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Introduction  

Study Context  

In 2010, the Wolf Trap Foundation for the Performing Arts, Institute for Early Learning Through 

the Arts (Wolf Trap),
1
 was awarded a U.S. Department of Education Arts in Education Model 

Development and Dissemination (AEMDD) grant (www2.ed.gov/programs/artsedmodel/index.html). 

The purpose of the AEMDD grant was to develop, implement, and disseminate a research-based 

program of professional development that equips teachers to infuse mathematics instruction with 

performing arts strategies in their prekindergarten and kindergarten classrooms. The professional 

development program developed by Wolf Trap’s project team
2
 includes annual summer institutes 

as well as in-classroom coaching during the school year. In the summer institutes, teaching artists 

in the disciplines of dance, music, and drama work with teachers in teams to develop standards-

based performing arts and mathematics experiences. During the school year, teachers and 

teaching artists work together in partnership, planning and implementing lessons in the 

classroom—a research-based strategy often called the artist residency model (Burnaford, 2007).  

In the first year of the grant, a planning year, Wolf Trap teaching artists explored the conceptual 

connections between the arts disciplines and the mathematics standards for prekindergarten and 

kindergarten. They designed lesson plans that described the connections and specified the 

objectives for both teaching and student learning. During the two years of teaching residencies, 

teaching artists coached teachers in the classroom as teachers implemented lessons built on the 

connections between the performing arts and mathematics. With this grant, an initial and a 

follow-up institute occurred in the summer of the implementation years.   

In Wolf Trap artist residencies, artists guided teachers in the process of integrating performing 

arts strategies by identifying the concept for mathematics skills development and a 

corresponding performing arts skill and specifying the arts strategy that highlighted the 

mathematics concepts. Over the period of the residency, the artist first took a more prominent 

role as the coach and then gradually released the management of the integration to the teacher.  

Integration was intended to be consistent with the elements of each performing art and coherent 

with the mathematics curriculum. For example, one teacher working with a dance artist might 

integrate mathematics and dance by teaching the mathematical concept of an AB pattern with the 

dance essential of choreography of movements. Another teacher working with a drama artist 

                                                 
1
 Since 1981, the Wolf Trap Institute has served hundreds of thousands of young children ages 3 months old through 

kindergarten, and their teachers, parents, and caregivers throughout the 17 Wolf Trap Regional Programs 

(http://www.wolftrap.org/Education/Institute_in_your_Community/Regional_Programs.aspx) and other locations 

across the country. In the field of early childhood education, the Institute’s approach is widely recognized as an 

effective model for direct instruction of children and embedded professional development for teachers. The Wolf 

Trap Institute’s arts-based teaching method taps into children’s innate desire for active, multisensory learning—as 

children literally embody concepts by singing and dancing—and engages their imagination through puppetry, story 

dramatization, and role play. 
2
 Throughout this report, we refer to Wolf Trap and its project team, which includes the grant director, the associate 

director for professional development at Wolf Trap’s Institute for Early Learning, specialists who routinely plan 

artist activities in multiple districts, the grant program assistants, and the teaching artists on contract to Wolf Trap 

for this grant. Early Childhood STEM Learning Through the Arts is the official name of the Wolf Trap grant project. 

http://www.wolftrap.org/Institute
http://www.wolftrap.org/Institute
http://www2.ed.gov/programs/artsedmodel/index.html
http://www.wolftrap.org/Education/Institute_in_your_Community/Regional_Programs.aspx
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might use storytelling with pictures, gestures, and sound effects to create a representation of sets 

of characters in a story, discussing the size and differences among sets. When working with a 

music artist and studying the value of money, a teacher may introduce differences in amounts 

with a song and use the musical element of steady beat to highlight the differences in value. The 

goal in connecting these concepts and essential elements of each discipline is for learning in one 

subject to enhance, reinforce, or extend learning in the other. 

American Institutes for Research (AIR) conducted a four-year evaluation of the Wolf Trap 

AEMDD grant project beginning in 2010 when the grant was awarded. The purpose of this 

evaluation was to examine the implementation of the Wolf Trap professional development 

program and assess its impact on teacher practice (use of performing arts strategies in particular) 

and students’ mathematics knowledge.  

An earlier report prepared by AIR (Ludwig, Goff, & Song, 2013) presented findings about the 

implementation of the Wolf Trap AEMDD program, based on the engagement of the first group 

of three treatment schools and 26 teachers.
3
 AIR found that overall, Wolf Trap and the teaching 

artists delivered professional development that exhibited the six features of high-quality 

professional development: form, content, active learning, coherence, duration, and collective 

participation, qualified by the important considerations that (a) not all eligible teachers from each 

school participated, and (b) not all recruited teachers participated for the entirety of the program. 

The role of the teaching artist was well defined and implemented as planned with support from 

content and pedagogy experts.  

AIR also found that the Wolf Trap professional development program was implemented with 

fidelity and delivered preparation to teachers to infuse performing-arts-based strategies into their 

mathematics instruction, starting in the professional development institutes and then continuing 

in the residencies. This finding was evidenced in the qualitative data from the institutes, 

observations, and artist interviews and artifacts: The institutes followed the agenda as planned; 

the residencies followed the coaching cycle as planned; and the lesson plans were used to meet 

the goals of content coverage, instruction, and arts integration. Wolf Trap used several 

approaches to optimize fidelity: a planning year and practice sessions with teaching artists, 

consistent use of local content experts, and materials structured to reflect the concepts and 

approaches used in both the institutes and the residencies.  

Impact Research Questions 

This report focuses on program impacts by addressing two research questions:  

1. What was the impact of the Wolf Trap professional development on prekindergarten and 

kindergarten teachers’ use of performing arts and mathematics strategies? 

2. To what extent did students in the study treatment schools demonstrate better 

mathematics knowledge than students in the control schools?   

  

                                                 
3
 An article based on this report will appear in a 2014 special issue of the Journal for Learning through the Arts, 

which is devoted to experiences and lessons learned from a group of AEMDD grantees. 
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Logic Model and Literature Base 

Evaluation Logic Model 

In designing the evaluation of the AEMDD grant project, AIR developed a conceptual model 

that described this hypothesis: Professional development with high-quality features would lead to 

teacher knowledge and teacher practices that would in turn contribute to improved student 

outcomes (i.e., mathematics knowledge). The relationship between professional development 

and the teacher practice and student outcomes was based on research on arts integration and 

research about professional development. 

The conceptual model is shown in Exhibit 1 on the following page. 
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Exhibit 1. Conceptual Model for the Wolf Trap AEMDD Grant Project Evaluation 
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Research on Arts Integration 

The Wolf Trap professional development program evaluated by AIR focused on arts integration, 

which is defined as instruction that integrates content and skills from the arts with content and 

skills from other core subjects, with the intent of increasing learning in both areas (Ruppert & 

Habel, 2011).  

Arts integration is often facilitated by teaching artists, who are an essential component of arts-

integration programs (Freeman, Seashore, & Werner, 2003). Rabkin and Redmond (2004) define 

the salient features of arts-integrated instruction as follows: 

1. Teacher-artist teams link an art form and an academic discipline. 

2. Student groups’ work in the art form is central to the experience and to continuous 

assessment. 

3. Content includes material related in meaningful and direct ways to students’ experiences. 

4. Units have a balanced focus on academic content, academic skills, arts skills, and arts 

content. 

5. Units include basic skills and higher-order skills. 

6. Units usually culminate with an artistic product that demonstrates student learning of 

content and skills and contributes to the public culture of the school community. (p. 137) 

Rabkin and Redmond (2004) also note that institutional, school, and community-level elements 

(e.g., districts’ arts standards, current professional development for teachers, and schools’ prior 

experiences with arts) are important to the success and sustainability of arts-integration 

initiatives.  

Research indicates that arts integration has great potential for student learning in multiple 

disciplines (Burnaford, 2007; Goff & Ludwig, 2013). For example, Ingram and Reidel (2003) 

reported finding a significant positive link between in-school arts-integrated programming (as 

part of the Arts for Academic Achievement program) and standardized test scores. Similarly, 

Catterall and Waldorf (1999) reported that children in Chicago arts-integrated elementary 

schools performed better on tests than children in control schools. In the field of early childhood 

education, Erdoğan and Baran (2009) reported that drama-infused math instruction for Turkish 

six-year-olds was associated with their mathematics achievement test scores. Researchers have 

also found nonacademic effects in studies of arts integration; for example, teachers and 

classroom observers have reported improvements in students’ creative and critical thinking 

abilities after arts-integrated programming (Curva et al., 2005; Randi Korn & Associates, 2005; 

Randi Korn & Associates, 2010). 

Research evidence also supports the Wolf Trap approach to arts integration. In a randomized 

controlled trial of a Wolf Trap–sponsored literacy-focused initiative (Fairfax Pages Professional 

Development Project), for example, students in treatment schools (schools where teachers 

participated in the summer professional development and worked with teaching artists in 

residencies) were found to outperform their counterparts in control schools on the Child 
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Observation Record scales of initiative, social relations, creative representation, language and 

literacy, logic and mathematics, and movement and music (Klayman, 2006).  

Research on Professional Development 

The evaluation of the Wolf Trap professional development model is in the tradition of studies 

investigating the impact of professional development on teacher practices and student outcomes 

(Garet et al., 2008; Garet et al., 2011). The professional development features examined in this 

study are the six features of high-quality professional development identified in prior research: 

form, focus on content, active learning, coherence, duration, and collective participation (Garet, 

Porter, Desimone, Birman, & Yoon, 2001). The study also focuses on classroom coaching as an 

important form of professional development—one that has been shown to lead to teacher 

acquisition of knowledge and skills (Joyce & Showers, 1995). The literature defines four forms 

of coaching: technical, problem solving, reflective practice, and building a community of 

learners (AIR, 2005). The work of the teaching artist can be viewed as technical coaching (i.e., 

instruction in a particular technique). Teaching artists are focused on teaching behaviors that are 

applied to a particular subject but that can be applicable more broadly and are closely aligned 

with the curriculum and pedagogy (Kennedy, 1998). An instructional coach typically supports 

teachers in the use of instructional strategies in one content area. The teaching artist is required 

to hold two content areas in balance while understanding the learning needs of early childhood 

students. This is a unique type of coaching that art educators believe deserves more attention in 

terms of its impact (Rabkin, Reynolds, Hedberg, & Shelby, 2011). 

Over the past decade, additional studies and reviews of studies have offered new insights into 

how some of the features of high-quality professional development identified in prior research 

are related to changes in teacher practices and student outcomes. For example, Yoon, Duncan, 

Lee, Scarloss, and Shapley (2007) reviewed nine rigorous studies of professional development in 

which the professional development was delivered to teachers directly. They found that studies 

with professional development programs of more than 14 hours showed a positive and 

significant effect on student achievement, and that teachers who receive substantial professional 

development—an average of 49 hours in the nine studies reviewed—markedly boosted student 

achievement.  

However, some researchers are challenging the relationships between those professional 

development features and teacher practice outcomes. In a recent review of knowledge emerging 

from studies of professional development, Wilson (2013) notes that rigorous research has “yet to 

produce conclusive support for those characteristics” and that “problems include a lack of sound 

measures and [lack of] a strong theoretical understanding of the mechanisms of teacher 

learning.” (p. 311) Some researchers are focusing on defining high-level teacher practices and 

classroom features associated with student achievement (http://www.teachingworks.org/). In the 

coming years, research on professional development may shift from the general features that we 

study in this evaluation to professional development for specific practices.  

Evaluation Methods 

The evaluation of the Wolf Trap AEMDD grant program was based on a randomized controlled 

trial in which 22 schools in a large suburban school district were randomly assigned to the 

http://www.teachingworks.org/
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treatment and control conditions. In this section, we explain the study sample, measures and data 

collection, and analytic approach used to address the two research questions. 

Sample 

Study Schools. For this study, Wolf Trap recruited a total of 22 elementary schools over two 

years from one large district—six schools in 2011 (Group 1 schools) and 16 schools in 2012 

(Group 2 schools). To recruit schools with prekindergarten and kindergarten classrooms for the 

study, Wolf Trap and its partner school district worked with the superintendent’s office, the 

research office, and the Title I office of the district to disseminate information about the study in 

the superintendent’s newsletter, at Title I principal meetings, and in letters to principals. The 

information in the communications explained the study conditions and requested that teachers 

from prekindergarten and kindergarten classrooms in each school consider participation. Schools 

that were willing to participate in the study were randomly assigned to receive the Wolf Trap 

professional development program (i.e., treatment schools) or the business-as-usual condition 

(i.e., control schools), with 11 schools in each study condition across the two school groups 

(three in Group 1 and eight in Group 2).  

Group 1 schools implemented the Wolf Trap professional development program during the 

2011–12 and 2012–13 school years; Group 2 schools implemented in the program during 2012–

13 and 2013–14. All six Group 1 schools remained in the study over the two years of 

implementation. Four of the 16 Group 2 schools left the study before study activities began, and 

two additional schools left after the first year of implementation. The treatment schools had an 

average enrollment of 1,158 students, compared with 1,042 students for the control schools (see 

Exhibit 2). Among the treatment schools, about half (47.9 percent) of the students on average 

were eligible for free or reduced-price lunch, 72.6 percent were non-white, and 39.0 percent were 

English language learners. These percentages were somewhat higher than the percentages for the 

control schools, but none of the differences were statistically significant (p>.05).  

Exhibit 2. School Background Characteristics, by Treatment Status 

Characteristics 
Treatment 

Group 

Control 

Group 
Difference P-value 

Total school enrollment 1,158.1 1,042.4 116.7 0.519 

Percentage of students eligible for free or 

reduced-price lunch 
47.9 39.7 8.2 0.519 

Percentage of student who were non-white 72.6 61.6 11.0 0.224 

Percentage of students who were English 

language learners 
39.0 37.1 2.0 0.844 

Note. N = 18 schools (10 treatment and 8 control). 

Teacher Sample. In each recruited school, all prekindergarten (including Head Start) and 

kindergarten teachers were invited to participate in the study. Across the two groups of schools, 

we recruited 80 teachers (48 treatment and 32 control) in total. The number of teachers decreased 

in each group of schools over the course of the two years of the program because of reasons such 

as teacher turnover, reassignment of teachers to different grades, and the loss of participating 
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schools. In the second year of implementation, 51 teachers (29 treatment and 22 control) were 

participating across the two groups of schools.  

Of the 80 teachers we recruited, 64 completed a background survey at the beginning of the study 

that gathered information about their background characteristics and prior experience. As Exhibit 

3 shows, among those who returned the background survey, teachers in the treatment schools and 

teachers in the control schools were generally similar in terms of teaching experience, ethnicity 

(white versus non-white), primary teaching assignment (prekindergarten versus kindergarten), 

number of prekindergarten or kindergarten students taught, and whether they had a 

prekindergarten (PK) or kindergarten (K) certificate. None of the differences between the two 

groups of teachers were statistically significant (p>.05).  

Exhibit 3. Teacher Background Characteristics, by Treatment Status 

Characteristics 
Treatment 

Group 

Control 

Group 
Difference P-value 

Years of teaching experience (percent)     

     3 years or fewer 24.3 28.2 −3.9 0.752 

     4–10 years 32.4 21.9 10.6 0.352 

     More than 10 years 43.2 49.5 −6.2 0.637 

Non-white (percent) 16.7 11.5 5.2 0.572 

Teaching assignment: PK (percent) 48.6 38.6 10.0 0.613 

Number of PK/K students taught 18.7 19.6 −0.9 0.676 

PK/K certificate (percent) 75.7 88.5 −12.9 0.250 

Note. Sample size = 18 schools, 61–64 teachers. 

Student Sample. From the classroom of each lead participating teacher,
 4

 we randomly selected 

eight students for the assessment of mathematics knowledge, the key student outcome measure. 

These students, with parental consent, were assessed twice in the first year of their school’s 

participation (baseline and spring) and once more in the spring of the second year of 

participation. If students remained in the district but were in a different school, the test examiners 

went to the school for the last follow-up assessment administration. Assessment was voluntary, 

so that if students’ parents changed their mind about consent, students were not assessed. There 

were also a few cases in which principals in the new receiving school did not wish to participate 

in this activity. 

Across both groups of schools, 421 students (247 treatment and 174 control) were assessed at 

baseline, 394 students (220 treatment and 174 control) were assessed in the spring of the first 

year of implementation, and 354 students (198 treatment and 156 control) were assessed in the 

spring of the second year of implementation.
5
 Students in the two study conditions had similar 

                                                 
4
 The lead teacher is the teacher assigned the instructional responsibility for the classroom. Prekindergarten and 

kindergarten teachers in the study also had instructional aides. In study schools, special educators may have worked 

with the lead teachers.  
5
 The first year of implementation is 2011–12 for Group 1 schools and 2012–13 for Group 2 schools; the second 

year of implementation is 2012–13 for Group 1 schools and 2013–14 for Group 2 schools. 
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background characteristics (i.e., baseline mathematics assessment scores, ethnicity, and gender), 

as shown in Exhibit 4.  

Exhibit 4. Student Background Characteristics, by Treatment Status 

Characteristics Treatment Group Control Group Difference P-value 

Baseline mathematics 

assessment score 
11.0 10.2 0.7 0.819 

Non-white (percent) 75.2 63.2 12.0 0.444 

Female (percent) 44.6 42.5 2.1 0.665 

Note. Sample size = 18 schools, 421–441 students. 

Data Collection and Measures 

AIR’s evaluation of the Wolf Trap AEMDD project draws on multiple data sources from 

teachers, teaching artists, and students. Exhibit 5 shows the data collection activities, 

participants, and schedule for the overall evaluation. A description of the data collection 

instruments follows this exhibit. 

Exhibit 5. Data Collection and Participants 

Data Collection Activity 
Intended 

Participants 
Schedule of Data Collection 

Teacher baseline survey
a
 

 

All treatment and 

control teachers 

 

Group 1: August 2011 (treatment), 

September 2011 (control) 

Group 2: August 2012 (treatment), 

September 2012 (control)  

Observations of classrooms
b
  All treatment and 

control teachers 

Group 1 Teachers: January 2012, 

May/June 2012; October/November 2012, 

May/June 2013 

Group 2 Teachers: October/November 

2012, May/June 2013; October/November 

2013, May/June 2014  

Online survey of teachers 

regarding Wolf Trap services  

All treatment teachers Spring 2011, 2012, 2013 conducted by 

Wolf Trap 

Observations of the summer 

professional development 

institutes
c
 

Treatment teachers 

and teaching artists 

 

August 2011, 2012, 2013 

(5 days first institute, 3 days follow-up for 

each group of treatment teachers)  

Teaching artist residency 

planning forms
d
 and lesson plan 

forms
e
  

Teaching artists and 

treatment teachers in 

residency activities 

Submitted to AIR June/July 2013; 2014 at 

the end Group 1 and Group 2 residencies 

Interviews with teaching artists
f
 All teaching artists (9) June 2013 
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Data Collection Activity 
Intended 

Participants 
Schedule of Data Collection 

Early Math Diagnostic 

Assessment (EMDA), an 

instrument developed by 

Pearson and distributed by 

PsychCorp 

Sample of 8 students 

from the class taught 

by each treatment and 

control teacher 

Group 1: Fall 2011 (baseline); Spring 

2012; Spring 2013 

Group 2: Fall 2012 (baseline); Spring 

2013; Spring 2014 

 

a 
Survey available at  

http://www.wolftrap.org/~/media/files/pdf/education/wolf_trap_teacher_survey.ashx  
b
 Classroom observation form available at 

http://www.wolftrap.org/~/media/files/pdf/education/classroom_observation_form.ashx 
c
 Professional Development Institute observation form available at 

http://www.wolftrap.org/~/media/files/pdf/education/blank_2012_pd_obsvform.ashx 
d
 Example residency planning form available at  

http://www.wolftrap.org/~/media/files/pdf/education/Planning_Form.ashx  

Residency planning form analysis rubric available at 

http://www.wolftrap.org/~/media/files/pdf/education/blank_residency_planning_form_analysis_spreadsheet.ashx  
e
 Example lesson plan available at 

http://www.wolftrap.org/~/media/files/pdf/education/Early_STEM_Arts_Lesson_Plan.ashx  

Lesson plan analysis spreadsheet available at 

http://www.wolftrap.org/~/media/files/pdf/education/blank_lesson_plan_analysis_spreadsheet.ashx  
f 
Interview protocol available at  

http://www.wolftrap.org/~/media/files/pdf/education/Interview_protocol.ashx 

Information about the data collection activities was first disseminated to principals and teachers 

through introductory letters about the project. At key points in the project schedule, information 

was prepared and shared with teachers and parents about the type, schedule, and purpose of data 

collection: at entry into the study, at survey administration, prior to classroom observations, and 

prior to sampling students for participation in the EMDA assessment.  

Surveys. AIR administered the Professional Development and Instructional Practice (PDIP) 

survey to both treatment and control teachers. The PDIP survey contains items about the 

teacher’s assigned grade level, number of students, teaching experience, professional 

development experience, and instructional practices in teaching mathematics.
6
 The items have 

been analyzed and shown to be reliable and valid. Wolf Trap also conducted an online services-

focused survey with treatment teachers. A total of 64 teachers responded to the background 

surveys from both groups. 

Observation Forms. Two observation forms were developed for this study. The observation 

form for the summer institutes was based on professional development observation forms used in 

two national studies of professional development impact on reading and mathematics (Garet et 

al., 2008; Garet et al., 2011). This form was grounded in the agenda for the summer institutes 

and the professional development elements that were anticipated (e.g., a focus on mathematics 

content, inclusion of arts, and linking of arts and mathematics). After researchers attended the 

first summer institute, a framework emerged from the materials, training, and resources for 

participants. The classroom observation form was developed on the basis of this framework. 

                                                 
6
 The PDIP survey has been used in prior studies conducted by AIR, which examined the professional development 

delivered by Math and Science Partnership Projects funded by the National Science Foundation.  

http://www.wolftrap.org/~/media/files/pdf/education/wolf_trap_teacher_survey.ashx
http://www.wolftrap.org/~/media/files/pdf/education/classroom_observation_form.ashx
http://www.wolftrap.org/~/media/files/pdf/education/blank_2012_pd_obsvform.ashx
http://www.wolftrap.org/~/media/files/pdf/education/Planning_Form.ashx
http://www.wolftrap.org/~/media/files/pdf/education/blank_residency_planning_form_analysis_spreadsheet.ashx
http://www.wolftrap.org/~/media/files/pdf/education/Early_STEM_Arts_Lesson_Plan.ashx
http://www.wolftrap.org/~/media/files/pdf/education/blank_lesson_plan_analysis_spreadsheet.ashx
http://www.wolftrap.org/~/media/files/pdf/education/Interview_protocol.ashx
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When planning for classroom observations, we requested permission to observe for 45 minutes 

when mathematics was being taught without specifying that the teachers should be using the 

strategies they had been implementing with the teaching artist.  

In the literature, there is a lack of standardized instruments to measure arts integration. For this 

study, we created an observation form drawing on the constructs in the Wolf Trap model 

framework, which reflects the key features of arts integration articulated by Rabkin and 

Redmond (2004). The four main measures of arts integration and their descriptions in the 

observation form are provided in Exhibit 6.   

Exhibit 6. Measure of Arts Integration 

Measures of Arts Integration Description in Observation Form 

Linking Arts With Math Today’s teacher linked an art form with math study through 

common concepts, language, or activities, reflecting the 

professional development provided. 

Student Group Work in Art Today’s teacher ensured that student group work in the performing 

art form was central to the experience. Materials were provided, and 

the teacher explained the purpose of using the materials. 

Balanced Focus Today’s unit(s) balanced focus on academic content and skills with 

arts content and skills. 

Art Product Today’s unit(s) culminated in an artistic product, demonstrating 

student learning of academic content and skills. 

Based on what they observed in the class, the observers coded each of the four key features as 

Not Evident, Partially Implemented, or Fully Implemented, with a score of 0, 1, and 2 

respectively, based on the rubric shown in Exhibit 7 (see Appendix A for examples). 
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Exhibit 7. Rubric for Measuring Features of Arts Integration 

Feature Not Evident Partially Implemented Fully Implemented 

Linking 

Arts With 

Math 

Concepts, language, 

or activities related to 

the performing arts 

area or to the math 

topic were a focus of 

the lesson, but the 

teacher did not 

explicitly link the 

disciplines.  

Common concepts, language, or 

activities were used for the 

purpose of linking the 

performing arts and math, but 

the link between the two was 

not fully implemented (e.g., 

space in dance was a vehicle for 

a math lesson, but it was not 

clearly linked to the related 

math concept of number, 

shapes, or position).  

Common concepts, 

language, or activities were 

used for the purpose of 

linking the performing arts 

and math study, and the 

implementation was faithful 

to the examples or 

elaborations of teaching 

artist lessons (e.g., the 

teacher used dance to 

demonstrate shapes, rhythm 

to demonstrate patterns, 

and/or aspects of a story to 

demonstrate counting). 

Student 

Group 

Work in Art 

The students did not 

do group work. The 

teacher provided 

materials for student 

activities but 

provided little setup 

or explanation, so 

students did not use 

the materials as 

planned.  

The students engaged in group 

work, and the teacher provided 

materials essential to the group 

activity in the art form and an 

explanation about their use but 

did not indicate the use of 

materials, and the engagement 

with the art form was not fully 

central to the experience. 

The students engaged in 

group work. The teacher 

provided materials essential 

to the group activity in the 

art form. The teacher 

provided an explanation 

about the use of the 

materials, and the planned 

lesson, in a group, was fully 

implemented, so the work in 

the performing arts was 

central to the experience. 

Balanced 

Focus 

Only the performing 

arts or math content 

was present in the 

lesson (e.g., the 

teacher performed a 

math lesson without 

using the arts).  

Both the performing arts and 

math content were present in 

the lesson; however, the balance 

was uneven (e.g., it was 

difficult to determine the focus 

of the lesson). 

Both the performing arts 

and math content were 

present in the lesson, and 

there was a balance that 

reflected the approach 

taught in the Wolf Trap 

professional development. 

Art Product The lesson ended 

without a clear 

artistic product or 

activity. No 

opportunity for 

students to 

demonstrate their 

math or art learning 

was provided. 

The lesson ended with an 

artistic product or activity; 

however, it was a product or 

activity that did not provide a 

full opportunity for students to 

demonstrate math learned. 

Activities led to a fully 

developed song, dance, or 

dramatic presentation, in 

which students were able to 

demonstrate their learning 

of the related math content 

(e.g., a fully developed song 

that reinforced counting, a 

fully developed dance that 

reinforced shapes).  
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Documentation From Artists. At the end of each set of teaching residencies, AIR received 

documentation from Wolf Trap submitted by the teaching artists that included the residency 

forms and the lesson planning forms. The residency form was the overall plan for coaching. It 

identified the curriculum standard for the residency and other skills (social-emotional, language, 

cognitive, and motor skills), goals (math standard, curriculum focus, arts-strategy skill), and 

schedule. The plan was accompanied by a debriefing form with stimulus questions to process the 

outcomes with the teacher. The individual lesson plans are intentionally structured for coherence 

with the residency form and cover arts and mathematics concepts, professional development skill 

focus, identification of vocabulary, objectives, teacher questions, procedure, assessment 

strategies, modifications, extension experiences, and a description of the lesson procedure.  

Interviews. AIR interviewed the nine teaching artists working with the first group of treatment 

teachers in 2011–13. These hour-long phone interviews asked the artists about their overall 

experience in the role, their preparation for the Wolf Trap project, and their views about the 

experience of the teachers with whom they worked.  

Student Assessment.  The Early Math Diagnostic Assessment (EMDA) was selected as the 

measure of mathematics knowledge for this evaluation, which is aligned with curriculum 

standards of the participating school district. The selection of the EMDA was made by the 

partner district and the Department’s technical program officer.
7
 EMDA is a norm-referenced 

instrument, individually administered, and appropriate for learners in Grades PK–3. “The EMDA 

tests (Math Reasoning and Numerical Operations) are derived from the previously published 

Wechsler Individual Achievement Test, Second Edition (WIAT-II, 2001)” (Pearson Clinical, 

2003, p. 1). This study focused on the EMDA math reasoning test, which includes 45 items 

testing children’s math reasoning knowledge and skills, including counting, ordering numbers, 

identifying and comparing shapes, creating and solving problems using whole numbers, using 

patterns to solve problems, telling time and using time to compare and order events, solving 

problems using or related to money, using grids and graphs, using non-standard and standard 

units of measure. 

The project team hired test examiners who were former teachers, aides, and teaching artists who 

were familiar with working in a school setting. AIR trained the test examiners before baseline 

assessment began and repeated training as new test examiners were hired. AIR also conducted 

refresher training in spring 2014, prior to the test administration. The same test was used in each 

administration. The examiner’s manual provides tables that translate the raw scores to level of 

proficiency specific to grade and the time of the year (fall, spring) of administration. 

Analysis Approach 

In this section, we describe our analysis approach to addressing the research questions about the 

impacts of the Wolf Trap professional development program on teachers’ use of both performing 

arts and mathematics strategies (Research Question 1) and students’ mathematics knowledge 

(Research Question 2).  

                                                 
7
 The evaluation design originally called for using a district assessment, the Kindergarten Mathematical Reasoning 

Assessment (K-MRA) and a similar assessment for Grade 1; both are formative assessments supported by a district 

online platform. 



American Institutes for Research  Wolf Trap AEMDD Final Grant Report—14 

Analysis of Impact on Teacher Practice  

The analysis of the impacts of the Wolf Trap professional development program on the extent to 

which teachers integrated specific arts approaches within their mathematics lessons was based 

primarily on the four waves of classroom observation data. For each lesson observed, we judged 

whether it provided opportunities for arts integration, and if it did, we further rated the extent of 

implementation of the four features of arts integration (i.e., Linking Arts With Math, Student 

Group Work in Art, Balanced Focus, and Art Product).  

We hypothesized that treatment teachers’ lessons are more likely to provide opportunities for arts 

integration, and we tested this hypothesis using a logistic regression model that predicts the 

probability that a lesson offered such opportunities with treatment status and teacher background 

characteristics (e.g., teaching experience, ethnicity (white versus non-white), and teaching 

assignment (PK versus K).
8
 The analysis was conducted for each of the four waves of 

observations separately. Appendix B provides details about the model.    

Because the analyses of the program’s impact on arts integration were restricted to lessons that 

provided opportunities for arts integration, the analysis sample size was much smaller than the 

number of lessons observed at each observation wave. To maximize the analysis sample size, we 

created measures of arts integration by pooling data across the four waves and computed the 

average score of each arts-integration measure (i.e., Linking Arts With Math, Student Group 

Work in Art, Balanced Focus, and Art Product) across all lessons observed for each teacher.
9
  

We also computed an overall score of arts integration as the average across all four measures and 

observation waves. The program’s impacts on these five measures of arts integration were 

assessed using a two-level hierarchical linear model (HLM) that takes into account the clustering 

of teachers within schools. Details about the model are provided in Appendix B.  

Analysis of Impact on Student Achievement 

The assessment of the impacts of the Wolf Trap professional development program on students’ 

mathematics achievement was also based on HLM analyses, which take into account the 

clustering of students within schools. Using EMDA data pooled across both Group 1 and Group 

2 schools, we assessed both the one-year impact and the two-year impact of the program on 

students’ mathematics achievement (see Appendix B for details about the model). 

Findings 

Program Impacts on Teachers’ Use of Arts Integration 

To address our first research question, we assessed the impacts of the Wolf Trap professional 

development program on both the probability that a lesson provided opportunities for arts 

                                                 
8
 Ideally, this analysis should be conducted using a multilevel logit model that takes into account the clustering of 

teachers within schools. However, our analysis sample size is too small for the multilevel logit model given the 

substantial amount of missing data due to teacher attrition and scheduling problems.    
9
 The average scores thus computed may be based on different numbers of lessons for different teachers, depending 

on how many times a teacher was observed.  
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integration and the five measures of arts integration. As Exhibit 8 shows, about one third (32.3 

percent) of the observed lessons taught by treatment teachers provided opportunities for arts 

integration, compared with 17.9 percent for control teachers at the first wave of observation. 

Treatment teachers’ lessons also were more likely to provide such opportunities than were 

control teachers’ lessons at the other three waves of observation. None of the differences, 

however, were statistically significant at the .05 level, most likely because of the small sample 

size.  

Exhibit 8. Percentage of Observed Classes Providing Arts-Integration  

Opportunities at Each Wave of Observation, by Treatment Status 

 

Notes. N = 47, 24, 21, and 19 teachers for the four waves of observations, respectively. 

The percentage for the treatment group for each measure of arts integration is the unadjusted treatment group mean; 

the percentage for the control group for each measure was computed on the basis of the treatment group percentage 

and the estimated group difference.  

Among those lessons that offered opportunities for arts integration, the lessons taught by 

treatment teachers had a higher score than the lessons taught by control teachers on both the 

overall measure and the four individual measures of arts integration. As Exhibit 9 shows, for 

example, the average score of the overall measure of arts integration across all lessons observed 

is 1.3 for treatment teachers, which is significantly higher than the score (0.8) for control 

teachers (p<.05). The difference between treatment and control teachers also was statistically 

significant for the measure of Linking Arts With Math (1.5 for treatment versus 0.6 for control).  

Differences between the two groups of teachers in the other three measures, although in the 

expected direction, were not statistically significant (p>.05), which may be due to the limited 

sample size.  
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Exhibit 9. Average Level of Arts Integration Across Observation Windows,  

by Treatment Status 

 

Notes. Sample size = 31–32 teachers; 12–13 schools.  

All measures of arts integration are on a 0–2 scale, with 0 representing Not Evident, 1 representing Partially 

Implemented, and 2 representing Fully Implemented. 

The score for the treatment group for each measure of arts integration is the unadjusted average score; the score for 

the control group for each measure was computed by subtracting the estimated group difference from the unadjusted 

average score for the treatment group.  

Program Impacts on Students’ Mathematics Achievement 

Results from our analyses indicate that the Wolf Trap professional development program had a 

statistically significant positive impact on students’ mathematics achievement in both the first 

and the second year of implementation. As Exhibit 10 shows, students in the treatment schools 

outperformed their peers in the control schools by 1.3 points on average on EMDA in Year 1 

(15.6 for treatment as compared with 14.3 for control). The difference is statistically significant 

(p< .01) with an effect size of 0.17.
10

 The positive impact of the Wolf Trap professional 

development program persisted in Year 2, with treatment students outperforming the control 

students by 1.8 points on EMDA (p<.01, effect size = 0.21).  

                                                 
10

 Effect size is a measure of the magnitude of the treatment effect in standard deviation units. It was computed as 

the difference in the average EMDA score between the two study groups divided by the pooled within-group 

standard deviation of the scores. 
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Exhibit 10. Average EMDA Math Reasoning Scores in Spring Year 1 and Spring Year 2,  

by Treatment Status 

 

Notes. N = 369 students and 18 schools for Year 1 analysis; 334 students and 18 schools for Year 2 analysis.  

The average EMDA score for the treatment group in each year is the unadjusted average score; the average score for 

the control group was computed by subtracting the estimated group difference from the unadjusted average score for 

the treatment group. The EMDA contains 45 items in total on the math reasoning test for students in prekindergarten 

through first grade. 

Discussion 

Based on a randomized controlled trial, this study assessed the impacts of the Wolf Trap 

professional development program on both teachers’ use of performing arts strategies integrated 

with mathematics content and the mathematics knowledge of students in prekindergarten and 

kindergarten. Drawing on classroom observation data, we found that treatment teachers’ lessons 

were more likely to provide opportunities for arts integration than control teachers’ lessons at 

each of the four waves of observation. The differences between the two groups, however, were 

not statistically significant at the .05 level, possibly because of the small sample size.  

Among the observed lessons that offered opportunities for arts integration, the lessons taught by 

treatment teachers demonstrated a significantly higher level of arts integration than the lessons 

taught by control teachers on both the overall measure of arts integration and one of the four 

specific measures of arts integration (i.e., Linking Arts With Math). The impacts of the 

professional development program on the other three measures of arts integration, although in 

the desired direction, were not statistically significant. Our analyses also suggest that the Wolf 

Trap professional development program had a statistically significant positive impact on 

students’ mathematics knowledge in both years of implementation (effect size = 0.17 for the first 

year and 0.21 for the second year).  
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These findings should be interpreted with caution given the limitations of this study. First, the 

sample for the study was relatively small, which may have limited the statistical power of the 

study to detect true program impacts. Second, school and teacher participation decreased over 

time because of reasons such as reassignment of teachers to different grade levels and teacher 

turnover. Attrition, particularly differential attrition between the treatment and control groups, 

may have introduced bias to the estimated impacts of the professional development program. 

Third, this study focused on teacher practice and did not measure teacher knowledge, which may 

have been affected by the professional development intervention as well. Finally, the study only 

examined one student achievement outcome and did not measure student competencies other 

than mathematics knowledge that may have been developing as a result of the professional 

development program. Measures of those additional teacher and student outcomes would be 

helpful for both the program developer and evaluators. 

Despite the limitations, this study produced promising evidence for the impacts of the Wolf Trap 

professional development program on both teaching and learning. The following factors may 

have contributed to these positive results:  

 Treating the Earliest Grade Level. Wolf Trap worked with prekindergarten (including 

Head Start) and kindergarten classes. For many students, this class was their first 

introduction to the formal school environment and the first opportunity to learn English. 

Teachers commented that the use of music, movement, and dramatizing concepts was 

beneficial for all students, but in particular students who were shy, who had never been to 

school, or who were speaking another language.  

 Contribution to Teachers’ Mathematics Instruction. Teachers were expected to know 

the district standards, and most had many years of classroom teaching experience. The 

use of performing arts strategies linked to mathematics concepts may not have changed 

teachers’ knowledge of mathematics, but it may have provided an instructional boost—

making the abstract concepts seem more real and accessible for the class through the new 

strategies applied by the teacher and the teaching artist. 

 Teacher Enthusiasm for the Arts in the Classroom. One would expect that differences 

between schools in the two conditions would not be significant given the level of 

standardization across schools in the mathematics standards and instructional approaches 

already used; however, it may be that the teachers in the treatment schools were highly 

receptive to the professional development and eager to implement new strategies that 

they believed would result in the improvement of mathematics performance.  

 Improved Classroom Interaction. Wolf Trap summer institutes and residencies 

introduced strategies such as giving children the opportunity to lead, asking intentional 

questions, and giving formative feedback. The increased attention given to student 

participation, teacher feedback, and improved classroom structure may have contributed 

to student learning.  

 Benefits of Residencies. The participation of teachers in the summer institutes varied. 

AIR and Wolf Trap documented the attendance of treatment teachers at the professional 

development institute sessions and calculated the number of treatment teachers who 

participated in at least 75 percent of these sessions and the number who participated in 

two full years of artist residencies, which meant that each teacher had worked with two 
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artists. In Group 1, of the 14 treatment teachers who participated in two full years of the 

study, nine participated in 75 percent or more of the professional development institute 

sessions. In Group 2, of the 15 treatment teachers who participated in two full years of 

residencies, seven participated in 75 percent or more of the professional development 

institute sessions. Teaching artists suggested that the real work around arts integration 

occurred in the residencies, which may be even more beneficial than the summer 

institutes for teachers to learn how to incorporate arts strategies into their classes. 

 Variation in Implementation. Wolf Trap has been developing its combined professional 

development of institutes and residencies over some time and has done extensive 

replication through its affiliate network. An operating principle of this model is an 

expectation that teaching artists will work with teachers as a team in developing 

strategies and activities that support curriculum in place, classroom conditions, and 

teachers’ objectives and variations in implementation are expected and accepted. 

Weinbaum and Supovitz (2010) report that there is no definitive evidence indicating 

whether interventions that are more specific are better than ones with leeway for 

adaptation. Researchers suggest considering four important areas when implementing a 

standard intervention: what developers choose to emphasize, the level of complexity of 

the changes they are expecting, how they engage teachers and administrators in the 

change process, and the ongoing support for change (Schiffman, Riggan, Massel, 

Goldwasser, & Andersen, 2008). The Wolf Trap professional development appears 

successful in its support for adaptation. 

The Wolf Trap AEMDD professional development intervention encountered many of the typical 

challenges faced by professional development developers and implementers, such as school 

attrition, teacher turnover, student mobility, subject standards revisions, and inconsistent 

participation in summer institutes. However, findings from this study indicate that when arts 

strategies and activities were integrated into the teaching of mathematics in prekindergarten and 

kindergarten classrooms, teachers who were coached to use the strategies were able to apply 

those strategies independently in their classrooms, and their students performed better than their 

peers on mathematics tasks consistent with their grade-level standards. 

Recommendations for Scale-Up and Future Research 

When research indicates an intervention is promising, developers are likely to consider the next 

stage: how to expand the intervention from a limited number of sites to a larger number of sites 

with diverse characteristics so that the program can have a broader impact—i.e., scaling up.  In 

fact, Wolf Trap has been supporting dissemination of its professional development model by 

holding institutes for all of its 17 affiliates, extending technical assistance through affiliate visits, 

and training master teaching artists. Each affiliate implements the practices learned through the 

Wolf Trap training and materials according to its setting, schools served, and financial supports. 

The positive impacts of the Wolf Trap program on students found in this study as well as a prior 

study (Klayman, 2006) provide research-based support for the replication of the Wolf Trap 

professional development model on a larger scale. 
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Based on the evaluation conducted for the AEMDD grant, we offer the following 

recommendations for future research: 

Validation of a Rubric Measuring the Practice of Arts Integration. In a review of assessment 

approaches used in arts-integrated settings, we learned there are few non-program-specific 

frameworks or rubrics that would (1) pinpoint measureable aspects of quality arts-integrated 

instruction and (2) offer a measurement of the overall quality of a given interval of a teacher’s 

arts-integrated instruction. In this AEMDD evaluation, we used a rubric to measure four features 

of arts integration. The Wolf Trap affiliate programs have the potential to conduct validation 

studies of this rubric. Further, after the rubric has been validated, it could inform the design of 

the professional development program for teachers and teaching artists based on a standard of 

arts-integration classroom practice.  

Measuring Arts Learning. In this evaluation, our focus was on the measurement of academic 

knowledge students learned through mathematics instruction integrated with performing arts 

strategies and activities. We did not seek to measure students’ knowledge and skills in the arts 

disciplines that were likely developing among students in schools participating in the 

interventions. A recent review conducted by the National Endowment for the Arts on the status 

of assessment in the arts indicates more research and development are needed (Herpin, 

Washington, & Li, 2012). We believe that the classrooms, teachers, and students who are 

working with Wolf Trap would provide an excellent setting for developing such measures and 

investigating what children are learning in terms of the vocabulary and the essentials of arts 

disciplines, and further, exploring arts-related outcomes in later years as students have 

opportunities to study arts disciplines in electives or required courses. 

Learning From Variation in Participation in Summer Institutes versus Artist Residencies. 

We learned from interviews with the teaching artists that the artist residencies in general were 

more likely to influence teacher practice than summer institutes where training also occurred. We 

also noted that teachers who persisted in the study engaged in both planned residencies. 

Therefore, the residencies may have been a key to the positive outcomes for students taught by 

the treatment teachers. We recommend that Wolf Trap explore ways to improve the effects of the 

summer institutes on teachers. It may be helpful to have briefer institutes with a stronger focus 

on the activities, terminology, and expectations of the residencies.  
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Appendix A. Examples of Arts Integration Routines 

Observed in Classroom Observations  

Example 1: Understanding Patterning Using Movement in Space 

1. The teaching artist introduces a movement concept-kinesphere or space bubble. This will 

be the linking concept to the math students will study today. 

2. Students are led in a movement activity in which they are asked to demonstrate how to 

grow or shrink their space bubbles in place and by moving as a class in an oval around 

the room.  

3. Students review vocabulary that has been introduced and discuss how a change in size 

affects their bodies as they grow the bubble larger and shrink it smaller. Music is played 

using soft and loud levels. 

4. The teaching artist reviews the vocabulary word (kinesphere) with students, and the class 

claps the number of syllables.  

5. The teaching artist shows laminated cards with pictures showing bubbles of different 

sizes. Students discuss what it means to combine pictures in a pattern, which results in a 

display of bubbles of different sizes: small, big, small, big.  

6. Students discuss what is meant by a pattern (ABAB), and they act out the patterns when 

the components are numbers (1 is small, 10 is large). 

7. The teacher leads the class in activities about patterns using small and large letters and 

colors. Students create patterns and are asked to say the patterns using math symbols, 

letters, or colors. 

Example 2: Coffee Can Theater-Dramatization of Story/Understanding of Sets 

1. Students have learned the story Rooster’s Off to See the World. In this story, groups of 

animals (1 rooster, 2 cats, 3 frogs, 4 turtles, and 5 fish) go on a journey. When it gets late 

and dark, they turn around and return to their homes.  

2. The teaching artist reminds the students of the story and the animals, reviewing the type 

of animal, their sounds, and why groups of animals belong together.  

3. Artist and teacher reinforce the math concept by singing a song: let’s sort, let’s sort, who 

is the same? Teacher, artist, and students count the number of animals in each set.  

4. Teacher and artist pass out sounds written on cards and give them out to students. 

Students are asked to sort themselves by the card they have and then make the sounds. 

5. Then students are asked: Which group has more? If there is a difference of opinion, what 

do we do? Count! If students have difficulty identifying the difference when they only 

see the numbers on cards, they are asked to draw circles on a board/card, count the 

animals, and show how you can see the difference.  

6. The artist acts out the Rooster story. The word habitat is introduced and used. Students 

are asked to tell what the habitat is for the frogs, the rooster, etc. Students count the 

number of animals in the different locations (the sets). 
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Appendix B. Statistical Models for Impact Analyses 

Analysis Model for Assessing Program Impact on Opportunities for Arts Integration 

Using classroom observation data, we assessed both the impact of the Wolf Trap professional 

development program on the likelihood that mathematics lessons provided opportunities for arts 

integration, and the impact of the program on the extent of arts integration implemented in the 

lessons observed. The impact on opportunities for arts integration at each wave of observation 

was assessed using the following logistic regression:
11

   

𝑙𝑜𝑔(
𝑝𝑗

1−𝑝𝑗
) = 𝛽0 + 𝛽1(𝑇𝑅𝐸𝐴𝑇𝑀𝐸𝑁𝑇)𝑗 + 𝛽2(𝐺𝑅𝑂𝑈𝑃1)𝑗 + 𝛽3𝑊𝑗 + 𝑟𝑗  

Where 

 𝑝𝑗 is the probability that the observed lesson taught by teacher j provided opportunities 

for arts integration,  

 (𝑇𝑅𝐸𝐴𝑇𝑀𝐸𝑁𝑇)𝑗 is an indicator for treatment status of teacher j: 1 = treatment;  

0 = control;  

 (𝐺𝑅𝑂𝑈𝑃1)𝑗 is an indicator for the school group teacher j belonged to; 1 = Group 1;  

0 = Group 2;   

 Wj is a vector of teacher background characteristics, including their years of teaching 

experience, primary teaching assignment (PK versus K), and race (white versus non-

white); and 

 rj is a random error associated with teacher j.  

Coefficient 𝛽1 from the above model captures the impact of the professional development 

program on the likelihood (in logit) that a teacher’s lesson provided opportunities for arts 

integration.  

Analysis Model for Assessing Program Impact on the Extent of Arts Integration 

The analyses assessing the impact of the professional development program on the extent of arts 

integration were based on a two-level hierarchical linear model (HLM) that takes into account 

the clustering of teachers within schools. The analyses were performed separately for the overall 

measure of arts integration and each of the four individual measures of arts integration (i.e., 

Linking Arts With Math, Student Group Work in Art, Balanced Focus, and Artistic Product) 

using the following model:   

Level 1 (teachers):  

𝑌𝑖𝑗 = 𝛽0𝑗 + 𝛽1𝑗𝑊𝑖𝑗 + 𝑟𝑖𝑗   

                                                 
11

 Ideally, this analysis should be conducted using a multilevel logit model that takes into account the clustering of 

teachers within schools. However, our analysis sample size is too small for the multilevel logit model, which had 

difficulty converging for some of the measures.    
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Where  

 Yij is the arts integration score for teacher i at school j; 

 𝛽0𝑗 is the average arts integration score for teachers in school j; 

 𝛽1𝑗 is the relationship between a given teacher characteristic and arts integration score at 

school j; and  

 𝑟𝑖𝑗 is a random error associated with teacher i at school j. 

  

Level 2 (schools):   

𝛽0𝑗 = 𝛾00 + 𝛾01(𝑇𝑅𝐸𝐴𝑇𝑀𝐸𝑁𝑇)𝑗 + 𝛾02(𝐺𝑅𝑂𝑈𝑃1)𝑗 + 𝑢0𝑗      

𝛽1𝑗 = 𝛾10 

Where 

 𝛾00 is the average arts integration score for Group 2 control schools;  

 𝛾01 is the difference in average arts integration score between treatment and control 

schools;  

 𝛾02 is the difference in average arts integration score between Group 1 and Group 2 

schools; 

 𝛾10 is the average relationship between a given teacher characteristic and arts integration 

score; and 

 𝑢0𝑗 is a random error associated with school j. 

Coefficient 𝛾01 from the Level 2 model above captures the impact of the professional 

development program on the extent to which teachers used arts integration in their mathematics 

classrooms.  

Analysis Models for Assessing Program Impact on Student Achievement 

Using EMDA data pooled across both Group 1 and Group 2 schools, we assessed both the one-

year impact and the two-year impact of the professional development program on students’ 

mathematics knowledge using a model specified similarly to the model for assessing the 

program’s impact on the extent of arts integration. The HLM model for assessing the one-year 

impact is specified as follows:   

Level 1 (students):  

𝑌𝑖𝑗 = 𝛽0𝑗 + 𝛽1𝑗𝑋𝑖𝑗 + 𝑟𝑖𝑗   

Where  

 Yij is the EMDA score at the end of the first year of implementation (spring 2012 for 

Group 1 schools and spring 2013 for Group 2 schools) for student i at school j; 

 Xij is a vector of student characteristics, including their baseline EMDA scores, grade 

level at the beginning of the intervention (i.e., PK or K), gender, and race (white versus 

non-white), grand-mean centered;  
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 𝛽0𝑗 is the average EMDA score for students in school j; 

 𝛽1𝑗 is the relationship between a given student characteristic and the EMDA score at 

school j; and  

 𝑟𝑖𝑗 is a random error associated with student i at school j. 

  

Level 2 (schools):   

𝛽0𝑗 = 𝛾00 + 𝛾01(𝑇𝑅𝐸𝐴𝑇𝑀𝐸𝑁𝑇)𝑗 + 𝛾02(𝐺𝑅𝑂𝑈𝑃1)𝑗 + 𝑢0𝑗      

𝛽1𝑗 = 𝛾10 

Where 

 𝛾00 is the average EMDA score for Group 2 control schools;  

 𝛾01 is the difference in average EMDA score between treatment and control schools;  

 𝛾02 is the difference in average EMDA score between Group 1 and Group 2 schools; 

 𝛾10 is the average relationship between a given student characteristic and EMDA score; 

and 

 𝑢0𝑗 is a random error associated with school j. 

The estimate of primary interest from the above model is 𝛾01, which captures the one-year 

impact of the Wolf Trap professional development program on students’ mathematics 

achievement across both groups of schools. The two-year impact of the program was assessed 

similarly. Given the small number of schools in each school group (six schools in Group 1 and 

12 schools in Group 2), we did not conduct the impact analyses for each school group separately.   
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