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Abstract
A mapping technique developed by the author is used to estimate statewide performance results that the
ACT test would report for public school students in cases where the statewide performance results from
the NAEP- aka The Nation’s Report Card- are available. In particular the published NAEP proficiency
percentages in the subjects of mathematics and reading, for various demographics, are used as input. The
NAEP has been a very-well regarded testing system but it has two drawbacks: First, it is not available
for use in all but a few local jurisdictions. Second, it only tests a representative sample of a state’s
students. Federal law prohibits changing this. The ACT test for high school 11th and 12th grade students
is based on objective scientific input and reports the percentage of tested students measured to be
“college ready” in the sense that they have a 50% probability of earning a B grade in an entry level
college course in the same or related subject. At other grade levels the ACT reports the “percent on
track” (POT) to be college ready. In contrast the NAEP simply reports the percentage of test takers who
reached a proficient score or better. This report presents mapping formulas derived for the ACT college
test for mathematics and reading and does so for testing years 2009 and 2013, the most recent years for
which the NAEP input data is available. It also presents mapping formulas producing the 2013 and 2015
8th grade POT for ACT’s older EXPLORE test used in Kentucky. Lastly, we present the mapping
formula for South Carolina that generates ACT Aspire 8th grade POT numbers based on the state’s
NAEP proficiencies. We then observed a peculiar coincidence: The POT numbers for 8th grade tend to
be equal to their 12th grade counterparts. This is consistent with the concept of being “on track” only if
the number of students in the tested cohort remains constant between 8th and 12th grades. But we know
from published statistics that approximately 20% of entering high school students drop out. That has the
effect of reducing the cohort size against which the percentages are calculated. Done correctly, the 8th
grade POT values would be smaller than they have been. It appears that the ACT testing officials have
not included this effect in their testing systems. They should consider doing so.
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Introduction
A number of states use one or more tests from the ACT organization in their compliance with NCLB
requirements for K-12 education. In some of these instances the NAEP organization has also tested
similar content, often at the same grade levels. Thanks to the data from those testing programs, we are
now able to convert NAEP proficiencies (Prof) to the ACT organization’s percent on track (POT) figure
of merit. The relevant data used here was taken from published performance statistics from those two
testing organizations. Where possible data from recent 2015 testing is used but in some cases data from
2009 and 2013 is needed.
There are a number of other testing systems used by states to fulfill their obligations under the No Child
Left Behind (NCLB) legislation, but none is as well developed and scientifically formulated than the
college entrance testing of the ACT organization. No state uses the well-regarded Nation’s Report Card
system- more formally the National Assessment of Educational Progress (NAEP). They don’t and can’t
because the NAEP is legally restricted from such use and because it tests only a sampling of a state’s
students, respectively. So states have developed a variety of testing programs to comply with the NCLB
requirements. The ACT organization’s battery of tests is among those used.
In our view, the ACT’s methods for developing a proficiency standard are more objective and scientific
than those of the NAEP and other similar testing systems that are based on proficiency standards that are
more subjective.
The mappings presented in this article also include ones performed for 8th grade testing.1 Our work here
suggests that of the systems we have encountered, the ACT college test given in 11th and 12th grades is
the best. It is objective and scientific and seems relatively free of errors. ACT’s testing systems for
lower grades seem not quite as good. Part of our concern regards the ACT’s decision to replace its 8th
grade EXPLORE assessments with a newer, and more expanded, set of Aspire tests. The ACT tests at
the 8th grade claim to estimate the “percent on track” to become “college ready” while at the 11th and
12th grades their ACT college tests calculate the percent who are “college ready.” We will conclude,
based on the quantitative results generated in our work, that both the EXPLORE tests and the Aspire
tests produce a “percent on track” number that is too high and is probably not correct under any
reasonable interpretation of the phrase “percent on track.” As we shall argue, the effects of high school
dropouts and those of private school transfers into public high schools both should bolster the measured
percent college ready in 11th and 12th grade testing. But that is not seen. Thus we’ll encounter and
discuss 8th grade test inflation that we believe is significant wherein we estimate the published POT
numbers being about 20% too high.
The work presented in this article is based, fundamentally, on work the author has done in constructing
mathematical mapping systems for relating proficiency percentages measured by the NAEP testing with
the proficiency numbers published by the various states under their NCLB obligations. The two methods
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we use, the weighted linear regression estimate and the Piecewise Ellipse-Linear-Quartic (PWELQ)
interpolation formulas, both do a good job of fitting the data2. For most of the examples presented here,
the weighted linear regression estimates are slightly better.
It should be understood that the scope of this article is limited to statewide student populations that took
the various tests or in which representative samples took the tests. Thus states in which testing was
voluntary are excluded because the tested population would not be representative of the statewide
population of those students eligible for that testing.
This article is organized as follows:
We first look at the most recent examples of high school testing for which there was data available from
NAEP assessments and from those of the ACT in just those states using it for their NCLB obligation.
That was for the years 2009 and 2013. From that analysis we judge the ACT high school tests excellent
tools for judging students’ K-12 achievement and their suitability for college work.
Then we consider 8th grade testing at the only grade level where both NAEP and ACT publish
performance results. In the course of the past few years, ACT replaced its former 8th grade test, ACT
EXPLORE, with a new one, ACT Aspire. In comparing them we find the Aspire test is somewhat more
inflationary for math testing and significantly so for reading assessments.
Within the scope of this work we generated enough POT estimates at the 8th grade level and at the 11th
and 12th grade high school levels to build the case that the ACT ignored high school dropouts in
constructing its methodology that produce those estimates. When the POT numbers stay the same from
8th grade through high school it suggests that the tested cohort population did not decrease. That would
mean that the phenomenon of high school dropouts had ended? No it hasn’t. We address this problem.

Mapping NAEP 12th grade Prof to the ACT 11th grade POT

Among the 50 states there are 4 states that participated in NAEP’s 12th grade state testing program3 in
both 2009 and 2013 and which also used the ACT organization’s college test4 to satisfy its NCLB
obligations. They are:
•
•
•
•

Arkansas
Florida
Illinois
West Virginia

While ACT reports results from other states that don’t use this test for their official high school
assessment, the voluntary nature of the test in those locations indicates that the tested population is not
consistent with the entire student population sampled by the NAEP within that state. Therefore, such
states’ ACT testing results can’t be used to derive our formulas.
We have derived three mapping formulas to calculate ACT’s Percent on Track (the dependent variable)
from the NAEP Proficiency (the independent variable). At the 11th grade the terminology Percent
College Ready is often used instead of Percent on Track. The mapping formulas were generated using
data pairs reported across the four states for the following seven demographics:
•

All Testees
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Males
Females
Whites
Blacks
Hispanics
Asians

•
•
•
•
•
•

The dependent variable was the reported percentage of students who were “on track” to be college ready
according to the ACT testing program among 11th grade students, for each state/demographic
♣

combination .
Three kinds of mappings could be considered:
•
•
•

Linear regression analysis
Weighted linear regression analysis
Piecewise Ellipse-Linear-Quartic analysis (PWELQ)

The first two methods find optimal straight-line formulas relating ACT Percent on Track (POT) to
NAEP’s percentage Proficient (Prof). They each find the line that best fits the data by the criterion of
minimizing the root mean square error. The weighted method is quite similar but scales (or weighs) each
error term with the numbers of testees within each tested group.
The third method, usually designated by its acronym PWELQ, is a method developed by the author in
the context of mapping pairs of testing systems that are significantly different- as has been the case
when comparing most state operated assessment programs with those of the NAEP. In most of those
cases, the relationship of the tests is markedly non-linear and can’t be accurately represented by the
more common regression formulas.
As is clear from the present work, and well known to others, 12th grade NAEP Proficiencies are not
markedly different than 11th grade ACT Percent on Track numbers. And as will be evident in the
Figures the PWELQ method and the weighted linear regression methods are sufficiently adequate for
our purposes with the latter being slightly more accurate in most of the cases considered.
Students of statistics know and our calculations confirm that the weighted linear regression is always
equal to or better (has smaller root-mean square errors) than simple linear regression. For that reason
only weighted linear regression and the PWELQ methods are used in this analysis.

Mapping for 2009 ACT and NAEP assessments
For weighted linear regression the formulas relating the NAEP proficiency Prof to the ACT POT and
their standard errors are:
𝑷𝑶𝑻 = 𝟎. 𝟎𝟖𝟔 + 𝟏. 𝟑𝟐𝟏𝑷𝒓𝒐𝒇, 𝒔. 𝒆. = 𝟑. 𝟖%
𝑷𝑶𝑻 = 𝟎. 𝟏𝟒𝟑 + 𝟎. 𝟗𝟐𝟒𝑷𝒓𝒐𝒇, 𝒔. 𝒆. = 𝟔. 𝟖%

for Mathematics, and
for Reading.

♣

Readers will notice the absence of results for those students who are economically disadvantaged. For reasons unknown to
us, the ACT testing programs do not report results for the economically disadvantaged even though the NAEP and most
states’ assessment programs routinely report it.
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For the PWELQ formulas relating the NAEP proficiency Prof to the ACT POT there are three formulas
for each of three subdomains. Those formulas and their standard errors, starting with mathematics, are:
𝑾𝒉𝒆𝒓𝒆 𝑷𝒓𝒐𝒇 < 𝟎. 𝟎𝟗, 𝑷𝑶𝑻 = 𝟏. 𝟖𝟕𝟒 𝑷𝒓𝒐𝒇 − 𝟏 + (𝟏 – 𝑷𝒓𝒐𝒇𝟐 ) + 𝟏 − (𝟏 – 𝑷𝒓𝒐𝒇𝟐 )
𝑾𝒉𝒆𝒓𝒆 𝟎. 𝟎𝟗 < 𝑷𝒓𝒐𝒇 < 𝟎. 𝟐𝟖, 𝑷𝑶𝑻 = 𝟐. 𝟐𝟖𝟏 𝑷𝒓𝒐𝒇−. 𝟎𝟗

𝟐

+ 𝟏. 𝟐𝟒𝟖 𝑷𝒓𝒐𝒇−. 𝟎𝟗 + 𝟎. 𝟏𝟔𝟓

𝑾𝒉𝒆𝒓𝒆 𝑷𝒓𝒐𝒇 > 𝟎. 𝟐𝟖, 𝑷𝑶𝑻 = 𝟏. 𝟖𝟓𝟐 𝑷𝒓𝒐𝒇 − 𝟏 + (𝟏 – 𝑷𝒓𝒐𝒇𝟐 ) + 𝟏 − (𝟏 – 𝑷𝒓𝒐𝒇𝟐 )
𝑾𝒊𝒕𝒉 𝒔. 𝒆. = 𝟒. 𝟑% .
Then for Reading testing the corresponding PWELQ formulas are:
𝑾𝒉𝒆𝒓𝒆 𝑷𝒓𝒐𝒇 < 𝟎. 𝟐𝟏, 𝑷𝑶𝑻 = 𝟏. 𝟐𝟔𝟓 𝟏 − (𝟏 – 𝑷𝒓𝒐𝒇𝟐 ) + 𝟏 − (𝟏 – 𝑷𝒓𝒐𝒇𝟐 )
𝑾𝒉𝒆𝒓𝒆 𝟎. 𝟐𝟏 < 𝑷𝒓𝒐𝒇 < 𝟎. 𝟒𝟒, 𝑷𝑶𝑻 = 𝟎. 𝟒𝟎𝟎 𝑷𝒓𝒐𝒇−. 𝟐𝟏

𝟐

+ 𝟏. 𝟒𝟑𝟔 𝑷𝒓𝒐𝒇−. 𝟐𝟏 + 𝟎. 𝟐𝟒𝟔

𝑾𝒊𝒕𝒉 𝑾𝒉𝒆𝒓𝒆 𝑷𝒓𝒐𝒇 > 𝟎. 𝟒𝟒, 𝑷𝑶𝑻 = 𝟏. 𝟒𝟔𝟔 𝟏 − (𝟏 – 𝑷𝒓𝒐𝒇𝟐 ) + 𝟏 − (𝟏 – 𝑷𝒓𝒐𝒇𝟐 )
𝑾𝒊𝒕𝒉 𝒔. 𝒆. = 𝟕. 𝟔% .
Comparing the standard errors shows that the weighted linear regression formulas are more accurate
than the PWELQ formulas for both mathematics and reading mappings. Graphical representations of
these formulas and scatter plots of the data can be seen in Figure 1.
As is evident in Figure 1a, the mathematics POT is significantly larger than the corresponding NAEP
Prof with the inflation ratio between them a factor about 1.5. The inflation ratio is just the ratio of the
two slopes of the lines.
In Figure 1b we observe a somewhat smaller inflation ratio about 1.3 for the reading POT and the
corresponding NAEP Prof.
We caution the reader that the mention of inflation is not meant to be pejorative. It is simply meant to
show that the ACT judges a higher number of high school students to be ready for college work than the
comparable NAEP number would indicate. One could take this to mean that the NAEP’s criteria for
proficiency are very strict and perhaps too demanding. That said, these figures below show that the two
measures of student performance are comparable and similar.
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Figures 1a and 1b. These graphical representations show how two different mapping methods produce
a formula that one can use to estimate the Percent College Ready (PCR) that the ACT organization
would have reported for its 11th grade ACT college test. Here the 2009 NAEP published Proficiency
percentage is the input. The upper display depicts mathematics testing while the lower is for reading.
The Percent College Ready is the ACT organization’s estimate of how many 11th grade students will be
“college ready,” which in turn is based on ACT’s extensive longitudinal studies of high school graduates
and how they actually perform in entry level college course in the same subject area.
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Mapping for 2013 ACT and NAEP assessments
In the year 2013 the weighted linear regression formulas relating the NAEP proficiency Prof to the ACT
POT and their standard errors are:
𝑷𝑶𝑻 = 𝟎. 𝟏𝟐𝟔 + 𝟏. 𝟏𝟒𝟕𝑷𝒓𝒐𝒇, 𝒔. 𝒆. = 𝟑. 𝟐%
𝑷𝑶𝑻 = 𝟎. 𝟎𝟒𝟗 + 𝟎. 𝟗𝟓𝟓𝑷𝒓𝒐𝒇, 𝒔. 𝒆. = 𝟒. 𝟐%

for Mathematics, and
for Reading.

For the PWELQ formulas relating the NAEP proficiency Prof to the ACT Percent on Track POT there
are three formulas for each of three subdomains. Those formulas and their standard errors, starting with
mathematics, are:
𝑾𝒉𝒆𝒓𝒆 𝑷𝒓𝒐𝒇 < 𝟎. 𝟎𝟗, 𝑷𝑶𝑻 = 𝟐. 𝟒𝟑𝟗 𝑷𝒓𝒐𝒇 − 𝟏 + (𝟏 – 𝑷𝒓𝒐𝒇𝟐 ) + 𝟏 − (𝟏 – 𝑷𝒓𝒐𝒇𝟐 )
𝑾𝒉𝒆𝒓𝒆 𝟎. 𝟎𝟗 < 𝑷𝒓𝒐𝒇 < 𝟎. 𝟑𝟐, 𝑷𝑶𝑻 = 𝟎. 𝟖𝟏𝟑 𝑷𝒓𝒐𝒇−. 𝟎𝟗

𝟐

+ 𝟏. 𝟏𝟎𝟒 𝑷𝒓𝒐𝒇−. 𝟎𝟗 + 𝟎. 𝟐𝟏𝟒

𝑾𝒉𝒆𝒓𝒆 𝑷𝒓𝒐𝒇 > 𝟎. 𝟑𝟐, 𝑷𝑶𝑻 = 𝟏. 𝟕𝟏𝟑 𝑷𝒓𝒐𝒇 − 𝟏 + (𝟏 – 𝑷𝒓𝒐𝒇𝟐 ) + 𝟏 − (𝟏 – 𝑷𝒓𝒐𝒇𝟐 )
𝑾𝒊𝒕𝒉 𝒔. 𝒆. = 𝟑. 𝟐% .
Then for Reading testing the corresponding PWELQ formulas are:
𝑾𝒉𝒆𝒓𝒆 𝑷𝒓𝒐𝒇 < 𝟎. 𝟐𝟑, 𝑷𝑶𝑻 = 𝟎. 𝟗𝟗𝟑 𝟏 − (𝟏 – 𝑷𝒓𝒐𝒇𝟐 ) + 𝟏 − (𝟏 – 𝑷𝒓𝒐𝒇𝟐 )
𝑾𝒉𝒆𝒓𝒆 𝟎. 𝟐𝟑 < 𝑷𝒓𝒐𝒇 < 𝟎. 𝟒𝟐, 𝑷𝑶𝑻 = 𝟕. 𝟏𝟔𝟕 𝑷𝒓𝒐𝒇−. 𝟐𝟏

𝟐

+ 𝟎. 𝟐𝟎𝟖 𝑷𝒓𝒐𝒇−. 𝟐𝟏 + 𝟎. 𝟐𝟐𝟗

𝑾𝒉𝒆𝒓𝒆 𝑷𝒓𝒐𝒇 > 𝟎. 𝟒𝟐, 𝑷𝑶𝑻 = 𝟏. 𝟑𝟐𝟔 𝟏 − (𝟏 – 𝑷𝒓𝒐𝒇𝟐 ) + 𝟏 − (𝟏 – 𝑷𝒓𝒐𝒇𝟐 )
𝑾𝒊𝒕𝒉 𝒔. 𝒆. = 𝟓. 𝟗% .
Comparing the standard errors shows that the weighted linear regression formula is tied or more
accurate than the PWELQ formula for mathematics or reading, respectively. Graphical representations
of these formulas and scatter plots of the data can be seen in Figure 2.
As is evident in Figures 2a and 2b, the mathematics and reading values for POT are each significantly
larger than the corresponding NAEP Prof with the inflation ratio between them a factor about 1.3.
Comparing the inflation ratios of 2009 testing with these for 2013 testing suggests that ACT’s 11th grade
testing systems have maintained a stable relationship with the well established NAEP tests. These
inflation numbers should not be considered problematic for either test as they are not being used to
compare an established reference value with an erroneous one. An important inference to draw is this:
The developing and greater use of CCSS and their testing systems during this period apparently has not
infected the ACT tests given to 11th and 12th grade students.
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Figures 2a and 2b. These graphical representations show how two different mapping methods produce
a formula that one can use to estimate the Percent College Ready (PCR) that the ACT organization
would have reported for its 11th grade ACT college test. Here the 2013 NAEP published Proficiency
percentage is the input. The upper display depicts mathematics testing while the lower is for reading.
As before, the Percent College Ready is the ACT organization’s estimate of how many 11th grade
students will be “college ready,” which in turn is based on ACT’s extensive longitudinal studies of high
school graduates and how they actually perform in entry level college course in the same subject area.

We asked in the subtitle “how good are the ACT tests?” Their 11th grade tests, based on the foregoing,
seem very good. We are not aware of any other 11th or 12th grade assessments quite as objective.
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Mapping NAEP 8th grade Prof to the ACT’s 8th grade POT

Kentucky is one state where ACT’s EXPLORE test for 8th graders has been used used to satisfy their
NCLB obligations. As with nearly every state it also participated in NAEP’s 8th grade testing program.
As the ACT Aspire tests became available the EXPLORE test was retired in favor of the 8th grade
version of the Aspire test. But Kentucky did not continue using ACT Aspire tests as it went over to tests
more consistent to those that are compliant with the CCSS.
Only two states use ACT Aspire for their 8th grade NLCB requirement: Alabama and South Carolina. So
we also chose them to produce mappings from the NAEP to the Aspire tests. Interestingly, Alabama
claims to be a CCSS state while South Carolina repealed them. This suggests that the ACT organization
has convinced the one state that its tests are aligned to CCSS while to the other state that they are not!
Experts at (and formerly at) ACT tell us that the ACT tests are not aligned (at least not yet).

Mapping 8th grade NAEP assessments to ACT EXPLORE in 2013

Let’s first consider the Kentucky experience with the 8th grade ACT EXPLORE tests in 2013 and 2015.
For weighted linear regression the formulas relating the NAEP proficiency Prof to the EXPLORE
Percent on Track POT and their standard errors are:
𝑷𝑶𝑻 = 𝟎. 𝟎𝟔𝟕 + 𝟎. 𝟗𝟐𝟏𝑷𝒓𝒐𝒇, 𝒔. 𝒆. = 𝟏. 𝟏%
𝑷𝑶𝑻 = 𝟎. 𝟎𝟒𝟓 + 𝟎. 𝟗𝟗𝟓𝑷𝒓𝒐𝒇, 𝒔. 𝒆. = 𝟏. 𝟕%

for Mathematics, and
for Reading.

For the PWELQ formulas relating the NAEP Prof to the EXPLORE POT there are three formulas for
each of three subdomains. Those formulas and their standard errors, starting with mathematics, are:
𝑾𝒉𝒆𝒓𝒆 𝑷𝒓𝒐𝒇 < 𝟎 . 𝟏𝟔, 𝑷𝑶𝑻 = 𝟏. 𝟒𝟒𝟐 𝑷𝒓𝒐𝒇 − 𝟏 +

𝟏 – 𝑷𝒓𝒐𝒇𝟐

+ 𝟏 − (𝟏 – 𝑷𝒓𝒐𝒇𝟐 )

𝑾𝒉𝒆𝒓𝒆 𝟎. 𝟏𝟔 < 𝑷𝒓𝒐𝒇 < 𝟎. 𝟒𝟒, 𝑷𝑶𝑻 =. 𝟖𝟖𝟓 𝑷𝒓𝒐𝒇−. 𝟏𝟔 𝟐 +. 𝟔𝟗𝟎 𝑷𝒓𝒐𝒇−. 𝟏𝟔 + . 𝟐𝟐𝟓
𝑾𝒉𝒆𝒓𝒆 𝑷𝒓𝒐𝒇 > 𝟎. 𝟒𝟒, 𝑷𝑶𝑻 = 𝟏. 𝟏𝟒𝟏 𝑷𝒓𝒐𝒇 − 𝟏 + (𝟏 – 𝑷𝒓𝒐𝒇𝟐 ) + 𝟏 − (𝟏 – 𝑷𝒓𝒐𝒇𝟐 )
For mathematics testing: 𝒔. 𝒆. = 𝟏. 𝟐% .
Then for Reading testing the corresponding PWELQ formulas are:
𝑾𝒉𝒆𝒓𝒆 𝑷𝒓𝒐𝒇 < 𝟎. 𝟐𝟓, 𝑷𝑶𝑻 = 𝟏. 𝟐𝟓𝟐 𝑷𝒓𝒐𝒇 − 𝟏 + (𝟏 – 𝑷𝒓𝒐𝒇𝟐 ) + 𝟏 − (𝟏 – 𝑷𝒓𝒐𝒇𝟐 )
𝑾𝒉𝒆𝒓𝒆 𝟎. 𝟐𝟓 < 𝑷𝒓𝒐𝒇 < 𝟎. 𝟓𝟎, 𝑷𝑶𝑻 = 𝟏. 𝟒𝟏𝟎 𝑷𝒓𝒐𝒇−. 𝟐𝟓

𝟐

+ 𝟎. 𝟔𝟕𝟏 𝑷𝒓𝒐𝒇−. 𝟐𝟓 + . 𝟑𝟎𝟓

𝑾𝒉𝒆𝒓𝒆 𝑷𝒓𝒐𝒇 > 𝟎. 𝟓𝟎, 𝑷𝑶𝑻 = 𝟏. 𝟏𝟔𝟔 𝑷𝒓𝒐𝒇 − 𝟏 + (𝟏 – 𝑷𝒓𝒐𝒇𝟐 ) + 𝟏 − (𝟏 – 𝑷𝒓𝒐𝒇𝟐 )
For reading testing: 𝒔. 𝒆. = 𝟏. 𝟗% .
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Figures 3a and 3b. The ACT POT is shown as a function of NAEP Proficiency for the year 2013. These
graphical representations show how two different mapping methods produce a formula that one can
use to estimate the Percent on Track (POT) that the ACT organization would have reported for its 8th
grade EXPLORE test. Here the NAEP reported or estimated Proficiency percentage is the input. The
upper display depicts mathematics testing while the lower is for reading. Percent on Track is “claimed”
by ACT to be the percentage of 8th grade students likely to pass the ACT college test and finally earn
the designation: “college ready.”
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Comparing the standard errors shows, similarly to all but one of the 11th grade tests where the accuracy
is tied, that the weighted linear regression formula is most accurate for both math and reading testing,
but just barely. Graphical representations of these formulas and scatter plots of the data are in Figure 3.
We see in Figure 3, that the mathematics POT for the EXPLORE test is somewhat larger than the
corresponding NAEP Prof with the gap never more than about 6.5 points on the POT scale.
Also clear from Figure 3 is the fact that the reading POT for the EXPLORE test is fairly close to the
NAEP Prof value, but not ever much more than 6.3 points on the POT scale. Given that the data pairs
for both mathematics and reading are visually close to a straight line, the superiority of weighted linear
regression (where the mapping curve is also a straight line) should not be surprising.

Mapping 8th grade NAEP assessments to ACT EXPLORE in 2015

Next we look at the Kentucky experience with the 8th grade ACT EXPLORE tests for 2015.
For weighted linear regression the formulas relating the NAEP proficiency Prof to the EXPLORE
Percent on Track POT and their standard errors are:
𝑷𝑶𝑻 = 𝟎. 𝟎𝟐𝟕 + 𝟏. 𝟎𝟒𝟗𝑷𝒓𝒐𝒇, 𝒔. 𝒆. = 𝟏. 𝟐%
𝑷𝑶𝑻 = 𝟎. 𝟎𝟑𝟕 + 𝟎. 𝟗𝟗𝟓𝑷𝒓𝒐𝒇, 𝒔. 𝒆. = 𝟎. 𝟖%

for Mathematics, and
for Reading.

For the PWELQ formulas relating the NAEP proficiency Prof to the EXPLORE Percent on Track POT
there are three formulas for each of three subdomains. Those formulas and their standard errors, starting
with mathematics, are:
𝑾𝒉𝒆𝒓𝒆 𝑷𝒓𝒐𝒇 < 𝟎 . 𝟏𝟕, 𝑷𝑶𝑻 = 𝟏. 𝟐𝟖𝟑 𝑷𝒓𝒐𝒇 − 𝟏 + (𝟏 – 𝑷𝒓𝒐𝒇𝟐 ) + 𝟏 − (𝟏 – 𝑷𝒓𝒐𝒇𝟐 )
𝑾𝒉𝒆𝒓𝒆 𝟎. 𝟏𝟕 < 𝑷𝒓𝒐𝒇 < 𝟎. 𝟒𝟏, 𝑷𝑶𝑻 =. 𝟕𝟖𝟒 𝑷𝒓𝒐𝒇−. 𝟏𝟕 𝟐 +. 𝟖𝟒𝟏 𝑷𝒓𝒐𝒇−. 𝟏𝟕 + . 𝟐𝟏𝟒
𝑾𝒉𝒆𝒓𝒆 𝑷𝒓𝒐𝒇 > 𝟎. 𝟒𝟏, 𝑷𝑶𝑻 = 𝟏. 𝟏𝟓𝟖 𝑷𝒓𝒐𝒇 − 𝟏 + (𝟏 – 𝑷𝒓𝒐𝒇𝟐 ) + 𝟏 − (𝟏 – 𝑷𝒓𝒐𝒇𝟐 )
For mathematics testing: 𝒔. 𝒆. = 𝟏. 𝟑% .
Then for Reading testing the corresponding PWELQ formulas are:
𝑾𝒉𝒆𝒓𝒆 𝑷𝒓𝒐𝒇 < 𝟎. 𝟐𝟔, 𝑷𝑶𝑻 = 𝟏. 𝟏𝟕𝟑 𝑷𝒓𝒐𝒇 − 𝟏 + (𝟏 – 𝑷𝒓𝒐𝒇𝟐 ) + 𝟏 − (𝟏 – 𝑷𝒓𝒐𝒇𝟐 )
𝑾𝒉𝒆𝒓𝒆 𝟎. 𝟐𝟔 < 𝑷𝒓𝒐𝒇 < 𝟎. 𝟒𝟗, 𝑷𝑶𝑻 =. 𝟒𝟎𝟖 𝑷𝒓𝒐𝒇−. 𝟐𝟔

𝟐

+ 𝟎. 𝟗𝟏𝟗 𝑷𝒓𝒐𝒇−. 𝟐𝟔 + . 𝟐𝟗𝟗

𝑾𝒉𝒆𝒓𝒆 𝑷𝒓𝒐𝒇 > 𝟎. 𝟒𝟗, 𝑷𝑶𝑻 = 𝟏. 𝟏𝟏𝟔 𝑷𝒓𝒐𝒇 − 𝟏 + (𝟏 – 𝑷𝒓𝒐𝒇𝟐 ) + 𝟏 − (𝟏 – 𝑷𝒓𝒐𝒇𝟐 )
For reading testing: 𝒔. 𝒆. = 𝟏. 𝟐% .
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Figures 4a and 4b. The ACT POT is shown as a function of NAEP Proficiency for the year 2015. Except
for the different testing year, this figure is a more recent edition of Figure 3.
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Again as before, the weighted linear regression formula is most accurate for math and reading testing.
Graphical representations of these formulas and scatter plots of the data are in Figure 4 above.
As is evident in Figure 4, the mathematics POT for the EXPLORE test is fairly close in value to the
corresponding NAEP Prof with the gap between them never exceeding 5.0 points on the POT scale.
Also clear from Figure 3 is the fact that the reading POT for the EXPLORE test is somewhat larger
than the NAEP Prof value, but not ever much more than 4.2 points on the POT scale. As before the
superiority of weighted linear regression is evident.

Mapping 8th grade NAEP assessments to ACT Aspire in 2015

Next we look at the South Carolina experience with the 8th grade ACT Aspire tests for 2015.
For weighted linear regression the formulas relating the NAEP proficiency Prof to the Aspire Percent on
Track POT and their standard errors are:
𝑷𝑶𝑻 = 𝟎. 𝟎𝟐𝟕 + 𝟏. 𝟏𝟔𝟑𝑷𝒓𝒐𝒇, 𝒔. 𝒆. = 𝟏. 𝟏%
𝑷𝑶𝑻 = 𝟎. 𝟏𝟕𝟕 + 𝟏. 𝟎𝟔𝟐𝑷𝒓𝒐𝒇, 𝒔. 𝒆. = 𝟏. 𝟎%

for Mathematics, and
for Reading.

For the PWELQ formulas relating the NAEP proficiency Prof to the Aspire Percent on Track POT there
are three formulas for each of three subdomains. Those formulas and their standard errors, starting with
mathematics, are:
𝑾𝒉𝒆𝒓𝒆 𝑷𝒓𝒐𝒇 < 𝟎 . 𝟏𝟒, 𝑷𝑶𝑻 = 𝟏. 𝟒𝟗𝟐 𝑷𝒓𝒐𝒇 − 𝟏 + (𝟏 – 𝑷𝒓𝒐𝒇𝟐 ) + 𝟏 − (𝟏 – 𝑷𝒓𝒐𝒇𝟐 )
𝑾𝒉𝒆𝒓𝒆 𝟎. 𝟏𝟒 < 𝑷𝒓𝒐𝒇 < 𝟎. 𝟒𝟏, 𝑷𝑶𝑻 = 𝟏. 𝟓𝟓𝟔 𝑷𝒓𝒐𝒇−. 𝟏𝟒 𝟐 +. 𝟕𝟖𝟎 𝑷𝒓𝒐𝒇−. 𝟏𝟒 + . 𝟐𝟎𝟒
𝑾𝒉𝒆𝒓𝒆 𝑷𝒓𝒐𝒇 > 𝟎. 𝟒𝟏, 𝑷𝑶𝑻 = 𝟏. 𝟑𝟔𝟔 𝑷𝒓𝒐𝒇 − 𝟏 + (𝟏 – 𝑷𝒓𝒐𝒇𝟐 ) + 𝟏 − (𝟏 – 𝑷𝒓𝒐𝒇𝟐 )
For mathematics testing: 𝒔. 𝒆. = 𝟎. 𝟖% .
Then for Reading testing the corresponding PWELQ formulas are:
𝑾𝒉𝒆𝒓𝒆 𝑷𝒓𝒐𝒇 < 𝟎. 𝟏𝟕, 𝑷𝑶𝑻 = 𝟐. 𝟐𝟒𝟐 𝑷𝒓𝒐𝒇 − 𝟏 + (𝟏 – 𝑷𝒓𝒐𝒇𝟐 ) + 𝟏 − (𝟏 – 𝑷𝒓𝒐𝒇𝟐 )
𝑾𝒉𝒆𝒓𝒆 𝟎. 𝟏𝟕 < 𝑷𝒓𝒐𝒇 < 𝟎. 𝟒𝟑, 𝑷𝑶𝑻 = 𝟏. 𝟏𝟑𝟑 𝑷𝒓𝒐𝒇−. 𝟏𝟕

𝟐

+ 𝟎. 𝟖𝟐𝟏 𝑷𝒓𝒐𝒇−. 𝟏𝟕 + . 𝟑𝟔𝟑

𝑾𝒉𝒆𝒓𝒆 𝑷𝒓𝒐𝒇 > 𝟎. 𝟒𝟑, 𝑷𝑶𝑻 = 𝟏. 𝟔𝟕𝟎 𝑷𝒓𝒐𝒇 − 𝟏 + (𝟏 – 𝑷𝒓𝒐𝒇𝟐 ) + 𝟏 − (𝟏 – 𝑷𝒓𝒐𝒇𝟐 )
For reading testing: 𝒔. 𝒆. = 𝟐. 𝟕% .
Next, in Figure 5 we observe the graphical relationship between the ACT Aspire POT and the NAEP
Proficiencies as measured and calculated for 2015 testing in South Carolina.
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Figures 5a and 5b. The ACT Aspire test’s POT in mathematics and reading is shown as a function of
NAEP Proficiencies for the year 2015. If the Aspire test precisely replicated the results that the
EXPLORE test would have generated, the plots here in Figure 5 for the 8th grade Aspire test would
closely resemble those in Figure 4 for the 8th grade EXPLORE test.

As is evident visually, the Aspire 8th grade test produces a significant level of proficiency inflation as
compared to that of the 8th grade EXPLORE test. In fact, at the 50% NAEP value, the POT estimate is a
factor of 1.26 higher for mathematics and is 1.48 higher for reading. Those inflation values are higher
than their respective counterpart values of 1.11 and 1.09 that were found for 8th grade EXPLORE
testing.
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Here we find the PWELQ interpolation the more accurate for the mathematics testing but the weighted
linear regression formula is more accurate for reading.
We also generated maps between ACT Aspire 8th grade testing for the data from Alabama. Like the case
in South Carolina, the Aspire POT values are significantly inflated above those of the NAEP with ratios
similar to those described above.

Did ACT incorporate the effects of high school dropouts?
As we pondered the comparisons between the old ACT EXPLORE tests and the new ACT Aspire tests,
we wondered which one is more accurate in measuring the percent of students tested who were deemed
on track to be college ready and likely to pass the 11th grade ACT college test.
Let’s consider how the ACT figure of merit for 11th and 12th grade students, the percent college ready, is
affected by the reductions in student population of the cohort that was tested in 8th grade.
Were there no dropouts in such a K-12 school system one would expect the POT number to remain
approximately the same across the grades through which a cohort of students would pass. The number of
students in the cohort would remain constant during this evolution, as would the identities of those who
would eventually be accorded the status of being “college ready.” Thus their ratio would remain
constant.
But there are dropouts. In most states the numbers of such students who leave their cohort during the
early high school years exceeds 20%. Under this scenario the actual count of “on track” students would
remain the same going from 8th grade to 11th or 12th, but their fraction or percentage of the cohort
population would increase. Then we’d expect the percent college ready measured by the ACT college
tests to be about 20% higher than the POT numbers measured in 8th grade.
We have reviewed all of our measured and estimated percent college ready and percent on track
numbers. When we average over the states for which we have data we find the average 8th grade POT
for mathematics is 34.8% and for reading is 41.4%. When we perform these averages over these same
states but for the 11th and 12th grade ACT tests the respective percentages are 35.1% and 41.7%. Thus
the percentages deemed to be either on track to be college ready in the 8th grade or measured to be
college ready later on in high school are nearly constant. This is shown in more detail in Table 1, which
follows
This suggests to us that ACT ignored high school dropouts in their analysis. We’d like to be proven
wrong on this point, but the numbers suggest otherwise. Based on this analysis we think that the 8th
grade POT numbers are about 20% or a factor of 1.2 too high for them to be consistent with the idea of
being on track within a cohort of students who will later be accorded the status of “college ready.”
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Table 1. Here we display the enrollment statistics for several states being considered in this effort and
their inferred effect on retention/dropout rates. The changes in enrollment from 8th grade to 12th grade
seem to involve two phenomena: A roughly 10% increase in 9th grade due to students transferring in
predominantly from private schools & from 9th grade to 12th we see approximately 20% have left, which
we assume to be mainly dropouts. We ignore the “transfers in” effect in this analysis that if included
would only increase the magnitude of the effect of the combined phenomena.

When we perform our analysis perhaps the best way to consider the populations of students being tested
is to recognize that the testing at 11th and 12th grades by ACT has not included the dropouts but that they
were included in the 8th grade testing. If we work back in time to the 8th grade, the cohort of 12 grade
testees make up approximately 80% of those tested at 8th grade while another 20% will later drop out. If
ACT psychometricians/statisticians don’t include the effect of dropouts then their percent on track
number POT for 8th grade should equal the percent college ready in 11th and 12th grades given that the
cohort is made up of the same students. But if they do include the reduction in the population of the
cohort going from 8th grade to 11th and 12th grades that will require the POT number in 8th grade to be
proportionately lower.
For example, let’s assume an 8th grade cohort of 100 students becomes an 80-student cohort by 11th
grade testing. Assume that half of the 11th grade students test above the college ready benchmark. That
would be 40 students. Now follow those 40 back in time to 8th grade when the cohort had 100 students.
If the testing experts could perfectly identify those who were going to be college ready or “on track” to
attain that then those same 40 would have been given that status. But in 8th grade the cohort was larger at
100 and the percentage is now 40%. Let’s now look at actual ACT numbers and ones estimated from our
NAEP mappings to understand what has been happening.
Table 2 below shows the various numbers used in the preceding mappings for six states of interest.
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Tables 2a and 2b display the POT numbers in mathematics and reading, respectively, already used in
our foregoing discussion for six states that have relevant data. The cells with blue font were estimated
by using our mapping formulas. The inflation factors show that the NAEP proficiencies are in the same
“Ball Park” with the ACT POT numbers but we stress that our discussion here is not about that
comparison. Rather we are using the NAEP data to make estimates of ACT numbers to enable
comparisons between 8th and 12th grade POT numbers.
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To better understand the relationship of 8th grade POT numbers and those found in 11th and 12th grade
testing we had to limit our review to the three states of Arkansas, Florida and Illinois for those were the
only three states with sufficient and adequate data, which should be evident from Tables 2a and 2b.
What we see is this. Average the ACT mathematics POT numbers for 8th grade students in the three
states and you will find 34.7% calculated to be on track. For those same states average the results of the
ACT testing in high school and you get 35.1%- very close to the number for 8th grade.
For ACT reading, the average of the POT numbers for the 8th grade students in the three states is 39.6%
while the ACT testing in high school resulted in an average percent college ready of 41.7%- again very
close to the 8th grade number.
This says to us that the ACT construction of their “on track” numbers assumed a constant cohort
population. And consistent with the notion of being “on track” one would expect the proportion of those
on track to remain the same in 8th grade and in the upper high school years- just what these numbers say.
On the other hand if we allow for a larger cohort population in 8th grade than that found in 11th and 12th
grades the analysis needs to be adjusted. If the dropout percentage is about 20% then the POT numbers
for 8th grade need to be about 20% lower than those in 12th grade. We don’t see that in the data, which
implies that this effect was not considered by ACT.
As an aside, we can say something about the NAEP based on this discussion. Of the various figures of
merit of student performance, we trust the ACT 11th and 12th grade “percent college ready” the most.
That judgment is based on the fact that the ACT experts have used a scientifically based longitudinal
analysis system in which those deemed college ready will have a statistical probability of 50% of
achieving a B in the corresponding entry level college course in the same or related subject. On this
basis we think the NAEP proficiency cut-scores for 12th grade mathematics and reading are set too high.
The NAEP people sitting on their governing board might consider new cut scores that would bring their
percent proficient more in line with the ACT measure of college readiness. That would entail
approximately an 80% increase in mathematics proficiency numbers and about a 26% increase for
reading.
Similarly, the NAEP cut scores for 8th grade testing might be adjusted as well.

Conclusion: ACT’s has a strong college test but at 8th grade is weaker
We have used mapping techniques to convert proficiency percentages reported by the Nation’s Report
Card- via its NAEP testing- to performance metrics of the ACT organization’s batteries of tests that are
used to measure student achievement. To do that conversion properly the tested groups must be the same
or at least statistically the same.
Many states use one or more tests of the ACT but only a handful administer the tests statewidegenerally in those cases where the test is used to be compliant with the NCLB law. Of those states there
is a subset where the NAEP reports at the 12th grade. Only six states had the combination of ACT testing
and that of the NAEP where we could perform useful analysis: Alabama, Arkansas, Florida, Illinois,
Kentucky and South Carolina. And of those only three core states, Arkansas, Florida and Illinois,
allowed us to investigate the concept of “percent on track” to be college ready that is used by the ACT at
every grade level of its testing.
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We developed mapping formulas allowing a given NAEP proficiency to be converted to an ACT
Percent on Track (POT) number. These formulas can be used in any state or jurisdiction for which a
NAEP proficiency is known or estimated. As the various figures in this report demonstrate, the weighted
linear regression interpolation line usually gave the best fit except in those rare cases where the author’s
PWELQ method was better.
In the case of 8th grade testing we developed two mapping systems: One for the now retired EXPLORE
test and one for the new ACT Aspire test. For mathematics testing we found that the POT numbers for
the core states were very close- averaging out 35.2% POT in the Aspire using states and 34.4% in those
that had used EXPLORE. On the reading testing they were farther apart with the Aspire states having a
reading POT of 46.9% as compared to the EXPLORE states having 36.0% for POT.
We know that NAEP sets its standards, chooses its questions and sets its cut scores based on the input of
committees of subject area content experts. In comparison, ACT sets its benchmark scores (essentially,
cut scores) by performing a statistical analysis of how former testees performed in entry level college
courses in the same subject area being tested. Experts are also involved here but in different ways than
for the NAEP. Thus we would say that the methods used by the NAEP are more subjective than those of
the ACT, which are more objective, quantitative and scientific. On this basis the ACT 11th and 12th
grade college tests are probably more useful than the NAEP system and given that the NAEP is not an
option for student testing systems at the more local levels we think the ACT is a good choice.
We are not aware of other testing systems that use longitudinal statistical methods to determine content
and cut scores. It’s a good strategy if the goal is college preparation.
The question arose asking whether the 8th grade tests of ACT are good enough for testing at that level?
Our criterion for a good 8th grade test it that it identifies those students who are likely to succeed in high
school and later in college. We like the ACT figure of merit: The percent on track to be college ready
that its testing uses in 8th grade and other grades as well. That percent on track or POT number is what
we’d like reported. However, it appears that the ACT ignored the effect coming from the high school
dropouts.
When we compared the average POT numbers for 8th grade students in our core states with their 11th
and 12th grade counterparts we found an almost amazing convergence: For mathematics POT was 34.7%
in 8th grade and 35.1% in 11th and 12th. For reading those numbers are 39.6% and 41.7%, respectively.
That equivalence is consistent with the tested cohort maintaining a constant population. But the cohort
got smaller- about 20% smaller. That would have led to relatively higher POT numbers in high school
testing- unlike what was found.
We’d like to see ACT address this problem. It could be remedied by raising the benchmark score at 8th
grade such that those passing that test would likely be among those determined to be college ready when
they take the ACT college test. This means that the improved 8th grade test would report a lower
percentage of its cohort on track than they currently do. The average mathematics POT number of 35%
would decline to about 29%. The average reading POT number of almost 40% would fall to about 33%.
There are other tests used by states for satisfying their NCLB obligations. We would like to extend our
analysis to them when time and resources permit. We would be very much surprised to find ones
superior to those of the ACT. Please advise if you have information on this.
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1

For those seeking further information about these calculations, the author will be pleased to provide
the relevant spreadsheets used in this work. The author can be contacted by email at
david.anderson@asoraeducation.com
2

David V. Anderson, Generating Local NAEP Proficiency Estimates By The Ellipse-Quartic (ELQ)
Mapping Methods, Asora Education Enterprises, June 2009. The report, ELQ-Mappings.docx, can be
accessed at http://www.asoreducation.com/page35/page35.html
3

To obtain the data from the NAEP testing, we used the NAEP data explorer available at
http://nces.ed.gov/nationsreportcard/naepdata/ under the section, “MAIN NAEP.”
4

Nearly all of the ACT test data for high school testing was found in reports published by the ACT
organization. So, for example, the testing of Florida’s 11th and 12th grade students, who comprised the
Class of 2015, was published in The ACT Profile Report – Florida – Graduating Class 2015 which is
accessible at http://forms.act.org/newsroom/data/2015/pdf/profile/Florida.pdf The ACT test results for
8th grade testing were obtained from the various state departments of education.
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