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SUPPORTING CHANGE IN INSTRUCTIONAL PRACTICES	
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2018 Teacher Survey Questions on CCSS-M and NGSS
Survey measures were developed through a Rasch model which provides fit and difficulty statistics for each item in the measure, as well as statistics on measure reliability. In creating measures, we considered the fit of each item with the underlying scale. The reliability statistic produced by the Rasch model is similar in meaning to a Cronbach’s alpha, representing the signal-to-noise ratio. It is calculated as Reliability=separation2/1+separation2 where separation is the parameter variance over the error variance. 
Teachers were asked a series of questions about their experiences with district supports around implementing the standards, their perceptions of the standards, and their own instructional practices. All questions on the CCSS-M or NGSS were inside a section that was prefaced with the following text:
“The following questions will ask you about the new learning standards, such as the Common Core State Standards (CCSS-M) and Next Generation Science Standards (NGSS). Please check all that apply. Although you may be expected to implement more than one of the following sets of standards, you will only be asked about one subject.”
If teachers reported that they taught both math and science classes they were randomly assigned to answer questions about one subject. For many of the banks of questions, we aggregated teachers’ responses across the questions to obtain measures of the overall degree to which they reported positively about each construct using the Rasch model (Wright and Masters, 1982). Measures were constructed separately for science teachers than math teachers, but together for middle and high school teachers.
Instructional Practices in Math (reliability: 0.83)
In the current school year, how often have all/nearly all of your students done the following?
Never, Once or twice this year, Once or twice a month, Once or twice a week, Almost every day
· Discussed different ways to approach a problem
· Justified their mathematical reasoning in writing
· Engaged in a problem that allowed for multiple solution methods

Instructional Practices in Science (reliability: 0.90)
In the current school year, how often have all/nearly all of your students done the following?
Never, Once or twice this year, Once or twice a month, Once or twice a week, Almost every day
· Justified their scientific reasoning in writing
· Developed their own questions about a scientific topic
· Developed or used scientific models
· Planned and carried out a scientific investigation
· Analyzed or interpreted data
· Used mathematics or computational thinking in science
· Constructed their own explanations and arguments using evidence and reasoning 
· Participated in a hands-on scientific experience

PL Emphasis (reliability: 0.88 math, 0.87 science)
Thinking about all your PL about [mathematics/science] in the current school year, how much emphasis was placed on each of the following topics?
1Was not addressed	2 Minimal emphasis	3 Moderate emphasis	4 Major emphasis
· Unpacking the standards (e.g. understanding what students should learn)
· Selecting and/or using instructional materials and resources in alignment with the standards
· Differentiating instruction for specific groups (e.g. students with disabilities, English learners)
· Learning how to use formative assessments in your instruction
· Developing your content knowledge in your subject area
· Developing high quality instructional practices (i.e. “best practices”)
· Developing lesson plans that are aligned with CCSS-M/NGSS content and practices

PL Opportunities (reliability: 0.79 math, 0.77 science)
In the current school year, how often have you participated in each of the following PL opportunities to improve [mathematics/science] instruction?
Never, Once or twice this year, Once or twice a month, Once or twice a week, Almost every day
· Full-day workshop
· Half-day workshop
· After school workshop
· A PL community (PLC)
· Collaborative planning time with colleagues (e.g. grade level meetings, department meetings)
· Instructional coaching
· Classroom observations with other colleagues at your school

Core Curriculum
[GRADES 6-8 CCSS-M MATHEMATICS TEACHERS] In the current school year, which of the following core instructional materials are you using? 
Check all that apply.
· Connected Mathematics Project (CMP) 3  
· Go Math!
· Other core instructional materials         	
[GRADES 9-12 CCSS-M MATHEMATICS TEACHERS] In the current school year, which of the following core instructional materials are you using? 
Check all that apply.
· HMH Integrated  
· HMH Traditional  
· Interactive Mathematics Program (IMP)	
· Meaningful Math
· CME Integrated	
· CME Traditional	  	

Use of Knowledge Center Resources
[MATHEMATICS TEACHERS] In the current school year, which of the following SUPPLEMENTAL materials from the KNOWLEDGE CENTER are you using? Check all that apply.
· Individual MARS tasks         	
· Individual Problems of the Month   	
· Individual Formative Assessment Lessons    	
· Individual Math Talks          	
· Curriculum-Aligned Math Instructional Units (MIUs)              	
· Non-Curriculum-Aligned Math Instructional Units (MIUs)     	
· No supplemental materials from the Knowledge Center (reverse-coded)      	
· 
[SCIENCE TEACHERS] In the current school year, which of the following SUPPLEMENTAL materials from the KNOWLEDGE CENTER are you using?
Check all that apply.
· NGSS supports by grade level
· Assessment resources         	
· General pedagogical resources       	
· No supplemental materials from the Knowledge Center (reverse-coded)     	

Barriers to Implementation  (reliability: 0.83 math, 0.83 science)
To what extent is each of the following a barrier to achieving the goals of the [CCSS-M/NGSS] standards?
1 Not a barrier	2 A minimal barrier	3 A moderate barrier	4 A major barrier
· Not enough time to collaborate with other mathematics teachers
· Being held accountable for student assessments (i.e., standardized tests) that are not aligned with CCSS-M_M (math only)
· Inadequate professional development on mathematics/science instructional practices
· Students’ inadequate preparation in prior grades
· Lack of administrator support for changing instructional practice
· Students’ wide-ranging instructional needs
· Too many other competing job demands
· Not enough time during class to get through the lesson




Appendix B
Validating Teacher Reports of Standards-Aligned Practices as a Measure of Student Learning
Given the goals of the CCSS-M and NGSS to improve knowledge and skills for all students (Committee on Prospering in the Global Economy, 2007; Common Core State Standards Initiative, 2021; Windschitl & Stroupe, 2017), we examined whether teachers’ survey reports of the instructional practices in their math and science classrooms had evidence of validity in terms of student knowledge and skills as measured on standardized assessments. However, we were limited to examining relationships between the teacher reports and student achievement gains at the school level because teacher IDs are scrubbed after the survey data are collected and cannot be tied to individual students or classrooms, only to their schools. 
Confining the tests to the school level limited the degree to which we could expect to find relationships between the teacher measures and student achievement gains, even if the relationships exist. There tends to be more variation in teacher practices among teachers within a school than between school averages. Measurement error is also an issue; in some schools, especially small middle schools that might only have one or two classrooms per grade (6-8), there were very few teachers reporting on their instruction in either math or science. The mean number of math teachers answering in a school was 3.0 in the middle grades and 5.3 in high school, while the mean number of science teachers per high school was 5.0. (Middle school science is not included in this validation of the measure as there was no middle grade science test.). We do not present these data in order to estimate the true relationship between teacher practices and student achievement gains. If we find significant relationships at the school level despite the measurement error and the limited number of teachers reporting per school, it suggests that the instruction measures are picking up practices that matter for student achievement, even if the size of the relationships are likely underestimates of the true relationships.
Student Outcomes
The validation testing is based on all CPS students in grades 6 through 11 who took the mandatory district wide assessments in 2018, and also had scores from the prior year on the district exam in the same subject. For students in grades six through eight, the 2018 math score and the prior year math score both come from the NWEA-MAP for mathematics. For ninth grade students, we use the PSAT mathematics score in 2018 as the outcome, and control for their NWEA-MAP mathematics score in eighth grade in the prior year. For tenth graders, their current and prior score are both based on the PSAT mathematics. For eleventh graders, their current and prior scores are based on the mathematics test of the SAT and the PSAT, respectively. There was no assessment given in the middle grades in science. In the high school grades, the PSAT/SAT combines items from across the subtests in reading, writing and math to produce a science strand score. For example, they include in the science score questions from the reading section that ask students to delineate the experimental process described in a text, analyze data from research or a graphical figure, or determine which conclusion is supported in a study’s findings (College Board, 2015). We used these as science outcomes for students in tenth and eleventh grades, controlling for their science strand scores on the PSAT from the prior year.
The models control for students’ prior year score, so we were limited to studying science outcomes in grades 10 and 11 as there was no eighth-grade science assessment score. We separated the analysis based on students’ prior achievement levels, as well as conducting analyses of overall relationships. In a prior study, we found different relationships of teacher professional learning for students with low prior achievement than for students with high prior achievement. This suggested it was important to conduct separate analyses in this study of teachers’ practices.
Student Covariates
There were about 21,000 - 25,000 students in each grade across 543 schools. We used district administrative records which include information about students’ background characteristics (e.g., race/ethnicity, gender, special education status, and census block group) for all students enrolled in the district each year. IEP is a dichotomous variable representing whether a student has an individualized education plan. To control for students’ socioeconomic status, we use variables created from U.S. Census data measuring students’ neighborhood poverty (a combination of the percentage of families under the poverty line and male unemployment rates) and neighborhood social status (a combination of median family income and average education level among adults), linked by their residential census block group. These allow a more fine-tuned measure of family background than an indicator of free and reduced lunch status, since 85 percent of students in CPS qualify. There are 2,450 block groups among CPS students, which provide fine-grained distinctions of SES based on where students live and are often equivalent to one city block. The Census measures are standardized across all neighborhoods in the city, not just the neighborhoods in which CPS students live. Table B1 provides the means and standard deviations of variables included as covariates in the models for the sample of students that attend schools with teacher survey data, and for the district as a whole.




Table B1 Descriptive statistics on student covariates
	Students in schools with teacher survey data
	Grade 6
	Grade 7
	Grade 8
	Grade 9
	Grade 10
	Grade 11
	Grade 10
	Grade 11

	
	Math
	Math
	Math
	Math
	Math
	Math
	Science
	Science

	
	23,884 
	21,897 
	21,856 
	21,632 
	20,890 
	20,507 
	20,577 
	20,143 

	 
	MEAN
	STD
	MEAN
	STD
	MEAN
	STD
	MEAN
	STD
	MEAN
	STD
	MEAN
	STD
	MEAN
	STD
	MEAN
	STD

	2018 Score
	224.35
	16.67
	230.81
	17.53
	236.08
	18.41
	431.70
	94.27
	451.65
	93.87
	487.43
	105.12
	22.82
	4.82
	24.79
	4.91

	2017 Score
	220.46
	17.34
	224.11
	16.00
	230.13
	17.67
	236.36
	18.40
	438.04
	89.09
	453.36
	85.16
	21.77
	4.54
	22.78
	4.36

	Asian
	0.04
	0.19
	0.04
	0.20
	0.04
	0.20
	0.04
	0.20
	0.04
	0.21
	0.05
	0.21
	0.05
	0.21
	0.05
	0.22

	Black
	0.34
	0.47
	0.33
	0.47
	0.34
	0.47
	0.35
	0.48
	0.34
	0.47
	0.34
	0.48
	0.33
	0.47
	0.33
	0.47

	White
	0.10
	0.30
	0.10
	0.30
	0.08
	0.28
	0.08
	0.28
	0.10
	0.29
	0.09
	0.29
	0.10
	0.30
	0.09
	0.29

	Male
	0.50
	0.50
	0.51
	0.50
	0.50
	0.50
	0.50
	0.50
	0.48
	0.50
	0.48
	0.50
	0.48
	0.50
	0.48
	0.50

	IEP
	0.15
	0.36
	0.16
	0.36
	0.15
	0.36
	0.14
	0.35
	0.13
	0.33
	0.12
	0.32
	0.12
	0.33
	0.12
	0.32

	Poverty level
	0.23
	0.81
	0.22
	0.82
	0.25
	0.80
	0.24
	0.80
	0.22
	0.80
	0.22
	0.80
	0.21
	0.80
	0.20
	0.80

	Social status
	-0.46
	0.89
	-0.47
	0.89
	-0.49
	0.88
	-0.46
	0.89
	-0.44
	0.89
	-0.45
	0.89
	-0.44
	0.89
	-0.45
	0.89

	School avg test percentile
	0.50
	0.12
	0.49
	0.12
	0.49
	0.12
	0.51
	0.17
	0.51
	0.17
	0.51
	0.18
	0.51
	0.17
	0.51
	0.18

	School avg poverty
	0.23
	0.56
	0.22
	0.56
	0.24
	0.55
	0.22
	0.41
	0.22
	0.41
	0.23
	0.41
	0.21
	0.41
	0.22
	0.41

	School avg SES
	-0.46
	0.68
	-0.47
	0.69
	-0.48
	0.68
	-0.44
	0.53
	-0.43
	0.53
	-0.45
	0.52
	-0.43
	0.53
	-0.45
	0.53

	School % Black
	0.34
	0.40
	0.33
	0.40
	0.34
	0.40
	0.35
	0.36
	0.34
	0.35
	0.35
	0.36
	0.33
	0.35
	0.34
	0.35

	School % Latinx
	0.50
	0.39
	0.51
	0.39
	0.51
	0.39
	0.50
	0.33
	0.50
	0.32
	0.49
	0.33
	0.50
	0.32
	0.50
	0.32

	 
	Grade 6
	Grade 7
	Grade 8
	Grade 9
	Grade 10
	Grade 11
	Grade 10
	Grade 11

	 
	Math
	Math
	Math
	Math
	Math
	Math
	Science
	Science

	All Students
	25,052 
	24,153 
	24,161 
	21,984 
	21,179 
	21,153 
	21,179 
	21,153 

	 
	MEAN
	STD
	MEAN
	STD
	MEAN
	STD
	MEAN
	STD
	MEAN
	STD
	MEAN
	STD
	MEAN
	STD
	MEAN
	STD

	2018 Score
	224.25
	16.69
	231.26
	17.93
	236.53
	18.77
	430.82
	94.19
	450.72
	93.96
	484.69
	105.27
	22.73
	4.82
	24.62
	4.92

	2017 Score
	220.43
	17.37
	224.66
	16.46
	230.70
	18.08
	236.15
	18.44
	437.24
	89.16
	451.58
	85.03
	21.69
	4.53
	22.65
	4.34

	Asian
	0.04
	0.19
	0.04
	0.20
	0.04
	0.20
	0.04
	0.20
	0.04
	0.21
	0.05
	0.21
	0.04
	0.21
	0.05
	0.21

	Black
	0.36
	0.48
	0.34
	0.48
	0.35
	0.48
	0.36
	0.48
	0.35
	0.48
	0.35
	0.48
	0.35
	0.48
	0.35
	0.48

	White
	0.10
	0.30
	0.10
	0.30
	0.09
	0.28
	0.08
	0.27
	0.09
	0.29
	0.09
	0.29
	0.09
	0.29
	0.09
	0.29

	Male
	0.50
	0.50
	0.51
	0.50
	0.50
	0.50
	0.49
	0.50
	0.48
	0.50
	0.48
	0.50
	0.48
	0.50
	0.48
	0.50

	IEP
	0.15
	0.36
	0.15
	0.36
	0.15
	0.36
	0.14
	0.35
	0.13
	0.33
	0.12
	0.33
	0.13
	0.33
	0.12
	0.33

	Poverty level
	0.24
	0.82
	0.22
	0.82
	0.25
	0.81
	0.25
	0.80
	0.23
	0.80
	0.23
	0.80
	0.23
	0.80
	0.23
	0.80

	Social status
	-0.44
	0.89
	-0.45
	0.90
	-0.46
	0.88
	-0.46
	0.88
	-0.44
	0.89
	-0.45
	0.89
	-0.44
	0.89
	-0.45
	0.89

	School avg test percentile
	0.49
	0.13
	0.50
	0.13
	0.50
	0.13
	0.50
	0.17
	0.51
	0.17
	0.50
	0.18
	0.51
	0.17
	0.50
	0.18

	School avg poverty
	0.25
	0.56
	0.23
	0.56
	0.24
	0.54
	0.23
	0.41
	0.22
	0.41
	0.24
	0.41
	0.22
	0.41
	0.24
	0.41

	School avg SES
	-0.45
	0.68
	-0.45
	0.68
	-0.46
	0.67
	-0.44
	0.53
	-0.43
	0.52
	-0.45
	0.52
	-0.43
	0.52
	-0.45
	0.52

	School % Black
	0.36
	0.41
	0.35
	0.40
	0.35
	0.40
	0.35
	0.36
	0.35
	0.36
	0.35
	0.36
	0.35
	0.36
	0.35
	0.36

	School % Latinx
	0.49
	0.39
	0.50
	0.38
	0.50
	0.38
	0.49
	0.33
	0.49
	0.33
	0.49
	0.33
	0.49
	0.33
	0.49
	0.33




Note: Test scores in this table are in the original units. They were standardized by year and grade before running analytic models. 
Analysis
We used 2-level hierarchical linear models predicting students’ gains on assessments at the student level with teachers’ instructional practices at the school level. At the student level we predicted each student’s test score with their prior year score, as well as covariates for gender, race, IEP status, neighborhood poverty, and social status. At the school level we included variables for school average teacher reports of instructional practices, as well as school average test scores in the prior year, average social status and poverty levels of students, and school racial composition. Student and school covariates were included to be certain that the relationships were not influenced by any differences in the use of practices across schools serving students with different backgrounds or achievement levels. We also ran the analyses separately based on students’ prior year achievement, with students divided into three equal groups based on their prior scores. The models took the form:
[image: Text
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At the student level, the 2018 test score is modeled as a function of their prior year score, along with their gender, race, neighborhood poverty, social status, and IEP status.  represents the average gain in the school, controlling for student background characteristics.  is predicted at level 2 with the measure of average teacher reports of instructional practices, along with school-level covariates controlling for average prior year achievement, average poverty and social status of students, and school racial composition.  provides the relationship of instructional practices with student average gains, net of any relationship of gains with the school covariates. Only the intercept is allowed to vary at the school level.
Results of Measure Validation
Districtwide, students’ gains on the NWEA-MAP for mathematics in grades 6 and 8 were significantly higher in schools where teachers reported more frequent use of standards-aligned practices, controlling for students’ score in the prior year and other student and school covariates (see Table 2 in the main text for the coefficients on instructional practices from the subgroups, and Tables B2 and B3 below for the models of the main analyses with coefficients on the covariates). In schools where teacher reports were one standard deviation above the mean, scores were about 0.03 standard deviations higher, controlling for their prior score. This may seem small, but there are several reasons a small estimate is expected. As noted previously, school averages of teacher measures are based on only about 60 percent of teachers of a given subject; this reduces the school-level reliability of the measure, which makes it harder to show relationships. Furthermore, on average, annual student gains in the NWEA-MAP in the middle grades are only about 0.30 standard deviations (p. 58 of Thum & Hauser, 2015). Thus, the coefficient represents a tenth of the typical growth that students make over an entire year at the middle grade level. Finally, intervention effects on broad standardized tests with large heterogeneous samples tend to be very small (Kraft, 2020). They are also similar in size to the coefficients in Kane et al (2016), which also compared teacher survey responses about CCSS-implementation and student gains on assessments in math (between .032 and .054).
The ninth-grade coefficient is of similar size to those in grades six and eight, but because there are many fewer high schools than schools serving middle-grade students, the district-wide coefficient is not significant. The ninth-grade coefficient is significant in the models that only include students with low or average prior achievement. There was not a significant relationship in seventh grade, tenth grade, or eleventh grade. 
For students with high prior achievement scores, the relationships between teacher practices and students’ gains on mathematics tests are nonsignificant or close to nonsignificant at all grade levels, and smaller in magnitude than among students with lower prior achievement scores. 
Gains on the science strand of the SAT/PSAT were stronger in schools where science teachers reported greater use of standards-aligned practices. We found positive, significant relationships in both tenth and eleventh grade, with effect sizes running from 0.03 to 0.07 depending on grade level and prior student achievement. Unlike the patterns observed in math scores, the relationships between teacher practices and student gains were significant for students of all prior-ability levels. 
 
Table B2. Models Predicting Mathematics Test  Scores in2018 with Teachers’ Self-Reported Instructional Practices, Controlling for Students’ Prior Year Score
	 
	Mathematics
	Grade 6
	Grade 7
	Grade 8

	 
	 
	Coeff
	s.e. 
	 
	Coeff
	s.e. 
	 
	Coeff
	s.e. 
	 

	 
	Intercept
	0.059
	0.013
	***
	0.046
	0.012
	***
	0.058
	0.011
	***

	Student 
	Prior math score
	0.754
	0.022
	***
	0.791
	0.021
	***
	0.833
	0.020
	***

	variables
	Asian
	0.129
	0.019
	***
	0.132
	0.018
	***
	0.126
	0.018
	***

	 
	Black
	-0.035
	0.013
	**
	-0.043
	0.013
	**
	-0.048
	0.012
	***

	 
	White
	0.070
	0.013
	***
	0.065
	0.013
	***
	0.064
	0.013
	***

	 
	Male
	-0.008
	0.006
	 
	-0.032
	0.006
	***
	-0.003
	0.006
	 

	 
	IEP
	-0.263
	0.009
	***
	-0.212
	0.009
	***
	-0.170
	0.009
	***

	 
	Poverty
	0.000
	0.005
	 
	-0.010
	0.004
	*
	-0.002
	0.004
	 

	 
	Social Status
	0.009
	0.005
	^
	-0.006
	0.005
	 
	-0.007
	0.005
	 

	School
	Instructional Practices
	0.031
	0.011
	**
	0.010
	0.010
	 
	0.031
	0.009
	***

	Variables
	2017 Achievement
	0.014
	0.023
	 
	-0.025
	0.022
	 
	-0.013
	0.021
	 

	 
	Poverty
	-0.011
	0.024
	 
	-0.029
	0.020
	 
	0.017
	0.019
	 

	 
	Social Status
	0.018
	0.018
	 
	0.001
	0.016
	 
	0.007
	0.015
	 

	 
	% Black
	-0.042
	0.033
	 
	-0.042
	0.029
	 
	-0.012
	0.027
	 

	 
	% Latino
	-0.031
	0.028
	 
	-0.051
	0.024
	*
	-0.009
	0.023
	 

	 
	Mathematics
	Grade 9
	Grade 10
	Grade 11

	 
	 
	Coeff
	s.e. 
	 
	Coeff
	s.e. 
	 
	Coeff
	s.e. 
	 

	 
	Intercept
	-0.035
	0.021
	 
	-0.056
	0.021
	**
	0.031
	0.022
	 

	Student 
	Prior math score
	0.610
	0.046
	***
	0.651
	0.049
	***
	0.648
	0.053
	***

	variables
	Asian
	0.141
	0.020
	***
	0.147
	0.019
	***
	0.117
	0.018
	***

	 
	Black
	-0.157
	0.013
	***
	-0.080
	0.013
	***
	-0.073
	0.013
	***

	 
	White
	0.115
	0.016
	***
	0.146
	0.015
	***
	0.093
	0.015
	***

	 
	Male
	0.000
	0.007
	 
	0.008
	0.007
	 
	0.052
	0.007
	***

	 
	IEP
	-0.244
	0.012
	***
	-0.296
	0.012
	***
	-0.349
	0.012
	***

	 
	Poverty
	-0.012
	0.005
	**
	-0.006
	0.005
	 
	-0.020
	0.005
	***

	 
	Social Status
	0.017
	0.005
	 
	0.019
	0.005
	***
	0.009
	0.005
	^

	School
	Instructional Practices
	0.036
	0.023
	 
	0.007
	0.022
	 
	0.022
	0.023
	 

	Variables
	2017 Achievement
	-0.044
	0.048
	 
	-0.100
	0.050
	*
	-0.070
	0.054
	 

	 
	Poverty
	-0.052
	0.088
	 
	-0.097
	0.087
	 
	-0.082
	0.091
	 

	 
	Social Status
	0.038
	0.057
	 
	0.011
	0.056
	 
	0.065
	0.059
	 

	 
	% Black
	-0.095
	0.100
	 
	-0.103
	0.100
	 
	-0.096
	0.105
	 

	 
	% Latino
	-0.004
	0.081
	 
	-0.075
	0.080
	 
	-0.050
	0.084
	 



Note: ^p<.10 *p<.05, **p<.01, ***p<.001. Models predicted NWEA-MAP scores in spring 2018. Based on all students in schools with teacher survey data: 20,507 - 23,884 students in each grade, in 406-420 middle grade schools (depending on grade level) and 132 high schools.
Table B3. Models Predicting Science Subscore in2018 with Teachers’ Self-Reported Instructional Practices Controlling for Students’ Prior Year Score
	 
	Science
	Grade 10
	Grade 11

	 
	 
	Coeff
	s.e. 
	 
	Coeff
	s.e. 
	 

	 
	Intercept
	0.043
	0.019
	*
	0.068
	0.018
	***

	Student 
	Prior math score
	0.382
	0.007
	***
	0.330
	0.007
	***

	variables
	Asian
	-0.017
	0.022
	 
	-0.034
	0.022
	 

	 
	Black
	-0.062
	0.015
	***
	-0.066
	0.015
	***

	 
	White
	0.102
	0.017
	***
	0.108
	0.018
	***

	 
	Male
	-0.075
	0.008
	***
	0.048
	0.009
	***

	 
	IEP
	-0.213
	0.014
	***
	-0.288
	0.014
	***

	 
	Poverty
	-0.005
	0.006
	 
	-0.023
	0.006
	***

	 
	Social Status
	0.025
	0.006
	***
	0.018
	0.006
	**

	School
	Instructional Practices
	0.055
	0.016
	**
	0.034
	0.015
	*

	Variables
	2017 Achievement
	0.251
	0.009
	***
	0.282
	0.009
	***

	 
	Poverty
	-0.151
	0.071
	*
	-0.141
	0.067
	*

	 
	Social Status
	-0.053
	0.044
	 
	-0.021
	0.043
	 

	 
	% Black
	-0.053
	0.084
	 
	-0.102
	0.079
	 

	 
	% Latino
	-0.141
	0.068
	*
	-0.171
	0.063
	**


Note: ^p<.10 *p<.05, **p<.01, ***p<.001. Models predicted PSAT (10th grade) and SAT (11th grade) science strand scores in spring 2018, controlling for their scores on the science strand PSAT in the prior year. Based on all students in schools with teacher survey data: 20,143 11th grade students and 20,577 10th grade students in 125 schools.



Appendix C
Factor Analysis of PL Opportunities Measures
The seven questions in the PL Opportunities were entered into a factor analysis, separately for the math and science questions. The results were very similar in math and science. Two factors had eigenvalues greater than one, although one factor explained almost half of the variance in the items (49 percent in math and 48 percent in science), while the second only explained 15 percent of the variance. To isolate the potential relationships of different types of PL with standards-aligned instructional practices, we constrained the factors to be orthogonal using varimax rotation. This resulted in two uncorrelated factor scales, one representing workshop-oriented PL and the other representing collaboration-oriented PL. The final communality was 4.3 (math) and 4.4 (science); thus, they explained over 60 percent of the variance in the items, but there was still considerable variance unexplained.  As shown in Table C1, the first factor loaded most strongly on workshops, with moderate loading on PL community and coaching, and modest loadings on collaborative planning and classroom observations with colleagues. The second factor had high loadings on collaborative planning, instructional coaching and classroom observations, and modest loadings on workshops. The scoring coefficients from the factor analysis were used to create the measures for analysis.  We also ran an oblique rotation to determine how highly correlated the factors would be if not constrained to be orthogonal; the two factors were correlated at 0.46 in both math and science. 
Table C1
Factor Patterns from Orthogonal Rotation of PL Opportunities Items
[image: Table
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Appendix D
 Student Survey Measures of Math and Science Practices
Math Practices (reliability: 0.56 middle grades, 0.64 high school) 
In your MATH class this year, how often do you do the following:
· Write a few sentences to explain how you solved a math problem.
· Explain how you solved a problem to the class.
· Write a math problem for other students to solve.
· Discuss possible solutions to problems with other students.
· Apply math to situations in life outside of school.
· Solve a problem with multiple steps that takes more than 20 minutes.
· Write a few sentences to explain how you solved a math problem.

Science Practices (reliability: 0.83 middle grades, 0.80 high school) 
In your SCIENCE class this year, how often do you do the following:
· Use laboratory equipment or specimens.                               	
· Write lab reports.                                                                                   	
· Generate your own hypotheses.                                                           	
· Use evidence/data to support an argument or hypothesis.  
· Find information from graphs and tables.  







Appendix E
Correlations among Variables in the Models
        	Table E1 provides the correlations among variables used in the models. Most of the measures of teachers’ use of implementation supports were positively correlated with teachers’ instructional practices, and with each other. Measures of opportunities for PL around the standards, and emphasis of standards in PL were the most highly correlated, at about 0.50 in both mathematics and science (see Table E1). The exception was science teachers’ use of supplementary materials which had a negative correlation with teacher practices and with professional learning. PL in mathematics explicitly supported teachers’ use of Knowledge Center resources for instruction. In science, the supplementary resources did not seem to be strongly tied to teachers’ PL experiences.  In both subjects, students’ reports of instructional practices in the prior year were positively correlated with teachers’ reports of practices in the current year at about 0.17, providing some support for using the student reports to control for practices in the prior year. Also, as expected, self-reported teacher leaders were most likely to report using standards-aligned practices and participating in PL. High school teachers were less likely than middle grade teachers to use standards-aligned practices or participate in PL around the standards. 
 
Table E1
Correlations among the Variables in Models Predicting Teachers’ Instructional Practices
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	Inst Practices
	PL Emphasis
	PL Opps
	Supp Material
	Curric
	Barriers
	High School
	Teacher Leader
	Avg SES
	Avg Poverty
	Avg prior score
	Prior practices

	Math
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Instructional Practices
	1.000
	
	
	
	
	
	
	
	
	
	
	 

	PL emphasis
	0.399
	1.000
	
	
	
	
	
	
	
	
	
	 

	PL opportunities
	0.335
	0.488
	1.000
	
	
	
	
	
	
	
	
	 

	Supplementary materials
	0.312
	0.245
	0.236
	1.000
	
	
	
	
	
	
	
	 

	Curriculum
	0.106
	0.137
	0.068
	0.272
	1.000
	
	
	
	
	
	
	 

	Barriers
	-0.205
	-0.332
	-0.215
	-0.082
	-0.035
	1.000
	
	
	
	
	
	 

	High school teacher
	-0.173
	-0.145
	0.008
	-0.209
	-0.172
	0.026
	1.000
	
	
	
	
	 

	Teacher leader
	0.147
	0.094
	0.172
	0.262
	0.073
	-0.034
	-0.060
	1.000
	
	
	
	 

	Average social status
	0.074
	-0.024
	-0.011
	0.025
	-0.050
	-0.052
	-0.037
	0.044
	1.000
	
	
	 

	Average poverty
	-0.016
	0.113
	0.126
	-0.038
	-0.052
	-0.018
	0.023
	0.067
	-0.403
	1.000
	
	 

	Average prior math score
	0.094
	-0.090
	-0.071
	-0.021
	0.045
	-0.066
	-0.086
	-0.038
	0.410
	-0.578
	1.000
	 

	Prior instructional practices
	0.167
	0.159
	0.069
	0.119
	0.115
	-0.093
	-0.523
	0.101
	0.064
	0.302
	-0.048
	1.000

	Science
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Instructional Practices
	1.000
	
	
	
	
	
	
	
	
	
	
	 

	PL emphasis
	0.423
	1.000
	
	
	
	
	
	
	
	
	
	 

	PL opportunities
	0.375
	0.535
	1.000
	
	
	
	
	
	
	
	
	 

	Supplementary materials
	-0.217
	-0.264
	-0.219
	1.000
	
	
	
	
	
	
	
	 

	Barriers
	-0.289
	-0.351
	-0.293
	0.134
	
	1.000
	
	
	
	
	
	 

	High school teacher
	-0.141
	-0.041
	0.192
	0.148
	
	0.140
	1.000
	
	
	
	
	 

	Teacher leader
	0.115
	0.102
	0.101
	-0.101
	
	-0.018
	-0.086
	1.000
	
	
	
	 

	Average social status
	0.053
	-0.027
	-0.042
	0.002
	
	-0.040
	-0.047
	0.018
	1.000
	
	
	 

	Average poverty
	-0.095
	0.016
	0.037
	-0.020
	
	0.066
	0.049
	0.073
	-0.411
	1.000
	
	 

	Average prior math score
	0.104
	-0.052
	-0.056
	0.121
	
	-0.069
	-0.006
	-0.058
	0.414
	-0.560
	1.000
	 

	Prior instructional practices
	0.173
	0.053
	0.019
	-0.054
	 
	-0.110
	-0.367
	0.091
	0.067
	0.019
	0.097
	1.000








Appendix F 
Models Predicting Students’ Reports of Instructional Practices with School Average Teacher Use of Implementation Supports

We used students’ reports of instruction in their math and science classes as an additional dependent variable to see if our conclusions would be generally consistent with those that used teacher reports of instructional practices. Student and teacher reports can only be linked at the school level, and average teacher reports in a school about their use of implementation supports are not the same as individual teachers’ use of implementation supports. For example, a school where all teachers used supplementary materials occasionally might have the same school average as a school where just a single teacher used them frequently. Therefore, the analysis results are not directly comparable; we would not necessarily expect the size of the relationships to be the same but would expect to see that some relationship exists. 
We examine changes in students’ reports over time, relative to students in the same schools in earlier years, to see if there were larger and more positive instructional changes in schools where teachers reported a greater use of implementation supports around the standards. The models capture the degree to which students’ reports of instructional practices changed between 2014--the year before implementation of CCSS--and 2018. We use 2014 as the base year because it is likely that teachers who used a recommended curriculum, resources, or participated more in PL around the standards in 2018 also likely used those resources in prior years, but we only have their reports of using implementation supports in 2018. We assume that schools with greater use of implementation supports in 2018 were also likely to have greater use in earlier years, but there likely was not a complete correspondence.  
First, we ran school level regression models, predicting average school-level student reports of instructional practices in 2018 with average teacher reports of their use of supports, controlling for student reports of practices in 2014 and other school covariates. Table F1 shows the results for combined models that include all implementation supports. Results are similar when supports are entered individually instead of together. We also ran models predicting average teacher reports of practices in 2018 as a comparison to the models predicting average student reports of practices, since the school-level measure of average use of implementation supports has a different substantive meaning than among individual teachers (capturing uniformity as well as intensity). There are some differences in the results of the models predicting teachers’ instructional practices at the school level, compared to the models in the main text that are based on individual teachers. In particular, supplemental resources were not significantly positively related to mathematics teachers’ use of instructional practices at the school level, and even showed a negative relationship, while they were positively related to mathematics practices in the teacher-level models. 
The school-level models predicting student reports of instruction provide general support for the conclusion from the teacher-level models that PL showed a stronger relationship with instructional practices than either supplemental materials or a recommended curriculum. Coefficients on PL were significant and positive in all subjects but high school science. The effect sizes were smaller in the models predicting student reports than those predicting teacher reports, varying between 0.1 and 0.2. Supplemental resources and use of a recommended core curriculum did not show significantly positive relationships with practices, with the exception of student reports of high school math instruction, where there was a positive association with curriculum.  
The second set of models used HLM, nesting students within schools to examine whether students reported better instructional practices relative to similar students in schools with greater use of implementation supports in 2018. School level covariates included student reports in the school in 2014 to capture changes in the degree to which students reported better instructional practices relative to 2014, relative to students with similar backgrounds in other schools. Teachers’ participation in PL around the standards showed a significantly positive relationship with changes in students’ reports of practices relative to other students in the middle grades in math, but not in science or in the high school grades, see Table F2. There also was a negative relationship with overall use of supplemental materials in the school in the middle grades in math, as observed in the school-level analyses predicting teacher average reports of practices (observed in Table F1). This begins to suggest that the supplementary math materials might have helped support strong instructional practices for individual teachers, but widespread use of the materials in a school might not have brought positive instructional changes.
Overall, there is some degree of confirmation from student data that teachers’ participation in PL around the standards influenced students’ instructional experiences, but that other resources were not strongly or positively associated with improvements in practices. The strongest evidence is in the middle grades in mathematics, which shows positive relationships of students’ reports of their experiences with more teacher PL in all of the models, but does not show positive relationships with other implementation supports in any of the models. The evidence in science and high school grades is generally consistent in the school-level models but shows no positive relationships in the HLMs.  There is considerable within-school variation in instructional practices, especially in high schools, which make it difficult to discern effects at the school level.

Table F1. Regression model results predicting school average teacher and student reports of instructional practices with school average teacher use of implementation supports.
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	Grade 6-8
	High School
	 

	 
	 
	Math
	Science
	Math
	Science
	 

	 
	Dependent Variable
	Teacher Reports of Practices in 2018
	Student Reports of Practices in 2018
	Teacher Reports of Practices in 2018
	Student Reports of Practices in 2018
	Teacher Reports of Practices in 2018
	Student Reports of Practices in 2018
	Teacher Reports of Practices in 2018
	Student Reports of Practices in 2018
	 

	School average teacher reported use of implementation supports in 2018
	Professional learning
	0.381
	***
	0.108
	*
	0.502
	***
	0.163
	**
	0.556
	***
	0.196
	*
	0.476
	***
	0.048
	 

	
	Supplemental materials
	-0.095
	*
	-0.091
	 
	-0.018
	 
	-0.092
	 
	-0.080
	 
	0.071
	 
	0.094
	 
	-0.108
	 

	
	Recommended core curriculum
	0.048
	 
	0.046
	 
	 
	 
	 
	 
	-0.019
	 
	0.176
	*
	 
	 
	 
	 

	School Covariates
	Average prior math score
	0.069
	 
	0.018
	 
	0.060
	 
	0.000
	 
	0.113
	 
	0.093
	 
	0.100
	 
	-0.025
	 

	
	Mean Poverty Level
	0.057
	 
	0.200
	***
	-0.079
	 
	-0.018
	 
	-0.053
	 
	0.232
	*
	-0.206
	 
	0.017
	 

	
	Mean Social Status
	0.055
	 
	0.115
	***
	0.009
	 
	0.056
	 
	-0.064
	 
	0.230
	**
	-0.113
	 
	0.119
	 

	
	Student reports of practices in 2014
	0.081
	^
	0.375
	***
	0.139
	**
	0.421
	***
	0.099
	 
	0.414
	**
	0.159
	 
	0.222
	*

	
	Intercept
	0.026
	 
	0.007
	 
	0.031
	 
	0.013
	 
	-0.014
	 
	-0.003
	 
	0.051
	^
	0.001
	 

	 
	R-square
	0.181
	 
	0.246
	 
	0.315
	 
	0.254
	 
	0.308
	 
	0.414
	 
	0.267
	 
	0.074
	 



Note: ^p<.10 *p<.05, **p<.01, ***p<.001. Based on 394-399 schools with middle grades in math, 321-326 schools with middle grades in science, 128-134 high schools in math and 124-128 high schools in science. There are slight variations in schools included based on the number of students and teachers participating in the surveys in each year and filling out the questions for the corresponding subject. All continuous variables were standardized prior to analysis







Table F2. HLM results predicting students’ reports of instructional practices in 2018 with school average teacher use of implementation supports in 2018, controlling for student reports in 2014. 
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	Grade 6-8
	High School

	 
	 
	Math
	Science
	Math
	Science

	School average teacher reported use of implementation supports in 2018
	Professional learning
	0.046
	**
	0.015
	 
	0.011
	 
	0.021
	 

	
	Supplemental materials
	-0.044
	**
	-0.041
	 
	0.013
	 
	-0.032
	 

	
	Recommended core curriculum
	0.006
	 
	 
	 
	0.023
	 
	 
	 

	Student Covariates
	Math score 2017
	0.055
	***
	-0.025
	***
	0.029
	***
	-0.019
	**

	
	Asian
	-0.022
	 
	-0.021
	 
	0.006
	 
	0.019
	 

	
	Black
	0.091
	***
	0.049
	**
	0.128
	***
	0.122
	***

	
	White
	-0.013
	 
	-0.005
	 
	0.012
	 
	0.035
	^

	
	Male
	-0.047
	***
	0.004
	 
	0.015
	 
	0.086
	***

	
	IEP
	-0.149
	***
	-0.072
	***
	-0.020
	 
	-0.005
	 

	
	Poverty level
	0.009
	 
	0.010
	 
	0.013
	*
	0.015
	*

	
	Social Status
	-0.004
	 
	-0.011
	 
	-0.003
	 
	0.017
	**

	School Covariates
	Average prior math score
	-0.014
	 
	0.016
	 
	-0.023
	 
	-0.003
	 

	
	Mean Poverty Level
	-0.021
	 
	-0.060
	 
	0.117
	^
	0.078
	 

	
	Mean Social Status
	0.001
	 
	-0.022
	 
	0.059
	 
	0.058
	 

	
	Student reports of practices in 2014
	0.102
	***
	0.166
	***
	0.081
	***
	0.149
	***

	
	Intercept
	0.088
	***
	-0.039
	 
	-0.035
	^
	-0.149
	***



Note: ^p<.10 *p<.05, **p<.01, ***p<.001.  Based on 398 schools with middle grades and 119 high schools in math and 113 in science. There are slight variations in numbers of schools and students depending on teacher and student responses in 2014 and 2018. There are slight variations in schools included based on the number of students and teachers participating in the surveys in each year and filling out the questions for the corresponding subject. All continuous variables were standardized prior to analysis.




Appendix G
Selected Codes and Definitions from Qualitative Analysis
· Years of teaching experience
· Courses/grades taught
· Title or leadership designation
· Title or leadership designation\Committee work
· Leads or participates in a school-wide committee related to instruction or instructional decisions.
· Title or leadership designation\No
· Does not use a formal title or role designation.  But, may still engage in leadership (influence) informally or through committee work.
· Title or leadership designation\Yes
· Has an title or designation, recognized by others, that reflects a leadership role

· TL PL
· Learning opportunities were mapped to elements of the district plan, where possible.
· Not part of the district plan
· Museum/informal learning programs
· Professional development provided by local museums and nonprofits.
· Learning from other educators
· Learning from other educators outside the district
· University coursework and programs
· Participation in university coursework/programs that are not part of the district PD plan
· Part of the district plan
· Develop curricular units
· Teacher contributed to writing units for district-developed high school science curriculum. 
· Meetings, workshops, and institutes
· Includes Teacher Leader Institutes and other district/network meetings, workshops, or institutes that are specifically part of the district plan.
· PLCs
· Teacher participated in district PLCs
· Instructional materials specific PD
· Teacher received PD associated with instructional materials program, provided by district partner
· PD Facilitator role
· Teacher led or co-led district PD
· SUPPORTIVE SCHOOL CONTEXTS
· Other related initiatives
· School was involved in programs/projects that complement the standards/teacher leadership work. Most commonly mentioned programs include CTTI, NCS, and the UIC Assessment Literacy Project.
· Administrative support
· Admin Innovativeness
· Principal is open to change and innovation
· Admin support for PL
· Principal supports teachers in attending PD, will pay for the PD or pay for subs so teacher can attend.  
· Also, principal allocates time during the school day for all teachers to engage in PL (e.g. through special PD sessions or presentations or self-study). 
· Admin support for collaboration
· Teachers mentioned several ways their principals support collaboration: 1) encouraging teachers to visit each other’s classrooms and give feedback; 2) Allocating dedicated time for teacher collaboration; 3) Facilitating and/or participating in collaborative conversations. 
· Admin support for teacher leadership
· In this study we define leadership as actions that serve to influencing the instructional practices of other teachers. Principals support teacher leadership by providing teachers the opportunity to take on meaningful opportunities to exert their influence (both formally and informally).  They also support leadership i.e. influence by asking teacher leaders to give a staff presentation or by encouraging teachers who have attended PD to share things they are learning with their colleagues.  Principals also provide support by providing the teacher leader with resources and advice for leading teacher teams.
· Admin support for the new standards
· Principals value the new standards and standards-aligned practices and make this explicitly known - they implicitly or explicitly communicate that the standards are important and that teachers should be using them.
· Characteristics of other teachers
· SStaff openness/willingness to change
· Perception that staff are open to new ideas and interested in making instructional change and improvement.
· Collaborative culture within the school/dept
· We define collaboration as working together that is characterized by trust and mutual benefit. This code was used for mentioning collaboration as the status quo, the “way things are done.”  Also coded for mentions of positive assessments of how collaborative the staff is - mentions high frequency of collaboration as routine practice - mentions that something would be amiss if teachers did *not* collaborate.  Coded for metion of “open door” i.e. teachers regularly in each other’s classrooms.  Also coded for mention of frequent sharing (communicating) and participating in teacher teams.
· Staff proficiency with standards
· This was coded when teachers mentioned 1) multiple teachers at their school participating in standards-related PL, 2) having one or more colleagues who is skilled/knowledgeable about the standards, 3) perception that teachers collectively have a strong understanding of the standards; 4) perception that teachers collectively are using standards-aligned instruction.
· Supportive school structures and policies
· Collaboration structures
· We define “collaboration” broadly as interactions between individuals in an organization that are rooted in trust, mutually beneficial, and make progress toward a goal.  Collaboration structures are organizational elements (schedules, processes) intentionally developed to facilitate collaboration and/or provide dedicated time for collaboration. Also includes school-wide communication/file sharing systems.
· Standards-based grading policy
· School has a standards-based grading policy
· Aligned Instructional resources
· The school/department has adopted standards-aligned instructional materials for all (applicable) staff to use. These include district-recommended aligned core curricula, the district-developed aligned core curricula, or the district-developed supplemental resources in the Knowledge Center.  For middle school science, also includes the use of SEPUP which has partial (but not complete) alignment to NGSS.  
· Standards-aligned assessments
· Teachers are using assessments and/or assessment tools that measure students’ level of student mastery of standards.  Includes use of Formative Assessment Lessons (FALs) as well as teacher-developed assessments.

· SCHOOL BARRIERS TO SPREAD
· Characteristics of other teachers
· Teacher turnover
· Turnover leads to inconsistency with instruction.
· Insufficient teacher collaboration
· Perception that teachers do not collaborate on a regular basis.
· Perceived mismatch with current practice
· Collectively, staff perceive a mismatch between standards and what content/skills they are currently teaching.
· Perceived mis-alignment with state test
· Teachers need to prepare students to succeed on the state standardized test (SAT). A perceived mismatch between standards and what the SAT measures poses a barrier to standards-aligned instruction.
· Barriers-Motivational (Low will)
· Too busy to change
· Perception that teachers feel overwhelmed, perceive standards-aligned instruction as “one more thing” on their already busy plates.  
· Resistant to change
· Perception that teachers are “stuck in their ways,” aren’t motivated to change, resist change
· Low level of proficiency with standards
· Teachers struggle to understand and/or use the standards (or more generally, provide high-quality instruction)
· Administrative barriers
· Insufficient time for teacher leadership activity
· Teacher leaders need time to engage in interactions that promote spread, and lack of time creates barriers in how much they can accomplish.
· Insufficient time for teacher collaboration
· Perception that teachers don’t have enough dedicated time to collaborate.
· Lack of priority/vision related to standards
· Perception that leaders do not prioritize the standards or don’t have a clear vision with regard to standards-aligned instruction.  Leaders may emphasize other subject areas, or other initiatives, over standards.
· Structural or policy barriers
· Inadequate funding
· Perception that lack of funding is a barrier to spreading standards-aligned instruction.
· Insufficient instructional resources
· Perception that instructional resources are inadequate and therefore pose barriers to spreading standards-aligned instruction.
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