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EXECUTIVE SUMMARY
KEY EDUCATION INDICATORS FOR NAEP:
A COMPOSITE INDICATORS APPROACH
This report recommends that the National Assessment of Educational Progress (NAEP)
develop ten to 15 composite Key Education Indicators (KEIs) that would be regularly
reported along with student achievement results. Such indicators would greatly enrich
NAEP reporting by adding information on the complex factors that influence student
achievement. They also would show how prevalent these conditions are in the various
groups and states on which the assessment reports.
Because of their complexity, useful measures of important background conditions
frequently require composites that are theoretically and empirically valid, rather than the
individual contextual variables on which NAEP now reports. A KEI is best described as a
weighted average of several different contextual variables. Preparing such indicators for
a range of important topics would extend the idea of a composite for socio-economic
status (SES), which has been proposed by an expert panel. The panel said an SES
composite would be a much-improved alternative to using data on the percent of
students qualifying for free or reduced-priced lunch as NAEP's prime indicator of
poverty.
The National Assessment of Educational Progress is the only regularly and predictably
administered cross-sectional data set where background information can be directly
related to student achievement. It is the only data set where information is regularly
gathered from students, teachers and principals in the same schools. These
characteristics provide the opportunity for asking questions to help us better understand
the reasons for the differences and changes in student achievement. The questions
might also provide data to increase our understanding of the status and changes in the
quality of school experiences and of the pre-school experiences that prepare young
children for kindergarten.
At present NAEP’s reporting of contextual variables is limited and appears ad hoc.
While there are over 1,400 variables on the NAEP Data Explorer, over 1,000 of them
were not administered in the most recent assessments. The only regular reporting is by
racial/ethnic categories and eligibility for school-lunch. Almost all of the other
background data collected are never formally analyzed nor reported in NAEP
publications. Even though the structure of the Data Explorer is sensible, it does not
establish priorities. Moreover, unlike the two major international surveys of TIMSS and
PISA, each variable is presented only in isolation with no connections made among
those addressing similar conditions. The lists in the Data Explorer are confusing and
there is no clear rationale for the many changes in the variables collected.
Key education indicators are proposed as theoretically and empirically derived statistics
that regularly measure important conditions likely to influence academic achievement.
While there are many potential configurations for KEIs, we suggest that a coherent set of
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indicators should be clustered in two categories, one focusing on the school, the other
on the student.
The school quality component would have five basic school characteristic variables-location, size, type, socio-economic class composition of the student body and racial
composition, and six composite KEIs--teacher quality, teacher professionalism, school
climate, quality of implementation of standards and curriculum, effective use of
technology, and the use by the school of systematic improvement strategies (Exhibit ES1).
Exhibit ES-1. Illustrative key education indicators (KEI) for school quality
Composite Indicators

Evidence-Based Indicator
Components (illustrative)

1. Teacher quality

• Student view of quality, teacher degree in
field, experience, dispositions & mindset

2. Teacher professionalism

• Seek help to improve, support other
teachers, seek growth year after year,
enjoy work, engaged in professional
networks

3. School climate for learning

• Student absenteeism (not excessive),
school safety, teacher expectations for
students, teacher support for each other,
principal trusted, mindset

4. Quality of implementation of
standards and curriculum

• Student-centered, aligned rigorous
content, teach for understanding, adjust
for student learning differences

5. School effectively uses technology to
teach

• Access at school and home, use at
school and home, effectiveness in
technology adding learning value

6. Continuous improvement throughout

• Teachers use formative assessment,
professional development focused on
improving classroom and administrative
processes

The student component represents the individual characteristics of the students. Along
with the basic characteristics of sex, race, age, and handicapping conditions, the student
KEIs seek to capture the fundamental characteristics of student learning inside and
outside the school through six broad indicators--socio-economic status, home/ and
neighborhood educational climate, preschool experiences, student engagement with
learning, after-school learning opportunities, and non-cognitive contributors to academic
achievement (such as self-control and persistence). (Exhibit ES-2).
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Exhibit ES-2. Illustrative key education indicators (KEIs) for students
Composite Indicators
Evidence-Based Indicator
Components (illustrative)

1. Socio-economic status

• Composite indicator as recommended
by NCES expert panel

2. Home and neighborhood educational
climate

• Family support, place to study, parents
talk with but not at the child, friends
respect educational accomplishment

3. Preschool experiences

• Number of years in formal preschool,
parent literacy activities with child,
parent numeracy activities with child,
parent sets boundaries

4. Student engagement with learning

• Student effort, hard work more
important than luck, likes and goes to
school, believes is learning a lot

5. After-school learning opportunities

• Formal after-school programs; informal
after-school programs, parents take
child to zoos, museums, etc.

6. Non-cognitive contributors to
academic achievement

• Self-control
• Persistence (grit or determination)

Illustrative KEI Composite Indicators
The paper illustrates in some detail the development of composite indicators in five of
the above areas. Illustrative indicators are presented for three school KEIs—school
climate, teacher quality, and education technology; and two student KEIs— socioeconomic status (SES) and student engagement. The illustrations were chosen in part
based on the capabilities of the NAEP Data Explorer.
Each illustrative indicator is based on theoretical and empirical research that supports its
importance for student achievement. The SES KEI reflects the recommendation of the
NAEP expert panel for a composite indicator. Development of the other four illustrative
KEIs began with identifying an explicit framework of underlying causal variables. From
this framework, the NAEP Data Explorer was examined to identify measured proxy
variables. For the technology KEI, we concluded that existing NAEP data are insufficient
to develop even an illustrative indicator. Instead, we suggest possible variables that
could be developed into an indicator. For three of the other KEIs, only the most current
data are utilized; for one proposed KEI trends over time are also presented.
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As an example of indicator development, this report measures school climate as a threevariable KEI consisting of student attendance, school misbehavior, and teacher
expectations. However, limitations of the NAEP Data Explorer prevent disaggregating
results of the three-variable composite by student and school characteristics. Therefore,
a two-variable composite indicator is presented to permit disaggregation. Exhibit ES-3
illustrates the results for grade 8 math of a composite indicator consisting of a twovariable combination of days absent and teacher expectations. The two-variable KEI
was constructed because the Data Explorer can display a table of two composite
variables along with student or school characteristics. The three-variable composite is at
the Data Explorer maximum and the results cannot be disaggregated by school or
Exhibit ES-3. Composite index for average NAEP scores &
percentages for math, grade 8, by race/ethnicity showing very
positive and very negative teacher expectations for students and 0-2
days absent prior month, 2003

student characteristics.
Exhibit ES-3 displays both the most positive and most negative two-variable combination
for a school-climate indicator based on principal reports of teacher expectations for their
students and student days absent during the prior month. The table shows NAEP scores
and percentages cross-walked with student race/ethnicity.
The very-positive school climate two-variable combination consists of students with 0-2
days absent in the past month in schools with principals responding that their teachers
mostly hold very positive expectations for student achievement. The year 2003 is used
because that is the most recent year in which these background variables were
collected.
•
•

Nationally, 48 percent of grade 8 students were in this highly favorable school
climate situation.
By race/ethnicity, Whites and Asians were about 50 percent more likely to be in
this highly favorable school climate than Blacks, Hispanics or American Indians.
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The highly negative combination consists of students absent three or more days in the
prior month and enrolled in schools with principals rating teachers as having only
somewhat positive or negative expectations for students.
•
•

Nationally, 9 percent of students were in a very unfavorable school climate
situation.
While only 8 percent of White and 4 percent of Asian-American students had
both 3 or more days absent and were in schools with the least favorable teacher
expectations, about 50 percent more Black (13%), Hispanic (13%), and American
Indian (15%) students were attending schools with the most undesirable school
climate.

Over time we hope that having higher percentages of minority students in the more
favorable category would help to close achievement gaps.
The three-variable school climate composite indicator measures school climate as the
combination of student attendance, school misbehavior, and teacher expectations. It
identified 39 percent of all 2003 grade 8 students in a highly favorable school climate.
This was a school where a student was absent 0-2 days, with no more than minor
discipline problems and a grade-8 math teacher with very positive expectations for
student achievement. Unfortunately, these contextual variables where not collected
more recently than 2003 so we cannot examine changes in this indicator over time.
The report also illustrates the development of four other KEIs
•

A teacher quality composite KEI with the NAEP variables of: (1) teachers’
knowledge of academic content, (2) teachers’ mindset or disposition, and (3)
teacher experience

•

A technology composite KEI as a combination of: (1) student and school access
to computers, (2) computer use at school and home for instructional and learning
purposes, and (3) effectiveness based on the belief of teachers and students that
the technology adds value to learning beyond the impact of teachers and the
student's peers. As a different approach to developing KEIs, each sub-indicator
will be constructed of three or four questions (variables).

•

A student engagement composite KEI for reading consisting of three variables:
reading is a favorite activity, pages read in school and for homework, and student
learns a lot when reading books.

•

A socio-economic status (SES) KEI would be based on the NCES Expert Panel
recommendations to construct an SES composite around three factors: family
income and possessions, educational attainment of parents, and parental
occupational status.

Recommendations to the National Assessment Governing Board
This report discusses the importance of adopting a consistent set of priority contextual
variables for regular NAEP data collection and reporting. Many of these variables should
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be components of Key Education Indicators, providing important composite data on
factors affecting student achievement. Composite indicators are widely used in other
fields, in education by international assessments, and by NAEP to develop achievement
scales. They should now be applied to the NAEP contextual variables.
The report makes the following specific recommendations:
1. Convene expert panels to develop frameworks for composite Key Education
Indicators in several areas to be selected by the Governing Board. Each framework
with accompanying specifications would provide the blueprint for preparing
questions and methods of analysis and weighting. The process would be
analogous to long-standing arrangements for preparing subject-matter frameworks
and test item specifications for NAEP cognitive assessments. However, since each
indicator framework would be more limited, the time and expense needed should be
much less.
a. One of the KEIs should be an SES indicator based on the recommendations of
the expert panel that reported to NCES. This indicator should be a composite of
at least three factors--family income and possessions, parental educational
attainment, and parental occupational status.
b. Other indicators may be based on the illustrations in this report, as shown in the
school and student groups in Exhibits ES-1 and ES-2. Consideration could be
given to KEIs for specific assessment subjects and possibly for specific grades.
Development should start with a few areas of greatest value and interest.
c. Each KEI should be validated by research and theory. Before use in reports,
each indicator must be tested in field studies along with the individual variables
of which it is comprised.

2.

Identify questions previously used that could support developing trends over time for
KEIs.
a. Consider re-using questions from old assessments, even if dropped more
recently, to generate trends for variables likely to have a high priority in
developing the KEIs. Examples include the questions on student, teacher,
and principal perceptions incorporated in our illustrative KEIs that were last
given in 2003. Repeating these questions would provide new information
about trends that might help determine how best to create KEIs and
effectively measure changes over time.
b. Report results for currently administered NAEP contextual variables with
trends of ten years or more. These trend analyses will provide useful
information on school, teacher and student changes over at least a decade
while offering a better understanding of important trend areas for indicator
development.

3.

Consider other actions to support KEI development.
a. Conduct psychometric studies on building composite indicators. Conduct
exploratory analyses to determine preferred strategies for computing indicator
weights.
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b. Examine possibilities for coordinating or linking with data from other federal data
collections. An example is the SES indicator panel’s recommendation to link
NAEP measures with U.S. Census collections.
4. Build a repository of articles and publications that use NAEP variables and
indicators, which would be readily available to scholars and the public. A possible
model for this repository is the NCES Early Childhood Longitudinal Study Data
Products and Publications (2013).
5. Improve the NAEP Data Explorer to allow users to focus readily on the most useful
and timely variables and dramatically reduce the number of variables routinely
shown in searches.
a. Recent, useful variables should be placed in a prominent file; old, redundant, or
useless variables in a secondary file.
b. Enable the user to choose to see only those contextual variables available for
selected years of interest.

Addendum on Long-Term Trend NAEP
Long-term trend NAEP provides important national mathematics and reading results at
ages 9, 13 and 17 dating back to 1970. Although an in-depth examination of contextual
variables and possible KEIs for the long-term NAEP assessment was beyond the scope
of this review, we believe that the underlying rationale for developing KEIs is equally
applicable to the long-term trend NAEP. Unfortunately, about half the contextual
variables in long-term trend were eliminated in 2008 and 2012 without a clear rationale.
Some of these should be restored to report on trends in important factors affecting
academic achievement.
It is recommended that the Governing Board consider the following:
1. Have the expert panels developing KEI frameworks and specifications for main
NAEP also make recommendations for KEIs in the areas under consideration
using contextual variables in the long-term trend assessments.
2. Restore useful questions that were eliminated in the 2008 and 2012
administrations of long-term NAEP by adding them to the next administration.
.
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Introduction
The National Assessment of Educational Progress (NAEP) measures and
reports on student achievement in U.S. elementary and secondary
schools. In mathematics and reading representative samples of students
are tested every two years in grades 4 and 8 at the national, state and
urban district levels and in grade 12 at the national level only. Every four
years science is added. Other content areas--including writing, U.S.
history, and civics-- are assessed on a non-regular basis, usually at least
twice in each decade. Student performance data are analyzed and
reported on and then posted on the NCES website. Full details are made
available in a web-based product, the NAEP Data Explorer, which can also
support re-analysis.
In each administration of NAEP, contextual information is collected from
students, teachers and school principals to enrich the reporting of
academic achievement. The contextual information spans a wide variety
of student, teacher and school attributes. It is gathered through separate
and independent multiple-choice questions. The questions for students
are expected to fit into a 10 to 15 minute block of time. The questionnaire
for teachers is expected to take no more than 20 minutes to complete, and
for principals (or their designee) up to 30 minutes.
The contextual questions cover a wide range of topics, but apart from a
core group used to categorize students (by age, ethnicity, gender, etc.),
they often have been asked in only one or two collections, which removes
the opportunity to track responses over time. On its face there seems to be
little logic to the many changes that have been made. Indeed, since main
NAEP began in 1990 there have been over 1,400 contextual questions
asked in the administrations of mathematics and reading. The great
majority are no longer used. When NAEP presents its results few
contextual variables are included in the widely disseminated public release.
The only exception is school-lunch eligibility as a measure of poverty
status but this has become increasingly flawed.
Moreover, the independence of the questions makes it difficult in the
analyses to measure moderately to highly complex concepts that are
theoretically and empirically related to the quality of education and that
might be used to help explain levels, trends and differences among
schools, districts and states in NAEP achievement data. An important
example of such a concept is SES (socio-economic status). Last year an
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expert panel, convened by the National Center for Education Statistics
(NCES), proposed that a composite indicator of SES be prepared for
analytic work and reporting. The panel said the SES indicator should
combine the results of a set of independent variables gathered from
students and principals. It should be based on theory and on empirical
information from other sources. The panel said this single, powerful
composite indicator of SES should be part of every administration of
NAEP.
In this report we propose that NAGB extend the idea of indicators beyond
SES to create about 10 to 15 broadly defined composite key education
indicators (KEIs). Each KEI would be comprised of a set of independent
variables that would combine to form the composite. Selection of individual
variables that comprise a KEI would be determined by use of theoretical
and empirical knowledge gained from other reliable sources outside the
National Assessment. The SES indicator would be one of the KEIs.
Questions for various KEIs would be included in every administration of
NAEP but topics should be rotated across different years to allow for many
different topics to be covered. Also, within the time allotted, contextual
questionnaires should continue to collect other important information, such
as student effort on the assessment. The indicators would be used for the
analyses carried out when NAEP results are released and should also be
included in the NAEP Data Explorer for re-analyses.
The idea of indicators has been around for a long time. The Office of
Management and Budget was creating and using them in the 1970s.1 The
National Science Foundation (NSF) is now working on indicators for STEM
education and the National Research Council (2012) is creating indicators
for a wide variety of sectors, including education. Those who create
indicators for NAEP should take advantage of these efforts.
The recommendations in this report are not an effort to increase the data
collection burden on students, teachers and principals. They also are not
designed to replace or ignore the wide variety of other education data
collected by the federal government. NCES, in particular, has a very useful
set of publications every year that describe the status and trends of
education in the United States.
1

In the 1970’s, Marshall Smith, a co-author of this report, commented on the OMB indicators for
education while representing the then Office of Education.
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The purpose here is to provide a set of theoretically constructed and
organized key indicators of educational quality and equality in the United
States. Unlike other available data, these indicators would be directly
linked with the academic achievement of students at two or three grade
levels and two or three content areas. Because they are composites they
will likely be more reliable and valid than individual variables. Because
they are theoretically and empirically derived they would provide
knowledge and insight that might be generalized to other
settings. Because they span several grades they promise to show
changes in cohorts over time. Because they will include data from
students, teachers, and principals in the same schools they would provide
a much richer picture of the character of educational experiences in U.S.
schools than can other data in which the linkages among actors are not
available.
For all of these reasons, we believe that the composite indicators would
substantially improve the quality and usefulness of the National
Assessment. Over time we would expect the KEIs themselves to become
ever more useful as our understanding of their validity improves and
changes are made.
The report has six sections.
• Section I discusses the current contextual variables, their organizing
structure and the lack of focus on a consistent set of variables within
the structure.
• Section II explains how to move from the current contextual variables
to composite indicators.
• Section III makes a short argument for indicators and then provides,
as an example, a suggested structure that would contain eleven
KEIs.
• Section IV presents four examples of school quality KEIs.
• Section V presents two examples of student KEIs.
• Section VI concludes the report with recommendations.

I. Current Contextual Variables
The NAEP Data Explorer provides access to all of the contextual variables
that have been administered by NAEP over the past twenty years. The 8th
13

grade math assessment has a list of 1441 contextual variables. The vast
majority of these were not administered in either of the past two
assessments. Moreover there is only a small set of variables, most
associated with the major student reporting categories, which have been
given for each administration since 1990.
The result is a complex pattern with the underlying rationale not always
apparent. Among the over 1,400 questions NAEP has asked, over 1,000
were no longer present in the most recent 2013 administration. If there is a
systematic strategy for the pattern of questions included, NAGB should
make it transparent so users of the Data Explorer may know what to
expect and can plan their studies.
While the process for selecting contextual variables lacks clarity, the
current structure for organizing them in the NAEP Data Explorer generally
makes sense to us. (See Exhibit I-1). We recommend that a set of
important contextual variables be carefully selected within each of the
categories of the current structure in a systematic, evidence-based, and
transparent way to be included in every NAEP administration. Others
should be selected for use in every other administration. These
Exhibit I-1. Current NAEP Data Explorer structure for
contextual variables

• Major Reporting Groups
- Student factors
- School Factors
- Community Factors
• Student Factors
• Instructional Content and Practice
• Teacher Factors
• School Factors
• Community Factors
• Factors Beyond School
• Government Factors
predictable variables would be in addition to the KEIs. Although some new
variables might be de developed it would be most desirable if some
currently asked variables are deemed important enough for continued
regular use.
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We note that there are some contextual variables given in the past that
might be repeated or be part of the standard set of contextual variables in
one of the areas of the structure. For example, a contextual variable in
2002 had principals comment on the perceptions of teachers in their school
about student ability. This turns out to be highly useful in developing a
school climate KEI.
Overall with respect to the contextual variables, we have five suggestions:
1. Develop a transparent and evidence-based approach to using the
contextual variables in the National Assessment.
2. Make sure past variables that measure important characteristics of
schooling are carefully considered for use in new administrations.
3. Provide users of the Data Explorer with the option of selecting from a
list of contextual variables from the current administration only, a list
from past administrations, and a combined list. This would reduce
the burden of having to search for variables that are currently used.
4. Pay careful attention to variables that may be altered by
circumstances. The recent changes in the regulations for the
allocation of free and reduced price lunch to all students in schoolwide Title I schools reduces the accuracy of this measure as a proxy
for school SES. Attention should be paid to this.
5. Leave room in the contextual questionnaires for the components of
between 10 and 15 key education indicators and the individual
variables that comprise these composite indicators.

II. From Variables to Key Education Indicators
(KEI)
What is a Key Education Indicator?
In the context of NAEP, Key Education Indicators (KEIs) are statistics that
regularly measure important conditions of the education system and of
students that are likely to influence academic achievement over time. A
Key Education Indicator (KEI) for this report typically will consist of a
composite set of variables that are theoretically and empirically related to
each other For example, family income, educational attainment and
occupational status are parts of a SES indicator. The contextual variables
comprising KEIs should be asked regularly in NAEP assessments and may
be viewed as part of a balanced scorecard approach that includes data on
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the fairness and quality of education for all students as a complement to
NAEP's primary role as an assessment of academic achievement.

Why do we propose KEIs for NAEP?
Although we believe KEIs would add greatly to the usefulness and impact
of NAEP, several arguments have been made against this approach.
The first is that no more data is needed to describe the condition of
education in the United States. After all, NCES releases an annual report
named the “Condition of Education” with hundreds of data elements and a
companion data digest with even more data. Moreover, the National
Science Foundation is creating a set of STEM indicators and the NRC is
developing a select few indicators as part of a larger project that covers
many sectors of American society.
A second argument is that long-term NAEP has successfully existed for 45
years and the main NAEP has been administered for over 20 years,
without indicators or other composite variables; there is no need for
change.
It is certainly true that data is collected yearly and in longitudinal surveys
on hundreds of aspects of American education. However, NAEP is
different from other surveys in three important respects: (1) it links
contextual variables to student achievement on a regular basis, giving us
important information on how to interpret the levels and gains in
achievement results. (2) NAEP gives correlated information about context
from students, teachers and principals in the same schools, a
characteristic that does not occur elsewhere on a regular basis. (3) NAEP
provides comparable, representative-sample data on a regular basis not
only for the nation, but also for states and many large urban school
districts.
Although the use of composite indicators by NAEP would be a change
from past practice, this change has already begun and may play a crucial
role in sustaining NAEP's leading position in educational testing. NCES is
working on implementation of the expert study group proposal for an SES
indicator. The major international assessment programs, PISA and TIMMS,
make use of composite indicators. And indictors would add to the
relevance and visibility of NAEP at a time when its role of providing
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comparative data on student achievement is being challenged by the
development of Common Core state exams.
This report proposes that NAEP develop a set of theoretically and
empirically designed 10 to 15 key indicators, which would be regularly
constructed and available for all analyses of NAEP achievement data. A
coherent set of well constructed indicators collected regularly would give us
a better understanding of the condition of education in classrooms and
schools at the national, state and many local levels and for a wide range of
different school environments. The predictability and reliability of the KEIs
over time would provide a far stronger platform than we currently have to
understand the levels of quality and inequality in our schools and
classrooms.
The KEIs would be designed to measure contextual components that are
critical to the success of schools and students. The starting point for
developing KEIs is an underlying theoretical picture of the core educational
factors that affect student learning at home and school. This school-home
focus is consistent with the NAEP survey of students, teachers and
principals. Thus, detailed descriptions of important education policy issues
around state standards, assessments and governance are outside the
scope of the NAEP survey and must come from other sources. However,
school-level responses to these policies, such as teacher understandings
of t Common Core standards or the inclusion of technology into
classrooms are a reasonable part of NAEP data collections.
Exhibit II-1 describes a conceptual way to think about home and school
factors in the form of a series of nested factors illustrated by concentric
circles. The outer ring is learning that takes place in the home or after
school. The remaining rings refer to various school-level factors. These
include resources, the climate for learning, and classroom-level factors,
such as technology and assessment use and changes in instruction and
curriculum. The proposed NAEP composite indicators (KEIs) reflect this
framework.
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Exhibit II-1. Core Home and School Factors Affecting NAEP Student
Outcomes

Composite Indicators
A KEI is a composite indicator that combines the results of variables (subindicators) that represent different aspects of a complex education
phenomenon. Each KEI measures performance on a specific school or
student condition critical for NAEP student achievement. Ordinarily these
critical conditions are best described in terms of several different
underlying variables -- thus a key education indicator will typically be
framed as a composite of multiple variables.
A composite-indicators approach has strengths and weakness as outlined
in Exhibit II-2. In our opinion, and in the opinion of the expert SES panel,
the strengths are compelling. Further, it is proposed that the underlying
components of any composite indicator be made public at the same time
as the indicator itself to provide an understanding of the elements that
comprise it.
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Exhibit II-2. Strengths and Weaknesses of Composite Indicators

Strengths
• Summarizes complex conditions that
are theoretically and empirically related
to student achievement.
• Makes explicit relationships among
different survey questions
• Enables a top-level view of a small but
very important set of complex
constructs.
• Provides a composite measure that
facilitates understanding &
communication about levels and equity
of performance on important aspects of
education contexts.

Weaknesses
• The selection of indicator weights can
be arbitrary and lead to varying results.
• Some say may lead to overly simplistic
policy conclusions.
• Focusing on the aggregate may miss
serious problems in some dimensions
of indicator

Numerous examples of current or proposed composite indices illustrate
their use to capture a complex construct. Examples of composite indices
outside of education are:
• The Standard and Poor’s and Dow Jones stock indexes of large U.S.
corporations.
• The United Nations Human Development Index (HDI) combining
indicators of life expectancy, educational attainment and income into
an index between zero and one.
• The Annie Casey Kids Count state rankings index of child well-being
consisting broadly of four domains: (1) economic well-being, (2)
education, (3) health and (4) family and community.
Moreover, the NAEP achievement scales for mathematics, reading, and
other subjects are themselves an example of a composite index. For
example, the NAEP mathematics achievement scale averages the results
of 5 sub-scales for numbers, measurement, geometry, data analysis and
probability and algebra with weights that vary by grade level. NAEP
disaggregated scores for individual mathematics topics are available.
Also, the 2012 TIMSS international assessment has created composite
scales from variables describing important educational contexts that affect
student achievement. TIMSS indicators for students include early
numeracy activities before primary school, home resources, and whether
students like learning mathematics. The indicators for schools include
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resource availability by subject, safe and orderly environments, and
teacher career satisfaction.
The TIMSS approach in creating composite scales is to employ an IRT
scaling procedure to develop numeric scales that represent a weighted
response to individual items. Exhibit II-3 displays the items in the early
numeracy activity scale comprised of parent responses to six questions
about activities in the home before primary school. The responses to these
Exhibit II-3. TIMSS creates a composite scale from items about early
numeracy activities before beginning primary school

six items are pooled through an IRT statistical procedure to yield a scale
with a mean across all countries of 10 and a standard deviation of 2. Cutpoints were established on the scale to create three categories of doing
early numeracy activities often, sometimes, and never or almost never.
This report is limited by the capability of the NAEP Data Explorer, which
does not generate IRT scales.
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III. A proposal for a Key Education Indicator
Framework
This proposal is meant to be indicative rather than final. The underlying
framework for developing the KEIs, shown by the nested rings in Exhibit II1, leads to a suggested set of KEIs that are composites of variables on
important education conditions affecting student achievement. The
suggested KEI Framework has two groups of theoretically and evidencebased indicators. One group focuses on the school, the other on the
student.
The school quality component would have five basic school characteristic
variables (place, size, type, social-class composition and racial
composition) and six key composite indicators (teacher quality, teacher
professionalism, school climate, quality of implementation of standards and
curriculum, quality of effective use of technology, and the use by the school
of systematic continuous improvement strategies). All of these indicators
are firmly based on evidence of their importance for academic
achievement (Exhibit III-1).
Exhibit III-1. Illustrative key education indicators (KEIs) for school quality
Composite Indicators
Evidence-Based Indicator Components
(illustrative)
7. Teacher quality
• Student view of quality, teacher degree in
field, experience, dispositions & mindset
• Seeks help to improve, supports other
8. Teacher professionalism
teachers, seeks growth year after year,
enjoys work, engaged in professional
networks

9. School climate for learning

10. Quality of implementation of the
standards and the curriculum
11. School effectively uses technology to
teach
12. Continuous improvement throughout

• Excessive student absenteeism, school
safety, teacher expectations for students,
teachers support each other, principal trusted,
mindset
• Student centered, aligned rigorous content,
teach for understanding, adjust for student
learning differences
• Access at school and home, use at school
and home, effectiveness in technology adding
learning value
• Teachers use formative assessment,
professional development focused on
improving classroom and admin processes

The student component would endeavor to capture the fundamental
characteristics of student learning outside the school and student
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perceptions about learning as it affects their experience in school. The
component would have four basic student characteristic variables
(race/ethnicity, gender, ELL status, and disability status) and five
composite key indicators (SES, home and neighborhood educational
climate, preschool experiences, student engaged with learning, and afterschool educational opportunities). Each of the key indicators is based on
extensive evidence and theory about its importance in the learning
opportunities for students (Exhibit III-2).

Exhibit III-2. Illustrative key education indicators (KEI’s) for students
Composite Indicators
Evidence-Based Indicator Components
(illustrative)
• Composite indicator as recommended by
7. Socio-economic status
NCES expert panel
• Family support, place to study, parents talk
8. Home/neighborhood educational
with but not at the child, friends respect
climate
educational accomplishment
•
Number of years formal preschool, parent
9. Preschool experiences
literacy activities with child, parent
numeracy activities with child, parent sets
boundaries
• Student effort, hard work more important
10. Student engaged with learning
than luck, likes and goes to school,
believes learning a lot
• Formal after school programs; informal
11. After-school learning opportunities
after school programs, parents take child
to zoos, museums, etc.

These two components and their indicators are only one way of thinking
about how to construct the KEI. There are dozens of other reasonable
approaches. We tried to adhere to a number of conditions: evidence
based, theory based, parsimony, clarity, interest in indicators that would be
valid over a reasonably long time period, and indicators that had variance
and that measured constructs that could be improved. We would expect
that the variables that were part of the indicators would also be available
for analysts to look at separately as well as a variety of other variables
selected by NAGB committees.
Our general recommendation here is that NAGB organize a small
committee to settle on the structure of the KEIs and then create three or
four other committees to construct the indicators that are proposed by the
structure committee. This is similar to the approach proposed by the SES
expert panel.
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IV. School Quality: Examples of Key Education
Indicators
Introduction
The following examples were developed for three of the six Key Education
Indicators proposed on school quality: school climate for learning, teacher
quality, and using technology effectively for teaching. Data for 2013 are
available in the NAEP Data Explorer for the teacher quality KEI, but 2003
is the most recent year with data available on school climate.
Unfortunately, there is insufficient useful data to develop a KEI for
technology but we suggest the variables needed and a methodology to
construct it.
Each example KEI consists of three sub-indicators, the maximum
allowable in Data Explorer tables. For the teacher quality and school
climate KEIs, the sub-indicators are described and data reported by
race/ethnicity and the percentage of students qualifying for subsidized
school lunch, an indicator of poverty. Then two and three-variable
composite indicators are developed. The two-variable composite is also
illustrated by student race/ethnicity and the percentage of a school’s
students on school lunch. The limits of the Data Explorer preclude such
breakouts for the three-variable composite.

1. School Climate for Learning KEI
A white paper on The School Climate Challenge, jointly prepared by the
Center for Social and Emotional Education and the Education Commission
of the States, defines a positive school climate as a “safe and supportive
school environment in which students have positive social relationships
and are respected, engaged and feel competent.” Perhaps the largest
regular report on school climate is New York City’s School Environment
Report (2013). It assesses school climate based student attendance and
on surveys of students, parents, and teachers that evaluate their school’s
academic expectations, communication, engagement, safety, and respect.
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Exhibit IV-1. School climate for learning composite indicator

With the NAEP Data Explorer limited to a three-variable display, this
report approximates the measurement of school climate as the threevariable composite of student attendance, school misbehavior and
teacher expectations (Exhibit IV-1). Because 2003 is the latest year in
which NAEP asked about teacher expectations for students, that year
is chosen for the data for all three sub-indicators of the school climate
for learning KEI.
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Sub-indicator 1. Student Attendance
Schools that offer a student-friendly environment and monitor and respond
to excessive student absenteeism encourage students to have good
attendance. A solid body of research has identified harmful consequences
associated with decreased school attendance (Gottfried, 2011). Students
who are excessively absent receive less classroom instruction and their
performance declines on exams in the same year (Chen & Stevenson,
1995; Nichols, 2003). Consistently low attendance over several years in
the early grades is associated with later problems of non-promotion and
dropping out (Neild & Balfanz, 2006).
NAEP reports average student attendance both by school (percent absent
on an average day) and for individual students (by number of days absent
during the prior month). We believe excessive absenteeism is more
accurately reflected in individual data on student days absent the prior
month than by the school-wide averages. A prior report to the Governing
Board (Ginsburg & Chudowski, 2012) showed a sharp fall-off in
achievement occurring between students reporting two or less days absent
the prior month compared with three or more days absent. This break will
be used for indicator construction to demarcate the category of excessive
absenteeism (Exhibit IV-2).
Exhibit IV-2. Average NAEP scores and percentages for mathematics, grade
8 by days absent from school in the last month and percent in school eligible
for national school lunch program: 2003
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Exhibit IV-2 shows a consistent decline on NAEP grade 8 math scores for
students between 0-2 days absent the prior month compared with those
absent 3 or more days at both the national level and within each of the four
school poverty categories. The declines range from 11 NAEP score points
(roughly one grade level) for the lowest poverty schools (0-25%) to 14
points for schools with the highest proportion of low-income students.
Exhibit IV-3. Average NAEP scores and percentages for mathematics,
grade 8, by students' days absent from school in the last month and
race/ethnicity: 2003

Exhibit IV-3 displays the same information about excessive absenteeism
for different racial/ethnic groups, showing a consistent fall-off in NAEP
grade 8 math scores as days absent during the prior month rise from 2 or
less to 3 or more. The score declines are similar across all racial/ethnic
groups.

Sub-indicator 2. Teacher Expectations
Teacher expectations are described by how teachers gauge students in
terms of their belief as to who will be successful in the classroom. While
teachers need to adjust their teaching to challenge students at their
individual levels, low-expectations for some students can become selffulfilling prophecies. In a classic 1968 study, Pygmalion in the Classroom
(Rosenthal and Jacobson), teachers were given incorrect information
about students' IQ. The result was that students whose teachers expected
them to perform better did in fact perform better, regardless of their actual
IQ, and those expected to perform poorly achieved less well, regardless of
actual IQ. The Education Commission of the States (2012) has cited
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Exhibit IV-4. Average NAEP scores and percentages for mathematics,
grade 8, by teachers' expectations for achievement and school
percent of students eligible for school lunch: 2003 (school reported)

similar associations between teacher expectations and the rate of
improvement in student test scores in four studies published in academic
journals since 2006 (Rubie-Davies, et.al, 2006; Tenenbaum & Ruck, 2007;
McKown & Weinstein, 2008; van den Bergh, et.al., 2010).
In 2003, NAEP asked principals to respond to the following question about
the expectations of teachers in their school:
Question: How would you characterize each of the following within
your school? Teachers' expectations for student achievement
(school-reported)
Responses: Very positive, Somewhat positive, Somewhat negative,
Very negative
The advantage of asking school principals about teacher expectations
instead of the teachers themselves is that the principals are more likely to
give a valid response because the teachers may be reluctant to admit to
low expectations for their students.
Exhibit IV-4 shows that nationally 40 percent of the students attended a
school in which principals would characterize teachers as having less than
very positive expectations about their students. The distribution varies
considerably by the percentage of low-income students in a school. Among
lowest-poverty schools, only 25 percent of students are in schools with
teachers holding less than very positive expectations. By contrast, among
the highest-poverty school group, 60 percent of students are in schools
with teachers having only somewhat positive or negative expectations for
their students.
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Exhibit IV-5. Average NAEP scores and percentages for mathematics,
grade 8 by teachers' expectations for achievement and student race /
ethnicity: 2003 (school reported)

Exhibit IV-5 shows a pattern of large differences in teacher expectations
across different racial/ethnic groups. Only 34 percent of White and 36
percent of Asian /Pacific Islander students attend schools with teachers
characterized as having less than very positive expectations. However,
among Black students 53 percent are in schools with less positive
expectations, among Hispanic students, 49 percent.

Sub-indicator 3. Student Misbehavior
A consistent body of research identifies a strong negative relationship
between student misbehavior and student performance at both the
individual student and school-wide level. An IES practice guide presented a
research synthesis on Reducing Behavior Problems in the Elementary
School Classroom (2008) estimated that “one-third of students fail to learn
because of psycho-social problems” which lead to behaviors that interfere
with learning.
Bryk (2010) reports on a 15-year longitudinal study of Chicago public
schools that distinguished schools that improve from schools that fail to
improve. This report concludes: “At a minimum, improving schools
establish a safe and orderly environment — the most basic prerequisite for
learning.”
NAEP has at various times asked a range of questions about student
behavior, including tardiness, cutting classes, drug and alcohol use,
physical conflicts, and gang activity. For purposes of developing a
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Exhibit IV-6. Average NAEP scores and percentages for mathematics,
grade 8 by degree to which student misbehavior is a problem and
percent in school eligible for national school lunch program: 2003

composite index, a summary NAEP question is selected that captures a
wide-range of misbehavior:
Question: To what degree is each of the following a problem in your
school? Student misbehavior in class (school-reported)
Responses: Not a problem, Minor, Moderate, Serious
Exhibit IV-6 shows nationally that 28 percent of the students attend schools
where misbehavior in the classroom is considered a moderate or serious
problem. The percentage directly varies with school poverty. Among
Exhibit IV-7. Average NAEP scores and percentages for mathematics,
grade 8, by degree to which student misbehavior is a problem and
race/ethnicity: 2003

students in low-poverty schools, only 13 percent attend a school in which
student misbehavior is considered a moderate or serious problem
compared with 51 percent of students in high-poverty schools that have
such problems. Among high-poverty schools, there is a 10-point
differential, about one full-grade, in NAEP test scores between schools for
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which student misbehavior is not or a minor problem and for those with
moderate or serious levels of student misbehavior.
Exhibit IV-7 shows a similar wide disparity in the incidence of student
misbehavior by race/ethnicity. Half of all grade 8 Black students are in
schools with moderate or serious misbehavior problems--far higher than
the proportion of Hispanic or American Indian students, and about double
the rates for Whites and Asians.

Two and Three-Variable Composite indicators
Two and three-variable composite indicators illustrate combinations of the
separate variables. Each composite is formed as a three-category
combination of indicators with highly-favorable responses, highlyaverage NAEP scores & percentages for
math, grade 8, by race/ethnicity showing very positive and	
  very negative
teacher expectations for students and	
  0-‐2 days absent prior month,	
  2003

Exhibit IV-8. Composite index for

unfavorable responses, and all other.
Exhibit IV-8 illustrates a two-variable combination for grade-8 math of days
absent and teacher expectations. The exhibit shows NAEP scores and
percentages cross-walked with students’ race/ethnicity for highly favorable
and highly-unfavorable composite response categories.
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The highly-favorable combination consists of students with 0-2 days
absent in schools with principals responding that their teachers mostly hold
very positive student expectations. In 2003,
• Nationally, 48 percent of grade 8 students were in this highly
favorable school climate situation.
• By race/ethnicity, whites and Asians were about 50 percent more
likely to be in this highly favorable school climate than Blacks,
Hispanics or American Indians.
The highly-unfavorable response category consists of students with 3 or
more days absent in schools with principals rating teachers as having only
somewhat positive or negative expectations about students. While only 8
percent of White and 4 percent of Asian-American students had 3 or more
days absent and were in schools with the least favorable teacher
expectations, about 50 percent more Black (13%), Hispanic (12%) and
American Indian (15%) were in these most undesirable school climate
situations.
The three variable composite measures school climate as the combination
of student attendance, school misbehavior and teacher expectations. It
identified 39 percent of all 2003 grade 8 students in a highly favorable
school climate. These students were in a school where an average student
was absent 0-2 days, had no more than minor discipline problems and had
a grade 8 math teacher with very positive expectations for students. The
NAEP Data Explorer does not permit further disaggregation of the threecomposite index by student race or school poverty classification, as
contrasted with the two-variable composite (Exhibit IV-8).

2. Teacher Quality KEI
A considerable body of research suggests that the quality of teachers is a
highly important factor influencing student achievement (Hanushek, 2005).
Teacher quality can be assessed several ways. Improvements in student
test-score gains directly measure one important aspect of teacher quality,
but they fail to indicate or monitor the factors that make for effective
teachers. NAEP survey questions offer a way to monitor teacher quality
variables through survey questions of principals or teachers about
attributes which research suggests are related to quality.
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Three research-supported quality-related attributes of teachers may be
approximated through the 2013 NAEP survey: (1) teachers’ knowledge of
academic and pedagogical content, (2) years of experience, and (3)
mindset or disposition (Exhibit IV-9).
Exhibit IV-9. Building a Teacher Quality Composite NAEP Indicator

Other teacher-quality composites are possible. Some potential teacher
quality factors collected by NAEP surveys, such as teacher attendance
being a problem, were omitted, as the Data Explorer is limited to analysis
of three factors. If the Data Explorer were enhanced, this KEI could be a
composite of four or more variables. Also, NAEP surveys do not provide
information on other teacher quality factors, such as ability to differentiate
instruction, identify student mistakes, control the class, or make learning
exciting. If an expert group were to design a teacher quality KEI their
proposal might include these variables.
In the following discussion each variable selected as part of the indicator is
explored in three ways: brief highlights are given of the supporting
research; the specifics of the NAEP question are presented, and NAEP
2013 data are reported by school poverty and student race/ethnicity. Two
and three-variable composite indicators are presented.
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Sub-indicator 1. Teacher Knowledge
Teacher subject-matter knowledge and pedagogical content knowledge
are prominently featured in both the Council of Chief State School Officers
(CCSSO) model teacher standards (2013) and the Standards for
Accreditation of Educator Preparation written by the Council for the
Accreditation of Educator Preparation (2013).
The Council for Accreditation of Educator Preparation (CAEP), the body
accrediting teacher preparation institutions, built its standards around
research-based “areas of teacher preparation identified by the National
Research Council 2010 report, Preparing Teachers: Building Evidence for
Sound Policy. The NRC report concludes that research has identified two
key elements in the capacity to teach (p.73):
•

“Subject-matter expertise that encompasses a deep foundation of
factual knowledge, understanding of how that knowledge fits in the
conceptual framework of the field of study, and an internal
organization of that knowledge that facilitates retrieval and
application of his or her knowledge;” and

•

“Pedagogical content knowledge in a given subject-matter field, that
is, an understanding of how students’ learning develops in that field,
the kinds of misconceptions students may develop, and strategies
for addressing students’ evolving needs.”

NAEP at times has asked different questions pertinent to teacher
knowledge. In 2000, 68 percent of grade 8 students had a math teacher
with a college course in calculus. Calculus may be sufficient preparation to
teach grade 8 math, which suggests they may have mastered mathematics
sufficiently through high school to effectively teach through tenth grade.
NAEP also asked about teacher perceptions of how well prepared they are
to teach different math content areas. Responses indicated that 61 percent
of grade 8 students had teachers who felt well prepared to teach data
analysis compared with 84 percent with teachers who felt well-prepared for
algebra.
While these questions are not currently asked, NAEP 2013 did ask
whether a teacher majored or minored in mathematics. As an overall
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indicator of teacher knowledge this has the advantage of covering a range
of mathematics coursework although the questions about particular
mathematics coursework or preparation would yield useful additional
information.

Exhibit IV-10. Average NAEP scores and percentages for mathematics,
grade 8, by undergraduate major or minor in mathematics and percent
eligible for National School Lunch Program: 2013

Exhibit IV-10 displays the percentages of grade 8 students in mathematics
served by teachers with a major or minor in undergraduate mathematics.
Note that NAEP also collects information on grade 8 teachers with a
graduate math degree. However, a high percentage of these teachers
would be expected to have an undergraduate math specialty and be
counted as an undergraduate. An unduplicated count of undergraduate
and graduate math majors is necessary, but is not given by the Data
Explorer. It could be calculated through access to the raw data.
Overall in 2013, only 26 percent of grade 8 students had math teachers
that majored as an undergraduate in math. Another 29 percent had
teachers who minored in math, leaving 45 percent of the students with
teachers lacking either a math major or minor. The group of schools with
the lowest proportion of students in poverty had a somewhat lower
proportion of teachers without any math specialty—43 percent compared
with 50 percent for the highest-poverty school group. But the difference
was not large, which was also the case for students across different
racial/ethnic groups. The proportion of White students with a teacher who
majored or minored in math was 5 percentage points higher than the
proportion of Blacks and Hispanics. (Exhibit IV-11).
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Exhibit IV-11. Average NAEP scores and percentages for mathematics,
grade 8, by undergraduate major or minor in mathematics and
race/ethnicity, school-reported: 2013

Sub-indicator 2. Teacher Experience
Teachers learn to be better teachers with experience. Several carefully
designed studies (Hanushek, Kain, O’Brien and Rivkin, 2005; Cloftfelter,
Ladd and Vigor, 2007) find a clear association between teacher experience
and student achievement. While perhaps about half the gain from
experience occurs during the first two years of teaching, studies have
shown gains from teaching continue for up to 20 years
NAEP 2013 collects data on total years of experience in teaching and of
experience in teaching a particular subject area. Total years of experience
would be a useful indicator of experience for general classroom pedagogy,
while years of experience teaching mathematics would be more relevant
for a focus on the pedagogy for mathematics content. For developing an
indicator of mathematics teacher quality, the NAEP 2013 question on
experience in teaching mathematics is the most relevant:
Question: Excluding student teaching, how many years have you
taught mathematics in grades 6 through 12, counting this year?
Responses: Less than 1 year, 1-2 years, 3-5 years, 6-10 years, 1120 years, 21 or more years.
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Exhibit IV-12. Average NAEP scores and percentages for mathematics,
grade 8 by years taught mathematics in grades 6-12 and percent
eligible for National School Lunch Program: 2013

Exhibit IV-12 displays grade 8 teachers of mathematics based on their
experience in teaching math at grades 6-12 by 0-5 years or 5 or more
years experience. The less experienced teachers are clearly more heavily
concentrated in the highest-poverty schools, with 36 percent of students in
these schools having teachers with 5 or less years of experience. This
compares to just 21 percent of students with such inexperienced teachers
in the lowest-poverty schools.
Less experienced teachers also tend disproportionately to teach Black and
American Indian students compared to Whites or Asians (Exhibit IV-13).
Only 21 percent of Asian students have a teacher with no more than 5
years of experience compared with 35 percent of Black students.
Exhibit IV-13. Average NAEP scores and percentages for mathematics,
grade 8 by years taught mathematics in grades 6-12, students'
race/ethnicity: 2013

Sub-indicator 3. Student perception of teacher quality
Research increasingly is supporting the predictive power of student
responses in surveys on the quality of their teachers as indicators of
teacher value-added or the impact of teachers on student achievement
gains. Using a particularly rigorous experimental and longitudinal design,
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Kane (2012) administered a student survey on the quality of teachers and
compared the results with observations by trained teacher evaluators as
predictors of student achievement-test growth.
“The student responses were more correlated with teachers’
student-achievement gains in math and ELA than the observation
scores were. (Just as we did with classroom observations, to avoid
generating a spurious correlation between student survey responses
and achievement scores for the same group of students, we
estimated the correlation across different classrooms of students
taught by the same teacher.) In other words, student responses
were not only consistent across classrooms, they were predictive of
student achievement gains across classrooms.” (Kane, 2012)
NAEP asks two questions on the views of students related to the quality of
their teachers and classes in grade 8 mathematics:
Question 1a. How often do you feel the following way in your math
class? I have a clear understanding of what my teacher is asking me
to do.
Response: Never or hardly ever; Sometimes; Often; Always or
almost always
Question 1b. How often do you feel the following way in your math
class? I am learning
Response: Never or hardly ever; Sometimes; Often; Always or
almost always
No similar questions are asked at grade 4 or for reading.
The limitations of the Data Explorer require selecting only one of the
questions in forming a three-variable composite index. Exhibit IV-14
displays a two-way table showing student achievement for a cross-tab of
the questions “clearly understand the teacher” and “ I am learning.”
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Exhibit IV-14. Average NAEP scores and percentages for mathematics,
grade 8 by all students clearly understand what teacher asks and feel I am
learning: 2013

Looking across the rows to hold constant the response to “I feel I am
learning,” produces achievement score differences of over 30 points (an
estimated three years on the NAEP scale at grade 8) between student
responses “never or sometimes understand the teacher” and “always or
almost always understand the teacher.” By contrast, controlling for clearly
understand what the teacher asks, in three of the four columns yields little
change in NAEP scores across student responses on “I feel I am learning.”
Based on its greater association with achievement, the question “I clearly
understand what the teacher asks” has been selected as the teacher
quality sub-indicator.

Exhibit IV-15. Average NAEP scores and percentages for mathematics,
grade 8 by clearly understand what teacher asks and percent of school
eligible for National School Lunch Program: 2013
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Nationally, nearly one-in-four students (24 percent) say they have a grade
8-math teacher whom they never or only sometimes understand (Exhibit
IV-15). Students in schools with the greatest percentage of low-income
children are much more likely to have such teachers than students in
schools with the lowest percentage of students in poverty— 32 percent
compared to 18 percent.
Exposure to a teacher who the student never or only sometimes
understands is much more common among Black, Hispanic and American
Indian students than among Whites and Asians (Exhibit IV-16). For
example, Black students are more than twice as likely as Asian/Pacific
Islanders to have a teacher of math who they do not understand—33
percent compared to 15 percent.

Exhibit IV-16. Average NAEP scores and percentages for mathematics, grade
8 by clearly understand what teacher asks and race/ethnicity: 2013

Two- and Three-Variable Composite Index
Two- and three-variable composite indices are illustrated for teacher
quality. The two-variable composite is composed of teachers who have a
major/minor in math and the extent of student understanding of their
teacher. Exhibit IV-17 displays results by school poverty for students in the
highest teacher-quality category (students have a teacher with a math
major or minor and almost always understand their teacher) compared with
the lowest teacher-quality situation (students have a teacher without a
major or minor in math and the math teacher is never or only sometimes
understood).
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Exhibit IV-17. Two-variable composite indicator of teacher quality for
mathematics, grade 8, by percent of school eligible for school lunch; 2013

Key findings include:
• Within each category of schools, based on the percent of lowincome children, students with teachers in the highest teacherquality category have much higher achievement than those with
teachers who have no math degree and are rarely understood.
• Students in the lowest-poverty schools are 50 percent more likely to
have the better-trained and more understandable teachers than
students in the highest-poverty schools — 29 percent compared with
19 percent.
• Students in the highest-poverty schools are twice as likely to have
teachers without a math degree and who are rarely understood than
students in the lowest-poverty schools — 16 percent compared with
8 percent.
We believe a three-variable composite would be most valuable as the KEI
for teacher quality. It would be comprised of 6 or more years of experience
in teaching math; having a major or minor in math; and being always or
nearly always understood by students. In 2013, about 19 percent of grade
8 students were exposed to teachers in this highest quality category.
Unfortunately, the limitations of the Data Explorer do not allow us to
present the distribution of such teachers by student race/ethnicity or school
poverty but data are available for this to be done with a more powerful
analytical tool.
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3. Technology KEI
We can say with considerable certainty, based on current trends, that over
the next decade the use of information technology for educational
purposes will increase dramatically both in schools and homes. Even if its
impact is not disruptive, the new technology will surely touch and possibly
alter many of the ways we teach and learn. Part of the impetus for this
transformation will come from a tremendous decrease in the cost of
connections and hardware; another from a great increase in the availability
of useful and powerful technology-based teaching tools.
An important stimulus will be the use of technology in creative ways to
assess and analyze the progress of students both for formative purposes
to assist in teaching and for summative purposes to provide
accountability. For example, the two Common Core assessment consortia
are creating assessments that would not be possible without the use of
information technology. And the assessments, in turn, may well provide a
powerful impetus for schools and teachers to use technology for learning.
It will be important for NAEP to develop an indicator of the extent to which
these new technologies are available to all students and of the support
they give for learning of both basic and complex content and strategies.
The indicator would assess the degree of access, use, and impact of
technology in the classroom. Also, because teachers will assign
homework that may require the use of technology NAEP should measure
whether students have appropriate access at home to the technology they
need.
We suggest one indicator for the effective use of technology, constructed
from three sub-indicators: (1) student and school access to technology, (2)
use of technology for instruction at school and at home, and (3)
effectiveness—whether or not teachers and students believe that the
technology adds value to learning beyond the impact of teachers and
peers. Each sub-indicator should be constructed of three or four
questions (variables) asked of students, teachers and schools. We
describe in detail below one way of developing a KEI for technology, but
recognize that a group of more knowledgeable experts would surely have
other approaches
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Sub-Indicator 1. Access
Access to technology has two parts: access in school to an appropriate
level of the Internet and hardware plus appropriate access at home.
Variable One: Broadband access in the school.
One question for principals: Does your school have sufficient broadband
access for all students to have access to the Internet? 1= No broadband
access at all; 2= Weak and uncertain access; 3= Regular access only for
administrative functions and teacher use; 4= Good access for most uses
by administration, teachers and students, but sometimes weak. 5=Firstrate access for all administrative and instructional uses.
Variable Two: Hardware access in the school.
One question for teachers: Does your classroom have the technology
hardware capacity for you to teach and for students to use technology
alone or in teams? 1 = No technology at all; 2= Technology only for
teacher to use for administrative functions and for presentations and
demonstrations to class; 3= Appropriate technology available for teacher
and for groups of students; 4 = Appropriate technology for all students to
use in the classroom.
Variable Three: Technology access at home.
One question for students: Do you have access to the Internet and other
technology at home that you need to do your schoolwork? 1= No; 2= Yes.
A composite variable (sub-indicator) might be created from these three
questions. Of course, the individual questions would also be available to
investigators.
One way of creating the composite (Sub-indicator 1) might be to divide
responses into three groups: Group 1= Low Access (1 or 2 on variable
one; 1 or 2 on variable two; 1 on variable three); Group 2= Medium Access
(All students not in group one or three); Group 3= High Access (5 on
variable one; 4 on variable two; 2 on variable three).
The result would be a sub-indicator for access to technology, which, could
be tracked by itself as well as contributing to the overall KEI for educational
technology.
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Sub-indicator 2: Use of technology in classrooms by teachers
and student.
We define use as having three components: purpose, control by teacher,
and time spent using technology:
Variable One: Purpose for which technology is used.
One question for teachers: For what purposes do you use technology in
your classroom? 1= For administrative purposes only; 2= For
administrative work and teacher presentation only; 3= For administrative
work, teacher presentations, and for students to work alone or in groups.
Variable Two: Level of teacher control in classroom use of technology.
One question for teachers: In your classroom do you maintain full control
over the use of computers? 1= Yes, I almost always structure my lessons
so that each student knows what to do; 2= Sometimes I give students the
opportunity to work together and to explore; 3= I often give students the
opportunity to work together or separately and to explore.
Variable three: Frequency of use.
One question for teachers: How often is technology involved in classroom
instruction and learning? 1= Never; 2= Only occasionally when necessary;
3= Often; 4= Almost always.
Composite variable: Sub-indicator 2. Group 1= Low Use (1 or 2 on
variable one; 1 on variable two; 1 or 2 on variable three): Group 2
Moderate Use (all other); Group 3 High Use: (3 on variable one, 3 on
variable two, 4 on variable three).

Sub-indicator 3: Quality and effectiveness of technology use
This sub-indicator focuses on the question of whether teachers see the
technology as an integral part of the instructional system and whether
students and teachers think it adds value to learning.
Variable One: Teacher assessment of the quality and effectiveness of
technology use.
One question for teachers: How important is the use of technology to the
quality and depth of learning in your classroom? 1= Little importance; 2=
Clearly supportive of my teaching; 3= Adds value to the learning that I
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otherwise could not provide.
Variable Two: Student perception of how important technology is to her/his
learning.
One question for students: Does the use of the technology help you learn?
1= No or very little; 2= Sometimes; 3= Yes, it really helps a lot.
Composite variable: Sub-indicator 3. Group 1= Technology not helpful for
improving learning (1 on both variables one and two); Group 2= Somewhat
helpful (all other); Group 3= Very helpful (3 on both variables one and two)

Overall KEI for Technology Use
To create the overall technology KEI we combine the three sub-indicators,
using the same methodology that was used in creating each of them.
Thus, if we add together the three sub-indicators we have scores ranging
from 3 to 9. A score of 3, for example, would result from a one on each
sub-indicator. A score of 5 might result from several combinations: either
one point on one sub-indicator and two points on both of the others OR
one point on two of the sub-indicators and three points on one. There are
seven possible groupings—for 3, 4, 5, 6, 7, 8, or 9 points.
A reasonably parsimonious way to combine these and thus aid public
understanding would be to create a pooled group for scores of 3 and 4; a
second pooled group for scores of 5, 6, and 7; and a third pooled group for
scores of 8 and 9. We would number the three pooled groups as 1,2,and
3 with 1 being little effective use, 2 being some effective use, and 3 being
very effective use. Thus, the composite Key Education Indicator (KEI) for
technology use would have three values, 1, 2 and 3 ranging from little
effective use to very effective use.
To actually create such an indicator would require a great deal of work, first
on the individual items, and then on their relationships to each other and to
NAEP assessment scores.
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V. Illustrative Student Key Education Indicators
Two illustrative KEIs are explored. The first is a summary of the
recommendations of the expert panel for a composite SES indicator. The
second example illustrates a KEI for student engagement.

1. KEI for Socio-economic Status (SES)
We refer the reader to the first-rate expert panel report (Cowan, et.al.,
2013) on preparing a NAEP indicator of socio-economic status (SES). The
panel was convened by the National Center for Education Statistics
(NCES) in response to a policy statement by NAGB.
Currently, NAEP uses as its prime indicator of poverty status whether a
student is eligible for free or reduced-price lunch. For several decades this
was determined for each child, based on family income as reported by
parents each year. Increasingly, however, school-lunch eligibility is
becoming less valid because of changes in federal law that permit wholeschool or even whole-district eligibility in places where a substantial
majority of students are eligible for the subsidized lunch program. While
NAEP also collects other variables related to SES, such as parental
educational attainment and reading materials in the home, these also are
reported only as individual variables and not combined into a composite
SES measure. The panel recommended use of a composite measure of
SES and gave general guidance on how to create one.
The nature of the panel itself, as well as its recommendations, offers
important elements to consider in constructing any KEI:
• Create a panel of experts to develop the KEI. This expert panel
would make independent recommendations, based on the
evidence, to NCES and NAGB.
• Use composite measures. As the Cowan panel wrote, “Composite
measures have many advantages, such as being a single summary
useful for reporting, greater reliability, and representing the full range
of SES factors. In addition, treating SES as a composite measure
does not preclude reporting on relationships between individual SES
components and achievement. Therefore, attempts should be made
to develop an SES composite measure.”
• Construct two composite options: a core and expanded SES
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measure.
o The panel said the core measure would focus on “family
conditions and consisted of family income and other indicators
of home possessions and resources, parental educational
attainment, and parental occupational status. …This should be
the subject of immediate focus for NAEP reporting.”
o “ Neighborhood and school SES could be used to construct an
expanded SES measure, and measures of these variables
could contribute to an expanded SES.”
• Consider linking NAEP measures with another data source, in this
case data from the U.S. Census Bureau. The expert panel gave as a
rationale for such linking: “There is concern over the quality of
student reports, particularly regarding parental educational
attainment (for 4th graders) and occupational status (for all grades).
Due to these data quality issues, along with burden considerations,
attempts should be made to explore the possibility of linking to
Census data on SES components.”
Implementation of the expert panel recommendations is dependent upon
follow-up by NCES and NAGB; significant steps are already underway

2. Student Engagement KEI: Reading
While mathematics learning is primarily dependent on school instruction,
student achievement in reading is also strongly influenced by student
engagement with reading material and oral language outside of school as
well as in the classroom. A composite indicator of student engagement in
reading would focus on student reading habits and perceptions, as
measured by three variables:
• Reading is a favorite activity;
• Pages read in school and for homework;
• Learn a lot when reading books
The creation of this proposed KEI differs from the prior illustrative KEIs in
two important ways. First, a regression analysis is used to assess whether
these three factors empirically make an independent contribution to
student achievement, thereby warranting inclusion in a composite index.
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Second the data for these three sub-indicators are available for 2002 and
2013, which permits analyses of trends over a decade.

Regression analysis to estimate independent contributions of
student-engagement sub-indicators to student outcomes
In addition to basing variable selection on research supporting the
importance of a factor in student achievement, multiple regression
analyses of several factors can estimate whether each makes an
independent contribution. We acknowledge that multiple regression
analysis with NAEP one-year cross-sectional data is not as strong
methodologically as with longitudinal data. One weakness is that student
achievement is cumulative and NAEP only measures contextual variables
at one point in time. However, such analysis may be more appropriate with
student characteristics, such as engagement, which should be stable over
a number of years, than with the variables of teacher characteristics, which
can change substantially each year.
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Exhibit V-1. Multiple regression of the three composite subindicators for students’ reading engagement on students’
grade 8 reading scores, 2002

Source: NAEP Data Explorer

Exhibit V-1 displays the regression results. The coefficients within each
variable group measure the effect on student reading scores relative to an
omitted response. The omitted response is strongly agree for the first two
sub-indicators (learn a lot when reading books and reading is a favorite
activity) and 5 or less pages read for the last listed sub-indicator. The
coefficients for the responses within each sub-indicator are statistically
significant supporting the independent contribution of each variable to
student reading achievement. All 12 variable coefficients are in the
expected positive direction and eleven of the twelve are successively
increasing. The only exception is the coefficient for “more than 20 pages
read” which, while positive, is of an unexpected lower value than for the
preceding two variables. This may reflect response error or teachers giving
lower-achieving students more reading material.
Because the NAEP series on school-poverty, based on eligibility for
subsidized lunch, only goes back 2005, the results are shown
disaggregated by student race/ethnicity.
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Sub-indicator 1. Reading is a favorite activity
Student engagement in reading is strongly related to reading achievement
(Guthrie and Wigfield, 2000). Engaged readers are more motivated to read.
They are also more likely to read strategically and use multiple approaches
to comprehend reading material.
The response to the question “reading is a favorite activity” is the NAEP
contextual variable that approximates student engagement in reading.2 The
results for 2002 and 2013 (Exhibit V-2) show:
• There is a consistent positive relationship between the degree of
agreement that reading is a favorite activity and student
achievement scores. In 2013 the achievement difference between
"strongly agree" and "strongly disagree" was 33 points—equivalent
to about three grades on NAEP.
Exhibit V-2. Average NAEP scores and percentages for reading, grade 8
by reading is a favorite activity: 2013 and 2002

• Quite a high percentage, nearly two-thirds of grade 8 students in
2013, either disagree or strongly disagree that reading is a favorite
activity.
•
• The proportion of students in each category of agreement or
disagreement with the statement did not change markedly in the
decade of 2002 to 2013.
All racial/ethnic groups display similar percentages of how much students
agree or disagree that reading is a favorite activity except for Asian/Pacific
2

NAEP also currently asks questions about “read for fun on your own time” and “talk with friends
about what you read,” which could be used to approximate engagement. These were not
examined because of the three-variable limit in Data Explorer tables.
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Islanders students, who are 14 percentage points less likely than Whites to
disagree or strongly disagree that reading is a favorite activity (Exhibit V-3).
The changes between 2002 and 2013 indicate that:
• Within each racial/ethnic group, the largest improvement in NAEP
Exhibit V-3. Average NAEP scores and percentages for reading, grade 8
by reading is a favorite activity and race/ethnicity: 2013 and 2002

grade 8 reading scores between 2002 and 2013 occurred among
students who agree or strongly agree that reading is a favorite
activity. For example, among students who strongly agree, Blacks
gained 8 points and Hispanics 15 points compared with only 4- and
6-point gains, respectively, for students who strongly disagree with
the statement.

Sub-indicator 2. Pages read in school and for homework
School-related reading is different and complements home reading.
School-related reading requires analyzing and evaluating what is read, but
may lack the enjoyment of reading for pleasure. Research suggests both
types of reading are beneficial. Students need “opportunities to practice
reading for various purposes … lots of exposure to different kinds of
reading materials” (Snow, 2001). The NAEP regression results in Exhibit
V-1 are consistent with an independent contribution of reading in school
and for homework to reading achievement.
The distribution of the typical number of pages read in school and for
homework is little changed between 2002 and 2013.
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Sub-indicator 3. Learn a lot when reading books
Student perceptions of whether they are learning are reasonably accurate
barometers of whether they are learning (Kane, 2012). Moreover, current
Exhibit V-4. Average NAEP scores and percentages for reading, grade 8, by
learn a lot when reading books: 2013 and 2002

perceptions of own ability influence future behavior and hence future
learning itself (Alexander, Entwisle and Horsey, 1997; Rhodes, 2007).
OECD (2010) concludes, “Attitudes towards reading and learning,
motivation, engagement in reading activities and reading proficiency are
mutually reinforcing.”3
NAEP correlational results reaffirm the research showing that student
perceptions of whether they learn a lot when reading books is a strong
correlate of NAEP reading scores (Exhibit V-4).
• The range in scores between strongly agree and strongly disagree
with learning a lot when reading books is 35 points or about three
and half years on the NAEP reading scale between grades 4 and 8.
•
• Interestingly, the strongly-agree group experienced by far the largest
improvement in scores between 2002 and 2013.
• However, there was no significant change in the proportion of
students in any of the agreement categories between these years.
The results by race/ethnicity (Exhibit V-5) show:
• For each racial/ethnic group and for 2002 and 2013 students
increasing agreement that they learn a lot when reading books is
associated with an increase in NAEP scores.

3

OECD (2010). Pisa results: learning to learn-vol III, p. 27.
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• The percentages of students were largely unchanged in the different
levels of agreement that they learn a lot when reading books.
Exhibit V-5. Average NAEP scores and percentages for reading, grade 8, by
learn a lot when reading books and race/ethnicity: 2013 and 2002

Two and Three-Variable Composite Indicator
A two-variable composite indicator for student engagement in reading has
been created (in Exhibit V-6) by the combination of student responses to
the two questions: learn a lot when reading books and reading is a favorite
activity. Exhibit V-6 compares the results for the least student engagement
(most negative responses of strongly disagree or disagree on both
questions) with the most positive responses (strongly agree or agree on
both questions). The comparisons are displayed nationally and by
racial/ethnic group, with the following results:
• In every comparison, the NAEP grade 8 reading scores are
considerably higher for students with the most positive responses
compared with the most negative responses within the same student
group. Nationally, the difference of 25 NAEP points on grade 8
reading between the strongly agree/agree and the strongly
disagree/disagree is equivalent to about two and half years on the
NAEP reading scale.
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Exhibit V-6. Average NAEP scores and percentages for a two-variable
composite indicator for reading, grade 8, by learn a lot when reading books
and reading is a favorite activity: race/ethnicity, 2013 and 2002

• The distribution of responses between strongly disagree/disagree
and strongly agree/agree categories did not change much over the
11-year period with the exception of a relatively large increase in the
Asian/Pacific Islander percentage of strongly positive responses.
• Between 2002 and 2013 NAEP scores increased somewhat more
for students in the most positive response category compared with
the most negative, especially for Black, Hispanic and Asian students.
A three-variable composite indicator for student reading habits and
perceptions is also computed for the two polar cases of most negative and
most positive students responses (Exhibit V-7). The results are similar to
the two-variable composite in showing:
• Consistently higher NAEP grade 8 reading scores for students with
strongly agree/agree responses compared with students who
responded strongly disagree/disagree.
•
• Little change between 20012 and 2013 in the percentage of student
responses in either the most positive or the most negative
categories.
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Exhibit V-7. Average national NAEP scores and percentages for a threevariable composite indicator for reading, grade 8, by learn a lot when
reading books, reading is a favorite activity, and pages read in school and
for homework: 2013 and 2002

VI. Recommendations to NAGB
This report discusses the importance of adopting a consistent set of priority
contextual variables for regular NAEP data collection and reporting. Many
of these variables should be components of Key Education Indicators,
providing important composite data on factors affecting student
achievement. Composite indicators are widely used in other fields, in
education by international assessments, and by NAEP to develop
achievement scales. They should now be applied to the NAEP contextual
variables.
The report makes the following specific recommendations:
2. Convene expert panels to develop frameworks for composite Key
Education Indicators in several areas to be selected by the Governing
Board. Each framework with accompanying specifications would
provide the blueprint for preparing questions and methods of analysis
and weighting. The process would be analogous to long-standing
arrangements for preparing subject-matter frameworks and test item
specifications for NAEP cognitive assessments. However, since each
indicator framework would be more limited, the time and expense
needed should be much less.
d. One of the KEIs should be an SES indicator based on the
recommendations of the expert panel that reported to NCES. This
indicator should be a composite of at least three factors—family
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income and possessions, parental educational attainment, and
parental occupational status.
e. Other indicators may be based on the illustrations in this report, as
shown in the school and student groups in Exhibits III-1 and III-2.
Consideration could be given to KEIs for specific assessment
subjects and possibly grades. Development should start with a few
areas of greatest value and interest.
f. Each KEI should be validated by research and theory. Before using
in reports, each indicator must be tested in field studies along with
the individual variables of which it is comprised.

4. Identify questions previously used that could support developing trends
over time for KEIs.
a. Consider reusing questions from old assessments, even if
dropped more recently, to generate trends for variables likely to
have a high priority in developing the KEIs. Examples include the
questions on student, teacher, and principal perceptions
incorporated in our illustrative KEIs that were last given in 2003.
Repeating these questions would provide new information about
trends that might help determine how best to create KEIs and
effectively measure KEI changes over time.
b. Report results for currently administered NAEP contextual
variables with trends of ten years or more. The trend analyses
will provide useful information on school, teacher and student
changes over at least a decade while offering a better
understanding of important areas for indicator development.

5. Consider other actions to support KEI development.
c. Conduct psychometric studies on building composite indicators.
Conduct exploratory analyses to determine preferred strategies for
computing indicator weights.
d. Examine possibilities for coordinating or linking with data from other
federal data collections. An example is the SES expert panel
recommendation for linking NAEP measures with U.S. Census
collections.
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5. Build a repository of articles and publications that use NAEP variables
and indicators, which would be readily available to scholars and the
public. A possible model for this repository is the NCES Early
Childhood Longitudinal Study Data Products and Publications (2013).
6. Improve the NAEP Data Explorer to allow users to focus readily on the
most useful and timely variables and dramatically reduce the number
routinely shown in searches.
c. Recent, useful variables should be placed in a prominent file; old,
redundant, or useless variables in a secondary file.
d. Enable the user to choose to see only those contextual variables
available for selected years of interest.

Addendum on Long-Term NAEP
Long-term trend NAEP provides important national mathematics and
reading results at ages 9, 13 and 17 dating back to 1970. Although an indepth examination of contextual variables and possible KEIs for the longterm NAEP assessment was beyond the scope of this review, we believe
that the underlying rationale for developing KEIs is equally applicable to
long-term trend NAEP. Unfortunately, about half the contextual variables in
long-term trend were eliminated in 2008 and 2012 without a clear rationale.
Some of these should be restored to report on trends in important factors
affecting academic achievement.
It is recommended that the Governing Board consider the following:
3. Have the expert panels developing KEI frameworks and
specifications for main NAEP also make recommendations for KEIs
in the areas under consideration using contextual variables in the
long-term trend assessments.
4. Restore useful questions that were eliminated in the 2008 and 2012
administrations of long-term NAEP by adding them to the next
administration.
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