





B Appendix: Samples

This appendix describes the construction of the samples used in the paper in more detail
than was possible there. The first sample, used in Tables 3 and 4, is the broadest sample used
in the paper. Appendix Table A1l describes the construction of this sample, which excludes
only students with inconsistent longitudinal records (less than 3% of the population), those who
cannot be matched to valid 5th grade teachers (26%), those whose grade-5 classes have fewer
than 12 students in the sample (1.5%), and those from schools with only a single included teacher
(3%).

The full correlated random effects specification uses a more homogeneous sample. I require
complete data on student achievement in grades 3-6, with no skipped grades, grade retentions,
or other gaps in the data. I also require that students be matchable to valid teachers in both
grade 4 and grade 5. For reasons detailed in Appendix A, I also exclude students who change
schools in grades 4 or 5.

In these specifications, I treat students’ grade-6 teachers as members of the faculty at the
students’ elementary schools. If a single teacher has students from several elementary schools,
I create separate indicators for those from each school. This results in many more teacher
indicators in grade 6 than in earlier grades, many with very few students. To increase precision,
I retain only as many grade-6 teacher indicators at each elementary school as the maximum of the
number of grade-3, grade-4, or grade-5 teachers from that school who appear in my sample. The
grade-6 teachers with the largest numbers of sample students are retained; all others are recoded
into a single “residual” category. As elementary schools typically feed into a single middle school,
those students who attend a school other than the usual middle school are generally assigned to
this residual category. In a few cases where the residual category contains fewer students than
the smallest retained grade-6 teacher, the students in this category are dropped from the sample.
This excludes only 173 students.

A final exclusion category occurs when the design matrix at a particular school is less than
full rank, even after excluding one teacher per grade. When this occurs, not all teacher effects
can be separately estimated. I identify the affected teacher with the smallest number of sample
students and drop this teacher (and all of the relevant students) from the sample. This excludes
only 230 students.

Appendix Table A2 details the sample exclusion restrictions for the correlated random effects
sample.

The sample used for the analysis in Table 12 differs slightly, excluding 3,592 students with
missing scores on the grade-3 pretest. Many of these would have been excluded in any case under
criteria 11-14 (from Appendix Table A2), so the net reduction in the sample is only 1,737.
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Table 1. Across-grade correlations of reading test scores and test score gains

Achievement levels Gain scores
Grade 3 Grade 4 Grade5 Grade 6 Grade 4 Grade5 Grade 6 Cumulative
@) (2) 3 (4) 5) (6) (7) (8)
N 96,678 96,243 97,199 98,080 88,982 89,352 89,945 80,724
Observed scores/gains
Mean 0.00 0.34 0.98 1.15 0.34 0.63 0.17 1.13
SD 1.00 0.98 0.84 0.94 0.60 0.56 0.53 0.65
Correlations
Achievement Grade 3 1
levels Grade 4 0.81 1
Grade 5 0.77 0.82 1
Grade 6 0.76 0.80 0.82 1
Gain scores Grade 4 -0.29 0.29 0.06 0.05 1
Grade 5 -0.24 -0.51 0.07 -0.19 -0.43 1
Grade 6 0.15 0.16 -0.11 0.47 0.01 -0.42 1
Cumulative -0.38 -0.04 0.01 0.27 0.57 0.12 0.46 1
Reliability of obs.
scores/gains 0.84 0.86 0.86 0.86 0.19 0.25 0.22 0.34
True scores/gains
SD 0.92 0.91 0.78 0.87 0.27 0.28 0.25 0.38
Correlations
Achievement Grade 3 1
levels Grade 4 0.97 1
Grade 5 0.93 0.96 1
Grade 6 0.92 0.95 0.96 1
Gain scores Grade 4 -0.02 0.16 0.14 0.13 1
Grade 5 -0.56 -0.56 -0.30 -0.41 -0.09 1
Grade 6 0.37 0.38 0.30 0.50 0.05 -0.38 1
Cumulative -0.21 -0.08 0.03 0.13 0.67 0.42 0.40 1

Notes: Correlations are computed pairwise, over all observations for which both variables are observed.
Reliabilities of test scores are computed from the lengths of the tests and the 7th grade test reliability, 0.86,
reported in Sanford (1996, p. 45). See Appendix A1. Reliabilities of test score gains are computed assuming
that annual errors are independent.



Table 2. Summary Statistics

Population Sample 1 Sample 2
1) 2 ©) (G) 5) (6)
Students Schools  Students Schools Students Schools
N, total 129,665 1,316 65,582 860 21,101 457
By # of 5th grade teachers at the school who are represented in the sample
1 5th grade teacher 1,947 117 0 0 0 0
2 5th grade teachers 4,240 128 8,556 202 1,527 59
3-5 5th grade teachers 44,026 608 48,425 600 16,118 353
>5 5th grade teachers 79,452 463 8,601 58 3,456 45
Mean SD Mean SD Mean SD
Female 48% 50% 51%
Black 30% 28% 18%
Hispanic 5% 4% 2%
Other non-white 5% 4% 3%
Consistent student record 98% 100% 100%
Data available for
Grade 3 78% 87% 100%
Grade 4 78% 92% 100%
Grade 5 79% 99% 100%
Grade 6 80% 93% 100%
Changed schools in
Grade 4 26% 21% 0%
Grade 5 23% 19% 0%
Grade 6 80% 95% 93%
"Valid" teacher in
Grade 3 90% 95% 96%
Grade 4 87% 96% 100%
Grade 5 82% 100% 100%
Grade 6 0% 0% 0%
Reading test score
Grade 3 0.00 1.00 0.05 0.98 0.25 0.90
Grade 4 0.34 0.98 0.39 0.97 0.59 0.89
Grade 5 0.98 0.84 1.01 0.83 1.18 0.76
Grade 6 1.15 0.94 1.19 0.92 1.38 0.86
Gain score
Grade 4 0.34 0.60 0.33 0.58 0.34 0.56
Grade 5 0.63 0.56 0.62 0.55 0.59 0.53
Grade 6 0.17 0.53 0.16 0.52 0.19 0.52

Cumulative 1.13 0.65 1.11 0.63 1.12 0.62




Table 3. Simple models for 5th grade teachers' value added

Dependent variable

5th grade 4th grade 6th grade Cumulative gain,
gain score gain score gain score 4th - 6th grades

1) (2) 3) (4)

Fit statistics

N 59,104 54,377 59,535 51,275
# of teachers 3,013 3,013 3,013 3,013
# of schools 860 860 860 860
R2 0.098 0.085 0.095 0.096
Adjusted R2 0.050 0.031 0.047 0.039
Just school effects: R2 0.048 0.044 0.052 0.053
Just school effects: Adj. R2 0.034 0.028 0.038 0.037
Test, teacher effects =0
Test statistic 2,953 2,318 2,650 2,274
DF 2,153 2,153 2,153 2,153
5% critical value 2,262 2,262 2,262 2,262
p value <0.001 0.007 <0.001 0.035
Standard deviation of teacher effects
Unadjusted 0.145 0.140 0.130 0.153
Adjusted 0.103 0.082 0.086 0.088

Notes: Standard deviations of teacher effects are weighted by the number of students assigned
to each teacher, with degrees of freedom adjustments to account for the adjustment of teacher
effects to have mean zero at each school. Adjusted variances are computed by subtracting the
weighted mean heteroskedasticity-robust sampling variance of the normalized coefficients.



Table 4. Across-grade correlations of 5th grade teacher effects, simple models

Dependent variable

4th grade 5th grade 6th grade Cumulative gain,
gain score gain score gain score 4th - 6th grades

1) (2) ©) (4)

Unadjusted
4th grade gain score 1 -0.41 0.04 0.56
5th grade gain score -0.41 1 -0.54 0.12
6th grade gain score 0.04 -0.54 1 0.40
Cumulative gain, 4th - 6th grades 0.56 0.12 0.40 1
Adjusted for sampling covariances
4th grade gain score 1 -0.38 0.06 0.56
5th grade gain score -0.38 1 -0.69 0.15
6th grade gain score 0.06 -0.69 1 0.28
Cumulative gain, 4th - 6th grades 0.56 0.15 0.28 1

Notes: Each correlation is computed from specifications like those in Table 3, but limited to students
with data on both dependent variables. Correlations are weighted by the number of such students in
this subsample. Sampling covariances are estimated allowing for heteroskedasticity and arbitrary
clustering within students across grades, and account for the normalization of teacher coefficients to
have (weighted) mean zero at each school.



Table 5. Standard deviations of teacher effects in models with controls for past and future
teachers

Model for 4th grade gain score Model for 5th grade gain score
Unadjusted Adjusted Unadjusted Adjusted
1) 2 3 4
3rd grade teacher 0.21 0.14 0.18 0.10
4th grade teacher 0.22 0.16 0.20 0.13
5th grade teacher 0.20 0.13 0.20 0.13
6th grade teacher 0.17 0.10 0.17 0.11

Notes: Statistics are computed from separate specifications for 4th and 5th grade gain scores,
each including school fixed effects and fixed effects for 3rd, 4th, 5th, and 6th grade teachers.
Across-teacher variances are weighted by the number of students taught. Adjusted variances are
computed by subtracting the weighted average of the heteroskedasticity-robust sampling variance
of the teachers' effects. Estimates corresponding to the contemporaneous teacher are shaded.



Table 6. Models with controls for all past and future teachers

More conservative criteria

Model DF R2 Adj. R2 Akaike Info. Schwartz Info.

@) 2 3 “4) ©)
Dependent variable is 4th grade gain score
Full model 5,799 | 0.33 0.082 -1.00 1.18

Restricted model
Omitting one set of teacher effects at a time

Excluding 3rd grade teachers 4,251 0.25 0.064 -1.04 0.57
Excluding 4th grade teachers 4,496 0.26 0.056 -1.02 0.68
Excluding 5th grade teachers 4,492 0.28 0.079 -1.04 0.65
Excluding 6th grade teachers 4,615 0.28 0.084 -1.04 0.70
Omitting several teacher effects together
All teachers excluded 457 0.06 0.036 -1.16 -0.99
All but current teachers excluded 1,760 0.14 0.063 -1.13 -0.47
All past teachers excluded 4,251 0.25 0.064 -1.04 0.57
All future teachers excluded 3,308 0.22 0.081 -1.09 0.16
Dependent variable is 5th grade gain score
Full model 5,799 | 0.33 0.082 -1.15 1.04

Restricted model
Omitting one set of teacher effects at a time

Excluding 3rd grade teachers 4,251 0.27 0.082 -1.20 0.41
Excluding 4th grade teachers 4,496 0.26 0.061 -1.16 0.53
Excluding 5th grade teachers 4,492 0.26 0.066 -1.17 0.52
Excluding 6th grade teachers 4,615 0.28 0.075 -1.18 0.57
Omitting several teacher effects together
All teachers excluded 457 0.05 0.034 -1.30 -1.13
All but current teachers excluded 1,764 0.13 0.052 -1.26 -0.60
All past teachers excluded 2,948 0.19 0.060 -1.22 -0.11
All future teachers excluded 4,615 0.28 0.075 -1.18 0.57

Notes: N=21,101. Each model includes 457 effects for the school attended in grades 3-5; 6th grade

teachers are interacted with indicators for these schools. Heteroskedasticity-robust Wald tests reject

each indicated restriction at the 0.001 level. Akaike (AIC) and Schwartz (BIC) statistics are presented
in logs. Shaded entries indicate the best-fitting specifications according to each metric.



Table 7. Correlation between teacher effects on 4th and 5th grade gains, by teacher grade,
full model

Grade 3 teacher Grade 4 teacher Grade 5teacher Grade 6 teacher

@) (2) ®3) (4)

Unadjusted -0.37 -0.52 -0.41 -0.42
Adjusted -0.26 -0.60 -0.38 -0.40




Table 8. Optimal minimum distance estimates

6th grade teacher effect on

4th grade gain ~ 5th grade gain

€)) )

Unconstrained estimates
SD, unadjusted 0.21 0.21
SD, adjusted 0.12 0.14

Constrained (OMD) estimates
SD, unadjusted 0.02 0.18
SD, adjusted 0.02 0.1
Ratio, 7. /7, 7.5

Overidentification test
Statistic (x> under null) 1,612

DF 1,183
95% critical value 1,264
P value <0.0001

Note: Standard deviations are not weighted by student enroliment.



Table 9. Tests for overidentifying restrictions, alternative specifications

Objective 5% critical
function DF value p ooz, 7, ;)
€] 2 3 4 ©)

Base model: 1,612 1,183 1,264 <0.001 -0.40
Alternate dependent variables:
1) Gain in standardized scores 1,590 1,183 1,264 <0.001 -0.39
2) Standardized (by base level) gain 1,667 1,183 1,264 <0.001 0.06
3) Gain in percentile scores 1,656 1,183 1,264 <0.001 -0.91
4) Model for math gains 1,641 1,194 1,276 <0.001 -0.31
Alternate samples/specifications:
5) Test based on G5 teacher effects on G3/G4 gains 3,099 2,008 2,113 <0.001 -0.39
6) Using cohort in 5th grade in 1999-2000 1,536 1,091 1,169 <0.001 -0.45

Notes: Tests in rows 1-4 are of the hypothesis that the vector of grade-g (g=5 in row 5, g=6 elsewhere) teacher
effects on grade-g-1 grade gains is a scalar multiple of the vector of effects on grade-g-2 gains. Each is
computed as the objective function from OMD estimates, as reported (for the base model) in Table 8, and each
is distributed chi2 under the null hypothesis. Column 5 reports the (sampling adjusted) correlation between the
effects; this equals one under the null.



Table 10. Estimates of the effects of teacher characteristics on student gains

Grade 4 gain*100 Grade 5 gain*100 Cumulative

) (2 3 4 )
MA degree Grade 3 teacher 1.78 -1.96 -0.18
(1.31) (1.15) (1.82)
Grade 4 teacher 0.90 0.84 -0.15 0.69
(1.42) (1.41) (1.32) (1.68)
Grade 5 teacher 1.77 -1.32 -1.34 0.43
(1.27) (1.24) (1.23) (1.67)
Grade 6 teacher 2.46 -0.25 2.22
(1.16) (1.07) (1.72)
Experience Grade 3 teacher -0.13 0.01 -0.11
(0.07) (0.06) (0.09)
Grade 4 teacher 0.08 0.08 -0.02 0.06
(0.07) (0.07) (0.07) (0.09)
Grade 5 teacher -0.04 0.13 0.14 0.10
(0.07) (0.06) (0.06) (0.10)
Grade 6 teacher 0.01 -0.12 -0.10
(0.06) (0.05) (0.09)
Experience <2 Grade 3 teacher 0.52 2.09 2.61
(2.13) (1.81) (3.21)
Grade 4 teacher -5.81 -5.86 6.56 0.70
(1.91) (1.92) (1.86) (2.62)
Grade 5 teacher -1.30 0.30 0.12 -1.18
(1.93) (1.90) (1.88) (2.88)
Grade 6 teacher -0.54 1.24 0.70
(1.72) (1.67) (3.21)
Praxis score Grade 3 teacher -0.63 0.22 -0.41
(0.74) (0.66) (1.13)
Grade 4 teacher -0.14 -0.13 -0.26 -0.39
(0.80) (0.80) (0.77) (0.96)
Grade 5 teacher -0.98 0.83 0.91 -0.06
(0.72) (0.81) (0.81) (1.10)
Grade 6 teacher -1.22 0.22 -1.00
(0.68) (0.62) (0.96)
R2 0.075 0.077 0.068 0.070
p values for restrictions Joint tests
All current teacher characteristics = 0 0.001 0.001 0.235 0.194 0.003
All prior teacher characteristics = 0 0.217 0.007 0.005
All future teacher characteristics = 0 0.099 0.055 0.040
All past and future teacher characteristics = 0 0.116 0.002 0.003
Grade-6 coefficients in (2) and (4) are proportional 0.066

Notes: Sample restricted to students for whom complete teacher data is available in grades 3-6 and who
attended the same school in grades 4 and 5. N=16,398 from 632 schools. All specifications include fixed
effects for the (grade 4 and 5) school, and standard errors are clustered on the school. Column 5 reports
composite tests for the combined restrictions in columns 2 and 4, allowing for clustering across grades as well
as within. The "scalar" hypothesis is that the ratio of the grade 6 teacher coefficients in column 4 to those in
column 2 is constant; this test is based on the objective function in an optimal minimum distance estimator.



Table 11. Sensitivity of estimates of 4th grade teacher effect to allowing for lagged effects

Sparse Model with lagged effects
model for 4th 4th grade 5th grade  Cumulative
grade gains gains gains effect
€] 2 3 4
Standard deviation of teacher effects
Unadjusted
Grade 3 teacher 0.20 0.18 0.22
Grade 4 teacher 0.19 0.20 0.19 0.19
Grade 5 teacher 0.19 0.19
Adjusted
Grade 3 teacher 0.13 0.10 0.14
Grade 4 teacher 0.13 0.14 0.13 0.1
Grade 5 teacher 0.13 0.13
Correlation of 4th grade teacher effect across specifications
Unadjusted
(1) Sparse model 1 0.94 -0.50 0.48
(2) 4th grade effect 0.94 1 -0.52 0.52
(3) 5th grade effect -0.50 -0.52 1 0.46
(4) Cumulative effect 0.48 0.52 0.46 1
Adjusted
(1) Sparse model 1 0.9940 -0.66 0.48
(2) 4th grade effect 0.99 1 -0.66 0.49
(3) 5th grade effect -0.66 -0.66 1 0.43
(4) Cumulative effect 0.48 0.49 0.43 1

Notes: Sparse model includes only school effects and effects for the current teacher. Models in
columns 2 and 3 add controls for the 3rd grade teacher and (in column 3) the 4th grade teacher.
Cumulative effect is the sum of the effects in columns 2 and 3.



Table 12. Alternative specifications for 5th grade reading gains

Basic model

Controls for lagged
teachers & scores

Control for
lagged score

€))

(2)

©)

Standard deviation of teacher effects
Unadjusted

Grade 3 teacher 0.14
Grade 4 teacher 0.14
Grade 5 teacher 0.17 0.15 0.15
Adjusted
Grade 3 teacher 0.07
Grade 4 teacher 0.08
Grade 5 teacher 0.11 0.11 0.11
Coefficients on lagged scores
Grade 4 reading score -0.581 -0.333
(0.007) (0.004)
Grade 3 reading score 0.252
(0.007)
Grade 3 reading score, beginning of year 0.077
(0.006)
Correlations of grade-5 teacher effects
Unadjusted
(1) Basic model 1 0.69 0.81
(2) Lagged score 0.69 1 0.85
(3) Lagged teachers & scores 0.81 0.85 1
Adjusted
(1) Basic model 1 0.76 0.77
(2) Lagged score 0.76 1 0.99
(3) Lagged teachers & scores 0.77 0.99 1

Notes: All teacher effects are normalized to mean zero within each school. Basic model
(column 1) includes only effects for the current teacher. Model in column 2 adds controls for
three prior test scores and two prior teacher assignments. Column 3 controls only for the 4th

grade score.



Appendix Table Al. Definition of sample 1

Number % of universe
@) )
Universe: All students in grade 5 in 2001 99,074 100.0%
Drop
(1) Duplicate observations in any year -17 0.0%
(2) Inconsistent data on sex or ethnicity -2,716 -2.7%
(3) Invalid grade-5 teachers -26,186 -26.4%
(4) Classes with <12 students with grade-5 gains -1,505 -1.5%
(5) Schools with only one 5th grade teacher -3,068 -3.1%
Final sample
Total 65,582 66.2%
with valid G4 gains 54,377 54.9%
with valid G5 gains 59,104 59.7%
with valid G6 gains 59,535 60.1%
with valid gains in each year 50,624 51.1%




Appendix Table A2. Definition of sample 2

Number % of universe
1) 2

Universe: All students in grade 3 in 1999 102,267 100.0%
Drop:

(1) Duplicate observations in any year -17 0.0%

(2) Missing data in grade 4, 5, or 6 -17,818 -17.4%

(3) Skipped or held back -5,212 -5.1%

(4) Other non-standard progress (e.g. G4 in 2000, G5 in 2002) -165 -0.2%

(5) Changed schools in G4 or G5 -22,954 -22.4%

(6) Invalid record in G3, G4, G5, or G6 -1,804 -1.8%

(7) Invalid G4 or G5 teacher -18,404 -18.0%

(8) Missing teacher assignment in G3 or G6 -294 -0.3%

(9) Inconsistent data on sex or ethnicity -579 -0.6%

(10) Missing test scores in G3, G4, or G5 -249 -0.2%

(11) Only 1 sample student assigned to teacher in G3, G4, G5, or G6 -6,624 -6.5%

(12) G6 "residual” classroom has small share of the sample -173 -0.2%

(13) School has only 1 teacher in G3, G4, G5, or G6 -6,643 -6.5%

(14) Has ateacher in G3-G6 whose coefficient is not separately estimable -230 -0.2%

Sample 2 21,101 20.6%

Notes: Criteria 11-14 interact with each other. They are applied iteratively, ensuring a final sample that

complies with all four criteria.





