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Why?

• Determine how much students benefit from their 
schools, and how much schools differ from each 
other

• Improve on earlier work – model the movement 
of students across schools, with grades nested 
within schools
– Old model used trends within grades over time, in a 

cross-sectional analysis
• Resist emphasis on one-time snapshots of 

student performance or simple test score trends



Value Added Analysis of the 
Chicago Public Schools

• Analysis is performed with the 
acknowledgement that outcomes besides test 
scores should be examined when making 
determinations about student performance.  

• If test scores are used in these analyses, one 
must use models that are defensible.



Value Added Analysis of the 
Chicago Public Schools

• Measure impact of schools on student learning 
gains at level of grade-within-school.  

• No link of individual teachers to students, but 
this is possible in the near future.  At that point, 
we will move to a teacher-level analysis.  

• Use ITBS results in Chicago from 1995 to 2001 
for grades 2 through 8.  

• Developmental metric is necessary to do value-
added analysis, so Rasch analysis was used to 
equate levels and forms of ITBS.  



Data Summary

77Grades
77Years of data

515515Schools
3,2643,265School-grades

389,083388,127Students
1,266,7301,263,035Observations

MathReading



Organization of School-entry Cohorts from 
Seven Waves of Annual Test Scores
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Model Description
• Three-level hierarchical cross-classified model.  
• Repeated measures, cross-classified by students and 

schools.  
• Combine two simpler models: 

– Two-level model for student growth in achievement over time
– Three-level model for the value each school and school-grade 

adds to student learning over time. 
– Include separate effects on initial value added and improvement 

in value added for each grade in each school as deflections from
an overall school effect.

– Include school-level selection effect
– Assume effects of school and school-grade are cumulative, so, 

for example, the effect of a student’s school in first grade 
remains with the student in second grade and beyond. 

• This is a strong hypothesis, but it did not affect results in earlier 
work.



• Figure 1.  Selection Model
• π0i = initial status of student i
• π1i = annual growth rate given “average” schools  i.e. v1i = v2i = v3i = 

0 
• So π0i, π1i are governed by selection, not value added.
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Figure 2.  Value Added Model:  An Example of a Fortunate Student

v3i
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v1i

ŷ0i =π0i
ŷli = π0i + πli + vli
ŷ2i = π0i + 2πli + vli + v2i
ŷ3i = π0i + 3πli + vli + v2i+ v3i
Gain from year t -1 to t = πli + υ
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Figure 3.  Value Added Model:  An Example of an Unfortunate Student
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Random Effects
• Two per student – initial status and growth rate
• Two per grade-within-school – base value added 

and value added trend
• Three per school – base value added, value 

added trend, initial status/selection effect



Notation

• v0k=Base value added for school k
• v1k=Value added trend for school k
• wg0k=Addition to base value added for 

grade g in school k
• wg1k=Addition to value added trend for 

grade g in school k



Value Added Calculation
• Example with students in Cohort 7 (data in grades 2 to 8):

8
7
6
5
4
3
2
Grade

v6i=
v5i=
v4i=
v3i=
v2i=
v1i=
0
vti

v0k+5v1k+
v0k+4v1k+
v0k+3v1k+
v0k+2v1k+
v0k+v1k+
v0k+
0
School

Contribution to Value added

w80k+5w80k2001
w70k+4w70k2000
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w50k+2w51k1998
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w30k1996
01995
Grade-Within-SchoolYear



1.0000.0850.363Selection

0.0851.000-0.345Trend

0.363-0.3451.000Base

SelectionTrendBase

School Effects
• Correlation of school-level effects:

School-grade Effects
• Correlation of grade-within-school base value added and 

value added trend: -0.43
• These effects are not highly correlated across grades –

base value added correlation ranges from -0.37 to 0.16; 
value added trend from -0.30 to 0.10



School Profiles

• In the following graphs, the effects shown are 
added to the school’s average value added to 
yield the total effect of that grade in that school 
per year

• Variability in school effects exists as well, but is 
not shown

• Grade-within-school contribution to average value 
added = 

( )
gains ofNumber 

year in  added  valueon tocontributi school-within-Grade*year in  gains ofNumber ∑
7

2=i
ii







Results
• Results are similar to earlier work, but some 

important differences exist.  
– Current model uses all available data; earlier models 

were limited to students with consecutive test scores.  
– In previous years, the computational time required to 

perform analyses at any level smaller than the school 
made such work impossible.  

– Earlier models did not include assumptions about the 
form of the trend in learning gains

• We can now include such assumptions and estimate the 
relevant growth parameters, or use a functionally simpler (but 
more computationally intensive) model with no assumption 
about the form of the growth.



Results
• Different results than NCLB-based measures of 

student proficiency relative to the state learning 
standards.  

• When examining output, we are most interested 
in two values for each school – the average 
value added per year, and the trend in value 
added (one possible measure of school 
improvement).

• Average value added (school level) = 

( )
gains ofNumber 

year in  added Value School*year in  gains ofNumber ∑
7

2=i
ii



Results
• Some schools look good on one measure, but not the 

other:

• Our results allow us to place schools in three groups: 
– those that a school has out-performed
– those to which the school’s performance is comparable
– those to which the school is inferior.

• The sensitivity of these results to the amount of data 
present is a focus of ongoing work.  

526550High Trend

595357Moderate 
Trend

565158Low Trend

High AverageModerate AverageLow Average









Comparison with Earlier Models





Impact of Adding a Level to the Model 
on Schools’ Average Value Added

Percentile

0.0570.0510.0500.0480.0473-Level SD
0.0260.0220.0170.0140.0142-Level SD

0.0790.0580.035-0.001-0.0243-Level 
Mean

0.1610.1310.0930.0560.0202-Level 
Mean

9075502510

• Smaller range of effects, and less precision, in 3-
level results







Comparison with Raw Gains















Comparison with NCLB Outcomes



Status Compared With Gains
• Percentage proficient is highly correlated with 

average gain at the school-grade level

Correlation

0.840.920.882001 Reading
0.830.880.871999 Math
0.830.820.872000 Math
0.790.880.872001 Math

0.790.860.872000 Reading
0.800.900.871999 Reading
Grade 8Grade 5Grade 3Year/Subject















Preliminary Conclusions
• Results similar to earlier work
• Different from NCLB results

– Relationship different in each grade
• Our model can distinguish the top from the 

bottom, but “average” schools are most of the 
population

• Less variability at the school level than earlier 
models (due to variability between grades within 
a school)


