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EXECUTIVE SUMMARY AND KEY FINDINGS 

INTRODUCTION 

In this report, Hanover Research examines the academic outcomes of Palo Alto Unified 
School District (PAUSD) students to evaluate the Spanish language immersion program. 
Using demographic, program, and assessment data provided by PAUSD, we use linear 
regression analysis to examine the statistical relationship between program participation 
and academic outcomes that are not attributable to observed characteristics such as 
gender, ethnicity, and disability status. We find that while students in the program 
somewhat outperform similar non-program students on the math and science California 
Standards Test (CST). Further, we find that the differences in CST outcomes between 
program participants and non-participants diminish as students move into higher grades. 
 
This report is organized as follows: 

 Section I: Data and Methodology This section describes the data provided by the 

PAUSD, the data processing, entropy balancing, propensity score matching, and 
regression methods employed in the analyses in the following sections. 

 Section II: Aprenda Proficiency Scores This section describes the trends in Aprenda 

proficiency rates across student groups and over time. 

 Section III: Program Participation and CST and AP Performance This section 

analyzes differences in CST assessment outcomes for program and non-program 
students. Here, we use regression techniques to isolate the program effect on CST 
test scores to the greatest extent possible. Hanover also evaluates the correlation 
between program participation and AP course attendance and examination 
performance.  

 

KEY FINDINGS 

APRENDA PERFORMANCE 

 Over time, we observe a somewhat upward trend in average Aprenda scaled 

scores in Grade 3. This is especially noticeable in the rise in average Aprenda scores 
from years prior to 2006 to years following 2006. 

 In Grades 1, 2, 4, and 5, we observe the opposite trend. Average Aprenda scaled 

scores decrease over time, especially from pre-2006 to post-2006.  

CST PERFORMANCE 

 Students who participated in the Spanish Immersion program outperform their 

counterparts in math and science in the short-, medium-, and long-term.  

o Program participants outperform similar non-participants in math scores by 
between 8.7 and 11.2 percent of a standard deviation in Grades 2 through 5, by 
between 23 and 27 percent of a standard deviation in Grades 6 through 8, and 
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by between 11.7 and 15 percent of a standard deviation in Grades 9-11, 
depending on the model specification. 

o Program participants outperform similar non-participants in science scores by 
between 27.5 and 29.4 percent of a standard deviation in Grades 2 through 5 
and by between 13.5 and 17.4 percent of a standard deviation in Grades 6 
through 8. Although these effects diminish in high school and we find no 
statistically significant impacts of the program on science. 

 We find that students who participate in the Spanish immersion program 

underperform their peers in elementary school, but outperform them in middle 
and high school in ELA. 

o Program participants score about 14 percent of a standard deviation lower than 
similar non-participants in Grades 2-5. 

o Program participants score approximately 6 percent of a standard deviation 
higher than similar non-participants in Grades 6-8, and about 7 percent of a 
standard deviation higher than similar non-participants in Grades 9-11. 

 The correlations between program participation and social studies scores are weak 

in all the regression models. In essence, we find no statistically significant effects of 
the program at any grade level.  

 

ADVANCED PLACEMENT ENROLLMENT AND PERFORMANCE 

 Program participants are much more likely to enroll in AP world languages courses 

and to take AP world languages exams. Students who have ever participated in the 
Spanish immersion program are approximately 20 percentage points more likely to 
enroll in an AP world languages course than similar students who never participated 
in the program. Similarly, program students are between 16.4 percent and 18.1 
percent more likely to take at least one AP world languages exam. 

 Program participants outscore their counterparts in AP exams, but have somewhat 

lower AP course GPAs. Program students, on average, score between 0.495 and 
0.387 points (out of 5) higher than similar students who never participated in the 
program. However, program students obtain AP world languages course GPAs that 
are lower by between 0.17 and 0.29 points (out of 4)—note that the differences in 
GPA are not statistically significant. 
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Figure ES.1: Program Participation by Grade and Year 

 
N=64,434; Note: Year denotes year of spring semester. 

 

0%

2%

4%

6%

8%

10%

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Grades 2-5 Grades 6-8



Hanover Research | July 2015 

 
© 2015 Hanover Research   6 

SECTION I: DATA AND METHODOLOGY 

In this section, Hanover Research explains the data analyzed in this report and describes the 
technical methodology used to evaluate the World Languages Immersion Program.  
 

DATA 

PAUSD provided Hanover Research with assessment data from the Aprenda Test of Spanish 
Proficiency (Aprenda), California Standards Test (CST), and Advanced Placement (AP), as 
well as data on Advanced Placement course enrollment at PAUSD. CST data also include 
demographic information for each student. Aprenda data are available from Grade 2 to 
Grade 8 for students who participated in the program. In order to understand the 
correlation between program participation and academic performance, Hanover has 
compiled this data into a singular analytic dataset in which each observation represents a 
student in a particular academic year. Data is available from the 2002-03 academic year 
until the 2012-13 academic year, except where otherwise noted. (Dates below refer to the 
year of the spring semester). After processing these data, Hanover analyzes data for 94,499 
student-year observations. To evaluate correlations between program participation and AP 
course and exam participation and performance, Hanover restricts the data to students in 
Grade 9 through Grade 11 and analyzes 29,635 student-level observations.  
 

OUTCOME VARIABLES 

This report uses standardized state assessment data and AP course and examination 
performance data to create the outcome variables of interest. PAUSD provided Hanover 
with student-level assessment data from the Aprenda and CST assessments. Hanover 
converts the CST scaled scores into standardized z-scores so that accurate comparisons can 
be made across years, even if the assessments change to some extent. Hanover uses the 
technical documents from the Aprenda data to determine scaled scores for each student in 
each year, but proficiency level data is only available for years 2007 to 2013. Also, we omit 
the apparently corrupted Aprenda data from 2006 at the request of PAUSD.  
 
The CST file includes data for four CST subjects: ELA, math, science, and social studies. ELA 
and math scores are available for all grades, but science scores are available only for Grade 
5, Grades 8, and Grades 9 through 11. Likewise, social studies scores are available only for 
Grades 8, 10, and 11. 
 
AP course and exam participation and outcome data is merged to the CST and Aprenda data 
to create the final analytic file. AP course outcomes consist of letter grades, which Hanover 
converts to GPA points on a standard four-point scale. AP exam outcomes consist of the AP 
exam scores, which are reported on a scale of one to five. 
 
As can be seen in Figure 1.1, the students who participate in the Spanish immersion 
program tend to have scores that are slightly higher in math and science and slightly lower 
in ELA and social studies than those of non-participating students. 
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Figure 1.1: Assessment Outcome Summary Statistics 

VARIABLE 
PROGRAM PARTICIPANTS MATCHED NON-PARTICIPANTS ALL STUDENTS 

MEAN SD N MEAN SD N MEAN SD N 

California Standards Test - Scaled Scores 

English Language Arts 399.9 57.1 2,713 405.6 56.4 2,705 402.5 65.3 91,122 

Mathematics 436.5 83.0 2,694 429.5 83.2 2,696 424.9 90.1 89,872 

Science 416.8 117.4 720 404.8 121.9 721 403.1 103.8 30,295 

Social Studies 368.4 130.7 362 363.2 137.9 375 386.8 103.5 20,989 

Advanced Placement Course and Exam Performance 

Number of AP Exams 0.5 0.7 2,748 0.1 0.4 2,746 0.2 0.4 94,499 

Average AP Exam Score 4.5 0.8 127 4.0 0.7 24 4.0 1.0 1,892 

Number of AP Courses 0.2 0.5 2,748 0.1 0.4 2,746 0.1 0.4 94,499 

AP Course GPA 3.3 0.7 62 3.6 0.5 45 3.5 0.6 2,054 

 

PROGRAM PARTICIPATION VARIABLES 

Because only program participants take the Aprenda assessment, Hanover uses the 
existence of an Aprenda score as the binary indicator for program participation. Based on 
PAUSD’s description of the program, we assume that students who have ever participated 
in the program participate for every grade and year the program is offered. We also identify 
Aprenda proficiency levels for the years 2007 to 2013 in order to examine trends in Spanish 
proficiency levels across grades, years, and other student subgroups. The program data are 
merged with the outcome and demographic data in order to construct the analytic sample 
conduct the present analyses. 
 

CONTROL VARIABLES 

In order to ensure that correlations between participation in the Spanish immersion 
program and assessment outcomes are not a result of differences in other observable 
characteristics of the schools, Section II and Section III employ a linear regression approach 
which allows the introduction of control variables. Hanover uses student-level demographic 
data provided as part of the CST data file and merges this data with program participation, 
assessment, and AP outcomes data. The student-level demographic data include students’ 
gender, date of birth, ethnicity, parents’ education, language background, the language 
primarily used in the home, disability status, and gifted and talented designation.  
 

Figure 1.2: Control Variable Summary Statistics 

VARIABLE 
PROGRAM MATCHED CONTROL ALL STUDENTS 

MEAN SD MEAN SD MEAN SD 

Student Demographic Information 

Age as of Sep 1 11.871 2.664 11.849 2.655 12.957 2.899 

Male 46.70% 49.90% 46.60% 49.90% 51.40% 50.00% 

American Indian 0.00% 0.00% 0.00% 0.00% 0.20% 4.80% 

Asian 5.90% 23.60% 5.70% 23.20% 27.90% 44.90% 
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VARIABLE 
PROGRAM MATCHED CONTROL ALL STUDENTS 

MEAN SD MEAN SD MEAN SD 

Pacific Islander 0.50% 7.40% 0.50% 7.40% 1.00% 10.10% 

Filipino 0.30% 5.70% 0.40% 6.60% 1.30% 11.20% 

Hispanic 24.90% 43.30% 23.00% 42.10% 8.80% 28.40% 

Black 3.50% 18.30% 3.10% 17.20% 3.20% 17.70% 

White 60.20% 49.00% 63.30% 48.20% 51.40% 50.00% 

Race: Unknown 4.70% 21.10% 4.00% 19.50% 6.00% 23.80% 

English Only 69.20% 46.20% 74.90% 43.40% 69.10% 46.20% 

Initially-Fluent English Proficient 13.00% 33.70% 10.60% 30.80% 11.80% 32.20% 

English Learner 17.80% 38.30% 14.50% 35.20% 19.10% 39.30% 

Re-designated Fluent English Proficient 12.90% 33.50% 10.70% 30.90% 10.80% 31.10% 

Native English 69.20% 46.20% 74.90% 43.40% 69.10% 46.20% 

English is Home Language 60.30% 48.90% 65.40% 47.60% 61.90% 48.60% 

Parents’ Education Level 

Parent Education: Graduate Degree 70.50% 45.60% 71.30% 45.20% 65.90% 47.40% 

Parent Education: College Graduate 17.10% 37.70% 19.30% 39.50% 19.40% 39.60% 

Parent Education: Some College 5.10% 21.90% 3.80% 19.10% 4.70% 21.20% 

Parent Education: High School Graduate 3.70% 18.80% 2.60% 15.90% 3.50% 18.40% 

Parent Education: No High School 2.10% 14.30% 1.50% 12.00% 1.30% 11.30% 

Parent Education: Unknown 1.60% 12.40% 1.50% 12.30% 5.10% 22.00% 

Student Classification Status 

Student with Disability 6.40% 24.50% 6.20% 24.00% 10.60% 30.70% 

Gifted and Talented 4.40% 20.60% 4.40% 20.40% 8.20% 27.40% 

Continuous Enrollment at District 89.00% 31.30% 89.20% 31.00% 88.00% 32.50% 

Continuous Enrollment at School 89.00% 31.30% 89.20% 31.00% 87.80% 32.80% 

Number of Observations 2,748 2,746 94,499 

 

METHODOLOGY 

In order to evaluate the impacts of the Spanish immersion program, we first identify a 
matched peer group for the program group, to serve as a viable comparison group. Then we 
conduct statistical tests in order to identify potential differences in assessment and 
attendance outcomes between program students and two groups: matched peer students 
and all non-program students in the district. In the latter comparison, we employ entropy 
balancing to weight observations that are more similar to the observations in the program 
group more heavily than those that are less similar. Thus, entropy balancing enables us to 
ensure that students in the program group and non-program group are almost identical in 
their observed characteristics (i.e. have the same mean, standard deviation, and skewness). 
 
For the analysis of Advanced Placement outcomes, we use linear regression analysis to 
control for observable student characteristics, but in order to preserve sample size; we do 
not restrict the comparison to matched students. 
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PROPENSITY SCORE MATCHING 

Before conducting the regression analysis, we first identify a matched peer group of 
students for the program group through a method known as propensity score matching. The 
matched group will serve as a “control” group for the students who participated in the 
program.  
 
This method uses a logistic regression model to measure the similarity of other students 
who are not in the program group to those that are in the program group based on 
observable data such as ethnicity, gender, gifted status, and disability status. This model 
produces a “predicted probability” that a given student is part of the program group, 
essentially measuring the likelihood that a given student participated in the Spanish 
immersion program if we only saw his/her values for the input variables in the model. This 
“predicted probability” is also called a “propensity score” for each student, and essentially 
represents how similar a student is to a student in the program group. We then pair each 
student who is in the program to a student who has never been in the program and whose 
propensity score is most similar to that of the program group student. These students are 
called “matched controls,” below.  
 
This method has advantages over similar methods that identify a control group by assigning 
each characteristic an equal weight, since this method essentially seeks to assign the 
greatest weight to the variables that are most important in setting program students apart 
from others. As a result, we are able to have more confidence that any observed differences 
reflect the effect of the Spanish immersion program on the participating students, rather 
than reflecting the differences that are due to other observable characteristics.  
 

ENTROPY BALANCING 

Additionally, we apply a sample balancing technique, known as entropy balancing, to the 
sample prior to conducting our regression models. This technique involves a weighting 
scheme that allows us to specify which covariates (i.e., demographic variables) we want to 
equate between the treatment group (participants) and control group (non-participants). 
Hanover employs an algorithm which assigns a weight to each observation in the control 
group according to its similarity to the observations in the treatment (participant) group. 
Weighting the observations in this way ensures that the comparisons between the 
treatment and control groups are made on the basis of highly similar observable 
characteristics and has the advantage of balancing the sample without excluding any 
observations from the analysis.  
 
After applying the weights to the control group sample, the average characteristics of both 
participants and non-participants are nearly identical, thus making them comparable. The 
demographic variables we include for the entropy balancing include age, gender, ethnicity, 
parent education level, ELL status, language spoken in the home, disability status, gifted 
designation, and whether the student is enrolled for the full academic year, as well as grade 
and year fixed effects. 
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LINEAR REGRESSION EQUATION 

Each regression model has a single outcome variable and a set of predictor variables which 
include program variables and control variables. These control variables include those 
discussed above as well as fixed effects for each year and grade, where appropriate. For 
each outcome variable, we estimate the following regression equation:  
 

Yit = α + βProgrami + Xγ + μt + μg + ϵit                (1) 

 
Yit denotes the outcome variable which is the mean score for student i, in year t. Programi 
is an indicator that takes on a value of 1 if the student ever participated in the Spanish 
Immersion program, zero otherwise. X denotes a matrix of student-level characteristics, 
including ethnicity, gender, language used at home, and others. μt represents time-level 
fixed effects, accounting for different mean scores in each year. μg represents grade-level 

fixed effects, accounting for different mean scores in each grade. Finally, ϵit  is the 
idiosyncratic error term.  
 
The parameter of interest to the evaluation is β which signifies the difference in outcomes 
between students in the given program group and the matched peers. This parameter is 
reported as the coefficient in the figures in Section III and in the Appendix. A positive and 
statistically significant estimate of β indicates that the students in the program, on average, 
have a better outcome (higher score) than similar students who are not in the program. 
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SECTION II: APRENDA TEST SCORE TRENDS 

APRENDA PROFICIENCY TRENDS – BY GRADE AND ESL STATUS 

In this section, Hanover displays the trends in Aprenda proficiency ratings across grades and 
years for program participants.  
 
Because of data availability issues in 2006, we exclude this year from the subsequent 
analyses. Further, we note that Aprenda data are sparse in Grades 6-8 and are not available 
in a consistent manner. Moreover, Grades 6-8 Aprenda scores are not reported in the data 
in 2002 through 2004, 2006, and 2009. As such, Hanover focuses the analyses only to those 
grade levels whose test scores are available for the entirety of the analytic time horizon 
with the exception of 2006. Since only Spanish immersion program participants take the 
Aprenda assessment, this section is simply a description of program participants’ Aprenda 
scores over time and across student categories.  
 
Figure 2.1 depicts the trends in average Aprenda scaled scores in each grade level between 
Grades 1 and 5 over time, from 2002 through 2014. Note that since Aprenda scaled scores 
are not reported for 2006, we interpolate these values using a median spline technique 
simply for illustration purposes. We find that the average Aprenda scaled scores decline 
from pre-2006 to post-2006, especially in Grades 4 and 5. However, only in Grade 3, we find 
that the average Aprenda scaled score increased slightly from pre-2006 to post-2006. 
 
 

Figure 2.1: Average Aprenda Scaled Score, by Grade and Year 

 
Note: Figure is based on 2,111 observations in total.  
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SECTION III: PROGRAM PARTICIPATION AND 
ACADEMIC PERFORMANCE 

SUMMARY 

In this section, Hanover Research compares the academic performance of students in the 
Spanish immersion program to a matched control group by investigating trends in 
assessment outcomes over time. We look at CST results from students in Grade 2 to Grade 5 
(short-term), students in Grade 6 to Grade 8 (medium-term), and students in Grade 9 to 
Grade 11 (long-term). We also examine long-term differences between program and non-
program students in AP coursework and exam outcomes. 
 
We estimate two models to measure the impacts of Spanish immersion program 
participation on each CST assessment outcome. The coefficients presented in this section 
represent the average difference between program students and similar non-program 
students, measured in standard deviations (z-scores). When examining AP outcomes, our 
regression models produce program coefficients that represent the average difference in 
the AP-specific outcomes, AP course participation, course GPA (four-point scale), AP exam 
participation, and average AP exam score (five-point scale). 
 
In general, program participation is associated with higher math and science scores in the 
short-, medium-, and long-term, but the strength of these relationships somewhat 
attenuates in the long-term. The effects of Spanish immersion program participation on ELA 
test scores are negative in Grades 2-5, but positive and statistically significant in Grades 6-
11. Further, we do not find any statistically significant effects of the program on social 
studies test score performance. Program participants are found to be more likely to 
participate in AP world languages courses and exams. Further, program participants 
outperform their counterparts on AP exam performance. 
 

SHORT-TERM EFFECTS – ELEMENTARY SCHOOL (GRADES 2-5) 

Spanish immersion program participants have higher math and science CST scores in these 
grades. According to the entropy balancing model, program participants outperform non-
participants by 11.2 percent of a standard deviation on the math CST, and according to the 
propensity score matching model, program participants outperform similar non-participants 
by 8.7 percent of a standard deviation. These effect sizes are equivalent to an increase in 
CST test score performance by approximately 4.4 percentile points and 3.6 percentile points 
based on the entropy balancing and propensity score matching techniques, respectively.1  
 
Similarly, we estimate a positive and significant effect from participating in the program on 
CST science test scores. Program students in Grades 2-5 outperform similar non-program 

                                                        
1
 Note that we present the results of both models (entropy balancing and propensity score matching) to ensure the 

robustness of our findings. In this case, we find that the effect of the Spanish immersion program is positive and 
statistically significant at the 99 percent confidence level under both model specifications. 



Hanover Research | July 2015 

 
© 2015 Hanover Research   13 

students in science by 29.4 percent of a standard deviation as determined by the entropy 
balancing model and by 27.5 percent of a standard deviation as determined by the 
propensity score matching model. These effects translate to an increase in science test 
score performance of 11.4 percentile points and 10.7 percentile points as determined by 
the entropy balancing model and propensity score matching model, respectively. Lastly, 
program participants underperform similar non-participants in ELA test scores by 
approximately 14 percent of a standard deviation in both regression models. 
 

Figure 3.1: Program Participation and CST Outcomes, Grades 2-5 

MODEL STATISTIC ELA MATH SCIENCE 

Entropy Balancing Model 

Coef. -0.144*** 0.112*** 0.294*** 

S.E. (0.021) (0.022) (0.045) 

N 36,362 36,377 8,461 

Propensity Score Matching Model 

Coef. -0.142*** 0.087*** 0.275*** 

S.E. (0.030) (0.031) (0.063) 

N 3,018 3,016 655 
Notes: Full regression tables are presented in the appendix. Coefficients are estimated using Ordinary Least Squares 
(OLS). Sample used in the propensity score matching model includes only students in the program and matched non-
program groups. Robust standard errors are presented in parentheses. *** p<0.01, ** p<0.05, * p<0.1  

 

MEDIUM-TERM EFFECTS – MIDDLE SCHOOL (GRADES 6-8) 

As with the earlier grades, Spanish immersion program students outperform similar non-
program students on the math and science portions of the CST. Additionally, program 
students outperform students in ELA. Moreover, we estimate that students who ever 
participated in the program outscored their matched counterparts by 5.9, 27, and 17.4 
percent of a standard deviation on the CST ELA, math, and science assessments in Grades 6-
8 when using the entropy balancing model, respectively. These effect sizes translate to 
program students outperforming their counterparts by 2.4, 10.6, and 6.8 percentile points 
in ELA, math, and science, respectively. The regression results are fairly similar when using 
the propensity score matching model to estimate the medium-term impacts of the Spanish 
immersion program, although the estimated effects are marginally less precise. The 
decrease in the precision of the estimates is primarily due to the smaller sample size used in 
the estimation of the program effect under the propensity score matching model. 
 

Figure 3.2: Program Participation and CST Outcomes, Grades 6-8 

MODEL STATISTIC ELA MATH SCIENCE 
SOCIAL 

STUDIES 

Entropy Balancing Model 

Coef. 0.059** 0.270*** 0.174*** -0.013 

S.E. (0.028) (0.029) (0.058) (0.049) 

N 26,770 26,626 6,739 8,967 

Propensity Score Matching Model 

Coef. 0.062 0.229*** 0.135 0.007 

S.E. (0.039) (0.040) (0.083) (0.079) 

N 1,526 1,522 398 433 
Notes: Full regression tables are presented in the appendix. Coefficients are estimated using Ordinary Least Squares 
(OLS). Sample used in the propensity score matching model includes only students in the program and matched non-
program groups. Robust standard errors are presented in parentheses. *** p<0.01, ** p<0.05, * p<0.1  
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Lastly, students take their first social studies assessment in Grade 8 and we do not find any 
statistically significant impacts of the program in either the entropy balancing or the 
propensity score matching models. 
 

LONG-TERM EFFECTS – HIGH SCHOOL (GRADES 9-11) 

This subsection presents the results of Hanover’s regression analysis for students in Grade 9 
through Grade 11. None of these students are contemporaneously enrolled in the Spanish 
immersion program, since the program ends in Grade 8. However, Hanover is able to link 
students who were enrolled in the program in the past to their high school CST assessment 
scores and Advanced Placement course enrollments and exam scores in world languages. In 
general, the correlations between program participation and long-term CST performance 
are positive in ELA and math, but not in science or social studies. Further, the correlations 
with AP enrollment and exam performance appear to be weak as well. 
 

HIGH SCHOOL CST PERFORMANCE 

The Spanish immersion program appears to have sustained impacts on ELA and math 
performance into high school. We estimate, using the entropy balancing model, that 
program students outperform similar non-program students by 7.4 percent and 15 percent 
of a standard deviation in ELA and math CST assessments, respectively. This roughly 
translates to an increase in ELA and math performance by 3 and 6 percentile points, 
respectively. On the other hand, we do not find any statistically significant long-term 
impacts of the program on science or social studies CST assessments in high school. 
Similarly, when using the propensity score matching model, we find that program students 
outperform their matched counterparts by 6.4 percent of a standard deviation on the CST 
ELA assessment and by 11.7 percent of a standard deviation on the CST math assessment. 
The estimated effects of the program using the propensity score matching model also do 
not yield statistically significant estimates. 
 

Figure 3.3: Program Participation and CST Outcomes, Grades 9-11 

MODEL STATISTIC ELA MATH SCIENCE 
SOCIAL 

STUDIES 

Entropy Balancing Model 

Coef. 0.074* 0.150*** 0.043 0.024 

S.E. (0.038) (0.041) (0.063) (0.073) 

N 27,263 26,153 14,133 11,160 

Propensity Score Matching Model 

Coef. 0.064 0.117** -0.083 -0.081 

S.E. (0.055) (0.059) (0.099) (0.111) 

N 872 850 317 233 
Notes: Full regression tables are presented in the appendix. Coefficients are estimated using Ordinary Least Squares 
(OLS). Sample used in the propensity score matching model includes only students in the program and matched non-
program groups. Robust standard errors are presented in parentheses. *** p<0.01, ** p<0.05, * p<0.1  

 
 
 



Hanover Research | July 2015 

 
© 2015 Hanover Research   15 

ADVANCED PLACEMENT OUTCOMES 

Students who ever participated in the Spanish immersion program were, on average, more 
likely to have taken at least one AP world languages exam and course by 21 percent and 32 
percent, respectively. These differences are found to be statistically significant at the 99 
percent confidence level using a simple t-test. Further, we find that students who ever 
participated in the Spanish immersion program score almost half a point higher than their 
peers on the AP exam—4.46 relative to 3.97 out of 5. However, we find that their AP world 
languages course performance is lower than that of their peers by 0.19 points out of 4 GPA 
points—3.37 relative to 3.55 out of 4. 
 

Figure 3.4: AP Program Participation and Outcomes, Summary Statistics 

  

SPANISH IMMERSION 

PROGRAM 

PARTICIPANTS NON-PARTICIPANTS 

DIFFERENCE N MEAN N MEAN 

Took at least one AP World Languages Exam 466 0.27 29,169 0.06 0.21*** 

AP Exam Score 127 4.46 1,764 3.97 0.49*** 

Took at least one AP World Languages Course 466 0.43 29,169 0.11 0.32*** 

AP Course GPA 202 3.37 3,278 3.55 -0.19*** 
Notes: We test for statistical significance in the independent sample difference in means using a simple t-test.  
*** p<0.01, ** p<0.05, * p<0.1 

 
However, we note that these differences are computed at face value without controlling for 
differences in program participants and non-participants’ observable characteristics. 
Additionally, the simple t-test is conducted by comparing the mean difference in outcomes 
for students in the program group and similar non-program students. As such, we employ 
similar analyses to the CST outcomes by relying on a linear regression approach while using 
entropy balancing and propensity score matching to construct the appropriate control 
groups. 
 
Figure 3.5, on the following page, shows the regression results when controlling for 
students’ observable characteristics and comparing program participants to similar non-
participants. We estimate using entropy balancing that students who had previously 
enrolled in the Spanish immersion program are 19.9 percent and 16.4 percent more likely to 
take at least one AP world languages exam and course than similar non-participants, 
respectively. When using the propensity score matching model, we estimate similar effects 
of 20.5 percent and 18.1 percent higher likelihood of taking at least one AP exam and 
course, respectively. 
 
When examining the long-term impacts of participating in the Spanish immersion program 
on AP exam scores, we find that program students outperform their counterparts by 0.387 
points out of 5 when using the entropy balancing model and by 0.495 when using the 
propensity score matching model. Lastly, we confirm the findings in Figure 3.4 when we 
estimate that program participants underperform the control group in terms of AP world 



Hanover Research | July 2015 

 
© 2015 Hanover Research   16 

languages course GPA. However, the estimated effects on AP course GPA are not 
statistically significant. 
 

Figure 3.5: Program Participation and Advanced Placement World Languages Outcomes 

  
Took at least 

one  
AP Exam 

AP Exam 
Score 

Took at least 
one  

AP Course 

AP Course 
GPA 

Entropy Balancing Model 

Coef. 0.199*** 0.387** 0.164*** -0.172 

S.E. (0.050) (0.180) (0.057) (0.154) 

N 29,540 1,886 29,540 3,474 

Propensity Score Matching Model 

Coef. 0.205*** 0.495* 0.181*** -0.292 

S.E. (0.054) (0.273) (0.063) (0.201) 

N 910 151 910 252 
Notes: Full regression tables are presented in the appendix. Coefficients are estimated using Ordinary Least Squares 
(OLS). Sample used in the propensity score matching model includes only students in the program and matched non-
program groups. Robust standard errors are presented in parentheses. *** p<0.01, ** p<0.05, * p<0.1  
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APPENDIX: REGRESSION TABLES 

This appendix presents the full regression tables from the regression analysis in Section III. 
Figure A.7 describes the quality of the propensity score match described in Section I. 
 

Figure A.1: Entropy Balance Model, Grades 2-5 

VARIABLES ELA MATH SCIENCE 

Ever in Program -0.144*** 0.112*** 0.294*** 

 
(0.021) (0.022) (0.045) 

Age as of Sep 1 0.113*** 0.027 0.009 

 
(0.030) (0.032) (0.064) 

Male -0.117*** 0.124*** 0.183*** 

 
(0.022) (0.023) (0.045) 

American Indian -0.517*** -0.626*** -0.423** 

 
(0.093) (0.096) (0.184) 

Asian 0.217*** 0.462*** -0.026 

 
(0.042) (0.049) (0.065) 

Pacific Islander -0.023 -0.382*** -0.471** 

 
(0.086) (0.127) (0.217) 

Filipino -0.005 -0.037 0.173 

 
(0.084) (0.124) (0.196) 

Hispanic -0.196*** -0.279*** -0.234*** 

 
(0.032) (0.035) (0.070) 

Black -0.471*** -0.628*** -0.624*** 

 
(0.060) (0.052) (0.169) 

Unknown 0.089* 0.031 0.064 

 
(0.046) (0.045) (0.104) 

Graduate Degree 0.333*** 0.342*** 0.416*** 

 
(0.028) (0.030) (0.056) 

Some College -0.360*** -0.353*** -0.429*** 

 
(0.055) (0.056) (0.077) 

High School Graduate -0.577*** -0.437*** -0.427*** 

 
(0.053) (0.056) (0.106) 

No High School -0.530*** -0.467*** -0.310* 

 
(0.079) (0.066) (0.165) 

Unknown -0.082 -0.038 0.181 

 
(0.126) (0.134) (0.278) 

Initially-Fluent English Proficient 0.079 0.070 0.006 

 
(0.068) (0.072) (0.110) 

English Learner -0.312*** -0.243*** -0.470*** 

 
(0.080) (0.083) (0.132) 

Redesignated-Fluent English Proficient 0.470*** 0.481*** 0.469*** 

 
(0.055) (0.057) (0.088) 

English is Home Language 0.236*** 0.231*** 0.201* 

 
(0.070) (0.072) (0.120) 

Student with Disability -0.443*** -0.373*** -0.419*** 
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VARIABLES ELA MATH SCIENCE 

 
(0.052) (0.056) (0.098) 

Gifted and Talented 0.631*** 0.742*** 0.537*** 

 
(0.056) (0.043) (0.077) 

Continuous Enrollment at District -0.070 -0.190 -0.694** 

 
(0.200) (0.225) (0.323) 

Continuous Enrollment at School 0.149 0.226* 0.500 

 
(0.099) (0.134) (0.321) 

Grade Fixed Effects Yes Yes Yes 

Year Fixed Effects Yes Yes Yes 

Constant -1.319*** -0.620* -0.125 

 
(0.327) (0.354) (0.769) 

Observations 36,362 36,377 8,461 

R-squared 0.232 0.224 0.283 
          *** p<0.01, ** p<0.05, * p<0.1 Robust standard errors in parentheses 
 

Figure A.2: PS Match Model, Grades 2-5 

VARIABLES ELA MATH SCIENCE 

Ever in Program -0.142*** 0.087*** 0.275*** 

 
(0.030) (0.031) (0.063) 

Age as of Sep 1 0.133*** 0.088* 0.151 

 
(0.043) (0.046) (0.099) 

Male -0.155*** 0.051 0.064 

 
(0.030) (0.032) (0.066) 

Asian 0.159*** 0.418*** -0.026 

 
(0.060) (0.070) (0.105) 

Pacific Islander 0.012 -0.419* -0.253 

 
(0.146) (0.240) (0.623) 

Filipino -0.067 0.005 0.309 

 
(0.134) (0.201) (0.192) 

Hispanic -0.172*** -0.252*** -0.262*** 

 
(0.043) (0.046) (0.093) 

Black -0.576*** -0.753*** -0.547** 

 
(0.085) (0.073) (0.240) 

Unknown 0.189*** 0.114 0.102 

 
(0.068) (0.071) (0.155) 

Graduate Degree 0.321*** 0.338*** 0.436*** 

 
(0.040) (0.042) (0.080) 

Some College -0.433*** -0.395*** -0.372** 

 
(0.079) (0.079) (0.156) 

High School Graduate -0.607*** -0.520*** -0.392* 

 
(0.102) (0.088) (0.208) 

No High School -0.587*** -0.638*** -0.472* 

 
(0.129) (0.114) (0.266) 

Unknown -0.120 -0.081 -0.153 

 
(0.142) (0.146) (0.307) 

Initially-Fluent English Proficient 0.102 0.026 0.099 
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VARIABLES ELA MATH SCIENCE 

 
(0.102) (0.102) (0.197) 

English Learner -0.286** -0.281** -0.379 

 
(0.123) (0.121) (0.259) 

Redesignated-Fluent English Proficient 0.412*** 0.446*** 0.386** 

 
(0.083) (0.085) (0.161) 

English is Home Language 0.259** 0.206** 0.241 

 
(0.105) (0.104) (0.207) 

Student with Disability -0.448*** -0.386*** -0.432*** 

 
(0.073) (0.077) (0.142) 

Gifted and Talented 0.605*** 0.708*** 0.514*** 

 
(0.172) (0.141) (0.167) 

Continuous Enrollment at District -0.042 -0.076 -0.272 

 
(0.398) (0.447) (0.200) 

Grade Fixed Effects Yes Yes Yes 

Year Fixed Effects Yes Yes Yes 

Constant -1.366** -0.892 -1.747 

 
(0.549) (0.609) (1.230) 

Observations 3,018 3,016 655 

R-squared 0.227 0.213 0.266 
*** p<0.01, ** p<0.05, * p<0.1 Robust standard errors in parentheses 

 

Figure A.3 Entropy Balance Model, Grades 6-8 

VARIABLES ELA MATH SCIENCE SOCIAL STUDIES 

Ever in Program 0.059** 0.270*** 0.174*** -0.013 

 
(0.028) (0.029) (0.058) (0.049) 

Age as of Sep 1 -0.135*** -0.100*** -0.084 -0.125** 

 
(0.035) (0.039) (0.074) (0.057) 

Male -0.163*** 0.103*** 0.248*** 0.268*** 

 
(0.028) (0.029) (0.059) (0.048) 

American Indian -0.461*** -0.453*** -0.556*** -0.239 

 
(0.105) (0.099) (0.187) (0.216) 

Asian 0.186*** 0.396*** 0.312*** 0.014 

 
(0.056) (0.069) (0.118) (0.085) 

Pacific Islander 0.008 0.247*** -0.162 0.040 

 
(0.061) (0.086) (0.122) (0.096) 

Filipino -0.282*** -0.222*** -0.214** -0.258** 

 
(0.055) (0.055) (0.104) (0.103) 

Hispanic -0.284*** -0.336*** -0.285*** -0.194*** 

 
(0.042) (0.044) (0.094) (0.074) 

Black -0.589*** -0.701*** -0.736*** -0.474** 

 
(0.092) (0.066) (0.223) (0.194) 

Unknown 0.075 0.031 0.205 0.204* 

 
(0.047) (0.077) (0.136) (0.111) 

Graduate Degree 0.341*** 0.392*** 0.310*** 0.271*** 

 
(0.036) (0.041) (0.092) (0.067) 

Some College -0.443*** -0.346*** -0.438*** -0.526*** 
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VARIABLES ELA MATH SCIENCE SOCIAL STUDIES 

 
(0.073) (0.061) (0.153) (0.129) 

High School Graduate -0.313*** -0.226*** -0.484*** -0.473*** 

 
(0.065) (0.064) (0.136) (0.108) 

No High School -0.571*** -0.455*** -0.516*** -0.708*** 

 
(0.079) (0.071) (0.155) (0.102) 

Unknown 0.178 0.210** 0.325 0.292 

 
(0.118) (0.097) (0.364) (0.327) 

Initially-Fluent English Proficient -0.105 0.068 0.061 0.010 

 
(0.072) (0.087) (0.171) (0.146) 

English Learner -0.837*** -0.471*** -0.749*** -0.666*** 

 
(0.099) (0.097) (0.183) (0.159) 

Redesignated-Fluent English Proficient 0.689*** 0.433*** 0.619*** 0.693*** 

 
(0.079) (0.065) (0.104) (0.098) 

English is Home Language 0.049 0.125 0.063 0.093 

 
(0.072) (0.085) (0.169) (0.136) 

Student with Disability -0.708*** -0.649*** -0.652*** -0.627*** 

 
(0.060) (0.059) (0.145) (0.102) 

Gifted and Talented 0.750*** 0.749*** 0.704*** 0.730*** 

 
(0.047) (0.044) (0.069) (0.071) 

Continuous Enrollment at District 0.238 0.195 -0.844*** -0.470* 

 
(0.176) (0.177) (0.200) (0.267) 

Continuous Enrollment at School -0.117 -0.109 0.872*** 0.125 

 
(0.111) (0.159) (0.165) (0.123) 

Grade Fixed Effects Yes Yes Yes Yes 

Year Fixed Effects Yes Yes Yes Yes 

Constant 1.483*** 0.662 0.754 1.843* 

 
(0.471) (0.489) (1.045) (1.026) 

Observations 26,770 26,626 6,739 8,967 

R-squared 0.371 0.371 0.386 0.374 
*** p<0.01, ** p<0.05, * p<0.1 Robust standard errors in parentheses 

 

Figure A.4: PS Match Model, Grades 6-8 

VARIABLES ELA MATH SCIENCE SOCIAL STUDIES 

Ever in Program 0.062 0.229*** 0.135 0.007 

 
(0.039) (0.040) (0.083) (0.079) 

Age as of Sep 1 -0.067 -0.022 -0.058 -0.002 

 
(0.057) (0.058) (0.112) (0.111) 

Male -0.193*** 0.071* 0.174** 0.183** 

 
(0.041) (0.041) (0.084) (0.081) 

Asian 0.096 0.334*** 0.089 -0.204 

 
(0.083) (0.096) (0.168) (0.172) 

Pacific Islander 0.302* 0.698*** -0.432** -0.498* 

 
(0.179) (0.206) (0.200) (0.299) 

Filipino -0.734** -0.809* -1.248*** -1.501*** 

 
(0.356) (0.425) (0.207) (0.353) 

Hispanic -0.317*** -0.389*** -0.269** -0.154 
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VARIABLES ELA MATH SCIENCE SOCIAL STUDIES 

 
(0.062) (0.065) (0.136) (0.128) 

Black -0.606*** -0.742*** -0.728** -0.419 

 
(0.142) (0.109) (0.322) (0.310) 

Unknown 0.129 -0.048 0.087 0.002 

 
(0.083) (0.116) (0.208) (0.214) 

Graduate Degree 0.318*** 0.362*** 0.237** 0.218** 

 
(0.051) (0.054) (0.111) (0.099) 

Some College -0.495*** -0.447*** -0.544** -0.621*** 

 
(0.102) (0.092) (0.217) (0.210) 

High School Graduate -0.239** -0.211** -0.582*** -0.584*** 

 
(0.105) (0.103) (0.219) (0.217) 

No High School -0.271* -0.350*** -0.682*** -0.852*** 

 
(0.161) (0.122) (0.251) (0.202) 

Unknown 0.201 0.011 -0.148 -0.038 

 
(0.220) (0.192) (0.862) (0.688) 

Initially-Fluent English Proficient -0.043 0.181 0.156 0.202 

 
(0.129) (0.135) (0.219) (0.237) 

English Learner -0.855*** -0.332* -0.627* -0.468 

 
(0.209) (0.184) (0.358) (0.324) 

Redesignated-Fluent English Proficient 0.795*** 0.389*** 0.682** 0.674*** 

 
(0.176) (0.147) (0.284) (0.187) 

English is Home Language 0.119 0.169 0.184 0.191 

 
(0.136) (0.134) (0.229) (0.253) 

Student with Disability -0.669*** -0.619*** -0.665*** -0.648*** 

 
(0.091) (0.078) (0.218) (0.200) 

Gifted and Talented 0.779*** 0.760*** 0.854*** 0.802*** 

 
(0.068) (0.065) (0.115) (0.134) 

Continuous Enrollment at District 1.114 0.797* -0.676** -0.597** 

 
(0.817) (0.456) (0.287) (0.273) 

Continuous Enrollment at School -0.228* -0.274** 0.656** -0.096 

 
(0.127) (0.116) (0.256) (0.242) 

Grade Fixed Effects Yes Yes Yes Yes 

Year Fixed Effects Yes Yes Yes Yes 

Constant -0.185 -0.720 0.283 0.056 

 
(1.110) (0.869) (1.622) (1.671) 

Observations 1,526 1,522 398 433 

R-squared 0.344 0.348 0.365 0.331 
*** p<0.01, ** p<0.05, * p<0.1 Robust standard errors in parentheses 
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Figure A.5: Entropy Balancing Model, Grades 9-11 

VARIABLES ELA MATH SCIENCE SOCIAL STUDIES 

Ever in Program 0.074* 0.150*** 0.043 0.024 

 
(0.038) (0.041) (0.063) (0.073) 

Age as of Sep 1 -0.141*** -0.197*** -0.212*** -0.176** 

 
(0.047) (0.054) (0.058) (0.085) 

Male -0.126*** 0.114*** 0.273*** 0.190*** 

 
(0.038) (0.041) (0.051) (0.064) 

American Indian -0.338** -0.186 -0.070 -0.942*** 

 
(0.137) (0.128) (0.172) (0.214) 

Asian 0.271*** 0.392*** 0.135*** 0.068 

 
(0.064) (0.072) (0.052) (0.120) 

Pacific Islander 0.272 0.179** -0.189 0.219** 

 
(0.174) (0.074) (0.130) (0.103) 

Filipino -0.301*** -0.200*** -0.307*** -0.393*** 

 
(0.060) (0.058) (0.082) (0.101) 

Hispanic -0.260*** -0.337*** -0.403*** -0.323*** 

 
(0.059) (0.052) (0.067) (0.095) 

Black -0.747*** -0.550*** -0.487** -0.756*** 

 
(0.160) (0.118) (0.195) (0.238) 

Unknown -0.009 -0.061 0.113 -0.124 

 
(0.077) (0.140) (0.084) (0.130) 

Graduate Degree 0.368*** 0.483*** 0.391*** 0.268*** 

 
(0.053) (0.056) (0.069) (0.100) 

Some College -0.601*** -0.357*** -0.479*** -0.296** 

 
(0.104) (0.090) (0.162) (0.140) 

High School Graduate -0.359*** -0.215** -0.300** -0.565*** 

 
(0.109) (0.094) (0.130) (0.193) 

No High School -0.525*** -0.091 -0.611*** 0.043 

 
(0.097) (0.127) (0.124) (0.160) 

Unknown 0.151 0.128 -0.074 0.073 

 
(0.143) (0.124) (0.073) (0.182) 

Initially-Fluent English Proficient -0.294** -0.148 0.024 -0.051 

 
(0.116) (0.106) (0.137) (0.206) 

English Learner -0.857*** -0.485*** -0.415*** -0.615*** 

 
(0.105) (0.105) (0.139) (0.204) 

Redesignated-Fluent English Proficient 0.722*** 0.354*** 0.456*** 0.573*** 

 
(0.052) (0.056) (0.084) (0.089) 

English is Home Language 0.027 -0.086 0.044 0.244 

 
(0.109) (0.103) (0.139) (0.195) 

Student with Disability -0.918*** -0.677*** -0.702*** -0.837*** 

 
(0.077) (0.082) (0.211) (0.144) 

Gifted and Talented 0.695*** 0.647*** 0.733*** 0.730*** 

 
(0.055) (0.080) (0.064) (0.098) 

Continuous Enrollment at District -0.540 -0.564* -0.405 -0.024 

 
(0.487) (0.325) (0.249) (0.261) 

Continuous Enrollment at School 0.466*** 0.765*** 0.616*** 0.573*** 
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VARIABLES ELA MATH SCIENCE SOCIAL STUDIES 

 
(0.171) (0.140) (0.205) (0.219) 

Grade Fixed Effects Yes Yes Yes Yes 

Year Fixed Effects Yes Yes Yes Yes 

Constant 2.288*** 2.607*** 2.693*** 1.988 

 
(0.861) (0.878) (0.887) (1.396) 

Observations 27,263 26,153 14,133 11,160 

R-squared 0.380 0.313 0.361 0.344 
*** p<0.01, ** p<0.05, * p<0.1 Robust standard errors in parentheses 

 

Figure A.6: PS Match Model, Grades 9-11 

VARIABLES ELA MATH SCIENCE SOCIAL STUDIES 

Ever in Program 0.064 0.117** -0.083 -0.081 

 
(0.055) (0.059) (0.099) (0.111) 

Age as of Sep 1 -0.013 -0.105 0.021 -0.164 

 
(0.077) (0.084) (0.119) (0.167) 

Male -0.177*** 0.110* 0.144 0.059 

 
(0.056) (0.062) (0.103) (0.111) 

Asian 0.269*** 0.451*** 0.147 0.204 

 
(0.091) (0.118) (0.190) (0.228) 

Pacific Islander 0.241 0.444 -0.901*** -0.039 

 
(0.285) (0.348) (0.249) (0.607) 

Hispanic -0.151 -0.206** -0.489*** 0.050 

 
(0.094) (0.097) (0.138) (0.160) 

Black -0.858*** -0.501*** -0.557 -0.727 

 
(0.221) (0.190) (0.347) (0.453) 

Unknown 0.040 -0.220 0.022 -0.283 

 
(0.151) (0.252) (0.358) (0.410) 

Graduate Degree 0.391*** 0.434*** 0.307** 0.266 

 
(0.080) (0.079) (0.128) (0.162) 

Some College -0.674*** -0.539*** -0.840*** -0.318 

 
(0.170) (0.141) (0.301) (0.228) 

High School Graduate -0.162 0.041 -0.415 -0.611** 

 
(0.173) (0.213) (0.322) (0.290) 

No High School -0.456*** -0.292 -0.874*** 0.043 

 
(0.151) (0.222) (0.224) (0.256) 

Unknown 0.232 0.322 -0.660** -0.326 

 
(0.274) (0.233) (0.281) (0.371) 

Initially-Fluent English Proficient -0.258 -0.204 0.251 -0.201 

 
(0.161) (0.170) (0.276) (0.289) 

English Learner -0.228 0.033 0.365* 1.008 

 
(0.447) (0.336) (0.213) (0.869) 

Redesignated-Fluent English Proficient 0.209 -0.259  -0.868 

 
(0.425) (0.305)  (0.837) 

English is Home Language 0.307** -0.059 0.202 0.676** 

 
(0.139) (0.145) (0.234) (0.298) 

Student with Disability -0.909*** -0.741*** -0.885*** -0.501 
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VARIABLES ELA MATH SCIENCE SOCIAL STUDIES 

 
(0.135) (0.134) (0.340) (0.365) 

Gifted and Talented 0.619*** 0.686*** 0.643*** 0.784*** 

 
(0.076) (0.103) (0.139) (0.191) 

Continuous Enrollment at District -0.294 0.118 0.465 0.283 

 
(0.448) (0.290) (0.546) (0.411) 

Grade Fixed Effects Yes Yes Yes Yes 

Year Fixed Effects Yes Yes Yes Yes 

Constant 0.659 1.890 -0.703 1.582 

 
(1.274) (1.340) (1.932) (2.798) 

Observations 872 850 317 233 

R-squared 0.378 0.299 0.379 0.391 
*** p<0.01, ** p<0.05, * p<0.1 Robust standard errors in parentheses 

 
 

Figure A.7: Distribution Propensity Scores by Program Participants and Non-Participants  
 

 
Note: Matched program non-participants display an almost identical propensity score distribution as participants. 
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Figure A.8: Program Participation and AP Outcomes – Entropy Balancing Model 

VARIABLES 

TOOK AT 

LEAST ONE  

AP COURSE 

AP COURSE 

GPA 

TOOK AT 

LEAST ONE AP 

EXAM 

AP EXAM 

SCORE 

Ever in Program 0.199*** 0.387** 0.164*** -0.172 

 

(0.050) (0.180) (0.057) (0.154) 

Male -0.022 -0.164 -0.007 -0.204** 

 

(0.019) (0.107) (0.021) (0.089) 

American Indian -0.038* 

 

-0.104** 0.107 

 

(0.023) 

 

(0.042) (0.343) 

Asian 0.041 -0.437* 0.052 0.219** 

 

(0.043) (0.234) (0.049) (0.106) 

Pacific Islander -0.156*** -0.258 0.004 -0.385** 

 

(0.058) (0.252) (0.188) (0.191) 

Filipino -0.001 0.155 -0.080*** -0.128 

 

(0.019) (0.339) (0.021) (0.153) 

Hispanic -0.014 -0.191 0.007 -0.172 

 

(0.028) (0.156) (0.030) (0.145) 

Black -0.057 -0.960*** -0.047 -0.756*** 

 

(0.044) (0.334) (0.061) (0.187) 

Unknown -0.056 0.034 0.031 0.224** 

 

(0.040) (0.141) (0.045) (0.094) 

Age at Beginning of 10th Grade -0.017 -0.036 -0.014 -0.060 

 

(0.025) (0.164) (0.027) (0.116) 

Graduate Degree 0.045* 0.244* 0.001 0.314*** 

 

(0.024) (0.143) (0.027) (0.115) 

Some College -0.106*** 0.284 -0.130*** -0.444* 

 

(0.028) (0.231) (0.048) (0.267) 

High School Graduate -0.037 -0.107 -0.070 -0.611*** 

 

(0.044) (0.547) (0.062) (0.202) 
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VARIABLES 

TOOK AT 

LEAST ONE  

AP COURSE 

AP COURSE 

GPA 

TOOK AT 

LEAST ONE AP 

EXAM 

AP EXAM 

SCORE 

English is Home Language -0.002 0.022 0.049 0.319 

 

(0.057) (0.278) (0.064) (0.203) 

Initially-Fluent English Proficient 0.005 0.253 0.078 0.055 

 

(0.060) (0.280) (0.066) (0.251) 

English Learner -0.004 0.319 0.012 0.448** 

 

(0.054) (0.431) (0.060) (0.227) 

Redesignated-Fluent English Proficient 0.002 -0.056 0.050* -0.174 

 

(0.022) (0.379) (0.028) (0.167) 

Student with Disability -0.086*** -0.654 -0.210*** 0.272 

 

(0.019) (0.720) (0.028) (0.222) 

Gifted and Talented 0.097*** 0.416*** 0.052 0.251** 

 

(0.037) (0.105) (0.036) (0.101) 

Grade Fixed Effects Yes Yes Yes Yes 

Year Fixed Effects Yes Yes Yes Yes 

Constant 0.153 5.780** 0.257 4.004** 

 

(0.407) (2.787) (0.448) (1.722) 

Observations 29,540 1,886 29,540 3,474 

R-squared 0.208 0.267 0.215 0.257 

*** p<0.01, ** p<0.05, * p<0.1 Robust standard errors in parentheses 
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Figure A.9: Program Participation and AP Outcomes – Propensity Score Matching Model 

VARIABLES 

TOOK AT LEAST 

ONE  

AP COURSE 

AP COURSE 

GPA 
TOOK AT LEAST 

ONE AP EXAM 
AP EXAM 

SCORE 

Ever in Program 0.205*** 0.495* 0.181*** -0.292 

 

(0.054) (0.273) (0.063) (0.201) 

Male -0.015 -0.169 0.003 -0.183* 

 

(0.023) (0.136) (0.027) (0.100) 

Asian 0.065 -0.340 0.080 0.224 

 

(0.057) (0.282) (0.068) (0.137) 

Pacific Islander -0.040 

 

0.128 0.072 

 

(0.129) 

 

(0.190) (0.478) 

Hispanic 0.006 -0.084 0.028 -0.144 

 

(0.040) (0.224) (0.047) (0.167) 

Black -0.063 -0.991** -0.095 -0.768*** 

 

(0.062) (0.400) (0.081) (0.245) 

Unknown -0.144* 0.241 -0.030 0.541*** 

 

(0.076) (0.155) (0.089) (0.130) 

Age at Beginning of 10th Grade 0.008 0.033 -0.042 -0.025 

 

(0.034) (0.208) (0.041) (0.138) 

Graduate Degree 0.069** 0.232 0.001 0.252* 

 

(0.028) (0.185) (0.034) (0.133) 

Some College -0.113*** 0.440 -0.146** -0.407 

 

(0.043) (0.380) (0.067) (0.415) 

High School Graduate -0.041 -0.386 -0.030 -0.438 

 

(0.046) (0.817) (0.078) (0.270) 

English is Home Language 0.022 -0.033 0.052 0.246 

 

(0.062) (0.366) (0.089) (0.246) 

Initially-Fluent English Proficient -0.011 -0.000 0.055 0.031 

 

(0.068) (0.388) (0.095) (0.349) 
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VARIABLES 

TOOK AT LEAST 

ONE  

AP COURSE 

AP COURSE 

GPA 
TOOK AT LEAST 

ONE AP EXAM 
AP EXAM 

SCORE 

English Learner 0.064 0.175 0.051 0.234 

 

(0.106) (0.314) (0.112) (0.225) 

Redesignated-Fluent English Proficient -0.071 

 

0.001 

 

 

(0.089) 

 

(0.081) 

 Student with Disability -0.116*** 

 

-0.219*** 0.273 

 

(0.029) 

 

(0.041) (0.246) 

Gifted and Talented 0.061 0.318** 0.038 0.245** 

 

(0.042) (0.145) (0.046) (0.124) 

Grade Fixed Effects Yes Yes Yes Yes 

Year Fixed Effects Yes Yes Yes Yes 

Constant -0.238 3.197 0.694 2.813 

 

(0.564) (3.594) (0.681) (2.227) 

Observations 910 151 910 252 

R-squared 0.218 0.295 0.217 0.246 

*** p<0.01, ** p<0.05, * p<0.1 Robust standard errors in parentheses 
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