider intended school organizational structures or routines to promote school-
embedded professional development (Coburn & Russell, 2008). If elementary mathematics 
specialists are to serve as positive agents for change, influencing teachers’ knowledge and 
instruction, then teachers, specialists, and administrators must establish a collaborative 
environment that permits and supports professional interaction and coaching. 
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