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eTable 1. Description of Postoperative Complications Included in the 
Analysisa 

Description ICD-9-CM Code 
Acute renal failure 584.x 
Aspiration or other respiratory complications 507.x, 997.3x 
Cardiac complications 997.1 
DVT or PE 415.11, 415.19, 453.4-453.9 
Hoarseness 478.3-478.34, 784.4-784.49 
Nerve injury or other complication involving 
the nervous system 

951.x, 957.x, 997.0x 

Obstruction requiring return to the OR 
557.0, 560.8, 560.81, 560.9, 997.4, 997.41, 997.49 AND 
54.11, 54.12, 54.61 

Pneumonia 480.x-486.x 
Post-operative infection 998.5, 998.51, 998.59 
Pulmonary insufficiency 518.4, 518.5, 518.51, 518.52, 518.53, 518.8x 
Return to the OR 06.02, 34.03, 34.09, 54.11, 54.12, 54.61, 54.92 
Septicemia  038.x, 790.7 
Wound disruption or other complication 
involving the operative site 

998.1-998.32, 998.8, 998.89, 998.9, E870.0, E878.8, 
E878.9 

Total parenteral nutrition 99.15 
Hemorrhage requiring transfusion 998.1, 998.2 AND 54.61, 99.0x 
a Diagnosis code only included if not present on admission 
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eTable 2. Clinical Process of Care Measures Included in Assessment of 
Hospital Surgical Quality 

Clinical 
process of 

care measure 

Description 

SCIP-CARD-2 Surgery patients who were taking heart drugs called beta blockers before 
coming to the hospital, who were kept on the beta blockers during the period 
just before and after their surgery 

SCIP-Inf-1a Surgery patients who were given an antibiotic at the right time (within one hour 
before surgery) to help prevent infection 

SCIP-Inf-2a Surgery patients who were given the right kind of antibiotic to help prevent 
infection 

SCIP-Inf-3a Surgery patients whose preventive antibiotics were stopped at the right time 
(within 24 hours after surgery) 

SCIP-Inf-4 Heart surgery patients whose blood sugar (blood glucose) is kept under good 
control in the days right after surgery 

SCIP-Inf-9 Surgery patients whose urinary catheters were removed on the first or second 
day after surgery 

SCIP-Inf-10 Patients having surgery who were actively warmed in the operating room or 
whose body temperature was near normal by the end of surgery 

SCIP-VTE-2 Patients who got treatment at the right time (within 24 hours before or after 
their surgery) to help prevent blood clots after certain types of surgery 
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eTable 3. Cross-Validation Analysis  
Data were split into derivation and validation cohorts. Tertiles were defined 
based on risk-standardized adverse event rates computed in derivation 
cohort, and adjusted adverse event rates were computed separately for 
derivation and validation cohorts. 
 Mean adjusted adverse event rate 

% (SEa) 
Absolute 
difference 

(SEa) 
T3-T1 

Relative 
difference 

(SEa) 
(T3-T1)/T1 

 T1 (best) T2 T3 (worst)   
Mortality 
Derivation cohort 0.434 

(0.0029) 
0.465 

(0.0014) 
0.495 

(0.0029) 
0.061 

(0.004)b 
14.01 
(0.87) 

Validation cohort 0.430 
(0.0029) 

0.461 
(0.0016) 

0.491 
(0.0028) 

0.060 
(0.004)b 

14.01 
(0.90) 

Complications 
Derivation cohort 9.72 

(0.08) 
10.37 
(0.02) 

10.90 
(0.07) 

1.18 
(0.11)b 

12.18 
(1.16) 

Validation cohort 9.68 
(0.08) 

10.34 
(0.02) 

10.86 
(0.08) 

1.18 
(0.12)b 

12.18 
(1.43) 

PLOS 
Derivation cohort 16.90 

(0.023) 
17.17 

(0.017) 
17.54 

(0.031) 
0.64 

(0.04)b 
3.80 

(0.26) 
Validation cohort 16.88 

(0.023) 
17.15 

(0.019) 
17.52 

(0.031) 
0.64 

(0.04)b 
3.81 

(0.23) 
FTR 
Derivation cohort 1.38 

(0.01) 
1.45 

(0.00) 
1.53 

(0.01) 
0.15 

(0.01)b 
10.83 
(1.02) 

Validation cohort 1.35 
(0.01) 

1.42 
(0.00) 

1.50 
(0.01) 

0.15 
(0.01)b 

10.83 
(0.94) 

a Standard errors computed via bootstrapping with 100 resamples. 
b Difference between tertiles, p < 0.01. 
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eTable 4. Independent Hierarchical Generalized Linear Models (HGLMs) for 
Each of the Four Adverse Events for the Overall Study Population (N = 
230,769)ab  
  Beta-coefficient (SE)c 
  Death Complications  PLOS FTR 
Intercept  -1.89 (0.59) -1.57 (0.34) -0.57 (0.16) -1.13 (0.30) 
Year 2008 -0.01 (0.06) 0.11 (0.02) -0.01 (0.02) -0.26 (0.11) 

2009 -0.10 (0.06) 0.05 (0.02) -0.09 (0.02) -0.38 (0.11) 
2010 -0.07 (0.05) 0.00 (0.02) -0.09 (0.02) -0.02 (0.10) 
2011 ref ref ref ref 

State Florida  0.33 (0.04) -0.15 (0.03) -0.38 (0.10) 
New York  ref ref ref 

Age 18-29 -1.60 (0.14) -0.73 (0.04) -1.03 (0.03) -1.05 (0.28) 
30-39 -1.86 (0.13) -0.71 (0.04) -0.88 (0.03) -2.09 (0.34) 
40-49 -1.57 (0.09) -0.59 (0.03) -0.68 (0.03) -1.35 (0.19) 
50-59 -1.14 (0.07) -0.45 (0.03) -0.55 (0.02) -1.11 (0.15) 
60-69 -0.83 (0.05) -0.35 (0.02) -0.48 (0.02) -0.93 (0.12) 
70-79 -0.46 (0.04) -0.23 (0.02) -0.32 (0.02) -0.62 (0.11) 
80+ ref ref ref ref 

Sex Female -0.34 (0.03) -0.33 (0.01 -0.24 (0.01) -0.18 (0.08) 
Male ref ref ref ref 

Race Black 0.06 (0.05) 0.04 (0.02) 0.22 (0.02)  
Other -0.02 (0.07) -0.03 (0.03) 0.01 (0.02)  
White ref ref ref  

Payer Commercial -0.46 (0.10) 0.05 (0.04) -0.10 (0.03) -0.73 (0.23) 
Medicaid -0.06 (0.12) 0.23 (0.04) 0.30 (0.03) -0.44 (0.28) 
Medicare -0.12 (0.10) 0.20 (0.04) 0.15 (0.03) -0.47 (0.23) 
Other -0.10 (0.14) 0.10 (0.05) 0.16 (0.04) -0.13 (0.31) 
Self ref ref ref ref 

Elixhauser 
index 

0 -1.66 (0.09) -1.51 (0.02) -1.63 (0.02) -0.54 (0.16) 
1 -1.10 (0.06) -1.08 (0.02) -1.12 (0.02) -0.53 (0.13) 
2 -0.65 (0.05) -0.78 (0.02) -0.74 (0.02) -0.28 (0.10) 
3+ ref ref ref ref 

Setting Investor-
owned 0.05 (0.08) -0.06 (0.04)   

Not-for-profit 
rural -0.26 (0.18) -0.13 (0.08)   

Not-for-profit 
urban ref ref   

Bedsized Large 0.29 (0.16) 0.27 (0.07) 0.04 (0.06)  
Medium 0.03 (0.16) 0.17 (0.07) -0.06 (0.06)  
Small ref ref ref  

Surgical 
quality score 

No data -0.04 (0.11) -0.20 (0.05) 0.06 (0.04)  
1 (worst) 0.05 (0.10) -0.05 (0.05) 0.10 (0.04)  
2 0.00 (0.08) -0.01 (0.04) 0.05 (0.04)  
3 0.02 (0.09) -0.04 (0.04) 0.08 (0.04)  
4 -0.02 (0.08) -0.16 (0.04) 0.03 (0.03)  
5 (best) ref ref ref  

Emergent 
admission 

No -0.51 (0.04) -0.24 (0.02) -0.35 (0.02)  
Yes ref ref ref  

Day of 
admission 

No 0.52 (0.04) 0.53 (0.02) 1.35 (0.01)  
Yes ref ref ref  
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Surgeon sex F  0.03 (0.05) -0.01 (0.04)  
M  ref ref  

Surgeon age 30-39 -0.85 (0.46) 0.11 (0.28)   
 40-49 -0.78 (0.45) 0.11 (0.27)   

50-59 -0.70 (0.45) 0.14 (0.27)   
60-69 ref ref   

Year of 
training 
completion 

1980-1989 -0.81 (0.33) 0.11 (0.19) 0.23 (0.15)  
1990-1999 -0.57 (0.31) 0.18 (0.17) 0.29 (0.14)  
2000-2009 -0.46 (0.30 0.24 (0.17) 0.33 (0.14)  
2010-2019 ref ref ref  

Surgeon 
volumee 

1 (low) 0.51 (0.10) 0.44 (0.05) 0.28 (0.05)  
2 0.18 (0.07) 0.18 (0.04) 0.10 (0.04)  
3 (high) ref ref ref  

Additional 
specialty 

No -0.04 (0.07) -0.07 (0.04)   
Yes ref ref   

C-statistic 0.902 0.830 0.787 0.741 
Proportion of variance 
explained by the model 9.05% 22.23% 19.86% 8.94% 
a Coefficients for procedure variable not shown 
b Covariates were included in each model if significantly associated with the outcome variable using Pearson’s chi-square tests 
(p<0.10) 
c The odds ratio associated with each covariate can be obtained by exponentiating the corresponding beta coefficient. A 
coefficient greater than 0 indicates that the covariate is associated with a higher adverse event rate compared to the reference 
level, whereas a coefficient less than 0 indicates a lower rate. 
d Hospital bedsize was defined as small [0-99 beds], medium [100-299 beds], or large [300+ beds]) 
e Surgeon volume was defined by the number of operations performed during the study period: low[1-114], medium [115-326], or 
high [347-2,234]  
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eTable 5. Sample Characteristics by Residency Program Tertile for the 10-
Year Cohortab 
Death T1 (best) T2 T3 (worst) 
Patients (n=23,656) (n=27,121) (n=27,798) 
Medicaid or uninsuredc 16.69 16.10 15.56 
Elixhauser score, 3+c 27.76 26.89 28.11 
Emergent Admissionc 35.52 42.27 35.50 
Surgeons (n=95) (n=105) (n=119) 
Female 14.62 11.12 18.00 
Volume, Mean (SD) 300.4 (288.0) 301.4 (240.7) 261.6 (242.2) 
Subspecialty listed 20.00 20.00 18.49 
Residency Programs (n=12) (n=12) (n=12) 
Observed adverse event rate  1.1 1.9 2.7 
Risk-standardized adverse event rate, mean (SD) 1.65 (0.04) 1.77 (0.03) 1.86 (0.06) 
Complication(s) T1 (best) T2 T3 (worst) 
Patients (n=22,948) (n=29,616) (n=26,011) 
Medicaid or uninsuredc 14.99 17.48 15.46 
Elixhauser score, 3+c 28.60 25.69 28.85 
Emergent Admissionc 38.40 39.87 35.05 
Surgeons (n=93) (n=114) (n=112) 
Female 10.96 13.31 19.30 
Volume, Mean (SD) 302.5 (277.9) 296.4 (242.9) 262.4 (250.9) 
Subspecialty listed 19.35 22.81 16.07 
Residency Programs (n=12) (n=12) (n=12) 
Observed adverse event rate  13.5 15.3 17.5 
Risk-standardized adverse event rate, mean (SD) 14.23 (0.19) 14.69 (0.10) 15.15 (0.21) 
Prolonged length of stay T1 (best) T2 T3 (worst) 
Patients (n=28,214) (n=22,342) (n=28,019) 
Medicaid or uninsuredc 15.30 14.90 17.82 
Elixhauser score, 3+c 29.40 28.32 25.16 
Emergent Admissionc 39.65 36.45 37.14 
Surgeons (n=101) (n=97) (n=121) 
Female 9.76 19.44 15.63 
Volume, Mean (SD) 334.5 (290.7) 268.8 (241.9) 260.0 (231.8) 
Subspecialty listed 18.81 15.46 23.14 
Residency Programs (n=12) (n=12) (n=12) 
Observed adverse event rate  19.6 20.6 25.0 
Risk-standardized adverse event rate, mean (SD) 20.09 (0.50) 20.90 (0.21) 21.77 (0.62) 
Failure-to-rescue T1 (best) T2 T3 (worst) 
Patients (n=23,169) (n=31,640) (n=23,766) 
Medicaid or uninsuredc 15.55 16.18 16.47 
Elixhauser score, 3+c 27.80 25.31 30.40 
Emergent Admissionc 36.13 40.55 35.92 
Surgeons (n=88) (n=122) (n=109) 
Female 15.93 12.89 15.49 
Volume, Mean (SD) 302.4 (249.5) 306.7 (273.8) 250.4 (238.9) 
Subspecialty listed 18.18 19.67 20.18 
Residency Programs (n=12) (n=12) (n=12) 
Observed adverse event rate  3.1 7.2 11.0 
Risk-standardized adverse event rate, mean (SD) 5.56 (0.36) 6.46 (0.11) 7.26 (0.39) 
a Data are presented as percentages unless otherwise specified 
b Models were developed separately for each outcome measure 
c Differ by tertile, p < 0.01 
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eTable 6. Mean Adjusted Adverse Event Rates by Residency Program 
Tertile for the 10-Year Cohorta 
 Mean adjusted adverse event rate 

% (SEb) 
Absolute 
difference 

(SEb) 
T3-T1 

Relative 
difference 

(SEb) 
(T3-T1)/T1 

 T1 (best) T2 T3 (worst)   
All procedures  
Death 0.36 

(0.002) 
0.39 

(0.002) 
0.42 

(0.004) 
0.05 

(0.005)c 
14.43 
(1.25) 

Complication(s) 9.15 
(0.05) 

9.56 
(0.03) 

9.98 
(0.06) 

0.83 
(0.07)c  

9.07 
(0.99) 

PLOS 15.89 
(0.14) 

16.73 
(0.05) 

17.70 
(0.19) 

1.80 
(0.28)c 

11.34 
(1.58) 

FTR 2.22 
(0.04) 

2.60 
(0.02) 

2.96 
(0.05) 

0.74 
(0.07)c 

33.33 
(3.115) 

Emergent appendectomy  
Death 0.064 

(0.0005) 
0.069 

(0.0004) 
0.074 

(0.0007) 
0.01 

(0.001)c 
14.48 
(1.29) 

Complication(s) 2.88 
(0.02) 

3.02 
(0.01) 

3.16 
(0.02) 

0.28 
(0.03)c 

9.76 
(0.92) 

PLOS 10.51 
(0.09) 

11.10 
(0.04) 

11.79 
(0.14) 

1.28 
(0.17)c 

12.16 
(1.74) 

FTR 1.23 
(0.02) 

1.44 
(0.01) 

1.64 
(0.03) 

0.42 
(0.04)c 

33.78 
(3.27) 

Elective pancreatectomy  
Death 1.63 

(0.01) 
1.76 

(0.01) 
1.86 

(0.02) 
0.23 

(0.02)c 
14.22 
(1.42) 

Complication(s) 26.13 
(0.11) 

27.07 
(0.06) 

28.02 
(0.12) 

1.90 
(0.18)c 

7.25 
(0.77) 

PLOS 13.23 
(0.12) 

13.94 
(0.05) 

14.78 
(0.16) 

1.55 
(0.21)c 

11.74 
(1.54) 

FTR 3.79 
(0.08) 

4.43 
(0.03) 

5.02 
(0.08) 

1.24 
(0.11)c 

32.62 
(2.94) 

a Models were developed separately for each outcome measure 
b Standard errors computed via bootstrapping with 100 resamples 
c Difference between tertiles, p < 0.01 
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eTable 7. Mean Adjusted Adverse Event Rates by Residency Program 
Tertile for the 5-Year Cohortab 

 Mean adjusted adverse event rate 
% (SEc) 

Absolute 
difference 

(SEc) 
T3-T1 

Relative 
difference 

(SEc) 
(T3-T1)/T1 

 T1 (best) T2 T3 (worst)   
All procedures  
Death 0.020 

(0.001) 
0.024 

(0.000) 
0.029 

(0.001) 
0.0088 

(0.0016) 
44.43 

(10.04) 
Complication(s) 8.27 

(0.07) 
8.74 

(0.09) 
9.46 

(0.22) 
1.18 

(0.23) 
14.27 
(2.88) 

PLOS 16.44 
(0.10) 

16.84 
(0.04) 

17.75 
(0.34) 

1.31 
(0.38) 

7.96 
(2.12) 

Emergent appendectomy  
Death 0.046 

(0.003) 
0.057 

(0.0011) 
0.067 

(0.003) 
0.021 

(0.004) 
44.41 

(11.54) 
Complication(s) 2.59 

(0.02) 
2.75 

(0.03) 
2.99 

(0.08) 
0.40 

(0.08) 
15.31 
(3.06) 

PLOS 10.59 
(0.07) 

10.87 
(0.03) 

11.50 
(0.25) 

0.91 
(0.25) 

8.58 
(2.44) 

Elective pancreatectomy  
Death 2.22 

(0.13) 
2.70 

(0.05) 
3.17 

(0.11) 
0.95 

(0.21) 
43.06 

(10.88) 
Complication(s) 26.17 

(0.17) 
27.35 
(0.24) 

29.08 
(0.58) 

2.91 
(0.61) 

11.14 
(2.33) 

PLOS 12.57 
(0.08) 

12.90 
(0.04) 

13.63 
(0.28) 

1.05 
(0.28) 

8.36 
(2.26) 

a Models were developed separately for each outcome measure. 
b Models of failure-to-rescue could not be estimated in this cohort due to the low number of patients. 
c Standard errors computed via bootstrapping with 100 resamples. 
d Difference between tertiles, p < 0.01. 
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Appendix. Statistical Appendix 
Hierarchical generalized linear models 

Let 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 be the outcome of the 𝑖𝑖𝑡𝑡ℎ patient treated by the 𝑗𝑗𝑡𝑡ℎ surgeon trained at the 𝑘𝑘𝑡𝑡ℎ residency 
program. Then the hierarchical generalized linear model (HGLM) for 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 is 

logit�Pr�𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 = 1�� =  𝛾𝛾0 + 𝑣𝑣𝑖𝑖 +  𝛼𝛼 ∗ 𝑍𝑍𝑖𝑖𝑖𝑖 + 𝑢𝑢𝑖𝑖𝑖𝑖 +  𝛽𝛽 ∗ 𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖  
where 𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖 and 𝑍𝑍𝑖𝑖𝑖𝑖 are vectors of patient and surgeon characteristics, respectively; 𝑢𝑢𝑖𝑖𝑖𝑖~𝑁𝑁(0,𝜎𝜎2) and 
𝑣𝑣𝑖𝑖~𝑁𝑁(0, 𝜏𝜏2) are random effects at the surgeon and residency program levels; and {𝛾𝛾0,𝛼𝛼,𝛽𝛽} are fixed effect 
parameters to be fit. For analytic purposes, categorical patient and surgeon variables were treated as sets of 
binary characteristics representing each level.  For example, the portion of 𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖 representing race for a 
black patient contained the elements �𝑤𝑤ℎ𝑖𝑖𝑖𝑖𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖 , 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑘𝑘𝑖𝑖𝑖𝑖𝑖𝑖 , 𝑜𝑜𝑖𝑖ℎ𝑒𝑒𝑟𝑟𝑖𝑖𝑖𝑖𝑖𝑖� = {0,1,0}.  We estimated one such 
HGLM for each adverse event studied.  Models were estimated using PROC GLIMMIX in SAS software 
version 9.4.   

Maximum likelihood estimation with Laplace approximation was used to estimate models due to 
the large volume of data and number of random effects. A symmetric covariance structure, referred to as 
“variance components,” was used for both 𝑢𝑢𝑖𝑖𝑖𝑖 and 𝑣𝑣𝑖𝑖.  Because the random effects consisted of intercepts 
only, each covariance matrix had a single variance component. 

 
Risk-standardized adverse event rates 

The results of the HGLM for each adverse event were used to compute a corresponding risk-
standardized adverse event rate (RSAER) for each residency program.  The RSAER is somewhat analogous 
to the observed-to-expected ratio in simple regression.  First, the predicted and expected outcomes were 
computed for each patient.  The predicted outcome 

𝑃𝑃𝑖𝑖𝑖𝑖𝑖𝑖 = logit−1(𝛾𝛾�0 + 𝑢𝑢�𝑖𝑖𝑖𝑖 + 𝑣𝑣�𝑖𝑖 + �̂�𝛽 ∗ 𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖 +  𝛼𝛼� ∗ 𝑍𝑍𝑖𝑖𝑖𝑖) 
is the model prediction for patient 𝑖𝑖𝑗𝑗𝑘𝑘, taking into account the patient’s characteristics as well as the 
predicted effects of the surgeon who operated on the patient and the training program this surgeon actually 
attended.  The expected outcome 

𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖 = logit−1(𝛾𝛾�0 + 𝑢𝑢�𝑖𝑖𝑖𝑖 +  �̂�𝛽 ∗ 𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛼𝛼� ∗ 𝑍𝑍𝑖𝑖𝑖𝑖) 
is the model prediction for a patient with the same patient characteristics and surgeon as patient 𝑖𝑖𝑗𝑗𝑘𝑘 if that 
surgeon had attended the average residency program rather than program 𝑘𝑘. In other words, the predicted 
outcome includes any predicted effect of the surgeon’s training program, whereas the expected outcome 
included patient and physician factors but not residency effects. 
 The RSAER for program 𝑘𝑘 is then 

𝑅𝑅𝑖𝑖 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 ∗
∑𝑃𝑃𝑖𝑖𝑖𝑖𝑖𝑖
∑𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖

 

where the mean is taken over all patients in the study cohort and the sums are taken over all patients treated 
by surgeons trained at the 𝑘𝑘𝑡𝑡ℎ program.  
 
Adjusted adverse event rates 

The results of each HGLM were also used to estimate an adjusted adverse event rate (AAER) for 
each residency program.  The AAER for program 𝑘𝑘 represents the predicted outcome of the average patient 
treated by the average surgeon if that average surgeon had attended program 𝑘𝑘.  The average patient 
characteristics 𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖 were computed as the means across all patients, and the average surgeon characteristics 
𝑍𝑍𝑖𝑖𝑖𝑖 were computed as the means across all surgeons.  Categorical variables were averaged as a set of binary 
variables for each level.  For example, if 80% of patients were white, 15% were black, and 5% were other 
races, then the average race characteristics in 𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖 would be 
�𝑤𝑤ℎ𝑖𝑖𝑖𝑖𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖 , 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑘𝑘𝑖𝑖𝑖𝑖𝑖𝑖 , 𝑜𝑜𝑖𝑖ℎ𝑒𝑒𝑟𝑟𝑖𝑖𝑖𝑖𝑖𝑖� = {0.80, 0.15, 0.05}.  Note that, in generating the AAERs, these mean 
characteristics were held constant across all programs.  The AAER for program 𝑘𝑘 was computed as 

𝑃𝑃𝑟𝑟𝑜𝑜𝑏𝑏𝑖𝑖 = logit−1(𝛾𝛾�0 + 𝑣𝑣�𝑖𝑖 + �̂�𝛽 ∗ 𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛼𝛼� ∗ 𝑍𝑍𝑖𝑖𝑖𝑖𝑖𝑖). 
RSAERs and AAERs may appear similar but in fact measure two different aspects of the data.  A residency 
program’s RSAER represents the estimated impact of attending that program on its actual graduates 
treating their actual patients.  Its AAER, on the other hand, represents a program’s predicted impact on the 
hypothetical average patient, regardless of how similar or different the average is to the patients actually 
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treated by the program’s alumni. In particular, the effects of the individual surgeons who graduated from a 
particular program are taken into account when computing the program’s RSAER but not its AAER. 
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