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The mission of the Strategic Data Project is to transform the 
use of data in education to improve student achievement.  

In pursuit of this mission we conduct “diagnostic” analyses 
with each of our partners.  One set of these analyses 
is focused on human capital management and teacher 
effectiveness.  We explore questions in five stages of 
teachers’ careers:  recruitment, placement, development, 
evaluation, and retention.  We call this group of analyses the 
Human Capital Diagnostic. 

We designed the Human Capital Diagnostic analyses to 
help leaders better understand key questions about their 
teaching workforce.  For example:  in which schools and with 
which students are the most effective teachers placed?  How 
long do the most effective teachers remain in the schools or 
district they started in?  Are teachers with advanced degrees 
any more effective than teachers without them?  We believe 
that clearly understanding the answers to these kinds of 
questions is a prerequisite to developing focused strategies 
for improvement.

In the first two paragraphs of this brief, we have used the 
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word “effective” five times.  But how do we define teacher 
“effectiveness”?  For the purposes of the Human Capital 
Diagnostic, we define teacher effectiveness as success in 
improving student achievement in core academic subjects.   
Value-added models, which estimate the effect individual 
teachers have on student learning, provide the best widely 
available measure of effectiveness consistent with this 
definition.  We refer to an estimate of a teacher’s performance 
based on these measures as a teacher effect.

This brief explains how and why SDP uses value-added 
measures for our diagnostic work.  We also explain how 
value-added measures relate to other measures of teacher 
effectiveness and the limitations of value-added measures.  
This is not a technical document; a detailed description of our 
model is available at http://www.gse.harvard.edu/~pfpie/pdf/
CMS_Technical_Appendix_Teacher_Effects.pdf.  Rather, this 
document is intended for leaders and decision-makers who 
might use the Strategic Data Project’s diagnostic analyses 
to inform policy and management changes in their school 
districts and state education agencies.  

Human Capital Diagnostic pathway: Five Stages in a teacher’s career

recruit Place Develop evaluate retain/turnover

•	Does teacher 
effectiveness vary 
by certification 
pathway (traditional 
vs. alternative)? 

•	Where do agencies 
recruit their most 
effective teachers? 

•	Where are highly 
effective teachers 
placed (which 
schools and with 
which students)? 

•	Does teacher 
effectiveness vary 
across type of 
school (grades, 
poverty level, 
geography)?

•	Are teachers with 
advanced degrees 
more effective? 

•	Do teachers 
become more 
effective as they 
gain experience?

•	How predictive 
is novice teacher 
effectiveness of 
future teacher 
effectiveness? 

•	Are more effective 
teachers retained 
at higher rates 
than less effective 
teachers? 

•	Are there patterns 
in the movement 
to different 
jobs (into/out of 
teaching jobs; to/
from higher needs 
schools, etc.)?
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What are Value-Added Measures of Teacher 
Effectiveness? 

Value-added measures are conceptually straightforward: they 
aim to determine how much of a student’s academic progress 
from one year to the next is attributable to his or her teacher, as 
opposed to factors outside of the teacher’s control.  The process 
by which we accomplish this task includes four steps.

•	 First, we look at the prior year performance of a student 
on a relevant assessment.  To date, we have used state 
assessment results due to the quality and availability 
of the data.  However, any assessment administered to 
a large number of students prior to entry in a teacher’s 
classroom can be used as a baseline measure of 
performance.    

•	We then collect data on other student characteristics, such 
as eligibility for free or reduced price lunch (an indicator of 
economic disadvantage), and on the prior performance and 
other characteristics of their classroom and school peers.  

•	 Third, using a statistical model, we use the prior 
performance, the current year performance, student 
characteristics, and classroom and school-wide factors for 
all students in the system to determine the performance 
that a typical student with similar characteristics would be 
expected to have on the end-of-year assessment.   

•	 Finally, we compare the student’s actual performance 
to the model’s prediction for a typical student with these 
characteristics.    We repeat this process for each student 
assigned to a given teacher and average the results of 
these comparisons to generate a value-added score, or 
teacher effect, for that teacher.  If a teacher’s students 
consistently outperform the model’s predictions, this 
teacher  is assigned a higher value-added score.  If the 
teacher’s students underperform relative to the prediction, 
the teacher is assigned a lower value-added score (see 
figure below).  

The statistical models used to generate value-added 
measures are complex, but the principles driving the model 
are clear.  The model aims to separate out the effect the 
teacher has on his or her students’ learning from factors 
teachers have no control over such as student poverty, 
English-learner status, and the prior academic performance 
of classroom peers.  Value-added technicians often refer to 
these variables as “control variables” in that they “control” or 
account for the factors outside of a teacher’s influence and 
help isolate the component of a student’s performance gains 
that can be attributed to the teacher. 
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How does Value-Added work? 

Previous performance, student 
characteristics, and school-wide factors 
are used to predict growth at the end of 
the next school year for a given student.  
Then, the difference between the student’s 
actual growth and predicted growth 
is taken.  The average of this difference 
across students is the  value-added or 
effect of the teacher.

calculating value-added

1 Look at the prior performance of a student on an 
assessment.  

2
Collect data on student characteristics and school-
wide factors outside of the teacher’s control, such as a 
student’s eligibility for free or reduced price lunch.

3
Using a statistical model, use the previous 
performance, student characteristics, and school-wide 
factors to model how well a typical student with these 
characteristics does on the assessment at the end of 
the next school year.   

4
Compare actual student performance to the model’s 
prediction.  Generate a value-added measure, or 
teacher effect estimate, by comparing the predicted 
scores to the actual scores.   
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The complexity of the value-added model means it is not fully 
transparent to those without strong statistical backgrounds.  
While this may limit their usefulness for some audiences, we 
believe value-added measures are helpful to leaders who are 
focused on significantly improving teacher effectiveness.  

Why Do We Use Value-Added Measures?  

With no pun intended, we think they add value.  

Straight proficiency measures (the primary yardstick for No 
Child Left Behind) are poor measures of teacher (or school) 
effectiveness.  Schools (or teachers) with students who come 
from advantaged backgrounds or who enroll students who 
are already high achieving are likely to do well on tests and 
achieve high proficiency levels.  Conversely, schools enrolling 
students who are significantly behind their peers will likely 
perform less well.  But the teachers of these students might 
be helping them improve mightily—adding great value, in 
other words—while the teachers of high-performing students 
might bask in the glow of impressive proficiency rates…but 
not really help their students learn very much.  

Unlike proficiency rates, value-added models attempt to 
account for where students start.  Therefore, teachers whose 
students start far below proficiency might still have high 
value-added scores even if their students still end up with 
fairly low proficiency rates.  Teachers should be credited 
for how far students travel under their guidance, not the 
achievement level students already have when they enter the 
teacher’s classroom.  Value-added models attempt to create 
a fairer comparison between teachers than simple level or 
proficiency models.

A second reason we use value-added measures is simply 
the absence of widely used alternative measures of teacher 
effectiveness that bear a relationship to improvement in 
student outcomes.  The most commonly rewarded indicators 
of teacher quality—years of experience and advanced 
degrees—account for little of the variation in teachers’ 
performance in improving student achievement.1  Until very 
recently, the binary teacher evaluation systems used in 
the vast majority of school districts did a very poor job of 
differentiating teachers at all—with up to 99 percent of 
teachers rated as “satisfactory”.2  

Instead of using weak proxies for teacher effectiveness 
that capture little of the variation or bear no relationship to 
teacher effectiveness, value-added measures aim to link 
teacher effectiveness directly to student learning.3  As other 
measures of teacher practice that relate to student outcomes 

are developed, they will provide useful additional views into 
teacher effectiveness.  

Importantly, the data needed to construct value-added 
measures for large numbers of teachers are readily available.  
After ten years of No Child Left Behind, there is a terrific 
amount of untapped data about student achievement in the 
form of state assessment results.  Because districts and 
states already capture these data, analyzing them generates 
no additional data collection costs but can generate great 
insight.

To be clear, we do not assert that state assessment scores are 
fully representative of a student’s learning over the course of 
the year—the quality of state tests varies widely and even the 
best tests do not comprehensively assess all that we want our 
students to know.  Nonetheless, they are the measures for 
which schools are held accountable and substantial evidence 
indicates that they are strongly predictive of educational 
attainment and labor-market success.  Indeed, a recent study 
from the National Bureau of Economic Research confirms 
that assignment to a high value-added teacher is related to 
increased earnings as an adult.4

It is often noted that the value-added measures assigned to 
individual teachers vary from year to year.  For example, in 
many models only about a third of teachers ranked in the top 
quartile of teachers in one year appear in the top quartile the 
next year.  These annual fluctuations reflect a combination 
of measurement error and actual variation in teachers’ 
performances over time.  But, as a recent Brookings Institution 
publication points out, it is helpful to look at other sectors in 
which other, frequently imperfect, performance measures 
are used to inform important decisions.  For instance, the 
correlation between SAT scores and college freshmen GPAs 
is 0.35.  By comparison, the correlation of value-added from 
one year to the next lies between 0.30 and 0.40. Yet colleges 
and universities use SAT scores as a major component of 
their admission criteria.  Similarly, the correlation between 
seasons for professional baseball players’ batting averages 
is 0.36; but most general managers would not ignore players’ 
batting averages when building a roster.5 

Is value-added a complete measure for teacher effectiveness?  
Far from it.  Is it available and does it add new information 
beyond what existing measures provide?  Yes—and we should 
extract any useful information we can out of it.  
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How do we use value-added measures?

We use value-added measures as a way to invite deeper 
inquiry:  what leads to a district’s success in retaining high 
value-added teachers?  What hiring and placement practices 
cause low-income students to have a higher probability of 
having low value-added teachers than other students?

We do not use value-added measures to evaluate individual 
teachers.  In fact, we do not provide our partners with any 
“rankings” for individual teachers.  We instead examine 
and share average findings for groups of teachers, often by 
dividing teachers into quartiles of effectiveness, but we never 
report any specific teachers in these quartiles.  

Where fitting, we employ “pooled estimates” of value-added, 
meaning that we use data from multiple years for a teacher 
and average their estimated value-added in each year.  For 
teachers who have been in a district or agency for more than 
one year, these pooled estimates greatly reduce the influence 
of random measurement error.

Value-added measures can be reported in a few different 
ways.  We often convey them in percentiles.  For instance, a 
teacher in the 50th percentile is a teacher that produces gains 
greater than 50 percent of the other teachers evaluated at the 
same time.  A teacher in the 90th percentile produces gains 
greater than 90 percent of the other teachers evaluated at the 
same time. 

Importantly, value-added measures are relative.  That is, we 
are comparing teachers to the average in their own district or 
agency, not to an external norm or benchmark.  This means 
that a teacher who is in the top quartile in one district, such 
as District A below, may not be in the top quartile in another 
district, such as District B.  Why is this?  For one, districts 
may have different levels of average effectiveness in their 
teaching force.  Second, different districts may use different 
tests that measure slightly different skills.

How can value-added measures for groups of 
teachers be used?

Our mission is to educate and inform agency leaders about 
patterns and trends of teacher effectiveness to inform 
system-level management and policy decisions that improve 
teacher effectiveness throughout an entire agency, not to 
evaluate individual teachers.  Incorporating value-added 
measures into our work has yielded a number of important 
insights.

For example, one trend we have found is that teachers in 
some of our partner districts who are hired late are less 
effective, on average, than their peers who are hired during 
the regular recruiting season.  With this knowledge, school 
leaders could establish policy and practices to hire teachers 
earlier to avoid appointing less effective latecomers.  
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what does it mean for Value-Added 
measures to be relative? 

Value-added measures are relative because 
teachers are compared to the average in 
their own district or agency.  The blue curve 
represents the distribution of value-added in 
District A.  The orange curve represents the 
distribution for District B.  Notice how the 
average value-added score in both District A 
and District B is 0.  However, these averages 
are different because they lie on different 
points of the test score axis.   A teacher in 
the top quartile of one district may not be in 
the top quartile of another district.
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We have also found that novice teachers are, on average, 
less effective than teachers with several years of experience, 
and they are often disproportionately assigned to lower 
performing students both across schools and within schools.  
Many district leaders know that there are greater number of 
novice teachers in lower performing schools: indeed, these 
schools are often called “hard-to-staff schools.”  But data in 
five SDP partner districts confirm that novice teachers are 
disproportionately assigned to lower performing students 
within schools.   If a district is focused on narrowing 
achievement gaps and accelerating the learning of lower 
performing students, how might they adjust this teacher 
placement pattern to support that goal more clearly?  

These are just two examples of how education agencies 
can use value-added based analyses to inform broad policy 
decisions across an agency.  

What are some limitations of value-added measures 
of teacher effectiveness? 

Of course, there are clear limitations to value-added 
measures, and we take these into consideration when 
designing and interpreting the results of our analyses.     

Perhaps most obviously, standardized tests are an imperfect 
measure of student achievement.  The tests do not nearly 
capture everything we value in what a student learns or 
what a teacher teaches.  Also, using different tests can 
change teacher effects estimates for individual teachers, 
and, in some cases, the results from aggregate analyses 
based on them.  At the same time, research suggests that 
other important measures of teacher effectiveness and 
practice are related to value-added scores (e.g. scores from 
teacher observations, student perceptions of the classroom 
environment6

The statistical model for value-added rests on some 
assumptions which are too pristine for the real world. For 
example, the model assumes only a teacher within a tested 
subject is responsible for all gains in that subject (i.e. science 
teachers do not influence student performance in math).  
While we would not want to create incentives that cause a 
science teacher to miss a teaching opportunity that is about 
a math concept, current value-added models, which attribute 
growth to specific teachers, are not designed to address 
this.  Work is being done, however, to accommodate multiple 
teachers impacting student gains, so long as shared teaching 
occurs within a single tested subject and this phenomenon 
can be quantified.

Using VALUE-ADDED MEASURES of teacher 
effectiveness in practice

Dr. Lewis, the superintendent of Brookfield Public 
Schools, wants to know more about the effectiveness 
of the teachers at two schools:  Elm Elementary or 
Oak Elementary.  First, she looks at teacher evaluation 
scores.  In both schools, 97 percent of teachers received 
“satisfactory” scores.  She then compared the schools’ 
proficiency ratings on the state test.  Elm met its target 
for Adequate Yearly Progress (AYP) with 70 percent of 
students scoring proficient in reading and math.  Oak did 
not meet AYP, with only 45 percent of students scoring 
proficient in both subjects.  

Dr. Lewis knew neither the teacher evaluation scores nor 
the proficiency scores told the whole story. She decided 
to turn to a value-added measure of teacher effects for 
a better understanding of the distribution of teacher 
effectiveness in each school.  Dr. Lewis discovered that, 
compared to other teachers in the district, 75 percent 
of teachers at Oak were in the top quartile of value-
added scores – indicating that Oak Elementary has many 
highly effective teachers, even though the school did not 
make AYP because its students may have started out 
further behind.   Conversely, only 25 percent of teachers 
at Elm were in the top quartile of value-added scores, 
suggesting that although many students met proficiency, 
many teachers at Elm may not have contributed to high 
student achievement growth.  

Seeing this variation caused Dr. Lewis to look into what 
might have generated the differences.  How did the 
principals in the two different schools select teachers?  
What teaching practices were very prevalent at Oak that 
were not easily found at Elm?  Was there any specific 
professional development underway at Oak?  

Without seeing the differences in the value-added of 
the teachers in the two different schools, Dr. Lewis may 
not have known to dig deeper in the hiring, training, and 
retention practices at Oak.  

Should her goal be to equalize the number of high value-
added teachers at each school?  Raise the “floor,” helping 
all teachers become more effective?  Train principals 
to become more adept at recruiting and retaining more 
highly effective teachers?  These are questions she 
would have to pursue with her staff, considering the 
repercussions of each move – and digging deeper in the 
data to develop a powerful strategy for change.
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Dynamic student grouping in which students are frequently 
regrouped with peers and new teachers also is problematic 
for value-added measures because the statistical models 
used to generate them require that we associate a group 
of students with a specific teacher for an entire year.  Since 
we also account for the effect of a student’s peers on 
the individual student, we must determine which students 
are grouped together for which classes.  When students 
(or teachers) move around to address specific learning 
objectives, this movement is not captured.  

Not all value-added models of teacher effectiveness are 
created in the same way.  Consequently, they do not produce 
the exact same results.  Careful decisions need to be made 
about which control variables to include and which teachers, 
students, and classes go into the sample.  The answers 
to those questions can sometimes change teacher effect 
estimates.  

Finally, measures of teacher value-added may be inaccurate 
due to information about students that is unaccounted for.  
For instance, if a classroom’s performance on the state test 
was adversely affected by the noise at a nearby construction 
site, lower test scores would be attributed to the teacher, even 
though the teacher had no control over the noisy interruptions 
(these classroom level shocks do, however, get averaged 
out with additional years of data).  Additionally, there might 
be critical missing information about individual students: 
a student may receive outside tutoring thus improving her 
outcomes above what the teacher contributed to, or a student 
may be tired on exam day, lowering his score in spite of very 
effective teaching.  With a low enough score, this student 
could pull down the value-added measure for that teacher.  
Though all student scores are averaged for a teacher, it is 
conceivable that some individual instances could influence a 
teacher’s value-added measure.

In some cases even data that is usually recorded may be 
missing.  For example, we omit students from the sample who 
do not have a prior test score.  These students may be more 
likely to be transfer students or students who received test 
exemptions due to special needs.  If we systematically omit 
students with slower expected growth trajectories because 
they lack prior test scores, we may distort a teacher’s value-
added by not counting those students’ growth in the teacher 
effect estimate.  For these reasons, our diagnostic analyses 
focus on aggregates rather than individual teachers.

We believe that these caveats should inform the proper use 
of value-added measures and that value-added measures 
should be used with other, complementary measures of 

teaching effectiveness, such as observations and student 
feedback, when possible.  Nevertheless, they do not undermine 
the case for using value-added measures strategically for 
developing policies to improve the level and distribution of 
teacher effectiveness.  

A final word:  How might district leaders think about 
value-added measures of teacher effectiveness?

Value-added measures are not a panacea for improving 
teacher quality or student achievement growth.  However, we 
believe that value-added measures of teacher effectiveness 
are a useful measure of teacher performance.  They offer 
a great deal more information about the distribution of 
teacher quality across an agency than most current teacher 
evaluation systems or achievement test proficiency rates, 
and they have the potential to shape policies that improve 
student achievement.  Value-added can be a controversial 
subject. But it is also important to realize that districts stand 
to benefit from incorporating the best information they have 
available about their teachers, including value-added.  When 
used appropriately, value-added measures can produce 
diagnostic analyses that have the potential to shape policies 
that serve students in the best way possible: by giving them 
access to more highly effective teachers.
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Transforming the use of data in education to improve 
student achievement.  

Housed at the Center for Education Policy Research at 
Harvard University, the Strategic Data Project partners with 
school districts, school networks, and state agencies in order 
to improve student achievement by transforming data use in 
education.  We believe that with the right people, the right 
data, and the right analysis, we can significantly improve the 
quality of strategic policy and management decisions.  

Conducting rigorous “diagnostic” analysis on teacher 
effectiveness is a key strategy in our theory of action.   
Research consistently shows that among all factors controlled 
by school systems, a teacher’s effectiveness matters the most 
for student learning.  Education agencies can leverage the 
diagnostic analyses to improve student outcomes.
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