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Abstract

This analysis focuses on the average state scores in 2013 for reading and mathematics of fourth
and eighth grade pupils taking the National Assessment of Educational Progress. Of the 19 possi-
ble determinants that are tested, two are most important: average pupil /teacher ratios in the state
and the share of pupils coming from low income families who are eligible for free or low cost
lunches. Most of the other variables focusing on pupil and school characteristics or on state poli-
cies such as expenditures on education, length of school year, or required attendance at kinder-
gartens did not have a statistically significant impact.
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1. Introduction

In 1969, the US Department of Education began to administer the National Assessment of Educational Progress
(NAEP) to a nationwide sample of primary and secondary school pupils in public and private schools. The re-
sults of these tests, sometimes dubbed “The Nation’s Report Card”, are published by the National Center for
Education Statistics.

The discussion below briefly describes the data set and then focuses on the possible determinants of the dif-
ferent average scores by state for 4" and 8" grade achievement in reading and mathematics in 2013. This is the
most recent year for which such data were available at the time of writing.

2. The Data

NAEP tests are currently given every two years to a sample of pupils in the 4™ and 8" grade in the 50 states and
Washington DC (treated as a state in the calculations below). Such tests are also given to those in the 12" grade
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in selected states and in various subject areas, but the analysis focuses only on the 4™ and 8" grades for reading
and mathematics, where data for all states are readily available.

The analysis below focuses on scores and explanatory variables at the state level. Although using such an ag-
gregated approach dramatically reduces the size of the sample, it has several advantages. The results are not
heavily influenced by extreme scores nor are the results greatly biased by variables influencing performance
occurring in previous years (the “window of time” effect). Further, the aggregation takes into account neigh-
bourhood effects that are evident if individual scores are examined. Finally, data for certain possible explanatory
variables are only available on a state level. This aggregation means that the impact of particular causal vari-
ables will have a larger effect than if individual pupil scores are used. All calculations are weighted by the num-
ber of students enrolled in each grade in each state, so that small states do not disproportionately influence the
final calculations.

For 2013, the average state scores did not dramatically vary, as shown in the relatively small ratio of the
standard deviations to the means in Table 1. As shown in Part B of the table, however, differences between
minimum and maximum scores varied considerably, and reveal a consistent pattern: on all four tests, Washing-
ton DC scored among the lowest, and Massachusetts, among the highest. Such results do not tell us, however,
whether such differences are due to differences in the pupils, the schools, or the educational policies pur-
sued by the governmental authorities in each state; and so we must turn to the determinants of these raw
scores.

3. Determinants of Achievement Scores

Three sets of possible explanatory variables underlying statewide test scores can be easily specified: those relat-
ing to characteristics of students being tested, those relating to aspects of the school in which they are attending,
and those related to state characteristics and governmental policies where the pupils live. Various hypotheses
deserve exploration™:

Table 1. Features of the NAEP data base for public and private schools in 2013

Part A. Average State-Wide Scores
Ratio of standard deviation

Test Mean Standard deviation

to mean

4™ Grade reading 220.73 5.93 2.70%
4" Grade mathematics 241.19 5.06 2.10
8" Grade reading 266.11 4.70 1.77
8" Grade mathematics 283.71 6.56 231

Part B: Some Disaggregated Results
Highest state score 4™ Grade reading Maryland, Massachusetts, New 232
Hampshire
Lowest state score 4™ Grade reading WashlngFon' D.C’ West 206
Virginia
. th . Massachusetts, Minnesota, New

Highest state score 4" Grade mathematics Hampshire 253
Lowest state score 4™ Grade mathematics New Mexico, Washington DC 229
Highest state score 8" Grade reading Massachusetts 277
Lowest state score 8" Grade reading Washington DC 246
Highest state score 8" Grade mathematics Massachusetts 301
Lowest state score 8" Grade mathematics Washington DC 265

The data are drawn Education National Center of Education Statistics (2014). The weights are student enroliments in the respective grades.

*A subtle problem of bias in the statistical calculations arises because no single student receives the entire test, but the plausible scores for
each student are calculated using a set of conditioning variables consisting mostly of student and teacher characteristics (Schofield et al.,
2014) Such bias can be offset by employing explanatory variables for the regressions from the same set of conditioning variables (National
Center for Education Statistics, 2014), which, in most cases, was followed.
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3.1. Pupil Characteristics

According to Grissmer et al. (2000), differences in pupil characteristics, especially characteristics of their fami-
lies, account for the greatest variation in test scores. A crucial factor is family income, which should be nega-
tively related to academic performance, especially since poverty and cultural deprivation are related. A good
proxy for family income is eligibility of the pupil for free or low-cost school lunches. Other possible determi-
nants include income inequality in the state, race (Black, Hispanic, and Asian), and share of children living in
single parent families; in the statistical tests, none however, not of these out to play a statistically significant role
in influencing average performance, once the school-lunch variable is taken into account. Although gender
makes a difference for scores of individual pupils, the variability of gender shares across states is too small to
have an impact on performance. In sum, the only family characteristic revealing a statistically significant rela-
tionship (0.05 level) to test scores in a state is the share of children living in poverty?.

3.2. School Characteristics

The most likely determinant is the pupil/teacher ratio, which should be negatively related to pupil performance®.
Another likely determinant is the share of students taking remedial English (a variable that includes immigrant
pupils with poor English), which should be negatively related to performance, particularly in reading. Other
possible determinants include average teacher’s salaries, teacher turnover (measured in terms of new teachers
hired each year and average teaching experience), share of teachers with advanced academic degrees, average
educational expenditures per pupil, total hours in a school year, and the ratio of average attendance to total
enrollment, but none of these turned out to have a significant impact on the final scores.

3.3. State Policies and State Characteristics

Such variables include urbanization, which should be positively related, assuming urban schools are better
equipped and taught than rural schools and the unemployment rate in the state, which should be negatively re-
lated to pupil performance because unemployment is associated with such social ills as family stress. Other
possible state-level variables include years the years of required schooling, whether kindergarten attendance is
required, and whether districts must offer kindergarten to preschool children, but none of these latter variables
have a significant impact on performance scales.

Given the nineteen possible causal variables of state-level test performance, the analysis uses a modified
stepwise regression technique. That is, for each type of score the analysis started with the variable that yielded
the highest adjusted coefficient of determination and then in each succeeding round added other variables to de-
termine if they yielded statistically significant coefficients, a process repeated until all significant coefficients
were obtained. The results reported in Table 2 report the last stage where none of the other hypothesized expla-
natory variable yielded a statistically significant coefficient with the predicted sign.

Table 2 presents the final OLS regression results. An important conclusion is that relatively few—two to four
—hypothesized causal variables appear associated with over half to almost three quarters of the variation be-
tween the average academic performance scores among the US states. Three of the four scores show the pre-
dicted relation between test scores with the share of students eligible for free school lunches and the average pu-
pil/teacher ratios. The only other variables that seem to have a statistically significant on the test scores are un-
employment (negative only for 4" grade mathematics), the share of students taking remedial English (negative
only for 8" grade reading), and urbanization (positive only for 8" grade reading).

The difference in performance scores between Washington DC and Massachusetts can now be examined
more closely. Looking just at the share of pupils eligible for free or reduced-price lunch, the gap between
achievement scores of these two geographical units narrows by 40 to 50 percent. However, since Washington

2A variable with a possible influence on average state scores is the percentage of children in a given school who did not take the NAEP tests,
e.g., those with particular handicaps. Since the schools are not judged on their average test scores, school administrators have no incentive to
prevent students whose performance is likely to be poor from taking these tests and lowering the school’s average. Unfortunately data on the
share of students who did not take the NAEP tests in 2013 did not seem available, but data from earlier years show that the percentage is
quite low so that their overall effect on average scores should be limited.

®A variable related to the ratio of pupils to teachers is average classroom size, but the latter variable performed more poorly in the regres-
sions explaining the scores of all four tests. This suggests that teachers supplementing those standing in front of a class all day have an im-

portant impact on achievement scores of pupils.
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Table 2. Weighted regression results for achievement scores®.

Coefficient Std error Sample size Adjusted R?

4th Grade mathematics scores 51 0.6458
Constant 273.035 3.383"
% Eligible for free lunch -0.398 0.058"
Pupil/teacher ratio -0.361 0.143"
Unemployment rate -0.829 0.380"

4th Grade reading scores 51 0.5833
Constant 253.728 3.936"
% Eligible for free lunch -0.412 0.072"
Pupil/teacher ratio -0.758 0.168"

8th Grade mathematics scores 51 0.7076
Constant 322.742 3.615"
% Eligible for free lunch -0.629 0.067"
Pupil/teacher ratio -0.474 0.155"

8th Grade reading scores 51 0.7346
Constant 280.793 4195
% Eligible for free lunch -0.427 0.049"
9% Taking remedial English -0.258 0.073"
% Urbanization 0.109 0.040"

“These are OLS regression results. The data come from National Center for Education Statistics (2014). An asterisk designates statistical signifi-
cance at the 0.05 level. In none of the four sets of regressions, adding other possible independent variables yields statistically significant results with
the predicted sign. The regressions are weighted by student enrollments in that grade.

DC also has a lower average pupil/teacher ratio than Massachusetts, this roughly counterbalances the effect of
pupils eligible for free or reduced-price lunch, so that the large differences in average scores between these two
governmental units are still left unexplained®. Most likely the differences in average scores must be attributed to
their differences in educational policies and procedures followed in each governmental unit for which compara-
ble data are not available.

4. Brief Conclusion

The regression results move us closer to an understanding some underlying influences on pupil performance in
the NAEP achievement tests. Of the 19 possible influences on the state averages of these scores, only two are
shown to have a consistent influence on the results, namely the poverty of the pupil’s family as proxied by the
pupil’s eligibility for free or low cost lunch and a low pupil/teacher ratio. The comparisons between high and
low scoring states suggest that academic performance also appears influenced by more subtle factors than the
available data allow, so that educational policy must remain a matter of debate.
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