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Overview

ACT Aspire® includes a vertically scaled battery of achievement tests designed

to measure student growth in a longitudinal assessment system for grades 3-10

in English, reading, writing, mathematics, and science. ACT Aspire is designed to
measure students’ progress toward college and career readiness. The scale scores
are linked to college and career data through scores on The ACT® and the ACT
National Career Readiness Certificate” (ACT NCRC®) program. Empirically based
ACT College Readiness Benchmarks provide information about whether students
are on target for readiness at the appropriate grade/subject levels. To enhance score
interpretation, reporting categories for ACT Aspire use the same terminology as the
ACT College and Career Readiness Standards (ACT CCRS) and other standards
that target college and career readiness (including the standards of many states and
the Common Core State Standards [CCSS]). Some reporting categories are unique
to ACT Aspire. These include science, technology, engineering, and mathematics
(STEM), justification and explanation in mathematics, progress with text complexity in
reading, and a progress toward career readiness indicator.

The types of items based on a given construct are determined by considering

the amount and nature of the evidence needed to support an inference. These
requirements are balanced with maintaining manageable administration conditions.
The ACT Aspire design includes several item types (i.e, selected-response,
constructed-response, technology-enhanced) and a range of item difficulties at
varying depths of knowledge. ACT Aspire assessments cover learning progressions
from foundational concepts to sophisticated applications.

Taken as individual subject tests or as a battery, ACT Aspire can be delivered online or
as a paper administration.



Introduction

This bulletin provides technical details regarding ACT Aspire™ scale scores, including
the development of the scales, description of scores, development of the ACT
Readiness Benchmarks, development of a Progress toward Career Readiness
indicator, description of norms, and description of equating. This bulletin also
summarizes evidence regarding ACT Aspire reliability, validity, and mode comparability.
For details about ACT Aspire test development and content, see ACT Aspire
Summative Assessment Technical Bulletin #1 (ACT 2014b).

Analyses described below primarily include data from three large-scale studies
conducted during the spring of 2013. Students included a national sample in grades
3-11. ACT Aspire test forms included English, Mathematics, Reading, Science, and
Writing.! The three studies included (a) a scaling study to develop the ACT Aspire
scale, (b) an equating study to place multiple ACT Aspire test forms onto the ACT
Aspire scale, and (c) a mode comparability study to link paper and online forms and to
evaluate potential mode effects across forms. Details regarding each of these studies
are provided in separate sections of this bulletin.

Data from the three studies were also combined with other data sources for particular
sections of this bulletin. For example, ACT Aspire scores were matched for students
taking other academic achievement tests to evaluate the validity of the interpretation
of ACT Aspire scores as measures of academic achievement.

This document should be viewed as an abbreviated technical manual, providing
information about the scaling, mode comparability, and other technical characteristics
of the ACT Aspire assessments. More complete documentation, including additional
technical analyses and additional results from the inaugural operational administration
of ACT Aspire in spring of 2014, is forthcoming.

' An ACT form was also included for grade 11 for scaling and is described below.



CHAPTER 1

ACT Aspire Score Scale

ACT Aspire Scaling Philosophy

ACT ascribes to a domain definition of growth, where student achievement

over the entire range of content is considered (Kolen and Brennan 2014). This
conceptualization of what growth means leads naturally to the scaling test data
collection design. The scaling test design involves creation of a single test that covers
the range of content and difficulty across the domain. This test is then administered
to students across the full range of grade levels covered and vertical scaling is used
to place performance of students across grade levels onto the same scale. The next
section describes in detail the scaling study used to establish the ACT Aspire score
scales.

Scaling Study
Introduction to the Scaling Study Design

The purpose of the scaling study is to establish a vertical scale for the ACT

Aspire English, Mathematics, Reading, and Science assessments. The ACT Aspire
assessments include seven grade level tests per subject: grades 3-8 and early high
school (EHS), which is given to students in grades 9 and 10. In addition, by including
grade 11 in the scaling study, the vertical scale could be extended to include The
ACT (see Appendix A), even though The ACT is not included in the ACT Aspire
assessments.

The scaling test design was adopted to create the vertical scale for each subject.
Under this design, each student completes two tests: an on-grade test appropriate
for his/her grade level and a scaling test with items from multiple grades. The vertical
scale is defined using the scaling test, and the scores for each on-grade test are
linked to the scale through the scaling test.
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Construction of Scaling Tests

Design of the scaling tests is a key component in creating a sound vertical scale
under the scaling test design. Items from the scaling tests should cover all content
that defines the vertical scale and be sensitive enough to measure growth. Since
the vertical scale covers grade 3 to grade 11, it is ideal to construct one scaling test
per subject with items from all grade levels and administer this single scaling test to
students from grades 3 to 11.

However, to include a sufficient number of items from each content domain in

the scaling test, this single test consisting of eight levels of tests (i.e., grades 3-8,
9/10, and 11) would be much too long to administer operationally and would require
students in certain grades to complete items which are significantly above or below
their grade level and likely achievement level. The length of the scaling test and

the prospect of, for example, administering high school students grade 3 items and
third graders items intended for high school students, would be unlikely to result in
good measurement. To create scaling tests of reasonable length, a single scaling
test covering items from grades 3 to 11 (hereafter referred to as the whole scaling
test and abbreviated WST) was broken into four separate tests in this study, each of
which includes items from two or three consecutive grades with one grade of overlap
(referred to as bridge grades) between tests. Specifically, scaling test 1 (ST1) includes
items from grades 3 to 5, scaling test 2 (ST2) includes items from grades 5 to 7,
scaling test 3 (ST3) includes items from grades 7 to EHS, and scaling test 4 (ST4)
includes items from EHS and The ACT (see figure 1.1).

Figure 1.1. Construction of the ACT Aspire scaling tests

Intact on-grade |

test forms: 3 |l a4 || s || 6 || 7 || 8 | EHS || AcT |

Whole Scaling Test (WST): ‘

- Approximately 1/3
representative items from
each on-grade intact form | 3 | 4 | 5 | 6 l 7 | 3 | E ] A| WST
were selected into the
scaling tests

- The grade appropriate
items in the WST form a

mini-version of each intact
on-grade test

Individual Scaling Tests: ST1
- Four scaling tests (ST1, T2, ST3,

and 5T4) covering different ST2

grade ranges

- Identical items in overlapping ST3
grades (bridge grades)

- Testing time: 40 minutes ST4

Note: “E” = EH5 and "A" = ACT
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The scaling tests were designed to represent a miniature version of each on-grade
test. The items chosen for the miniature version of each on-grade test were selected
to be representative with respect to both content coverage and item statistics to the
extent possible (approximately one-third of the items on an on-grade form for each
grade were used in the scaling tests). There were no common items between the
scaling test and the on-grade test administered to a student.

Within each scaling test, items were grouped and sorted by grade levels so that lower-
grade items were positioned earlier in the test than upper-grade items. ltems from

the bridge grades (5, 7, and 9/10) in the four scaling tests were identical. The only
difference was that these items appear at the end of the lower-level scaling test but
at the beginning of the upper-level scaling test. The time limit for each scaling test
was 40 minutes.

Data Collection Design

Each student participating in the scaling study was asked to take on-grade tests

at the appropriate grade level in all five subjects (English, math, reading, science,
and writing) and two scaling tests of different subjects. Once data were collected,
analyses to create the scale were conducted separately for each subject. Students
from grades 9 and 10 were combined for analysis of the EHS test? Each test could
be administered in a separate sitting, and students took the on-grade tests before
taking any scaling tests. All testing occurred between April and May in 2013, and

all assessments in the scaling study were given online. In total, more than 37,000
students from over 20 school districts and 14 states participated in the 2013 scaling
study.

Table 1.1 presents the data structure used to analyze each subject. Each row lists
the student grade level and the columns list the on-grade or scaling test assigned to
students. Bridge grades are listed twice, one row as “A" for those students assigned
to a lower-grade scaling test and one row as “B” for those assigned the upper-grade
scaling test. The second column lists the on-grade test form taken by students. The
third column lists the scaling test taken by students. For example, grade 7 students
(bridge grade) assigned to the “A” group would take the grade 7 on-grade test and
the grades 5-7 scaling test (ST2). Because grades 9 and 10 were bridge grades,
grade 9 students completed the EHS on-grade test plus either the lower-grade
scaling test (ST3) or the upper-grade scaling test (ST4). Grade 10 followed a similar
pattern: grade 10 students completed the EHS on-grade test plus ST3 or ST4.

2 While grade 9 and 10 were combined for analysis of the EHS test, norms, growth, benchmarks, and other information
reported to students are separately obtained for grades 9 and 10 within the EHS test. Details are provided in other
chapters of this bulletin.



ACT ASPIRE SCORE SCALE

Table 1.1. Scaling Study—Data Collection Design

Student
Grade On-Grade Test Scaling Test

3 3 ST1
4 4 ST1

B5A 9 ST1
5B 5 ST2
6 6 ST2

TA 7 ST2

7B 7 ST3

8 8 ST3

9A EHS ST3

9B EHS ST4

10A EHS ST3

10B EHS ST4

11 ACT ST4

12 ACT ST4

Note: ST1 includes items from grades 3-5; ST2 incudes items from grades 5-7; ST3 includes items from
grades 7-EHS; ST4 includes items from EHS and The ACT.

In the scaling study, each student in each grade completed one scaling test and

one on-grade test of the same subject. Approximately twice as many students were
sampled for bridge grades (5, 7, and 9/10) compared to those from non-bridge grades
to allow half of the bridge-grade students to take the lower-level scaling test and half
to take the upper-level one. All students in the same grade took the same on-grade
test. The two groups taking lower-/upper-level scaling tests in each bridge grade were
designed to be randomly equivalent. Once lists of recruited students were available,
students at a bridge grade were randomly assigned to take the upper- or lower-level
scaling test by spiraling tests across students. For example, for four students at a
bridge grade within the same classroom, if the first student was assigned the lower-
level scaling test, the second would be assigned the upper, the third the lower, and the
fourth the upper. This spiraling pattern continued for all students in this classroom and
continued into other classrooms and schools at the same grade level.

Creating the Vertical Scale

Under the scaling test design, the vertical alignment of student performance across
all grades was obtained from the scaling tests. Once the alignment was established,
a scale with desirable properties (i.e, target mean, standard deviation, standard error
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of measurement, number of scale score points, etc.) was created. Then, the base form
of each on-grade test was linked to the vertical scale. As new on-grade forms are
developed, they are horizontally equated to the base form to maintain the vertical scale
(see chapter 11).

The process of establishing the ACT Aspire vertical scale can be summarized in three

steps:

1. Link across the four scaling tests to establish the vertical relationship from
grades 3 to 11 in a subject.

2. Create the scale with desired properties based on the linked scaling test.

3. Link each on-grade test to the vertical scale.

Detailed descriptions of these three steps are presented below.

Step 1: Link across the Four Scaling Tests

The goal of this step is to link the four separate scaling tests so that scores of
students taking different scaling tests were put on the same scale. Note that if the
whole scaling test were given to all students, this step would not be necessary. To
conduct the linking, ST3 (composed of items from grades 7 to EHS) was selected
as the base test. This decision was made because (1) it contains items at the top of
the ACT Aspire scale, (2) two of the three other scaling tests (ST2 and ST4) can be
linked to this base test directly, and (3) it is adjacent to ST4, which was used to link
The ACT with constructed-response tests (see appendix A) to the ACT Aspire scale.

There are multiple possible ways of placing the four scaling tests on the same scale.
The options can be broken into two dimensions: linking design options and statistical
method options.

Linking Design Options
There were three linking design options:

1. Link through random equivalent groups in the bridge grades using students who
took the upper- or lower-level scaling tests (e.g, grade 5 students taking ST1:
grades 3-5 or ST2: grades 5-7).

2. Link through common items between adjacent scaling tests (e.g, common grade
5 items in ST1 and ST2).

3. Treat the entire on-grade test as an external anchor item set taken by students in
the bridge grades.

Each of these design options makes certain assumptions which should be met. The
first design assumes the two groups are randomly equivalent. The second design
assumes common items perform similarly between the two scaling tests. The third
design assumes that the common items on the same on-grade test form perform
similarly across similar groups of students.
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Statistical Method Options

Three methodology options were considered for scaling, with variations under each:
(1) the Thurstone method, (2) an ad hoc method based on linear or equipercentile
linking of different scaling tests (hereafter referred to as the ad hoc method), and (3)
the IRT method.

The Thurstone method (1938) assumes that normalized raw scores (z-scores) are
normally distributed within each grade (which also implies that z-scores across grades
are linearly related). Depending on the data collection design used, means and
standard deviations of a selected range of z-scores of students from different grades
on a common set of items or z-scores from equivalent groups of students on different
sets of items can be used to establish the relationships between standardized scale
scores across grades. Then, based on the relationship obtained, by fixing the mean
and standard deviation of one grade to the desired scale score moments or fixing the
means of any two grades, the means and standard deviations of scale scores of all
grades are obtained. To obtain the final raw-to-scale conversion, the normalized raw
scores of each grade are linearly transformed to match the scale score mean and
standard deviation obtained earlier for that grade.®

Besides the potential differences in results based on different data collection designs,
Thurstone method results can also vary depending on the range of score points
selected for conducting the analyses. Gulliksen (1950, 284) suggested selecting ten
or twenty score points when applying the Thurstone method. Williams, Pommerich, and
Thissen (1998) explored two versions of score-point selection: one with all the score
points observed for both grades, and one with score points between 10% and 90% of
the distributions of both grades. This study used all score points as the primary choice,
but also experimented with a few other range selections: 2.5%-97.5%, 5%-95%, and
10%-90%. The purpose of trying various trimming options was to gauge the effects
on the scale obtained from the Thurstone method.

The ad hoc method involves linking any possible pair of scaling tests using either the
linear or the equipercentile method (see Kolen and Brennan 2014). The goal of this
linking was to predict students’ total raw scores on the whole scaling test based on
the individual scaling test they had taken, and then using the predicted whole scaling
test raw scores as a basis for constructing the vertical scale. Specifically, to estimate
the whole scaling test score for a student who only took one individual scaling test,
we first estimate the student's predicted scores on the other three scaling tests

and then sum the four individual scaling test raw scores to obtain the whole scaling
test score. To predict scores on the three scaling tests that the student did not take,
numerous pair-wise linkages were conducted. For example, to predict ST2, ST3, and
ST4 for students who took ST1, the following links are needed: ST1 to ST2, ST1 to
ST3 through ST2, ST1 to ST4 through ST2 and ST3. There were different options

of computing the whole scaling test score depending on how common item scores

3 See chapter 9 in Kolen and Brennan (2014) for more details about this method.
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were treated. One option was to sum up the raw and estimated raw scores on all

four scaling tests, in which case common items were double counted. Other options
included different ways of de-counting the common items score, such as using the
simple sum score minus the common item scores from one of the scaling tests or
minus the average of scores on the two sets of common items. Whenever common
item scores were required in computing the whole scaling test scores, additional links
were needed among the common items from different scaling tests to account for the
common item total scores.

The item response theory (IRT) linking method involves putting IRT item parameters
from the four scaling tests on the same scale. Both the three-parameter logistic
(3PL) model and the two-parameter logistic (2PL) model were considered for the
dichotomously-scored items. The generalized partial credit model (GPC) was used

for polytomously-scored (i.e., constructed-response) items. The 3PL contains three
parameters for an item plus a parameter (theta) for student proficiency, and the 2PL
contains two parameters for an item plus a parameter for student proficiency. The
GPC is analogous to the 2PL but incorporates more than two score categories.* Al
calibrations were conducted using single group analysis with PARSCALE software.
Each of the four scaling tests was first independently calibrated. Under the common
item design, Stocking-Lord method (Stocking and Lord 1983) was used to transform
nonbase scaling test item parameters to the base test (ST3); under the random
equivalent groups design, students’ mean and standard deviation (SD) of theta scores
between the two groups in the bridge grade were used to compute the transformation
constants (see Kolen and Brennan 2014, 180-182). Students with extreme theta
scores (less than or equal to —6 or greater than or equal to +6) were excluded from
the calculation of mean and SD, because these theta scores were fixed by arbitrary
boundaries set up in the scoring software. The obtained scale transformation slope
and intercept were then applied to item parameter estimates from each independent
calibration to generate the scaled item parameters for all scaling tests. Students’ theta
scores were then estimated from the scaled item parameters which enabled them to
be put on the same scale.

Design and Method Selection

In theory, any combination of the design options and statistical methods could be
used. During the exploratory stage of analysis, many combinations were considered.
To limit the options, preliminary evaluations of results from different linking methods
were conducted. Four primary issues were considered: (1) determining whether the
required assumptions of each method were met, (2) application of results from a
simulation study to facilitate decision making, (3) checking to see whether growth
patterns (i.e, effect size between adjacent grades) among different results were
consistent or different, and (4) verifying that the desired scale properties could be
realized under a specific method.

4 For further descriptions of IRT and the 2PL, 3PL, and GPC models see Baker and Kim (2004), de Ayala (2009), or
Yen and Fitzpatrick (2006).
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Design selection. The data collection design used to develop the vertical scale was
determined primarily after checking whether certain assumptions were met.

The random equivalent groups design linked adjacent scaling tests through the two
groups taking lower-/upper-level scaling tests in each bridge grade by assuming the
two groups were equivalent. Since spiraling occurred at the student level within each
grade in a school, ideally, the number of students taking the lower-level scaling test
should be very close to that of students taking the upper-level test in each grade

of each school. During the data cleaning, if all students in the bridge grade in one
school only took one level of a scaling test, or if the ratio of students taking one level
test over the other level was more than 2, all students in that grade from that school
were removed from the final analysis. This was done to ensure group equivalence.

To further evaluate whether the two groups were equivalent after data cleaning,
on-grade test raw scores were compared across groups because they took the same
on-grade test form. Table 1.2 presents sample size, mean, and standard deviation of
on-grade test scores for the two groups in the bridge grades. For each pair of groups,
an independent-samples t-test was conducted to evaluate the statistical significance
of test raw score means (at 0.05 significance). None of the t-tests were statistically
significant—an indication that scores for the two groups from each bridge grade did
not differ.

The common item design involved linking through the common items between
adjacent scaling tests and assumed common items performed similarly between the
two scaling tests. However, context effects were a concern under the common item

Table 1.2. Raw Scores of On-Grade Tests for Two Groups Taking Lower-/Upper-
Level Scaling Tests

Group A Group B

Subject Grade N Mean SD N Mean SD
English 5 845 14.588 4345 871 14.701 4.456
7 889 19.580 5.898 928 19.496 5.820
9/10 667 26.187 10.461 687 25.128 10.431
Math 5 868 10.058 3.382 870 10.176 3.459
7 863 15.651 6.453 882 15.593 6.239
9/10 688 17.247 8.440 706 17.479 8.927
Reading 5 822 15.798 5.492 833 15.739 5717
7 806 13.166 5.241 800 13.340 5.364
9/10 707 14.651 7.058 684 14.415 7.088
Science 5 727 18.171 7.132 721 18.337 7.104
7 819 18812 7511 834 18.801 7.955
9/10 634 14218 8.082 648 14.520 7772

Note: Group A took the lower level ST, and Group B took the upper level ST.
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design because common items appeared at the beginning of the upper-level scaling
test and at the end of the lower-level scaling test. Specifically, the concern was that
the items might appear easier when they appeared at the beginning of the scaling
test than at the end of the test.

Context effects were examined by comparing the total raw score points on the
common items between the two groups of students taking lower/upper-level scaling
tests. Since it was previously determined that the two groups at the bridge grades,
one taking the upper-grade scaling test (denoted as B) and one taking the lower-
grade scaling test (denoted as A), were randomly equivalent, the average raw scores
on the common item set across groups should be similar. However, if context effects
are present, non-ignorable mean differences on the common items across groups
might be expected. For example, it has been shown that the groups taking scaling
test BA (grade b, lower-grade scaling test) and 5B (grade b, upper-grade scaling test)
are equivalent, so if the average raw score on grade b items in the scaling test for bA
is different from that for BB, context effects likely exist. Table 1.3 shows descriptive
statistics of lower- and upper-scaling test raw scores for groups taking common
items. Group B scored higher on the common items for all subjects and all bridge
grades. ltems appearing at the beginning of the test (group B) appeared to be easier
than when the same items appeared at the end of a scaling test (group A). The t-tests
were statistically significant (at the 0.05 level) for grades 5 and 7 in all subjects and
grade 9710 in math and science. Context effects appeared to affect performance on
the common items, which is a violation of the assumption that items should perform
similarly under the common-item design. Therefore, this design was not adopted.

Table 1.3. Raw Scores on Common Iltems for Two Groups Taking Lower-/Upper-
Level Scaling Tests

Group A Group B
Taking Lower-Level ST Taking Upper-Level ST

Subject Grade N Mean SD N Mean SD
English B 845 10.174 3818 871 11.200 3.292
7* 889 9.529 3.907 928 10.335 3534
9/10 667 12.337 5614 687 12.582 5.280
Math 5* 868 4.358 1.930 870 4670 1.952
7* 863 3.928 2.299 882 4.195 2.296
9/10* 688 3911 2954 706 4.249 2.840
Reading B 822 3.456 1.720 833 3619 1.635
7* 806 4227 2.262 800 4.591 2.309
9/10 707 4.494 3.225 684 4722 3.182
Science 5* 727 3.884 2.129 721 4277 2.080
7* 819 3.891 1.984 834 4,125 1910
9/10* 634 6.412 4.302 648 7.110 4,180

*ttestp <.05

11
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Under the common on-grade linking design, where the same test form was
administered to two similar groups of students, we assumed that the common items
performed similarly across groups. Results from this design were compared with those
derived from the random equivalent groups design. Specifically, both designs were
tried out using the Thurstone and ad hoc methods. Results indicated that the growth
patterns resulting from these two designs were very similar to each other. This was
not surprising, since the two groups were shown to be equivalent and had comparable
average raw scores on the on-grade test. Because the score patterns appeared
similar across common on-grade linking and random equivalent groups linking and,
more importantly, because the random groups assumption was tenable, the four
scaling tests were linked using the random equivalent groups design.

Method selection. Thurstone, ad hoc, and IRT statistical methods were tried using
the random equivalent groups linking design. Of the two non-IRT methods (i.e, the
Thurstone and ad hoc linking methods), the growth patterns in terms of effect size
between adjacent grades were similar. Each of the non-IRT methods had problematic
disadvantages. The ad hoc method involved many linkages and may introduce
unnecessary linking errors. A disadvantage of Thurstone scaling is that because

it does not involve recovery of the whole scaling test raw scores, the conditional
standard error of measurement (CSEM) on the whole scaling test cannot be readily
evaluated or stabilized, though methods are available to obtain constant CSEM for the
on-grade tests. CSEM properties, described below, were an important aspect of the
development of the ACT Aspire scale.

Under the IRT method, 2PL and 3PL models were fit to the data for dichotomous
items. The final model choice was informed by literature reviews, previous internal
studies examining the performance of the 2PL and 3PL using both simulated data
and real data, and the comparison of growth patterns between the two models on the
scaling tests.

Compared with the 2PL model, the 3PL model is more widely used in other large-
scale tests. Due to the inclusion of an additional item parameter, the 3PL model
typically fits the data better. In addition, the fact that the 3PL includes a parameter
intended to account for guessing often makes it a defensible model for multiple-
choice items. However, based on studies conducted internally, it was found that the
3PL had some practical limitations, which have been mentioned elsewhere (Yen and
Fitzpatrick 2006).
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One major issue with the 3PL was related to c-parameter estimation (commonly
referred to as the pseudo-guessing parameter). For example, the 3PL estimation
more frequently led to a less-than-optimal solution (or none at all), which resulted

in unstable item parameter estimates (or no estimates). In such cases, different IRT
calibration software programs produced different results (e.g., PARSCALE versus
BILOG-MG). These problems appeared to be due to estimation of the c-parameter,
which also impacted both a- and b-parameter estimates (slope and difficulty
parameters, respectively). On the other hand, the 2PL is a more parsimonious model
than the 3PL and had stable item parameter estimates when different calibration
samples and different software were used. An even more parsimonious model is the
Rasch model, but preliminary results indicated that the presence of a slope parameter
that varies across items, which is included in the 2PL and 3PL, was advantageous for
creating the ACT Aspire vertical scale.

Another potential benefit of using the 2PL compared to the 3PL is that it can often
be used to obtain reliable parameter estimates from smaller sample sizes. In the 2013
scaling study, we had adequate sample sizes for most grades, but the sample sizes
for some tests were relatively low for conducting some IRT calibrations (e.g., between
1,000 and 1,600).

To evaluate the effects of the IRT model on the patterns of scores across grade-level
growth patterns in terms of effect size on the predicted whole scaling test, scores®
were compared between results from the 2PL and 3PL. Effect size was computed
as the difference between the mean scores of adjacent grades divided by the square
root of the average variances for the two groups (Kolen and Brennan 2014, 461).
Using the Reading test as an example, the grade-to-grade growth in effect size
derived from the whole scaling test scores using 2PL and 3PL are plotted in figure
1.2. Also included in the plot are the effect sizes computed from the individual scaling
test raw scores. For example, the grade 3 to grade 4 effect size was computed using
ST1 raw scores on grades 3 and 4 students. For the bridge grades, the effect size
was computed between one of the random groups and its adjacent grade taking the
same scaling test. For example, effect size between grades 4 and 5 was computed
on ST1 raw scores between grade 4 and 5A students; effect size between grades
and 6 was computed on ST2 raw scores between grade 5B and 6 students. Since
5A and 5B groups were shown to be equivalent, either group could be treated as
representative of the entire group. The effect size between grades 9 and 10 was the
average of effect sizes for 9A versus 10A and 9B versus 10B.

5 These were true score estimates obtained by applying the scaled item parameter estimates of all items on the whole
scaling test given scaled proficiency (theta) estimates of each student obtained from the part of the whole scaling
test each student was actually administered. 13
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Figure 1.2. Effect sizes on whole scaling test scores derived from 2PL and 3PL, and
effect sizes on individual scaling tests raw scores.
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The purpose of comparing whole scaling test effect sizes and individual scaling test
raw score effect sizes was to ensure the process of linking the four scaling tests did
not distort the grade-to-grade relationships in the scaling tests. As shown in figure
1.2, the effect size pattern between 3PL and 2PL is very similar for grades 3-8 but
diverges from grades 8 to 11. The 2PL results are closer to that of the raw scaling
test scores.

In summary, after checking assumptions and referring to simulation results, the
random equivalent group linking design and IRT 2PL model were selected as the
method to link across the four scaling tests.

Step 2: Create the Vertical Scale Based on the Linked Scaling Tests

Generate the Projected Whole Scaling Test Raw Scores

After step 1 was completed, IRT item parameters for all four scaling tests were
placed on the same scale. Students’ theta scores were also on the same scale when
estimated from the scaled item parameters. Based on the scaled item parameter
estimates and theta estimates, students’ true scores on the whole scaling test, which
were on the raw score metric, were estimated from the IRT test characteristic curve
(TCC) of the whole scaling test.

14
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Create an Interim Scale with Constant Conditional Standard Error
of Measurement (CSEM)

The conditional standard error of measurement (CSEM) of the raw scores on a test
is typically an inverted U shape with the CSEM values being much smaller at the

two ends. To stabilize the CSEM along the score scale, raw scores on the whole
scaling test were nonlinearly transformed to an interim score scale using the arcsine
transformation (e.g, see Kolen and Brennan 2014, 405). Although this stabilization
was applied to the scaling test to obtain a constant CSEM property for the ACT
Aspire scale, after the on-grade tests were linked to the whole scaling test, there was
no guarantee that the constant CSEM property would be maintained on the on-grade
tests. Empirical results indicate that applying the arcsine transformation did help to
stabilize the scale score CSEM of the on-grade test after it was linked to the whole
scaling test.

To compute the CSEM, an extended Lord-Wingersky recursive algorithm (Hanson
1994; Wang, Kolen, and Harris 2000, 219; Kolen and Brennan 2014, 199) was
adopted to obtain the expected distribution on the interim scale score for each
student based on his/her theta score. The standard deviation of the expected score
distribution was the CSEM of the interim score scale for that student. Weights were
used to equalize the contribution of students from different grade levels to the CSEM
calculation because sample sizes varied across grades, particularly for the bridge
grades where the data collection design resulted in larger samples of students
compared to other grades (e.g, see sample sizes listed in tables 1.4-1.7).

Linear Transformation of the Interim Scale to the Final Scale

The interim scale scores, with the property of constant CSEM, were then linearly
transformed to the ACT Aspire scale. Since linear transformation does not change
the relative magnitude of the CSEMSs, the constant CSEM property was carried over
to the final scale. The linear transformation was selected so that the standard error
of measurement on the whole scaling test was about 1.8 scale score points and the
mean was set to an arbitrary value to anchor the scale.

15
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Step 3: Link the On-Grade Test to the Vertical Scale

The last step in the vertical linking process was to link each of the on-grade English,
Mathematics, Reading, and Science tests to the vertical scale established using the
whole scaling test in each subject. A single group linking design was adopted, since
the same group of students took both the on-grade test and the scaling test in the
same subject.

The IRT observed score linking method (Kolen and Brennan 2014, ch. 6) was used to
create the link. First, each on-grade test form was calibrated independently. Second,
item parameter estimates from the on-grade test were transformed to the whole
scaling test scale by matching the mean and standard deviation of theta scores
estimated from each on-grade test to theta scores estimated from the scaled item
parameters of the scaling tests. Third, the estimated distribution of number-correct
scores (using scaled item parameters) on the on-grade form was linked to that of the
whole scaling test. The IRT observed score linking yields the raw-to-scale conversion
for each on-grade test. The scale scores were rounded, truncated, and shifted to
desired score ranges to provide the final reportable scale scores.

Evaluation of the Scales

Once the scale was created and students’ scale scores were generated, the following
analyses were conducted to evaluate the scales:

1. Check whether the scale maintains the on-the-same-scale property. When multiple
grades of students took the same scaling test, their scores on that scaling test
were automatically on the same scale. The entire scaling process for ACT Aspire
involved multiple steps, including connecting individual scaling tests and linking
the on-grade test to the whole scaling test. Therefore, it was important to verify
that ACT Aspire scale scores obtained from on-grade tests could maintain the
vertical relationships obtained from the scaling test. This property is referred to as
the on-the-same-scale property. To evaluate this property, scaling test raw score
on each of the four scaling tests were used as a reference to define the observed
relationships across grade level. If the on-the-same-scale property was maintained,
students who had the same raw scores on the scaling test should have similar
scale scores on the on-grade test, even though their scale scores are from
on-grade tests at different grade levels.

9. Evaluate the constant CSEM property. As mentioned above, the CSEM stabilization
process was applied to the scale defined by the scaling test. To evaluate whether
this property was maintained for the on-grade tests, CSEM curves for each
on-grade test were plotted and examined.

3. Evaluate the growth pattern. The growth pattern derived from ACT Aspire scale
scores were examined and compared against the growth pattern derived from the
raw scaling test scores.
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Results

Scaling Test Raw Scores

Tables 1.4-1.7 present the mean and standard deviations of raw scores on individual
scaling tests and the mean and standard deviations of raw scores on the portion of
grade-specific items in each test. For example, the grade 3 students’ average raw
score is 22.525 for the English scaling test (ST1) and when items are grouped by
grade levels, the average score is 7.313 on all grade 3 items, 7.481 on all grade 4
items, and 7731 on all grade 5 items. The average scores on items from different
grade levels (i.e, across the columns) are not directly comparable since the number
of items is different across grade levels. Similarly, average scaling test raw scores are
only comparable among groups who took the same scaling test since the numbers of
score points and most of the items are different across the four scaling tests.

Within each scaling test, summarizing the average total raw score on the scaling test
by item grade-level provides diagnostic information regarding where growth occurs.
For example, a slightly negative growth occurs between grade 5 students (05B)

and grade 6 students on ST2 in reading. Reviewing the means on items grouped by
grade levels reveals that the reverse growth occurred on the grade 6 items. Another
example of negative growth is on ST4 in reading between group 9B and 10B. Group
10B performed worse on both the EHS and The ACT items.

Context effects are also observable in tables 1.4-1.7 between the bridge-grade
groups of students (“A” and “B” groups), because the common item mean scores are
always higher in the B group (where common items are given at the beginning of the
test) than the A group (where common items are given at the end of the test). This is
true for all subjects and all bridge grades. As explained earlier, this was one reason
why the common item linking design was not used to develop the vertical scale.

The standard deviations of raw scores tended to increase as grade level increased
within the same scaling test. In other words, group variability increased as students
advance in grade level.

Evaluating the On-the-Same-Scale Property

Figure 1.3 presents plots of the average scale scores per grade against the scaling
test raw score, by scaling test. As can be seen, students with the same scaling test
raw score have similar scale scores, on average, regardless of which on-grade tests
they have taken. These results are consistent with an interpretation of scores of
on-grade tests as being on the same vertical scale.

17
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Table 1.4. Scaling Test Raw Scores, by Grade—English

Mean Mean (SD) of Grade Specific ltems in Scaling Tests
Scaling (SD)
Test Grade N on ST G3 G4 G5 G6 G7 G8 G_EHS G_ACT
ST s 1gip 22525 7313 7481 7731
(7975) (2549) (3308) (3.499)
. gy 26078 8208 8730 9140
(8320) (2585) (3347) (3.689)
00060 9058 9828 10.174
08A 845 (5531) (2713) (3380) (3818)
ST2 o g, 28021 11000 8503 8318
(8.704) (3.009) (2998) (3582)
o gos 28548 11386 8490 8672
(9.528) (3604) (3.189) (3834)
30670 10048 9093 9599
O7TA 889 g 678) (3.496) (3.280) (3907)
ST3 09763 10335 8672 10755
078 928 (10335) (3534) (3524) (4514)
8 1436 31.769 10818 9.171 11.781
(11.059) (3683) (3677) (4807)
392.402 11117 9172 192114
09A 843 (19037) (3975) (4.042) (5008)
32710 10843 9203 12574
10A 324 13787 4.067) (4410) (5.995)
ST4 00,481 10332 17.149
09B 368 (10580 (5.120) (8.281)
31.367 10871 18495
108 319 1 4036) (5.450) (9.288)
1 og 32925 13943 18982
(13.797) (5.006) (9.356)

18



Table 1.5. Scaling Test Raw Scores, by Grade—Math

ACT ASPIRE SCORE SCALE

Mean Mean (SD) of Grade Specific ltems in Scaling Tests
Scaling (SD)
Test Grade N on ST G3 G4 G5 G6 G7 G8 G_EHS G_ACT
ST s ogg 9090 3732 2607 266
(3.573) (1 944) (1 A479) (1 b03)
4 1gos 11580 4573 3345 3662
4360) (2029) (1841) (1.743)
13778 5315 4105 4358
08A 868 (5 169) (2.133) (0212) (1.930)
ST2 0,924 4670 2600 2654
058 870 (3434) (1959) (1.237) (1501)
o gy 10817 4812 02939 3065
(4.216) (2047) (1.428) (1.752)
10818 5395 3495 3998
O7A 863 517y (2.109) (1.693) (2.000)
ST3 9.347 4195 02407 9745
078 882, 680) (2.006) (1508) (1942)
o s 10580 4504 0682 3394
(5.289) (2.369) (1505) (2.375)
11213 4559 02877 3777
09A 381 (5o18) ©704) (1679) (2719)
12.160 5156 02995 4078
10A 307 (7 0og3) (2836) (1.745) (3.219)
ST4 10580 4133 6447
098 376 5e01) (2632) (3.427)
11.361 4382 6979
108330 5906) (3060) (4.269)
10765 5139 7606
1669 5630 (3041) (4.087)
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Table 1.6. Scaling Test Raw Scores, by Grade—Reading

Mean Mean (SD) of Grade Specific ltems in Scaling Tests
Scaling (SD)
Test Grade N on ST G3 G4 G5 G6 G7 G8 G_EHS G_ACT
STH 3 1769 8.077 3.003 9.757 92317
(4054) (1.686) (1.879) (1.451)
. 1sgo 9811 3516 3587 2709
(4.467) (1.755) (2.040) (1.673)
12.102 4153 4.493 3.456
08A 822 467)  (1710) (2.154) (1.720)
ST2 19,550 3619 5261 3670
058 833 (4 q03) (1635) (2322) (2.036)
6 1759 12.495 3.624 h.077 3.794
(5.357) (1.695) (2.422) (2.179)
13.878 3.970 Hh.681 4997
O7A 806 (5 3y (1685) (2.388) (2.062)
ST3 10.824 4591 2.644 3.589
S ) (2309) (1502) (2.491)
o 13 1177 4861 2864 4050
(5.687) (2359) (1597) (2.697)
12.219 4982 9876 4355
09A 386 (5105) (2375) (1.621) (2.988)
192.879 h.202 3.016 4.660
N (2807) (1769) (3.487)
ST4 11.756 4779 6.984
098 369 509 (3094) (3529)
11514 4,663 6.851
108315 5701 (3.087) (39392)
12.795 5413 7.3892
1707 61s1) (3059) (3.775)
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Table 1.7. Scaling Test Raw Scores, by Grade—Science

ACT ASPIRE SCORE SCALE

Mean Mean (SD) of Grade Specific ltems in Scaling Tests
Scaling (SD)
Test Grade N on ST G3 G4 G5 G6 G7 G8 G_EHS G_ACT
ST1 s 1gog 12108 3538 6005 2475
(5.049) (1515) (2909) (1.699)
. 1sg 14453 3983 7362 3108
(5.466) (1.434) (3.168) (1.873)
16993 4415 8603 3884
08A 72T (5o45) (1086) (3.484) (2.129)
ST2 15.434 4977 77192 3.445
058 721 (5067) (2080) (3.047) (1.859)
o s 15687 4307 7814 3546
(6.789) (2036) (3448) (1984)
17.008 4750 8457 3891
O7TA 819 5336) (2.045) (3.440) (1984)
ST3 14.138 4195 4788 5225
078 834 5306) (1910) (2966) (3.302)
o 1405 15243 4391 5100 5752
(6.993) (1.946) (2400) (3.749)
16.202 4464 5390 6348
WA 889 gy ©141) (2.798) (4.195)
16319 4470 5366 6483
10A 298 5og1) 2181) (2707) (4.495)
ST4 14137 6.747 7.390
09B 328 gma7) (3832) (3517)
15.070 7481 7791
1083200 7 798) (4.484) (4.066)
1554 7672 7.869
1685 (7576 (4.030) (4.138)
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Figure 1.3. Scatter plots of average scale scores against scaling test raw scores, by

grade

A. English
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Figure 1.3. (continued)
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Figure 1.3. (continued)

C. Reading
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Figure 1.3. (continued)

D. Science
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Evaluating the Constant CSEM Property

Figure 1.4 displays the CSEMs of raw scores and scale scores by subject. For most
grades and subjects, the scale score CSEM curves are relatively flat along the scale
range, especially when compared to the raw score CSEM, which show a typical
inverted U-shape.

Figure 1.4. Conditional standard error of measurement, raw scores and scale scores
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Figure 1.4. (continued)

B. Math
Comparison of on-grade CSEM for Raw Score: Math
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Figure 1.4. (continued)

C. Reading
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Figure 1.4. (continued)

D. Science
Comparison of on-grade CSEM for Raw Score: Science
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Growth Patterns

Effect sizes derived from comparing different grade levels across three types of
scores were computed and compared. Figure 1.5 displays three sets of effect sizes,
one derived from the final ACT Aspire scale scores on the on-grade test, one from the
projected whole scaling test scores, and one from individual scaling test raw scores.
Effect sizes derived from individual scaling test raw scores were computed between
two groups taking the same scaling test, as described in the section describing
method selection.

In general, the three sets of effect sizes for lower grades (3-8) are very similar. The
patterns diverge in some cases for upper grades. One reason might be that grade

9 and 10 students were combined during the scaling analysis. Also, there were two
sources of growth from grade 9 to grade 10: between 9A and 10A students who took
ST3 and between 9B and 10B who took ST4. The effect size computed using the
scaling test raw scores was the average of both sources. If the growth patterns are
different from 9A to 10A than from 9B to 10B, this might lead to different effect sizes
between 9 and 10 when combining the A and B groups.

Figure 1.5. Effect sizes computed from the final ACT Aspire scale, whole scaling
test scores, and individual scaling test raw scores
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Figure 1.5. (continued)
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Tables 1.8-1.12 presents basic descriptive statistics of the final scale scores for all
students in the scaling study. Note that the n-counts in these tables are larger than

the groups used for the scaling analysis, where only students who took both scaling
tests and on-grade tests were included. Since this is not longitudinal data and samples
may not be representative in each grade, the decreasing means observed for certain
subjects as grade increases may be explainable as a characteristic of the sample rather
than a characteristic of the scale.® Future results from operational administrations with
larger samples of highly motivated students taking ACT Aspire over multiple years will
provide more robust estimates of longitudinal growth on the ACT Aspire scale.

Table 1.8. ACT Aspire English Scale Score Descriptive Statistics Based on the
Entire Sample of the Scaling Study, by Grade

Grade N Mean SD Min P10 P25 P50 P75 P90 P95 Max
3 4977 41650 6.14 403 409 419 416 491 4924 498 435

4 38256 41965 623 402 411 415 420 423 428 430 438
5 4301 42198 7.04 403 413 417 421 427 431 435 442
6 4683 42256 809 400 412 416 423 428 433 437 448
7 4762 42484 8b6 400 413 419 425 430 436 439 450
8 3609 42638 894 401 415 421 426 433 438 442 462
9 2415 42548 1076 400 413 417 424 433 440 445 456
10 22568 42907 1169 400 414 419 429 439 445 447 456

11 2240 42915 11.64 400 414 420 429 438 445 448 460

Table 1.9. ACT Aspire Math Scale Score Descriptive Statistics Based on the
Entire Sample of the Scaling Study, by Grade

Grade N Mean SD Min P10 P25 P50 P75 P90 P95 Max
3 4300 41175 3.69 400 407 409 419 414 417 418 496

4 3830 41475 381 403 410 413 415 417 420 421 429
5 4260 41678 443 404 412 414 417 419 422 424 435
6 4577 41815 b572 402 412 414 418 421 426 429 441
7 4,497 41983 642 402 413 415 419 424 429 431 442
8 3746 42248 730 403 413 417 422 427 432 436 448
9 2479 42282 805 406 414 417 422 428 434 438 449
10 2628 42515 910 406 414 418 424 432 438 441 450
11 1,796 42734 938 407 417 420 426 433 441 445 457

& Writing scale scores would not be expected to increase across grades due to how it was scaled. See “Scaling ACT
32 Aspire Writing!”
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Table 1.10. ACT Aspire Reading Scale Score Descriptive Statistics Based on the
Entire Sample of the Scaling Study, by Grade

Grade N Mean SD Min P10 P25 P50 P75 P90 P95  Max
3 4307 41166 527 401 406 407 411 415 419 422 4929
4 3661 41402 566 401 407 410 414 418 423 424 431
5 4129 41620 6.23 401 408 411 416 420 4925 427 434
6 4520 41690 684 402 409 412 416 422 427 428 436
7
8
9

4475 41875 673 402 410 414 419 424 427 429 438
3585 41976 714 401 410 414 420 425 429 431 440
2267 41971 786 403 410 414 419 426 430 433 442
10 2260 42130 822 403 411 415 421 428 433 434 442
11 1,789 42243 737 402 413 417 422 428 433 435 442

Table 1.11. ACT Aspire Science Scale Score Descriptive Statistics Based on the
Entire Sample of the Scaling Study, by Grade

Grade N Mean SD Min P10 P25 P50 P75 P90 P95  Max
3 4214 41389 599 401 407 409 414 418 422 424 433
4 35671 41629 653 400 407 412 416 421 425 427 435
5 3903 41905 678 401 410 414 420 424 427 430 438
6 4642 41876 754 400 409 412 419 424 429 431 440
7
8
9

47766 42049 7.65 401 410 414 421 426 431 432 441
3544 42214 791 401 412 416 422 427 433 435 446
2,167 42265 822 402 412 417 421 429 434 437 447
10 2,314 42443 889 402 414 417 424 431 436 439 449
11 1,717 42459 9.04 400 412 417 425 431 437 439 449

Table 1.12. ACT Aspire Writing Scale Score Descriptive Statistics Based on the
Entire Sample of the Scaling Study, by Grade

Grade N Mean SD Min P10 P25 P50 P75 P90 P95  Max
3 4109 42257 649 408 440 414 418 4922 498 430 432
4 3439 42316 706 408 440 416 418 424 428 432 434
5 3936 42221 700 408 440 412 418 424 426 432 432
6 4512 49580 806 408 448 416 420 426 432 436 440
7
8
9

4666 42547 687 408 448 416 420 426 430 434 438
3522 42266 640 408 448 416 418 424 426 432 432
2117 42222 766 408 448 410 418 424 428 432 434
10 2268 42440 828 408 448 412 418 424 430 434 440
11 1,717 42459 90.04 400 412 417 425 431 437 439 449
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Table 1.13 presents the lowest obtainable scale scores (LOSS) and the highest

obtainable scale scores (HOSS) of the ACT Aspire scales for all subjects and all

grades. Note that English, Mathematics, Reading, and Science tests all have the same

minimum scale score of 400 but the maximum scale scores vary across grade level
within a subject. Writing tests all have the same minimum scale score of 408 but the

maximum scale scores are 440 or 448, depending on grade level. Scaling of the ACT
Aspire Writing test was conducted differently from the other subjects and is described

in the next section.

Table 1.13. Lowest Obtainable Scale Scores (LOSS) and Highest Obtainable Scale

Scores (HOSS)
Subject Grade LOSS HOSS Subject Grade LOSS HOSS
English 8 400 435 Science 8 400 433
4 400 438 4 400 436
5 400 449 5 400 438
6 400 448 6 400 440
7 400 450 7 400 443
8 400 452 8 400 446
9 400 456 9 400 449
10 400 456 10 400 449
Mathematics 3 400 434 Writing 3 408 440
4 400 440 4 408 440
5 400 446 5 408 440
6 400 451 6 408 448
7 400 453 7 408 448
8 400 456 8 408 448
9 400 460 9 408 448
10 400 460 10 408 448
Reading 8 400 4929
4 400 431
5 400 434
6 400 436
7 400 438
8 400 440
9 400 449
10 400 4492
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Scaling ACT Aspire Writing

The ACT Aspire Writing scale scores are rubric-driven and based on four domains
(Ideas and Analysis, Development and Support, Organization, and Language Use and
Conventions), with each domain scored on a 1-5 or a 1-6 scale (5 in grades 3-5, 6
in grades 6-EHS). The rubrics become more complex as grade increases, however,
and a domain score of 4 indicates expected performance at each grade in each rubric
domain. The total raw writing score is the sum of the four raw domain scores and
ranges from 4 to 20 for grades 3-5 and from 4 to 24 for grades 6-EHS. A common
linear function shared by all grades was used to convert the total raw scores to three-
digit ACT Aspire scale scores for the base writing forms. The lowest obtainable scale
score for writing is 408 for all grades, and the highest obtainable scale score is 440
for grades 3-b and 448 for grades 6-EHS. Table 1.13 lists the lowest and highest
observable scale scores for writing by grade level”

The scoring process for writing implies that Writing test scale scores do not have

a vertical scale interpretation like those for scale scores obtained in the other
subjects. Specifically, Writing scale scores across grade levels reflect performance

on the rubric-driven expectations; the underlying performance needed to receive

the same score is automatically adjusted to grade-level expectations. Consistency in
scores across grade levels suggests the same performance relative to grade-level
expectations. For example, if a student receives a score of 432 on the Writing test

at grade 3 and a score of 432 at grade 8, it means that the student has achieved a
level of performance that is consistently located relative to grade-level expectations. In
other words, the same scores across grades 3 and 8 means that a student has grown
to meet grade-level expectations. Table 1.12 lists the descriptive statistics for ACT
Aspire Writing scale scores from the sample of students included in the scaling study.

7 Additional descriptions of ACT Aspire Writing scale scores are provided in chapter 2.
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CHAPTER 2

ACT Aspire Scores

ACT Aspire Subject Scores
ACT Aspire scale scores are reported from grade 3 through EHS in English,

mathematics, reading, science and writing. Scale scores for each subject are provided

on a three-digit scale. Scale score ranges for each grade and subject are provided
in chapter 1. Summary descriptive statistics for the ACT Aspire subject scale scores
from the 2013 scaling study are listed in tables 1.8-1.12.

ACT Aspire Composite Score

The ACT Aspire Composite score represents the overall performance on the English
Mathematics, Reading and Science tests.® It is calculated as the average of the
scale scores on the four subjects rounded to an integer value (5 rounds up). The
Composite score is reported only to students taking grade 8 or EHS tests in all four
subjects. Table 2.1 lists descriptive statistics for ACT Aspire Composite scores using
data from the 2013 scaling study.

Table 2.1. ACT Aspire Composite Score Descriptive Statistics Based on the
Entire Sample of the Scaling Study, by Grade

Grade N Mean SD Min P10 P25 P50 P75 P90 P95 Max
8 2045 42302 684 406 442 414 418 423 428 432 435
9 1641 42399 793 408 447 414 418 423 430 43b 438
10 1649 42628 853 409 447 415 419 426 433 438 440

8 Note that the writing test is not included in the composite score.
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Averaging four ACT Aspire subject test scale scores to obtain a Composite score
implies that each test is contributing equally to the Composite score. The weights
used to calculate the Composite (in this case, .25) are often referred to as nominal
weights. Other definitions of the contribution of a test score to a composite score may
be more useful. For example, Wang and Stanley (1970) described effective weights
as an index of the contribution of a test score to a composite score. Specifically, the
contribution of a test score is defined as the sum of the covariances between the test
score and all components contributing to the Composite score. These contributions
can be summed over tests and then each can be divided by its sum to arrive at
proportional effective weights. Proportional effective weights are referred to as
effective weights here.

With nominal weights of .25 for each test, the effective weights can be used to verify
that the nominal weight interpretation of Composite scores (i.e., composite as an equal
weighted combination of contributing scores) is reasonable. Wang and Stanley (1970)
state that variables will rarely have equal effective weights, unless explicitly designed
to do so. Therefore, the effective weights would need to deviate substantially and
consistently from nominal weights to justify applying different weights or a different
interpretation of weights.

The effective weights using spring 2013 scale scores are shown in table 2.2 for the
ACT Aspire Composite scores and range from .14 to .32. The Mathematics tests at
grades 3-6 appeared to have smaller effective weights compared to English, Reading,
and Science due to relatively smaller variances and covariances. However, the equal
nominal weights appeared justifiable for ACT Aspire Composite scores.

Table 2.2. ACT Aspire Composite Score Effective Weights Assuming Equal
Nominal Weights

Grade English Mathematics Reading Science
3 29 16 25 29
4 28 14 27 31
5 29 15 26 29
6 29 18 25 28
7 29 21 23 27
8 29 23 23 26
9 32 23 22 24
10 31 24 22 24
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Table 2.3. ACT Aspire ELA Effective Weights Assuming Equal Nominal Weights

Grade English Reading Writing
3 .35 30 .35
4 33 31 36
5 36 32 .33
6 36 30 33
7 41 B 29
8 42 32 26
9 43 30 27
10 43 30 27

ACT Aspire ELA Score

The ACT Aspire ELA score represents the overall performance on the English,
Reading and Writing tests. It is calculated as the average of the scale scores on the
three subjects rounded to an integer value (.5 rounds up). ELA scores are provided to
students at all grade levels between 3 and EHS but are provided only when a student
obtains scale scores for all three subject tests at the same grade level. Nominal
weights for ELA are .33 (equal weights for each of the three contributing subject
scores). The effective weights of spring 2013 scale scores are listed in table 2.3 and
ranged from .26 to .43. English appeared to contribute more to the effective weights
for grades 7-10, with weights greater than .40, compared to Writing, where weights
dipped below .30. However, the effective weights did not deviate far from the equal
nominal weights for ELA scores.

ACT Aspire STEM Score

The ACT Aspire STEM score represents the overall performance on the Mathematics
and Science tests. It is calculated as the average of the scale scores on the two
subjects rounded to an integer value (.5 rounds up). The STEM score is provided for
students at all grade levels between 3 and EHS but only when a student obtains
scale scores for Mathematics and Science tests at the same grade level. Nominal
weights for STEM are .6 (equal weights for each of the two contributing subject
scores). The effective weights of spring 2013 scale scores are listed in table 2.4 and
ranged from .33 to .67. Similar to the Composite scores, the Mathematics scores

had smaller variances and covariances compared to Science, particularly for grades
3, 4, and b, which contributed to smaller effective weights. Despite the observed
differences at lower grades, where Science contributed nearly double to the STEM
score variance compared to Mathematics, the effective weights for grades 6-10 were
progressively more similar to the nominal weights.
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Table 2.4. ACT Aspire STEM Effective Weights Assuming Equal Nominal Weights

Grade  Mathematics Science
3 36 64
4 33 67
5 37 63
6 492 58
7 45 3315
8 48 52
9 50 50
10 50 50

Reporting Categories

Student performance is also described in terms of the ACT Aspire reporting
categories. Score reports describe the percent and number of points students earn
out of the total number of points possible in each reporting category. Descriptions of
reporting categories by subject are included in Technical Bulletin #1 (ACT 2014b).

Progress with Text Complexity

The ACT Aspire Reading test includes a Progress with Text Complexity indicator
(“Yes” or “No”") to indicate whether students have made sufficient progress in reading
increasingly complex texts (see ACT 2014b). This indicator is based on a set of items
from the ACT Aspire Reading test that are judged as indicative of performance when
reading and understanding increasingly complex texts. It is calculated by comparing
the percent correct on the items to an empirically defined cut score. Regression was
used to predict the percent correct on the set of items indicative of progress with text
complexity using the reading scale score at the reading benchmark (see chapter 5 for
a description of the reading benchmark).
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CHAPTER 3

ACT Aspire Norms

ACT Aspire norms are defined as the cumulative percent of students scoring at or
below a given score in the norm sample. The norm sample is a reference sample of
students taking the ACT Aspire tests. Norms tables list the cumulative percent of
students who are at or below each scale score point in the norm sample. For example,
a cumulative percent of b0 for a scale score of 420 on the Mathematics test means
that 50% of students in the norm group achieved a scale score of 420 or below on
that test.

In 2014, normative information was provided based on student samples from 2013
special study data and 2014 operational data. Starting in 2015, ACT Aspire will begin
reporting three-year rolling norms, similar to The ACT. Rolling norms will include
student samples from the three most recent years of ACT Aspire test administrations.

ACT Aspire norms are national, with a broad representation across the country, but
they are not nationally representative norms, since they have not been statistically
weighted to more closely mimic the national distribution of demographics. ACT Aspire
includes national norms for grades 3 through EHS in English, mathematics, reading,
science and writing. Norm group demographic characteristics, including gender, state,
and race/ethnicity, for each grade and subject area are included in tables 3.1-3.5.
The 2014 ACT Aspire norms are listed in tables 3.6-3.10.



ACT ASPIRE NORMS

Table 3.1. 2014 ACT Aspire English Norm Group Demographics
Grade (%)

3 4 5 6 7 8 9 10
(n=1386,139) (n=363563) (n=236890) (n=35258) (n=235618) (n=37796) (n=23096) (n=19417)

Gender
F 45.24 45.29 46.12 4499 44.49 45.41 4434 44.26
M 47.21 4729 46.89 46.11 45.61 45.72 43.31 43.59
No response 7.56 7.48 6.99 890 9.90 8.87 12.36 12.15
State
AL 66.38 67.74 65.16 61.33 56.29 51.44 713 6.44
AR 0.05 0.05 0.04 0.07 0.04 0.06 0.07 0.09
AZ — — — — — 0.15 0.31 0.26
CA 0.28 0.24 2.94 2.99 0.33 0.24 1.26 1.69
CO 2.42 2.28 2.03 1.70 1.62 1.91 2,22 1.98
CT 0.16 0.16 0.20 0.18 0.12 0.19 1.27 1.34
FL 0.06 0.1 — — — 0.10 1.02 0.62
GA 0.08 0.09 0.12 0.10 = = = =
IA 0.54 0.58 0.54 0.35 0.62 0.33 0.23 112
IL 1.54 1.47 1.60 1.79 1.87 1.66 3.97 4.29
IN 1.01 1.10 1.02 222 1.84 0.64 1.13 1.73
KS 1.66 1.64 1.51 2.84 2.64 1.64 265 244
KY 4.91 498 4,03 3.40 3.82 2.66 5.94 2.42
LA 217 2.07 1.99 2.05 1.66 1.65 3.16 2.98
MA — — — — — — — 0.09
MI 3.65 2.96 3.69 4.75 8.41 17.28 22.38 26.19
MN 0.32 0.31 0.34 0.48 0.38 0.37 — 0.62
MO 1.84 1.44 1.93 1.65 1.51 1.37 293 4.11
MS 227 2.64 2.59 2.77 2.65 2.07 2.55 1.48
ND = = = = = 0.23 0.16 0.31
NE — — — — — — 1.69 1.89
NJ = = = = = = 0.44 =
NM — — — — — — 0.57 —
NV = = = = = 0.09 0.06 0.07
OH 1.48 1.24 1.14 1.61 3.76 1.74 9.30 5.28

Note: — indicates no students tested.
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Table 3.1. (continued)

Grade (%)

3 4 5 6 7 8 9 10
(n=36,139) (n=36363) (n=236890) (n=235268) (n=236618) (n=237,796) (n=23096) (n=19417)

oK 0.70 091 069 114 108 103 0.14 0.09
PA — — — — — — 113 118
sC 361 357 363 373 366 363 1.69 199
SD — — 0.20 _ _ 021 — 0.95
N 131 143 1492 145 184 195 430 499
X 196 116 160 132 1.90 207 0392 5.04
uT 0.79 082 0.80 096 134 096 0.71 _
VA _ _ _ 0.08 _ 095 _ _
Wi 082 101 0.89 101 074 411 19.16 18.98
No response - - — 0.01 0.06 0.08 0.31 0.27
Race/
Ethnicity
E'aCk./ African 22,62 9941 9043 91.47 2097 18.37 9.07 849

merican
American
Indian/Alaska 1.07 1.03 0.92 1.19 0.82 0.88 0.52 0.64
Native
White 4481 4524 4364 4179 4295 4453 35,01 3801
RlSpicA 5.47 5.07 5.99 667 6,52 5.62 5.19 465
Latino
Asian 168 162 159 128 142 144 1.40 202
Native
Hawaiian/ 058 052 091 078 055 0.40 048 037
Other Pacific
Islander
Two or more 0.41 0.32 0.32 0.41 061 0.45 051 0.78
races
No response 2335 2359 24,89 26.49 26.85 0831 4763 4504

Note: — indicates no students tested.
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Table 3.2. 2014 ACT Aspire Mathematics Norm Group Demographics
Grade (%)

3 4 5 6 7 8 9 10
(n=176861) (n=76012) (h="77,083) (n=75651) (n="77891) (n=80,763) (n=23011) (n=19,441)

Gender
F 4715 47.00 47.30 46.91 46.46 4750 44.60 44.04
M 4892 49.08 48.96 4850 48.62 48.19 43.26 43.56
No response 393 392 3.74 4.59 492 4.32 12.14 12.40
State
AL 83.98 84.62 82.65 81.73 80.05 76.23 563 4.99
AR 0.02 0.02 0.02 0.03 0.02 0.03 0.07 0.09
AZ — — — — — 0.07 0.30 0.26
CA 0.13 0.11 1.33 1.37 0.11 0.09 1.24 1.62
CO 1.15 1.10 0.98 0.81 0.74 0.89 2.23 2.06
CT 0.06 0.09 0.09 0.02 0.06 0.08 1.27 1.33
FL 0.03 0.05 — — — 0.04 0.98 0.69
GA 0.04 0.04 0.06 0.05 = = = =
IA 0.26 0.28 0.26 0.16 0.24 0.15 024 1.15
ID = = = = = 0.09 = =
IL 0.74 0.70 0.76 0.85 0.86 0.79 4,05 393
IN 062 0.62 0.49 1.06 0.82 0.37 1.02 1.91
KS 0.81 0.77 0.73 1.20 1.00 0.75 2.88 2.74
KY 2.25 2.38 1.93 1.62 1.72 1.28 5.69 2.41
LA 1.03 0.99 0.95 0.95 0.76 0.73 3.09 2.95
MA = = = = = = = 0.09
Ml 1.77 1.44 1.88 2.79 4.10 8.67 22.38 26.31
MN 0.15 0.15 0.16 0.29 0.01 0.17 = 0.63
MO 0.85 0.69 091 0.72 0.72 0.64 2.89 3.37
MS 1.11 1.26 1.24 1.32 1.09 0.98 1.79 1.50
ND — — — — — 0.11 0.17 0.31
NE = = = = = = 1.60 1.89
NJ — — — — — — 0.44 —
NM = = = = = = 0.59 =
NV 0.01 0.01 0.01 — — 0.04 0.06 0.07

Note: — indicates no students tested.
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Table 3.2. (continued)

Grade (%)

3 4 5 6 7 8 9 10
(n=76861) (n=76012) (n=77083) (n=75661) (n=77891) (n=280,763) (n=23011) (n=19441)

OH 0.69 056 054 0.75 165 094 951 592

oK 043 043 033 054 054 0.50 0.17 0.09

PA — — — — — — 1.00 1.18

sC 169 171 173 174 166 168 205 199

SD — _ 0.09 _ _ 0.10 — 0.95

™ 062 067 068 068 0.84 088 494 498

X 090 057 139 056 1.07 104 263 5.12

uT 037 038 036 035 066 0.46 0.72 _

VA _ _ _ 0.04 _ 0.12 _ _

Wi 0.40 0.45 0.42 0.47 195 004 20.98 20.11

No response = = = 0.00 0.03 0.04 0.30 0.27

Race/

Ethnicity

Black/African 26,63 97.08 97.02 97,63 97.71 26.77 8.14 899

American

American

Indian/Alaska 0.84 0.84 083 093 078 0.80 065 067

Native

White 50.40 50.64 50.00 49.05 4975 50.61 35.77 36.98

Hispanic/ 6.17 596 5.70 581 5.64 5.12 5.34 492

Latino

Asian 148 150 148 195 131 135 1.40 201

Native

Hawaiian/ 031 028 0.47 036 098 092 056 038

Other Pacific

Islander

[islonois 021 0.16 0.16 0.18 0.32 0.22 053 0.78

races

No response 13.96 13.54 1434 1479 1421 1491 4763 4597

Note: — indicates no students tested.
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Table 3.3. 2014 ACT Aspire Reading Norm Group Demographics
Grade (%)

3 4 5 6 7 8 9 10
(n=176817) (n="75577) (n=176316) (n=74862) (n="77497) (n=380077) (n=22711) (n= 19,060)

Gender
F 4717 47.10 47.34 46.93 46.59 47.48 4457 4392
M 49.05 49.12 49.06 48.56 48.84 48.20 43.156 43.48
No response 3.78 3.78 3.60 4.51 4.56 4.33 12.28 12.60
State
AL 84.13 85.03 83.56 82.45 80.36 76.93 5.70 5.70
AR 0.02 0.02 0.02 0.03 0.02 0.03 0.07 0.09
AZ — — — — — 0.07 0.32 0.27
CA 0.12 0.10 1.43 1.39 0.19 0.05 1.23 1.68
CO 1.15 1.10 0.98 0.81 0.75 0.91 2.23 2.03
CT 0.04 0.06 0.09 0.09 0.02 0.10 1.16 1.36
FL 0.03 0.05 — — — 0.05 1.06 0.63
GA 0.04 0.04 0.06 0.05 = = = =
IA 0.26 0.28 0.26 0.17 0.24 0.15 024 1.17
ID = = = = = 0.09 = =
IL 0.73 0.70 0.77 0.85 0.83 0.79 412 4.47
IN 0.49 0.41 0.42 1.02 0.82 0.30 0.78 1.21
KS 0.77 0.74 0.67 1.18 1.00 0.77 2.29 2.46
KY 2.24 2.39 1.95 1.50 1.71 1.03 5.14 1.41
LA 1.03 1.00 0.96 0.94 0.76 0.73 3.05 2.90
MA = = = = = = = 0.09
MI 1.83 1.48 1.85 2.26 3.88 8.46 22.80 26.78
MN 0.15 0.15 0.17 0.26 0.04 0.18 = 0.62
MO 0.85 0.70 0.89 0.75 0.71 0.65 2.90 3.81
MS 1.23 1.27 1.23 1.34 1.09 0.94 2.49 1.45
ND — — — — — 0.11 0.17 0.31
NE = = = = = = 1.62 1.92
NJ — — — — — — 0.43 —
NM = = = = = = 0.61 =

Note: — indicates no students tested.
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Table 3.3. (continued)

Grade (%)

3 4 5 6 7 8 9 10
(n=76817) (n=75577) (h="76316) (n=74862) (n=77497) (n=80077) (h=22711) (n=19,060)

NV 0.01 0.01 0.01 — — 0.04 0.06 0.07

OH 0.69 0.59 055 0.65 1.75 093 9.70 5.67

oK 0.42 0.38 027 053 054 0.48 0.13 0.09

PA — — — — — — 0.96 1.03

sC 1.69 1.71 1.76 1.76 1.67 1.72 2.09 2.00

SD — — 0.09 — — 0.10 — 0.27

™ 0.63 068 0.69 0.69 0.85 091 438 499

TX 092 0.56 0.75 0.62 0.85 094 297 5.94

uT 017 0.14 0.13 0.22 0.62 0.45 0.70 —

VA — — — 0.03 — 0.12 — —

Wi 0.39 0.41 0.43 0.40 1.96 2.04 20.99 19.99

No response - - - 0.00 0.03 0.04 0.32 027

Race/

Ethnicity

Black/African 5587 07.18 07.00 97.82 9790 2692 8.44 7.96

American

American

Indian/Alaska 0.82 0.83 0.82 0.92 0.77 0.80 0.66 0.71

Native

White 50.30 50.77 50.01 4917 49.74 5054 35.08 36.85

[“SPa”iC/ 6.14 5.86 556 5.79 563 5.00 5.03 471
atino

Asian 1.45 1.48 1.49 1.24 134 1.30 1.36 2.00

Native

Hawaiian/

D e 0.96 023 0.41 0.31 092 0.22 053 0.38

Islander

Two or more 021 0.15 0.15 0.18 033 0.18 055 0.80

races

No response 13.94 1350 14.41 1457 14.09 15.04 4835 4659

Note: — indicates no students tested.
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Table 3.4. 2014 ACT Aspire Science Norm Group Demographics
Grade (%)

3 4 5 6 7 8 9 10
(n=1383076) (n=34,135) (n=33317) (n=31928) (n=32618) (n=35162) (n=22238) (n=18616)

Gender
F 4524 4498 45.81 4492 4415 45.35 44.29 44.08
M 46.72 47.18 46.59 45.72 45.37 45.31 43.05 43.60
No response 8.04 7.84 7.59 9.36 10.48 9.34 12.66 12.32
State
AL 63.30 66.95 62.04 57.38 52,560 49,04 5.81 523
AR 0.05 0.05 0.05 0.07 0.05 0.06 0.07 0.09
AZ — — — — — 0.16 0.31 0.27
CA 0.24 0.24 3.16 3.19 0.29 0.18 0.36 1.21
CO 2.68 2.31 2.13 1.78 1.64 2.00 2.31 2.19
CT 0.15 0.19 0.20 0.19 0.13 0.17 1.17 1.39
FL 0.07 0.12 — — — 0.1 0.99 0.61
GA 0.08 0.09 0.14 0.12 = = = =
IA 0.60 0.62 0.61 0.39 0.46 0.26 024 1.20
IL 1.76 1.68 1.72 1.90 2.06 1.81 398 4.26
IN 093 0.91 0.80 227 1.91 0.71 0.88 1.62
KS 1.86 1.71 1.67 3.16 2.80 1.76 2.32 2.35
KY 5.31 5.59 478 3.45 4.06 292 5.27 1.44
LA 2.36 2.20 2.19 2.22 1.74 1.67 3.11 3.01
MA — — — — — — — 0.09
MI 3.99 2.74 4.35 6.12 9.31 17.46 22.21 27.14
MN 0.34 0.32 0.37 1.02 0.42 0.39 — 0.66
MO 1.85 1.60 1.91 1.84 1.67 1.46 2.76 324
MS 2.84 2.65 2.58 3.11 2.45 2.10 2.62 1.63
ND = = = = = 0.24 0.17 0.32
NE — — — — — — 1.65 1.97
NJ = = = = = = 0.44 =
NM — — — — — — 0.60 —
NV = = = = = 0.10 0.06 0.07

Note: — indicates no students tested.
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Table 3.4. (continued)
Grade (%)

3 4 5 6 7 8 9 10
(h=33076) (n=234,135) (n=33317) (n=31928) (n=32618) (n=35162) (h=22238) (n=18616)

OH 168 107 1.32 151 4.43 207 992 6.53

oK 0992 094 0.77 1.05 1.08 1.10 0.13 0.10

PA — — — — — — 098 1.06

sC 391 3.79 4,00 412 398 3.89 1.81 205

SD — — 0.22 — — 0.23 — 0.95

N 1.49 151 156 161 218 206 4.46 5.12

TX 212 1.07 178 1.37 207 244 0.77 479

uT 0.68 0.63 0.65 0.86 154 1.03 0.71 —

VA — — — 0.09 — 0.07 — —

Wi 0.89 0.90 1.00 098 296 429 2155 19.72

No response = = = 0.01 0.07 0.09 0.32 0.28

Race/

Ethnicity

Black/African 9171 9931 2333 21.86 92,99 1878 816 7.71

American

American

Indian/Alaska 098 0.86 0.61 1.04 0.47 0.78 0.65 0.70

Native

White 43.12 44,11 40992 40.85 38.62 43.42 35.12 37.13

Hispanic/ 6.35 5.72 5.35 6.79 695 572 499 4.40

Latino

Asian 157 1.39 1.34 1.03 1.03 1.32 1.34 201

Native

Hawaiian/ 064 054 1.00 078 058 0.45 0.44 0.40

Other Pacific

Islander

[islonois 0.47 0.35 0.34 0.43 0.77 0.49 054 0.79

races

No response 95.18 24.70 97.12 97.01 28.38 29,04 4875 46.85

Note: — indicates no students tested.
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Table 3.5. 2014 ACT Aspire Writing Norm Group Demographics
Grade (%)

3 4 5 6 7 8 9 10
(n=25301) (n=26867) (n=27071) (n=29045) (n=230935) (n=32984) (n=15361) (n=13144)

Gender
F 47.21 45.69 46.30 46.83 46.20 46.68 43.84 4273
M 46.01 47.74 47.12 47.15 47.07 46.36 41.22 41.68
No response 6.78 6.67 6.58 6.01 6.73 6.96 14.94 16.69
State
AL 61.82 66.06 60.88 61.58 56.81 56.33 — —
AR 0.07 0.07 0.06 0.08 0.05 0.06 0.10 0.13
AZ — — — — — 0.17 0.47 0.39
CA 0.39 0.30 414 3.65 0.37 0.18 0.44 1.34
CO 3.36 3.10 2.79 2.06 1.87 2.18 3.19 2.91
CT 0.20 0.08 0.10 0.05 0.10 0.06 1.74 1.45
FL 0.07 0.15 — — — 0.1 1.38 0.73
GA 0.10 0.1 0.17 0.12 = = = =
IA 0.13 0.12 0.13 0.12 0.34 0.09 0.17 112
IL 2.09 1.88 2.07 2.00 1.95 1.81 5.06 5.25
IN 0.83 0.49 0.75 2.20 1.92 0.79 1.35 2.58
KS 2.21 2.13 1.94 339 2.83 1.72 2.87 3.38
KY 6.40 6.32 5.10 343 3.81 2.62 5.81 0.86
LA 2.81 2.64 2.56 2.25 1.74 1.29 3.71 3.25
MA — — — — — — — 0.13
Ml 1.78 1.24 2.75 3.47 7.98 14.88 27.43 30.48
MN 0.44 0.41 0.46 0.63 0.44 0.42 — 0.68
MO 2.49 1.73 2.66 1.93 1.80 1.69 354 450
MS 299 2.77 212 262 2.09 1.76 1.87 1.38
ND = = = = = 0.26 = 0.12
NE — — — — — — 0.10 0.17
NJ = = = = = = 0.64 =
NM — — — — — — 0.77 —
NV = = = = = = 0.09 0.10
OH 1.91 1.64 1.39 1.65 3.98 1.73 9.35 6.77

Note: — indicates no students tested.
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Table 3.5. (continued)

Grade (%)

3 4 5 6 7 8 9 10
(n=25301) (nh=026867) (n=27071) (n=29045) (n=30935) (n=232984) (n=15361) (n=13144)

OK 098 1.08 094 1.34 107 114 0.19 0.14
PA — — — — — — 1.41 173
sC 488 478 499 450 415 415 267 087
SD — — 0.26 — — 0.25 — —
™ 053 052 0.64 0.67 0.61 0.67 0.87 1.71
TX 257 153 200 1.39 2.16 295 3.32 7.44
uT 0.37 0.38 0.37 0.49 1.10 0.48 — —
VA — — — 0.10 — 0.29 — —
Wi 0.57 0.57 0.69 056 261 3.62 21,00 18.00
No response - - — 0.01 - 0.09 0.45 0.40
Race/
Ethnicity
E'ad?/ African 0468 2497 23,11 9531 93.19 9937 661 6.48

merican
American
Indian/Alaska 1.00 0.89 0.99 1.05 116 0.95 0.60 0.70
Native
White 43.80 4504 43.80 42.16 4324 46.71 31.91 3404
Hlkpente/ 6.62 6.35 594 7.56 7.45 6.16 495 558
Latino
Asian 1.36 1.00 116 1.05 1.17 113 092 164
Native
Hawaiian/
i i 0.95 0.19 0.68 0.46 0.23 0.11 0.05 0.11
Islander
Two or more 0.42 033 033 0.39 0.77 0.48 059 1.01
races
No response 21.88 20.82 23.99 92,02 22.80 92,07 54.37 50.23

Note: — indicates no students tested.
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Table 3.6. 2014 ACT Aspire English Norms: Percent of Students at or below Each
Scale Score Value

Scale Grade

Score 3 4 5 6 7 8 9 10
400 1 1 1 1 1 1 1 1
401 1 1 1 1 1 1 1 1
402 1 1 1 1 1 1 1 1
403 1 1 1 1 1 1 1 1
404 1 1 1 1 1 1 1 1
405 2 1 1 1 1 1 1 1
406 S 1 1 1 2 1 1 1
407 5 2 1 2 2 1 2 1
408 8 2 2 2 4 2 2 2
409 12 4 2 4 4 3 3 2
410 17 6 4 ) 6 3 4 3
411 24 9 5 6 7 4 5 4
412 29 13 7 8 8 6 7 5
413 36 16 10 10 10 6 8 6
414 43 21 15 13 12 8 10 7
415 50 27 18 15 14 10 13 9
416 56 31 23 18 17 11 15 10
417 63 38 27 29 20 14 16 12
418 66 44 32 26 21 17 19 14
419 72 52 37 32 26 21 29 16
490 77 55 44 8h 29 29 25 19
421 81 61 48 49 33 27 28 21
4992 83 69 52 46 38 31 30 29
493 88 72 60 50 43 36 33 25
494 91 77 65 56 44 39 37 28
425 93 84 68 60 50 42 40 31
496 95 85 72 66 55 47 43 33
427 95 90 79 68 60 53 47 37
4928 97 92 80 78 62 55 50 40
4929 Q7 95 86 77 67 61 54 43
430 99 96 86 81 73 67 B7 47
431 99 98 91 84 75 67 61 50
432 99 98 91 87 78 73 65 53
433 99 99 95 89 83 76 68 b7
434 99 99 95 92 85 78 71 60
435 100 99 97 93 87 83 74 63
436 99 98 95 91 86 77 67
437 99 98 96 92 88 80 70
438 100 99 97 94 90 82 72
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Table 3.6. (continued)

Scale Grade

Score 3 4 5 6 7 8 9 10
439 99 98 96 92 84 75
440 99 98 97 94 87 79
441 99 99 98 95 89 81
4492 100 99 99 97 91 84
443 99 99 97 93 87
444 99 99 99 94 90
445 99 99 99 96 92
446 99 99 99 97 94
447 99 99 99 98 95
448 100 99 99 99 96
449 99 99 99 98
450 100 99 99 98
451 99 99 99
452 100 99 99
453 99 99
454 99 99
455 99 99
456 100 100
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Table 3.7. 2014 ACT Aspire Mathematics Norms: Percent of Students at or below
Each Scale Score Value

ACT ASPIRE NORMS

Scale Grade

Score 3 4 5 6 7 8 9 10
400 1 1 1 1 1 1 1 1
401 1 1 1 1 1 1 1 1
402 1 1 1 1 1 1 1 1
403 2 1 1 1 1 1 1 1
404 8 1 1 1 1 1 1 1
405 5 1 1 1 1 1 1 1
406 8 1 1 1 2 1 1 1
407 11 3 1 2 3 1 1 1
408 16 ) 3 2 ) 2 1 1
409 29 6 5 3 5 3 2 2
410 32 10 8 ) 8 ) 2 2
411 39 17 10 8 12 7 4 4
412 50 23 16 11 13 10 6 6
413 b8 34 21 16 19 13 8 6
414 69 45 31 22 25 17 11 9
415 76 5b 40 29 32 24 14 12
416 84 65 50 35 39 29 18 15
417 89 74 60 49 43 34 23 19
418 94 80 64 50 50 41 28 23
419 96 85 70 B7 b6 46 32 26
490 98 90 76 63 61 50 37 30
421 99 93 82 70 66 bb 39 32
4992 99 95 87 75 71 61 44 36
4923 99 96 88 79 75 65 49 40
494 99 98 91 83 79 69 53 44
425 99 98 94 86 82 72 58 48
496 99 99 95 89 86 75 61 51
427 99 99 97 91 89 79 65 b4
498 99 99 98 94 91 82 69 58
429 100 99 98 95 93 84 72 61
430 100 99 99 96 94 87 75 65
431 100 99 99 97 96 88 79 68
4392 100 99 99 98 97 90 82 72
433 100 99 99 99 97 92 84 75
434 100 100 99 99 98 94 88 79
435 100 99 99 98 95 90 82
436 100 99 99 99 96 92 85
437 100 99 99 99 97 93 87
438 100 99 99 99 98 95 89
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Table 3.7. (continued)

Scale Grade

Score 3 4 5 6 7 8 9 10
439 100 99 99 99 98 96 91
440 100 99 99 99 99 97 93
441 99 99 99 99 98 95
449 99 99 99 99 98 96
443 99 99 99 99 99 97
444 99 99 99 99 99 98
445 100 99 99 99 99 99
446 100 99 99 99 99 99
447 99 99 99 99 99
448 99 100 99 99 99
449 99 100 99 99 99
450 100 100 99 99 99
451 100 100 99 99 99
459 100 100 99 99
453 100 100 99 99
454 100 99 99
455 100 99 99
456 100 99 99
457 99 100
458 99 100
459 100 100
460 100 100
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Table 3.8. 2014 ACT Aspire Reading Norms: Percent of Students at or below Each
Scale Score Value

Scale Grade

Score 3 4 5 6 7 8 9 10
400 1 1 1 1 1 1 1 1
401 1 1 1 1 1 1 1 1
402 1 1 1 1 1 1 1 1
403 2 1 1 1 1 1 1 1
404 5 1 1 1 1 1 1 1
405 8 3 2 1 1 1 1 1
406 14 6 g 2 1 1 1 1
407 23 10 5 4 3 2 2 2
408 28 14 7 6 ) 2 4 3
409 36 20 10 9 5 4 4 4
410 43 25 16 13 9 ) 8 6
411 48 31 21 16 13 8 11 10
412 54 36 26 18 16 10 15 13
413 61 45 31 22 21 13 16 14
414 66 51 35 26 25 17 21 17
415 72 57 40 31 31 20 26 21
416 77 63 49 35 33 23 30 24
417 82 68 55 40 38 27 34 28
418 87 75 61 46 44 32 39 31
419 91 80 67 50 48 36 43 35
490 94 84 73 59 53 41 47 39
421 95 86 78 61 59 47 52 43
499 96 90 80 67 65 49 57 47
493 98 93 84 73 71 b5b 61 51
494 99 96 86 78 76 58 62 52
425 99 Q7 91 83 81 64 66 57
496 99 98 94 87 86 70 71 62
497 99 99 94 89 90 76 75 66
498 99 99 97 93 93 82 80 72
429 100 99 98 96 96 87 84 77
430 99 99 96 96 89 89 82
431 100 99 98 98 91 89 83
4392 99 99 99 95 92 87
433 99 99 99 97 95 92
434 100 99 99 98 97 95
435 99 99 99 99 98
436 100 99 99 99 98
437 99 99 99 99
438 100 99 99 99
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Table 3.8. (continued)

Grade
Scale
Score 3 4 5 6 7 8 9 10
439 99 99 99
440 100 99 99
441 99 99
449 100 100
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Table 3.9. 2014 ACT Aspire Science Norms: Percent of Students at or below Each
Scale Score Value

ACT ASPIRE NORMS

Scale Grade

Score 3 4 5 6 7 8 9 10
400 1 1 1 1 1 1 1 1
401 1 1 1 1 1 1 1 1
402 1 1 1 1 1 1 1 1
403 2 1 1 1 1 1 1 1
404 4 2 1 1 1 1 1 1
405 6 3 2 2 1 1 1 1
406 10 6 S 2 2 1 1 1
407 15 8 4 4 3 1 1 1
408 29 12 6 ) B 2 2 2
409 28 15 8 8 7 3 2 2
410 34 18 11 10 10 ) 4 4
411 39 22 14 13 14 7 4 4
412 46 26 18 17 18 9 7 6
413 51 31 22 22 21 12 7 7
414 58 37 26 25 26 15 11 9
415 62 49 30 29 28 19 16 14
416 66 47 34 34 32 23 17 15
417 71 54 39 38 38 27 29 19
418 76 60 45 49 49 28 24 21
419 81 65 51 47 46 33 29 25
490 84 70 57 51 50 37 8h 29
421 88 75 63 b7 56 49 40 34
499 91 79 68 62 60 46 45 38
493 94 84 74 67 64 51 46 39
494 95 87 78 72 67 57 50 49
495 97 90 83 77 72 62 b4 46
496 98 93 89 81 76 66 59 50
427 99 95 92 85 80 70 63 53
498 99 97 94 89 83 75 67 57
429 99 98 96 91 86 79 70 61
430 99 99 97 93 88 82 76 66
431 99 99 98 95 91 85 79 69
4392 99 99 99 96 94 88 82 73
433 100 99 99 98 96 90 84 76
434 99 99 99 98 92 87 79
435 99 99 99 99 95 91 83
436 100 99 99 99 96 92 86
437 99 99 99 97 94 88
438 100 99 99 98 96 91
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Table 3.9. (continued)

Scale Grade

Score 3 4 5 6 7 8 9 10
439 99 99 99 Q7 94
440 100 99 99 98 95
441 99 99 99 97
449 99 99 99 98
443 100 99 99 99
444 99 99 99
445 99 99 99
446 100 99 99
447 99 99
448 99 99
449 100 100
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Table 3.10. 2014 ACT Aspire Writing Norms: Percent of Students at or below Each
Scale Score Value

Scale Grade

Score 3 4 5 6 7 8 9 EHS
408 1 1 2 1 1 2 1 1
409 1 1 2 2 1 2 1 1
410 4 4 5 2 5 4 5 4
411 4 4 5 2 5 5 5 4
412 7 5 7 8 9 7 7 6
413 7 5 7 3 9 7 7 6
414 11 7 8 7 11 9 9 7
415 11 7 8 7 12 9 9 7
416 20 14 18 14 19 19 13 10
417 20 14 18 15 19 19 13 10
418 33 27 27 18 29 31 26 20
419 33 29 27 19 30 31 26 20
420 51 40 85 22 40 39 31 24
421 51 40 35 29 41 39 31 24
429 63 51 40 35 49 44 35 27
423 63 51 40 492 49 44 35 27
4924 74 65 58 51 65 61 47 37
4925 75 65 58 51 65 61 47 37
496 83 80 73 58 73 74 65 55
4927 84 81 74 58 74 74 65 55
498 89 87 78 61 81 81 71 61
429 89 87 79 61 82 81 71 61
430 94 92 82 64 86 84 76 66
431 94 92 82 80 87 84 76 66
432 97 97 93 87 95 95 88 81
433 97 97 93 89 95 95 88 81
434 98 98 96 91 96 97 95 90
435 98 98 96 91 96 97 95 90
436 99 99 97 92 98 98 96 92
437 99 99 97 93 98 98 96 92
438 99 99 98 94 98 98 97 94
439 99 99 98 94 98 98 97 94
440 100 100 100 99 99 99 99 98
441 99 99 99 99 98
4492 99 99 99 99 99
443 99 99 99 99 99
444 99 99 99 99 99
445 99 99 99 99 99
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Table 3.10. (continued)

Grade
Scale
Score 3 6 7 8 9 EHS
446 99 99 99 99 99
447 99 99 99 99 99
448 100 100 100 100 100
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CHAPTER 4

EPAS® to ACT Aspire
Concordance

A concordance study was conducted between the Educational Planning and
Assessment System (EPAS®) 1-36 scale, which consists of The ACT (grades 11-12)
and two legacy tests, ACT Explore® (grades 8-9) and ACT Plan® (grade 10), and the
three-digit ACT Aspire scale. The concordance study established a direct link between
scores on EPAS and ACT Aspire. This link was used to facilitate a smooth transition
to ACT Aspire for users of ACT Explore and ACT Plan, and to establish the ACT
Readiness Benchmarks for grades 3—11 (described in chapter 5), and to establish the
Progress toward Career Readiness indicator (chapter 7).

EPAS is an integrated series of paper-administered, curriculum-based tests of
educational development with selected-response items typically taken by students
from grade 8 through high school. ACT Aspire, on the other hand, is offered on
paper or online; includes selected-response, constructed-response, and technology-
enhanced item types; and is a vertically-articulated, benchmarked, and standards-
based system of assessments that can be taken by students from grades 3 through
early high school. The grade 8 through early high school tests in EPAS and ACT
Aspire are intended to measure similar constructs but differ in test specifications,
which is a circumstance where concordances are an applicable type of scale
alignment (Holland and Dorans 2006).

61



EPAS TO ACT ASPIRE CONCORDANCE

62

Method

The concordance analysis involved relating scores from ACT Explore, ACT Plan, and
The ACT to ACT Aspire using percentile ranks, where concorded scores are defined
as those having the same percentage of students at or below a given score with
respect to the group of students used in the study. The collection of concorded scores
is referred to as a concordance table, which is useful for determining the cut scores
on one test that result in approximately the same proportion of students identified by
the other test, although not necessarily the same students.

The ACT Aspire scale scores for students in the concordance analysis were from
the spring 2013 special studies in which participating students took ACT Aspire
English, Mathematics, Reading, or Science tests plus historical ACT Explore, ACT
Plan, or The ACT assessments from the 2012-2013 academic year. Note that grade
11 students took The ACT plus a separately timed section of constructed-response
items designed as an add-on to The ACT (see appendix A). The constructed-
response portion was combined with an operationally administered form of The ACT
(selected response only) to obtain scores on the ACT Aspire scale. This version of
The ACT is referred to as The ACT with constructed-response tests. The final analysis
sample included students from grade 7 and above who took one of the EPAS tests
(ACT Explore, ACT Plan, or The ACT) and the ACT Aspire test in the same subject
and grade level (which included The ACT with constructed response for grade 11
students).

Since both EPAS and ACT Aspire are vertically scaled assessments covering different
grade spans, the concordance was established to link between two scales (i.e, the
1-36 EPAS scale to the ACT Aspire 400+ scale), rather than between two tests (e.g,,
between ACT Explore and ACT Aspire Grade 8 test).

The concordance relationship between EPAS and ACT Aspire scales was estimated
using the equipercentile method described by Kolen and Brennan (2014). This
method uses the percentile ranks (i.e. the proportion of scores at or below each
score) to define the relationship between the two scales. For a particular EPAS score,
the corresponding ACT Aspire score is the one that has the same percentile rank.

Evaluation of Results

The derived concordance table was applied to the existing datasets with students’
ACT Explore and ACT Plan scores. The purpose of the evaluation was to examine
distributions of the concorded ACT Aspire scale scores that should be similar to
those of the original EPAS scale scores. Two evaluation samples were used. One
sample was composed of cross-sectional data in the academic year 2013-2014 with
the cohort of grade 8 students who took ACT Explore and the cohort of grade 10
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students who took ACT Plan. The other sample was a longitudinal data set including
the cohort of grade 8 students in the academic year 2010-2011 who took ACT
Explore in that year and took ACT Plan two years later when they were in grade 10.
The following properties were examined:

1. Using the cross-sectional data, compare distributions of ACT Explore/ACT Plan
scores against the distributions of concorded ACT Aspire scale scores. The
purpose of this analysis was to verify that ACT Explore/ACT Plan and concorded
ACT Aspire score distributions did not appear to differ.

2. Using the longitudinal data, create box plots of ACT Plan scores conditional on
each ACT Explore score point, and create the same set of plots based on the
concorded ACT Aspire scale scores. The purpose of this analysis was to examine
whether the relationship between grade 8 and grade 10 scores of the same
cohort stayed the same when the concorded ACT Aspire scores were used.

3. Using the longitudinal data, compute effect sizes from grade 8 to grade 10, based
on the EPAS scale score and the concorded ACT Aspire scale scores. The effect
size was computed as the scale score difference between the two grades divided
by the square root of the average variances. The purpose of this analysis was to
examine whether the magnitude of growth measured by effect size was similar
when the concordance was applied.

Results

Table 4.1 presents the n-counts of the analysis sample, the correlation between

the EPAS and ACT Aspire scale scores, and descriptive statistics of scores on both
scales. As shown, a sample of over 16,000 students who had both EPAS and ACT
Aspire scores was used to conduct the concordance analysis for four subject areas:
English, mathematics, reading and science. Correlations between the two scale scores
are higher in English and mathematics than in reading and science. The scatter plots
between the two sets of scores, shown in figure 4.1, indicate a linear relationship.

Table 4.1. Descriptive Statistics of the Sample Used in the Concordance Analysis

Correlation EPAS ACT Aspire
between EPAS
Subject N and ACT Aspire Mean SD Min Max Mean SD Min Max
English 18,204 81 16.04  4.87 1 36 492768 1024 400 460
Math 17,787 .80 16.50 437 1 36 49344 8.62 401 457
Reading 16,922 .70 16.02 472 1 36 492074 7.57 401 446
Science 17,102 74 1762  3.87 1 36 49306 832 400 449
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Figure 4.1. Scatter plots between ACT Aspire scale score and EPAS scale scores
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Figure 4.1. (continued)
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Evaluating Results

Descriptive statistics of ACT Explore and the concorded ACT Aspire scores in the
cross-sectional evaluation sample are shown in table 4.2, and the scores for ACT
Plan are shown in table 4.3. Figure 4.2 presents the distributions of ACT Explore and
concorded ACT Aspire scores, and figure 4.3 presents similar information for ACT
Plan scores. It can be seen that the concorded score distributions match those of the
original scores.

For each pair of panels in figure 4.4, the top panel presents the box plots of ACT
Plan scores conditional on ACT Explore scores using the longitudinal evaluation
sample. The bottom panel presents the plots using the concorded ACT Aspire score.
As shown, the relationship between students’ grade 10 and grade 8 performance is
highly similar when the concordance was applied.

Table 4.2. Descriptive Statistics of the ACT Explore and Concorded ACT Aspire
Scores in Cross-Sectional Evaluation Sample

ACT Explore Concorded ACT Aspire
Subject N Mean STD Min Max | Mean STD Min Max
English 1,034,067 1440 437 1 25 42417 9.64 400 445
Math 1,033,788 15640 3.73 1 25 (42133 7.71 400 439
Reading 1,032,226 1456 3.99 1 25 (41823 7.05 400 434
Science 1,030,623 1654 3.33 1 25 1420.78 7.561 400 438

Table 4.3. Descriptive Statistics of ACT Plan and Concorded ACT Aspire Scores in
Cross-Sectional Evaluation Sample

ACT Plan Concorded ACT Aspire
Subject N Mean STD Min Max | Mean STD Min Max
English 1,251,757 1694 4.72 1 32 42959 972 400 453
Math 1251809 17.74 485 1 32 4925683 925 400 452
Reading 1,250,697 17.16 4.66 1 30 |42266 7.21 400 437
Science 1,250,022 1858 4.13 1 32 |42501 853 400 447
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Figure 4.2. Distributions of ACT Explore scale scores and concorded ACT Aspire
scale scores
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Figure 4.2. (continued)
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Figure 4.3. Distributions of ACT Plan scale scores and concorded ACT Aspire scale

scores
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Figure 4.3. (continued)
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Figure 4.4. Box plots of ACT Plan (or concorded ACT Aspire scale scores)

conditional on ACT Explore (or concorded ACT Aspire Scores)
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Figure 4.4. (continued)

Mathematics—EPAS Scale
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Figure 4.4. (continued)

Reading—EPAS Scale
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Figure 4.4. (continued)

Science—EPAS Scale
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Descriptive statistics of the ACT Explore and ACT Plan scale scores for the
longitudinal sample are presented in table 4.4. The corresponding concorded ACT
Aspire scores are presented in table 4.5. Effect sizes, computed from both scales
shown in the last column for each table, are very similar between the EPAS scale and
the concorded ACT Aspire scale.

The final derived EPAS to ACT Aspire concordance table is presented in appendix B.

Summary

The primary purpose of the concordance was to facilitate the transition from ACT
Explore and ACT Plan assessments to ACT Aspire. While the EPAS to ACT Aspire
concordance tables provide a link between the two scales, the concordance should
be used cautiously. For example, the sample of students included in the concordance
analysis may not be representative of all EPAS or ACT Aspire test-takers. In addition,
population dependence often results when the two tests that are linked do not
measure the same construct. It is generally inappropriate to use the concorded scores
to estimate individual student performance on the EPAS/ACT Aspire tests because
scores resulting from concordance are not viewed as interchangeable with actual
scores. It is preferable to use actual scores from the EPAS or ACT Aspire when
possible.

Table 4.4. Descriptive Statistics of ACT Explore Grade 8 and ACT Plan Grade 10 in
the Longitudinal Data

Grade 8—ACT Explore Grade 10—ACT Plan
Subject N Mean STD Min Max | Mean STD Min Max | Effect Size
English 572302 | 1466 4.17 1 25 1710 4.42 1 32 b7
Math 572,061 | 1663 3.46 1 25 17.84 457 1 32 55
Reading 571,328 | 1480 391 1 25 1719 448 1 30 57
Science 570,063 | 1680 3.31 1 25 18562 377 1 32 A48

Table 4.5. Descriptive Statistics of Concorded ACT Aspire in the Longitudinal Data

Grade 8—Concorded Grade 10—Concorded
ACT Aspire ACT Aspire
Subject N Mean STD Min Max | Mean STD Min Max | Effect Size
English 572,302 (42479 9.31 400 445 43005 908 400 453 b7
Math 572,061 |421.85 7.24 400 439 |42612 876 400 452 53
Reading 571,328 (41873 693 400 434 (42269 696 400 437 b7
Science 570,063 |421.39 754 400 438 [42510 804 400 447 48
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CHAPTER 5

ACT Readiness Benchmarks

Introduction

The ACT College Readiness Benchmarks are cornerstones of The ACT and the
legacy assessments ACT Explore (grades 8 and 9) and ACT Plan (grade 10), which
together form EPAS. The ACT Benchmarks were established to reflect college and
career readiness. The Benchmark on each of four subject tests of The ACT (English,
Mathematics, Reading, and Science) are the score on the 1-36 EPAS scale at which
students have a 50% probability of attaining a grade of B or higher or about a 75%
chance of obtaining a C or higher in selected credit-bearing first-year college courses
(for additional details, see ACT 2007b).

The ACT Readiness Benchmarks used with ACT Aspire were created to be aligned
with the ACT College Readiness Benchmarks used with EPAS. Similar to EPAS, each
ACT Aspire grade and subject has its own ACT Readiness Benchmark. Students

at or above the benchmark are on target to meet the corresponding ACT College
Readiness Benchmarks in grade 11.

ACT Readiness Benchmarks for English, Mathematics,
Reading, and Science

For English, mathematics, reading, and science, the ACT Readiness Benchmarks for
grades 8 through 10 were derived using the EPAS to ACT Aspire concordance tables
(see chapter 4 or appendix B). Benchmarks for grades 3-7 were created using a
backmapping procedure.
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Grades 8-10

A concordance between the EPAS 1-36 scale and the ACT Aspire three-digit

scale was used to establish ACT Readiness Benchmarks for grades 8-10 using

ACT College Readiness Benchmarks that had already been established for EPAS.
The concordance study included students taking both EPAS and ACT Aspire. The
concordance between EPAS scale scores and ACT Aspire scale scores was obtained
using equipercentile linking. The ACT College Readiness Benchmarks for grades 8, 9,
and 10 were used to identify the corresponding concorded ACT Aspire scores, which
were then defined as the ACT Readiness Benchmarks for grades 8-10. Note that the
concorded benchmarks derived for grades 8-10 may be updated as more longitudinal
data become available.

The ACT College Readiness Benchmarks used in this analysis were obtained by using
an alternate set of benchmarks than those typically reported for ACT Explore and ACT
Plan. This alternate set of benchmarks was based on students tested in spring, while
EPAS benchmarks typically used for grades 8—10 are based on students tested in fall.
ACT Aspire is administered in both fall and spring, but it is expected that benchmarks
would differ slightly within the same grade due to additional instruction and academic
achievement, which occurs throughout the school year. Spring benchmarks were

used because they anchored the ACT Readiness Benchmarks to spring levels of
educational development, near the end of a particular grade level when ACT Aspire
was anticipated to be most commonly administered. Therefore, the ACT Readiness
Benchmarks used for ACT Aspire are based on students tested in spring and reflect
performance levels of students toward the end of an academic year. This should be
kept in mind when interpreting results from fall testing. Table 5.1 presents the ACT
College Readiness Benchmarks on the 1-36 scale for grades 8, 9, and 10 used

in this study and the corresponding ACT Readiness Benchmarks, which are the
concorded ACT Aspire scores obtained from the concordance.

Table 5.1. ACT College Readiness Benchmark and ACT Readiness Benchmark for
Grades 8-10

ACT College ACT Readiness Benchmarks

Subject Grade Readiness Benchmark (Spring) (Concorded ACT Aspire Scores)
English 8 8 499
9 15 426
10 16 498
Math 8 17 495
9 18 498
10 20 432
Reading 8 17 4924
9 18 495
10 20 498
Science 8 19 427
9 20 430

10 21 432 77
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Agreement rates for classifying students at or above both sets of benchmarks were
compared using data from the concordance study. There was agreement if students
were classified into the same category using both the EPAS benchmarks and the ACT
Aspire benchmarks for their particular grade. As shown in table 5.2, the agreement
rates for all subjects were at or above 80%.

Grades 3-7

ACT Readiness Benchmarks for grades 3-7 in English, mathematics, reading, and
science were backmapped from the grade 8 ACT Readiness Benchmark described
above. Backmapping used a z-score approach, which involved identifying the ACT
Aspire scores at a standardized score (z-score) that corresponded to the z-score for
the grade 8 ACT Readiness Benchmark. Spring 2013 ACT Aspire special study data
were used to create benchmarks for grades 3-7. Table 5.3 shows the backmapped
ACT Readiness Benchmarks for grades 3-7. Note that the backmapped benchmarks
derived for grades 3-7 will be reviewed and may be updated as more longitudinal
data become available.

Table 5.2. Classification Agreement Rate between ACT Aspire and EPAS
Benchmarks

ACT Aspire Classification
Agreement Rate

ACT Explore ACT Plan

English 81% 80%
Math 82% 85%
Reading 81% 81%
Science 83% 84%

Table 5.3. ACT Readiness Benchmarks, Grades 3—7

Grade English Math Reading Science
3 413 413 415 418
4 417 416 417 420
5 419 418 420 499
6 420 420 421 423
7 421 429 423 495
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ACT Readiness Benchmark for Writing

The ACT Readiness Benchmark for writing was set as the scale score corresponding
to raw scores at a cut determined by ACT content experts, based on their knowledge,
expertise, and experience with writing content and their development of the rubrics
used to score writing prompts. A trait score of 4 formed the basis for the writing cut,
which corresponds to performance consistent with grade-level expectations on the
rubric. Recall that writing scores consist of four traits, each scored on a rubric with
scores from 1 to b (grades 3-5) or 1 to 6 (grades 6-10). Content experts determined
that a trait score of 4 was at the expected readiness level for each grade level. Across
the four traits, if a student obtained trait scores of two fours and two threes, the
student's score would be considered at the cut for identifying ready performance on
the spring 2014 base Writing form. This pattern of four trait scores corresponded to

a scale score of 428 on the spring 2013 base Writing form. A scale score of 428 is
used as the cut score for writing at all grade levels. The writing Benchmark may be
updated as more longitudinal data become available.

ACT Readiness Benchmarks for ELA and STEM

The ACT Readiness Benchmarks for ELA and STEM are computed as the average

of the subject Readiness Benchmarks that contribute to each score. ACT Readiness
Benchmarks for ELA are the average of the benchmarks for English, Reading,

and Writing tests. ACT Readiness Benchmarks for STEM are the average of the
benchmarks for Mathematics and Science tests. Table 5.4 lists the ACT Readiness
Benchmarks for ELA and STEM across grade levels. Benchmarks could have been
established through a separate backmapping process, but the average was used
because it was anticipated to be simpler for users and less likely to lead to confusion.®

Table 5.4. ACT Readiness Benchmarks in ELA and STEM, Grades 3—10

Grade ELA STEM
3 419 416
4 421 418
5 4292 420
6 423 429
7 424 424
8 425 426
9 426 429
10 428 432

9 Itis possible for a student to be inconsistent with readiness in a particular subject area. This is due to the compensatory
nature of the ELA and STEM scores, where subject area scores are combined to obtain ELA and STEM scores. For
example, a student could be below the mathematics benchmark and still be above the STEM benchmark if the student
had a relatively high Science test score. In such a case, the Science test score could pull the STEM score up enough to
meet the STEM benchmark. 79
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ACT Readiness Levels

In addition to the ACT Readiness Benchmarks, students are provided with a
description of where they perform relative to the ACT Readiness Benchmarks in
English, mathematics, reading, science, or writing. This description is called the ACT
Readiness Level and includes four categories defined by three cut scores for each
subject and each grade: high cut above the benchmark, the benchmark, and low cut
below the benchmark. The high and low cuts were set considering the standard error
of measurement (SEM; Geisinger 1991). Specifically, the high cut was set to be two
SEMs above the Benchmark, and the low cut was set to be two SEMs below the
Benchmark for all subjects except writing.

Two SEMs were chosen because it represented a substantial deviation from Ready.
From a statistical perspective, under typical assumptions, two standard errors from
the benchmark represent a roughly 95% confidence interval for the Ready category;
we can be about 95% confident that scores falling outside of this range are indeed
above or below the Ready cut. Of course, values other than two SEMs could have
been chosen to define the ACT Readiness Levels, but two SEMs was deemed

a reasonable compromise between adequate representation of the descriptors
Exceeding and In Need of Support and statistical characteristics indicative of deviation
from Ready.

For writing, once the ACT Readiness Benchmark was established, the low and
high cuts were set by content experts based on rubrics. Specifically, the low cut
was defined as the scale score on the spring 2013 base Writing test form that
corresponded to two threes and two twos on the four domains. The high cut

was defined as the scale score on the spring 2013 base Writing test form that
corresponded to two fives and two fours on the four domains. All benchmarks, low
cuts, and high cuts are presented in table 5.5.

Using the ACT Readiness Benchmarks, performance is classified into four ACT
Readiness Levels based on student scale scores:

Exceeding: at or above the high cut
Ready: at or above the benchmark and below the high cut

Close: at or above the low cut and below the benchmark

> w oo

In Need of Support: below the low cut

Each of the four ACT Readiness levels is intended to provide a description of where
students perform relative to the ACT Readiness Benchmarks in each subject area.
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Table 5.5. Benchmarks, Low Cuts, and High Cuts for ACT Readiness Benchmarks
by Subject and Grade

Subject Tested Grade Low Cut Benchmark High Cut
English S 408 413 418
4 411 417 493
B 412 419 426
6 413 420 497
7 413 421 429
8 415 499 429
9 419 426 433
10 421 4928 435
Mathematics 3 409 413 417
4 411 416 421
5 412 418 424
6 414 420 426
7 416 4929 498
8 419 425 431
9 499 498 434
10 426 432 438
Reading 8 411 415 419
4 412 417 422
) 415 420 495
6 416 421 426
7 417 423 429
8 418 4924 430
9 419 425 431
10 4929 4928 434
Science 3 414 418 499
4 415 420 495
5 417 422 427
6 418 493 498
7 420 425 430
8 499 497 432
9 424 430 436
10 496 4392 438
Writing 3 420 498 436
4 420 4928 436
5 420 428 436
6 420 428 436
7 420 428 436
8 420 428 436
9 420 428 436
10 420 428 436
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ACT Readiness Ranges

ACT Readiness Ranges are reported from grade 3 through EHS in English,
mathematics, reading, science, writing, ELA, and STEM. ACT Readiness Ranges

are based on an ACT Readiness Benchmark that is provided for each assessment.
Students who score at or above this benchmark are on target to meet the ACT
College Readiness Benchmark in spring of grade 11. ACT Readiness Ranges include
the range of ACT Aspire scale scores between the ACT Readiness Benchmark and
the maximum scale score possible for a particular subject at a particular grade level. A
student's ACT Aspire scale score can be compared to the ACT Readiness Benchmark
and ACT Readiness Range to determine whether the student is on target to be Ready.

Readiness Ranges for Reporting Categories

In order to provide students with more detailed information within each subject, items
that measure the same skills and abilities are grouped into reporting categories. For
each reporting category, the total number of points possible, the total number of
points a student achieved and the percentage of points correct are provided.

In addition, the ACT Readiness Range in each reporting category is provided to show
where a student who has met the ACT Readiness Benchmark in a particular subject
area would typically perform within the reporting category. In this way students can
compare the percentage of points in each category to the percentage of points
attained by a typical student who is on track to be Ready. If their scores fall below the
ACT Readiness Range, they may be in need of additional support.

The minimum of the ACT Readiness Range for each reporting category corresponds
to the predicted percent correct on that reporting category at the ACT Readiness
Benchmark for that subject test. The maximum corresponds to 100% correct.
Regression was used to predict the percent correct on the reporting category using
the scale score at the Benchmark point.



CHAPTER 6

ACT Aspire Growth

ACT Aspire supports interpretations of student and group-level aggregate growth.
Score reports include the following components, each of which contributes to
interpretations of growth:

= A student's current and prior-year scores in all tested subjects (English,
mathematics, reading, science, and writing)

= Comparison to ACT Readiness Benchmarks (chapter 5) that indicate whether
students are on target to meet the ACT College Readiness Benchmarks in
grade 11

= Classification of a student into ACT Readiness Levels (chapter 5) that describe
where a student scores relative to the ACT Readiness Benchmarks

= Predicted score paths that provide ranges for a student’s expected scores in
future years (and predicted score ranges on The ACT for grades 9 and 10)

= Starting in spring 2015, classification of student growth as “Low,’ “Average, or
“High," based on student growth percentiles (SGPs).

The latter two components (predicted score paths and SGPs) are described in this
chapter. Other topics included in this chapter include ACT Aspire gain scores, growth-
to-standards models, measurement error of growth scores, and aggregate growth
scores for research and evaluation.

Predicted Score Paths

Predicted score paths are reported to enhance understanding of where a student (or
a group of students) is likely to score in future years, assuming typical growth. This
information can be used:

= To determine if students are likely to meet ACT Readiness Benchmarks over the
next two years
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Figure 6.1. Prototype of ACT Aspire Student Progress Report
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= To identify students who are unlikely to meet a future-year standard (other than the
ACT Readiness Benchmark) and thus are candidates for extra academic support

= To predict aggregate future achievement for a classroom, school, district, or state

= To predict ACT score ranges (for grades 9 and 10)

Student Progress Reports

One-year predicted paths are based on the estimated 25th and 75th percentile of
the test score distribution, conditional on the prior-year test score. The full predicted
path, which encompasses one-year and two-year predictions, is drawn by extending
the one-year predictions for another year in a linear fashion. A prototype Student
Progress Report that illustrates the predicted path is shown in figure 6.1. The
predicted path is represented by a cone-shaped orange-shaded area that covers two
years. In this example, an eighth-grade student scored 417 on the ACT Aspire English
assessment. The student’s predicted path covers the score range 416-424 for grade
9 and 415-431 for grade 10. (Note that the numbers forming the predicted score
ranges do not appear on the progress report).

Aggregate Progress Reports

One-year predicted mean scores are used to form aggregate predicted paths for
classrooms, schools, and districts. The aggregate predicted paths are drawn as lines
connecting the current year mean score to the next year’s predicted mean score.
Predicted mean scores for classrooms, schools, and districts are calculated as the
mean of individual student predicted scores. Individual student predicted scores are
based on the estimated 50th percentile of the test score distribution, conditional on
the prior-year test score. A prototype Aggregate Progress Report is shown in figure
6.2. In this example, the mean ACT Aspire Science score was 418 for a group of
grade 9 students. The predicted grade 10 mean ACT Aspire Science score for the
same group is plotted, and the predicted grade 11 mean Science Test score on The
ACT is 17.8. We summarize the methods used to develop the predicted paths later
in this chapter. The development of the predicted paths is fully documented in a
separate report (Allen, forthcoming).
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Figure 6.2. Prototype ACT Aspire Aggregate Progress Report
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Table 6.1. Longitudinal Samples Used to Develop Predicted Paths in 2014

Grade Subject Area
Level Pair English Mathematics Reading Science  Writing Composite
3-4 3,784 8,843 8943 3,403 469
4-5 3912 8,724 8,694 3,070 487
5-6 3,663 7,982 8,008 3,441 431
6-7 2,329 5,876 5,880 1,677 381
7-8 1,924 4,583 4,579 2,132 262
8-9 53,637* 53,637* 53,637* 53,637* 116 53,637*
9-10 172,339* *172,339* 172,339* 172,339* 0 172,339*
9-11 (The ACT)  50,656* 50,656* 50,656* 50,656* 0 50,656*
10-11 (The ACT) 3,992 3,774 3,640 3,625 922 2,851

*Concordance-derived sample

Samples Used to Develop the Predicted Paths Used for 2014 Reporting

Students who tested in adjacent years form a longitudinal sample of ACT Aspire-
tested students and were used to develop predicted paths that are used for ACT
Aspire reports. Each year, the longitudinal sample used to develop the predicted paths
will be updated with data from the most recent testing year. Here, we describe the
sample used in 2014 for the initial development of the predicted paths. For grades
10-11, the longitudinal sample was formed by matching ACT Aspire records from
spring 2013 to The ACT records from spring 2014. Because the longitudinal sample
for grades 8-9, 9-10, and 9-11 was small, longitudinal samples of students tested
with ACT Explore, ACT Plan, and The ACT were used for those grade levels. The ACT
Explore and ACT Plan scores were converted to ACT Aspire scores using the EPAS
(which includes ACT Plan/ACT Explore) to ACT Aspire concordance tables (see
appendix B). Table 6.1 provides the sample sizes for each grade level and subject
area. Because of the smaller sample sizes for the Writing tests, data were combined
across grade levels for purposes of developing the predicted paths. 85
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Statistical Model Used to Develop the Predicted Paths

Quantile regression (Koenker 2005) was used to estimate the 25th, 50th, and 75th
percentiles of the test score distribution, conditional on the prior-year test score.
Quantile regression is conceptually similar to ordinary least-squares regression, which
is used to estimate the mean of an outcome (denoted Y) given a set of predictor
variables (denoted X). Quantile regression estimates selected quantiles of an outcome
variable given a set of predictor variables.

Coverage Rates of the Predicted Paths

Using an inclusive definition for predicted path coverage (scores greater than or equal
to the lower score of the projected range and scores less than or equal to the upper
score of the range), more than 50% of test scores are expected to fall within the
one-year predicted path. Less than 25% of test scores should be above the one-year
predicted path score range and less than 25% should be below. Coverage rates of
the one-year predicted paths were calculated using the longitudinal sample of ACT
Aspire and ACT-tested students. For grade level pairs 3—4 through 7-8, the coverage
rates ranged from 54% to 57% for English, 55% to 59% for Mathematics, 56%

to 57% for Reading and Science, and 55% to 60% for Writing. For grade 10 (ACT
Aspire) to 11 (The ACT), coverage rates were 56% for English, 62% for Mathematics,
57% for Reading, 58% for Science, and 73% for Writing. Coverage rates for grade
level pairs 8-9, 9-10, and 9—-11 will be estimated when more ACT Aspire longitudinal
data are available.

Limitations of the Predicted Paths

The predicted paths for grades 3—7 were developed using samples of students tested
in spring 2013 and spring 2014, with a large percentage coming from one state
(Alabama, the first state to administer ACT Aspire on a statewide basis). With larger
samples of students, the estimation of the predicted paths will have less sampling
error. It is also possible that predicted path estimates could shift up or down with the
inclusion of more school districts and states in the sample. The predicted paths will be
re-estimated as more data become available.

The predicted paths for grades 8 and 9 were developed using large samples of
students tested with the ACT EPAS system, with greater geographic diversity.
However, this approach relies on the EPAS to ACT Aspire concordance, which could
introduce bias into the estimation of the predicted paths. As more data become
available, the predicted paths for grades 8 and 9 will be estimated using ACT Aspire
data without the use of the concordance. The two-year predicted score ranges,
defined as a linear extension of the one-year ranges, will likely have asymmetric
coverage. Future ACT Aspire reports may include two-year predicted paths that are
nonlinear extensions of the one-year paths and may have greater prediction accuracy.
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Student Growth Percentiles

Student growth percentiles (SGPs) represent the relative standing of a student’s
current achievement compared to others with similar prior achievement. ACT Aspire
SGPs, ranging from 1 to 100, will be reported starting in spring 2015 for students
who also tested in spring 2014. They are used to classify students’ growth into the
following categories: ‘Low” (SGP<25), “Average” (SGP between 25 and 75), or “High”
(SGP>75). ACT Aspire SGPs measure growth over one-year time intervals.

SGPs will be estimated using quantile regression methods (Koenker 2005) by the
SGP R package (Betebenner, Vanlwaarden, Domingue, and Shang 2014). SGPs will
be reported annually for students who also tested the previous year with the tests one
grade level apart. While the minimum requirement will be the prior-year ACT Aspire
score in the same subject area, the model will use up to three years of prior scores
when available.

When interpreting SGPs, the reference group used to estimate the model should
always be considered. The SGPs used for ACT Aspire will be based on all students
tested nationally in adjacent years, so the reference group is expected to change
over time. Because of these expected changes and possible changes in the amount
of student growth observed nationally over time, SGPs should be interpreted as a
measure of relative growth. Because ACT Aspire scale scores are equated across
different test forms (see chapter 11), the scale scores maintain similar properties
and can be used to make interpretations about growth that are not dependent on a
reference group.

ACT Aspire Gain Scores

Each ACT Aspire subject area except writing shares a common scale across grade
levels (see chapter 1 for details on the scaling procedures), making it possible

to compare scores over time on the same scale. Gain scores are the arithmetic
difference in scores from one year to the next. Gain scores are an attractive
growth measure because of their simplicity and intuitive appeal. Unlike SGPs, the
interpretation of gain scores is independent of reference groups.

For all subjects except writing, positive ACT Aspire gain scores are anticipated
because students are expected to increase their knowledge and skills in the tested
areas after one year of schooling. For ACT Aspire Writing, gain scores are less
meaningful because the writing scale does not share a common scale across grade
levels (see chapter 1). For all subjects, including writing, viewing scores graphically
over multiple years provides insights about a student’s current achievement level,
as well as progress made over multiple years with respect to ACT Readiness
Benchmarks and ACT Readiness Levels.
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Table 6.2. ACT Aspire Gain Score Means and Standard Deviations

Grade Subject Area
Level Pair English Mathematics Reading Science Writing Composite
3-4 4.3 (5.3) 4.0 (3.7) 34(4.1) 39(46) -02(6.0)
4-5 3.5 (5.5) 3.2 (4.4) 33(44) 3148 0465
5-6 2.7 (6.0) 3.4 (4.8) 35(49) 26((50) 59(81)
6-7 2.4 (6.8) 16 (6.4) 15(.0) 23(3) -33(7.0)
7-8 2.8 (6.6) 29 (5.4) 43((53) 46((B4) -28(62)
8-9 2.3(5.9) 1.7 (6.1) 15(B.1) 1.7(066) -10(54) 1.8 (34)
9-10 2.5 (5.9) 2.7 (5.4) 2.7(56.3) 20(5.9) 25 (3.4)

For the longitudinal samples used to develop the ACT Aspire predicted paths (see
table 6.1), gain score means and standard deviations are provided in table 6.2. There
is considerable variation across grade levels and subject areas in mean gain scores.
For all subjects except writing, mean gain scores are always positive, showing that
students in the sample typically increased their knowledge and skills in the tested
areas after one year of schooling.

For the Writing test, one should not necessarily expect positive mean gain scores
because the scale is not the same across grade levels. The mean gain scores for ACT
Aspire Writing ranged from 5.9 for grades 5-6 to —3.3 for grades 6-7. Because of
the smaller sample sizes for Writing, the mean gain scores reported in table 6.2 are
subject to greater sampling error. Writing scores increased substantially from grade

5 to grade 6 (mean gain score of 5.9), and then declined from grade 6 to grade 7
(mean gain score of —3.3) and from grade 7 to grade 8 (mean gain score of —2.8).
One possible explanation for the increase in scores for grade 6 is that the grade 6
Writing test is a narrative writing exercise, unlike the grades 4 and 7 tests, which are
exercises in expository writing, and the grades 5 and 8 tests, which are exercises in
persuasive argumentation. The data suggest that students performed better on the
grade 6 narrative writing exercise, perhaps because of greater comfort and familiarity
with the narrative mode. At grade 6, the ACT Aspire Writing score range expands
from 408-440 to 408-448, with a maximum raw score of 6 (instead of b) for each
domain score. It is likely that this scale increase is also partly responsible for the
increase in scores from grade b to grade 6.

Interpreting ACT Aspire Gain Scores

Because ACT Aspire scores in all subject areas except writing are reported on a
common scale, gain scores are intended to be interpreted as measuring change
in knowledge and skills from one year’s test to another. However, because no

educational scale can be interpreted as having equal intervals in a strict sense, it

should not be assumed that the meaning of gain scores is the same across the score
88
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Figure 6.3. ACT Aspire gain score statistics for Grade 3—4 Mathematics
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scale. For example, it is possible that some regions of the score scale can be more
sensitive to student learning. Also, students who score at the low end of a scale are
generally expected to have larger one-year gain scores than students who score

at the high end. This phenomenon is illustrated in figure 6.3 using the longitudinal
sample of ACT Aspire-tested students. Students in this sample took the Grade 3
Mathematics test in spring 2013 and the Grade 4 Mathematics test in spring 2014.
The figure shows the mean gain score, as well as the 25th and 75th percentile of the
gain score distribution, for each Grade 3 Mathematics score point with a sample size
of at least 50 students. The negative relationship between prior-year score and one-
year gain score results because test scores are only estimates of true achievement
levels: students who score far above (below) the mean are more likely than others to
have scored above (below) their true achievement level and tend to score closer to
the mean the next year.

Growth-to-Standards Models with ACT Aspire

Unlike normative growth measures such as SGPs, growth-to-standards models
determine if students are making sufficient progress toward a performance standard,
such as the ACT Readiness Benchmarks or other ACT Readiness Levels. ACT Aspire
supports growth-to-standards models because scores are reported over time and
plotted against the ACT Readiness Benchmarks and ACT Readiness Levels (see
figure 6.1). The predicted paths also support growth-to-standards models because
they indicate how students are likely to perform over the next two years, assuming
typical growth. For example, if a fourth grader’s predicted path falls below the ACT
Readiness Benchmark for grades b and 6, he or she knows that atypically high
growth over the next two years will be needed to reach the performance standard.

Growth-to-standards models can be implemented by specifying a performance
standard such as the ACT Readiness Benchmark and specifying the amount of time
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students have to reach the performance standard. For the student represented by the
example report in figure 6.1, the student's score (417) was 5 points below the grade
8 ACT Readiness Benchmark for English (422). If the model assumes students have
two years to catch up, the student would need to gain 11 score points to reach the
grade 10 ACT Readiness Benchmark for English (428). Under a growth-to-standards
model, the student would need to gain at least 6 points from grade 8 to grade 9 to
have made sufficient progress toward the grade 10 performance standard. SGPs can
also be used within a growth-to-standards model to communicate how much progress
is needed using the growth-percentile metric instead of the gain-score metric.

Measurement Error of Growth Scores

Measures of individual student growth, including SGPs, are subject to measurement
error. This means that a student’s actual growth in academic achievement may be
different than what is represented by their SGP (Wells, Sireci, and Bahry 2014) or
gain score. All test scores have measurement error, and measurement errors of SGPs
and gain scores are more pronounced because multiple test scores are involved. In
tests with vertical scales such as ACT Aspire, negative gain scores may be observed,
due in part to measurement error. Because of their measurement error, neither SGPs
nor gain scores should be used as the sole indicator of a student's academic progress
over one year.

Aggregate Growth Scores for Research and Evaluation

For classrooms, schools, districts, states, and other user-defined groups, aggregate
growth statistics are available to describe how much growth occurred in each group.
Mean scale scores are plotted on longitudinal progress reports and the percentage

of students in each growth category (low, average, or high) can be reported. It is also
possible to calculate other summary growth measures, such as the median SGP, using
available data.

Data from ACT Aspire may be used as one indicator of program effectiveness. One of
the secondary interpretations of ACT Aspire scores involves providing empirical data
for inferences related to accountability (see chapter 9 or ACT 2014b). Before using
ACT Aspire for evaluating program effectiveness, a content review is critical to ensure
that ACT Aspire measures important and/or relevant outcomes of the program. For
example, a district might want to use the multiyear change in median SGP of 10th
grade English students as one measure of the effectiveness of a new 10th grade
English curriculum. Prior to implementation, ACT Aspire content should be reviewed
against the intended outcomes of the program to evaluate its appropriateness for
measuring curriculum effectiveness. If used for accountability, ACT Aspire growth data
should be one of multiple sources of evidence regarding student performance for
particular uses. As the stakes for particular uses increase, it becomes more important
to carefully evaluate ACT Aspire score interpretations for these uses and to gather
multiple sources of evidence.



CHAPTER 7

Progress toward
Career Readiness

Introduction

For decades it has been a commonly held belief that high school students planning to
go to college need to take more rigorous coursework than those going directly into
the workforce. Today, however, many employers report that in an expanding global
economy, entry-level workers need many of the same types of knowledge and skills
as college-bound students (ACT 2006). To help students predict and monitor whether
they are on track to be career ready toward the end of high school using ACT Aspire
performance, students at grade 8 through EHS with Composite scores (i.e,, receiving
scores on English, Mathematics, Reading, and Science tests) receive a Progress
toward Career Readiness indicator.

The ACT National Career Readiness Certificate™ (ACT NCRC®), awarded based on
ACT WorkKeys® test results, is a portable credential that demonstrates achievement
and is based on assessment level scores associated with workplace employability
skills in three areas: applied mathematics, locating information, and reading for
information. Assessment level scores typically run from level 3 to level 6 or 7. In
addition, the ACT NCRC has four levels of certificate: Bronze, Silver, Gold, and
Platinum. A Platinum certificate is earned if the three assessment level scores

a student earns are all level 6 or higher. A Gold certificate is earned if the three
assessment level scores a student earns are all level b or higher. A Silver certificate is
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earned if the three assessment level scores a student earns are all level 4 or higher. A
Bronze certificate is earned if the three assessment level scores a student earns are
all level 3 or higher. If any of the three assessment level scores are less than level 3,
no certificate is achieved (ACT 2007a).

The actual knowledge and skills required across careers and career domains may
differ greatly. Further, The ACT and ACT Aspire do not measure all such knowledge
and skills. Rather, The ACT and ACT Aspire measure academic achievement, or
foundation skills which are a subset of skills associated with career readiness. The
linkage between ACT Aspire and the ACT NCRC is based only on these academic
skills and provides a prediction of future performance. Because the constructs

and content across The ACT and ACT Aspire differ somewhat from that of the

ACT WorkKeys used in the ACT NCRC, a prediction method was used to indicate if a
student is likely to meet Bronze, Silver, or Gold ACT NCRC level at the completion of
high school.

The Progress toward Career Readiness cuts were created for grades 8-11 to be

used as indicators of progress towards career readiness. These cuts were used as an
indicator of predicted future ACT NCRC performance (see figure 7.1). The first step in
creating the cuts was linking ACT NCRC level to the EPAS scale. Prediction was used
to link the EPAS Composite score scale to the ACT NCRC levels. A concordance was
then used to find the ACT Aspire scores that corresponded to each of the cut scores

on the EPAS scale. Finally, backmapping was used to obtain the cut scores associated
with Bronze, Silver, and Gold ACT NCRC levels for grades 8-10.

Figure 7.1. Sample Progress toward Career Readiness indicator from ACT Aspire
report

435 Progress Toward Career Readiness is an early indicator of your
Composite future achievement on the ACT National Career Readiness Cerlificate
Score (NCRC). The ACT NCRC is an assessment-based credential that

documents foundational work skills important for job success across
industries and occupations.

\rﬁ:{ﬁg Bronze Sihver Gold
rogress
oward a e
Goltd level
on the
ACT NCRC. -
400 452

@ Learn how NCRC performance relates to job skill requirements:
2 hitp:/iwww act orgiworkkeys/briefs/ffiles/NCRCRequirements._pdf.

This information is not fo be considered a substitute for actual performance on the
ACTMNCRC.
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Link ACT NCRC Levels to the EPAS Composite Scores

Data from over 110,000 grade 11 students who took ACT WorkKeys (and obtained
an ACT NCRC) and The ACT were used to establish the link between the EPAS
Composite and the ACT NCRC. Four separate logistic regressions were conducted
to determine the ACT Composite scores that corresponded to the 50% chance

of obtaining each ACT NCRC level. The ACT Composite scale score was the
independent variable, and the status of whether a student was at or above a specific
ACT NCRC level was the dependent variable (similar methods have been used for
setting ACT College Readiness Benchmarks; e.g., Allen and Sconing 2005).

Table 7.1 provides descriptive statistics of the Composite scores on The ACT for
students at different ACT NCRC levels. As ACT NCRC level increases, the mean
and median of ACT Composite scores increase, which is indicative of the positive
relationship between ACT NCRC level and ACT Composite scores. The variability

in performance on The ACT increases as ACT NCRC level increases through the
Gold level. Between the Gold and Platinum levels, variability decreases slightly, which
is likely the result of instability in the standard deviation due to the relatively small
number of students in the Platinum group compared to the others.

Table 7.2 presents the logistic regression results—unrounded and rounded Composite
scores on The ACT that are associated with the 50% chance of obtaining different
ACT NCRC levels. For example, an ACT Composite scale score of 17 is required for
the 0% chance of obtaining the ACT NCRC Silver certificate or higher while an ACT
Composite scale score of 25 is required for a 50% chance of obtaining the ACT NCRC
Gold certificate or higher.

Table 7.1. Descriptive Statistics of ACT Composite Scale Scores by Each ACT

NCRC Level

ACT NCRC ACT Composite Scores

levels N Mean Median SD Min Max
No Certificate 13,628 13.69 11} 2.28 4 32
Bronze 23,726 15.86 16 2.64 6 33
Silver 50,087 19.76 20 3.56 7 35
Gold 25,669 25.20 25 3.81 11 36
Platinum 1,497 30.33 & 3.15 18 36

93



PROGRESS TOWARD CAREER READINESS

94

Table 7.2. ACT Composite Scale Scores Indicating a 50% Chance of Obtaining
Different ACT NCRC Certificates

ACT Composite Cut Scores

ACT NCRC

levels Unrounded Rounded
Bronze 12.74 13
Silver 16.43 17
Gold 2415 25
Platinum 34.80 35

Table 7.3. Descriptive Statistics of the Analysis Sample (N=13,528)

EPAS ACT Aspire
Scale Score Scale Score
Mean 16.66 424,05
SD 3.95 7.72
Correlation .86

To ensure each score on The ACT corresponds to at least a 50% chance of receiving
an ACT NCRC level, all unrounded Composite scores were rounded up to the final
reported cut values. These four cut values are based on a sample of grade 11 students,
so they should be interpreted as an indicator of career readiness for grade 11 students.

Link the EPAS Composite Scores to ACT Aspire Composite
Scores

The second step in the linkage between ACT Aspire and ACT NCRC certificate levels
was to establish a concordance between the EPAS Composite scores on the EPAS
tests (ACT Explore, ACT Plan, or The ACT) and ACT Aspire Composite scores. Data
from spring 2013 ACT Aspire tests were merged with historical EPAS student data
files to obtain a sample of students with EPAS and ACT Aspire Composite scores.
Table 7.3 presents means, standard deviations, and correlations for the 13,528
students included in the sample.

The concordance relationship between EPAS and ACT Aspire scales was estimated
using the equipercentile method described by Kolen and Brennan (2014). The
same methodology that was used to find the concordance relationship between
EPAS and ACT Aspire for the individual subjects was used to find the relationship
between EPAS and ACT Aspire Composite scores. See chapter 4 for details on the
methodology.
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Identify the ACT Aspire Composite Scores Corresponding to
Each ACT NCRC Level

Once the concordance between the EPAS Composite scores and the ACT Aspire
Composite scores was established, the ACT Aspire scale score that best predicts
each ACT NCRC level for grade 11 was taken directly from the concordance table.
Table 7.4 presents the EPAS Composite scale scores corresponding to ACT NCRC
Levels and their concorded ACT Aspire Composite scale scores. The Platinum level
was excluded due to small sample sizes.

To obtain the Progress toward Career Readiness indicator for each ACT NCRC
level for grades 8, 9, and 10, a backmapping procedure was adopted using z-scores
and the grade 11 Progress toward Career Readiness indicator as the starting point.
(The same procedure was used to backmap the ACT Readiness Benchmarks; see
chapter 5.) The ACT Aspire Composite score associated with each ACT NCRC level
for a particular grade was the scale score that corresponds to the same standardized
score (i.e, z-score) as the z-score of the EPAS Composite for each grade 11 ACT
NCRC level in the sample used for the EPAS to ACT Aspire concordance analysis.
Grade 11 z-scores associated with Bronze, Silver, and Gold ACT NCRC levels were
matched to the z-scores at grades 8, 9, and 10. Then the ACT Aspire scale score
associated with each z-score was identified to determine the backmapped Progress
toward Career Readiness indicator corresponding to Bronze, Silver, and Gold. Table
7.5 presents the ACT Aspire scale score for each of the three ACT NCRC levels for
grades 8-10.

Table 7.4. EPAS and ACT Aspire Composite Scores Corresponding to ACT NCRC
Levels

ACT NCRC Corresponding EPAS Corresponding ACT Aspire

Level Composite Composite (Grade 11)
Bronze 13 416
Silver 17 425
Gold 25 439

Table 7.5. ACT Aspire Composite Scores Corresponding to the 50% Chance of
Obtaining Each ACT NCRC Level

ACT NCRC Level

Grade  Bronze Silver Gold
8 415 429 434
9 415 423 436
10 416 425 439
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Report Progress toward Career Readiness using ACT Aspire
Cut Scores

Students who take the four 8th-grade or EHS tests English, Mathematics, Reading,
and Science obtain a Composite score and receive an indicator of their Progress
toward Career Readiness (see figure 7.1 for a sample from the score report). The
student's Composite score is listed along with the Bronze, Silver, and Gold level

ACT NCRC certificates. The indicator reported to the student is a verbal statement
indicating which certificate level the student is making progress toward. A purpose of
the indicator is to encourage students to think about the knowledge and skills future
job training will require. Whether or not a student plans to enter college immediately
after high school, there is likely a need for some type of postsecondary training. It

is not possible to profile the requirements for all possible postsecondary paths a
student may consider, but the ACT NCRC and the ACT WorkKeys job profiles provide
a starting point for students to understand that even if they are not planning to go to
college, there are still knowledge and skills they need to attain before they leave high
school. The specific foundational knowledge and skills required across careers and
career paths differ, and ACT Aspire may not measure all such skills.

The Progress toward Career Readiness indicator provides a statistical prediction of
the likely ACT NCRC level a student would obtain toward the end of high school given
the student’s current performance, but caution should be used in its interpretation. The
Progress toward Career Readiness indicator is not a substitute for actual ACT NCRC
level obtained by taking ACT WorkKeys. Actual performance could differ from the
statistically predicted performance for a variety of reasons, including such factors as
statistical uncertainty in the prediction, a student’s individual educational achievement,
and a student’s growth trajectory.



CHAPTER 8

ACT Aspire Reliability

Some degree of inconsistency or error is contained in the measurement of cognitive
characteristics. A student administered one form of a test on one occasion and a
second, parallel form on another occasion likely would earn somewhat different
scores on the two administrations. These differences might be due to the student

or the testing situation, such as different motivation, different levels of distractions
across occasions, or student growth between testing events. Differences across
testing occasions might also be due to the particular sample of test items or prompts
included on each test form. While procedures are in place to reduce differences
across testing occasions, differences cannot be eliminated.

Reliability coefficients are estimates of the consistency, or precision, of test scores.
They typically range from zero to one, with values near one indicating greater
consistency and those near zero indicating little or no consistency. The standard error
of measurement (SEM) is closely related to test reliability. The SEM summarizes the
amount of error or inconsistency in scores on a test. The Standards for Educational
and Psychological Testing states: “For each total score, subscore, or combination of
scores that is to be interpreted, estimates of relevant indices of reliability/precision
should be reported” (American Educational Research Association [AERA], American
Psychological Association [APA], and National Council on Measurement in Education
[NCME] 2014, 43).
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Raw Score Reliability

Reliability coefficients are usually estimated based on a single test administration by
calculating the inter-item covariances. These coefficients are referred to as internal
consistency reliability. Cronbach’s coefficient alpha (Cronbach 1951) is one of the
most widely used estimates of test reliability and was computed for all of the ACT
Aspire tests. Coefficient alpha can be computed using the following formula:

&=(L)(1_2;i)_( k | D

k-1 s k-1 s

X

where k is the number of test items, s? is the sample variance of the /th item, s; is the
sample covariance between item / and item j, and sf is the sample variance of the
observed total raw score.

Although coefficient alpha is often used to estimate internal consistency reliability,

it can, at times, underestimate the true value of test reliability depending on the
characteristics of the specific test under consideration. In computing test reliabilities
for the ACT Aspire tests, stratified coefficient alpha (Cronbach, Schonemann, and
McKie 1965) and congeneric reliability (Gilmer and Feldt 1983) coefficients were
also computed as a check on coefficient alpha. All three reliability coefficients
produced nearly equal values for ACT Aspire subject tests at each grade level. As a
consequence, Cronbach’s coefficient alpha was used in reporting raw score reliability
in tables 8.1 and 8.2.

Table 8.1. Raw Score and Scale Score Reliability Coefficient Ranges by Grade for
Four ACT Aspire Subject Tests and the Composite Score: Spring 2013 Special
Studies Data

Grade

Subject Score 3 4 5 6 7 8 EHS

English Raw 67-79 .76-80 .76-79 .78-81 .78-85 .84-87 .90-91
Scale .70-79 .76-80 .77-79 80-81 .79-85 .84-86 .90-91
Math Raw .73-79 bBb-76 B7-77 61-74 66-83 .84-87 .86-89
Scale 75-79 62-75 65-77 74-77 70-85 86-89 .87-90
Reading Raw 83-85 .83-84 .81-84 81-84 .77-83 .81-86 .87-87
Scale 83-85 .83-85 81-84 82-85 .79-84 82-87 .88-88
Science Raw 85-88 .83-84 84-87 85-88 .85-89 .84-88 .87-90
Scale 86-83 .83-85 .84-88 .86-89 .85-90 .85-89 .86-89
Composite*  Scale 95-96 .96-97

*Composite scores are not reported below grade 8.
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Table 8.2. Raw Score Reliability Coefficient Ranges by Grade for Four ACT Aspire
Tests: Spring 2014 Operational Data

Grade
Subject 3 4 5 6 7 8 EHS
English .78-82 74-78 .75-78 .80-.82 .78-.83 .84-.85 .88-90
Math 78-79 67-.68 B7-71 T7-79 81-84 .86-87 .82-.88
Reading .83-85 .82-84 .82-84 .82-84 .79-80 .81-83 .85-87
Science .86-.89 82-84 83-84 .86-87 87-89 .86-87 .856-89

The raw score reliabilities from spring 2013 special studies listed in table 8.1

for English, Mathematics, Reading, and Science tests ranged from .55 (Grade 4
Mathematics) to a high of .91 (EHS English). Mathematics reliabilities tended to be
quite low in some cases, particularly grades 4-7.

The raw score reliabilities from the spring 2014 operational administration are listed in
table 8.2 for English, Mathematics, Reading, and Science tests. Reliabilities improved
compared to 2013 and ranged from .67 (Grades 4 and 5 Mathematics) to .90 (EHS
English). Mathematics reliabilities still tended to be relatively low, specifically in grades
4 and b. Additional analysis reported elsewhere will examine the Mathematics test,
especially grades 4 and b, in more detail.

Tests that consist of a single item typically use different types of information to
estimate raw score reliability. For a test like ACT Aspire Writing, which consists of a
single writing prompt scored by a single rater, one aspect of score reliability is rater
consistency. While rater consistency should not be confused with score reliability due
to task (in this case, the particular writing prompt administered), rater consistency is
an important contributor to the reliability of writing prompt scores. One way to analyze
rater consistency is by estimating correlations between two raters. In the spring 2013
ACT Aspire special studies, a subsample of students at each grade were rated by two
raters. Table 8.3 contains Pearson correlations between raters. The writing prompt

is rated on four dimensions, or traits, and these traits are combined to obtain a total
score for the writing prompt.’® Correlations are reported for trait scores and total
scores between raters. Writing total score correlations ranged from .70 (Grade 7) to
.81 (EHS online and Grade 3 online). Trait correlations ranged from .61 to .77.

19 The four traits include generating ideas, development, organization, and language use. For additional details, see (ACT
2014a or ACT 2014b).
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Table 8.3. Writing Test Correlations between Rater 1 and Rater 2, by Trait* and by
Form: Spring 2013 Special Studies Data

Trait Average
Correlation
among the Total Score
Grade N 1 2 3 4 Four Traits Correlation
3 2,141 .68 72 .73 66 .70 81
4 1,902 74 72 .70 71 72 .78
5 2,041 .63 .65 .65 .69 66 .73
6 2,190 65 .66 .68 65 66 72
7 2,243 61 62 62 65 62 .70
8 1,701 .70 72 72 65 .70 7
EHS 2,033 .76 .76 7 72 75 81

* Trait 1 = generating ideas, trait 2 = development, trait 3 = organization, and trait 4 = language use. For additional
details, see ACT Aspire Technical Bulletin #1 (ACT 2014b).

Table 8.4. Writing Test Reliability Coefficients Based on Four Trait Scores: Spring
2013 Special Studies Data

Grade N Reliability
3 5307 91
4 4709 96
5 5046 95
6 5407 96
7 5563 95
8 4717 96
EHS 5073 96

Although ACT Aspire Writing consists of a single writing prompt, ratings on the

four traits that contribute to a final writing score can be used to obtain an internal
consistency reliability estimate, Cronbach’s coefficient alpha, for a writing prompt.
These reliabilities are listed in table 8.4 for writing prompts from spring 2013 and
ranged from .91 to .96, which indicates that the four traits within a single writing
prompt are quite reliable. However, these coefficients are limited because they do not
account for rater, prompt, or occasion variability, each of which is likely to be a more
important contributor to the precision of the ACT Aspire Writing scores than traits
within a prompt. The large internal consistency reliability based on trait scores is a
reflection of the large correlations among traits within a writing prompt.
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Scale Score Reliability and Conditional Standard Error of
Measurement

The ACT Aspire scale was developed using item response theory (IRT), which
includes statistical models that can be used to obtain estimates of scale score
reliabilities and conditional standard errors of measurement (CSEM). For ACT Aspire,
these reliabilities and CSEMs are based on the three-digit reported scale scores.

Under IRT, a parameter for a student’s proficiency is commonly represented as @
(theta). In addition to this student parameter, IRT models used for ACT Aspire contain
item parameters that represent particular characteristics of the items under the
model. Additional details regarding IRT models applied to ACT Aspire can be found
elsewhere in ACT Aspire technical documentation, specifically descriptions of the
scaling study, or for more information, see Baker and Kim (2004), de Ayala (2009), or
Yen and Fitzpatrick (2006).

Using item parameter estimates and an estimated person proficiency distribution
(@(6.), where 0, is the quadrature point), a version of the Lord-Wingersky recursive
algorithm (Hanson 1994; Kolen and Brennan 2014, 199) was used to estimate

the conditional distribution of the expected raw scores, x, given a theta value,

S (X =x|6,). With a maximum number of raw score points, K, and raw-to-scale
score conversion, sc(x), the true scale score given 6, is

£(6) = 2 se(x) f(X = x16,),

and the conditional standard error of measurement (CSEM) given 6, is

CSEM([sc(x| 6,)] = \/ B [sc(x) - EG)F £ (X =x ).

x=0
The average error variance of scale scores was calculated as follows,
o7 = S CSEM[sc(x| 6 x (6)),
and the true scale score variance (Ui) was calculated based on &(6,) and @(6).
Finally, the reliability of scale score was estimated as
aés

Prr, =1-—F——=.
O, + 07,

For additional details regarding these procedures for estimating CSEM and reliability,
see Kolen and Brennan (2014).

ACT ASPIRE RELIABILITY
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The CSEMs of scale scores are listed in figure 1.4 under the second figure for each
subject area for ACT Aspire tests for forms administered during spring 2013. Each
curve represents a grade level, and each figure contains an ACT Aspire subject. The
ACT Aspire scale in each subject was developed to have approximately constant
standard errors of measurement throughout the score scale (see chapter 1 on
scaling), which implies that scale scores have similar precision for all students. The
ACT Aspire score scales begin at 400 and have different maximum value (up to
460) depending on the grade and subject area. In figure 1.4 we see that for most of
the ACT Aspire score scale, each of the curves representing the CSEMs for a grade
are within a range of two scale score points. The CSEMs drop dramatically at very
low scale scores but never appear higher than roughly 4 scale score points. While
these CSEMS are not perfectly flat, which would imply a perfectly constant CSEM
across the score scale, from a practical perspective they are reasonably consistent.
For example, the second graph in figure 1.4 contains CSEMs for English, and the
CSEMs for most of the score scales are between 2 and 4 scale score points across
all grades. Within each grade, CSEMS are generally within one scale score point for
most of the score scale. For example, the grade 4 English CSEM fluctuates between
2 and 3 across most of the score scale (excluding the bottom few scale score points).

The scale score reliabilities are listed in table 8.1 below the raw score reliabilities.
English scale score reliabilities ranged from .70 (grade 3) to .91 (EHS). Mathematics
scale score reliabilities ranged from .62 (grade 4) to .90 (grade 7). Reading scale score
reliabilities ranged from .79 (grade 7) to .88 (EHS). Science scale score reliabilities
ranged from .83 (grade 4) to .90 (grade 7). Scale score reliabilities are useful because
they are an estimate of the precision of the scores reported to students and used

for interpreting test performance. Raw score reliabilities are also useful for obtaining

an estimate of score precision, but raw number-of-point scores are not used for
interpreting student performance on ACT Aspire. Therefore, where possible, scale
score reliabilities are preferable.

Composite scale score reliabilities are also reported in table 8.1 for those grades
where Composite scores are reported to students. The Composite scale score is
computed as the average of the four test scale scores and is denoted by Z The

formula for computing the score composite reliability is

4 9 A
rel =1——Ei=lsi (l_ai).

cmpst 16S22
Composite scale score reliabilities ranged from .95 to .97.

The scale score reliabilities were typically quite similar to the raw score reliabilities
calculated using Cronbach’s alpha. The largest differences across raw and scale score
reliabilities were for Mathematics tests in grades 4-6.



CHAPTER 9

ACT Aspire Validity

According to the Standards for Educational and Psychological Testing, “validity refers to
the degree to which evidence and theory support the interpretations of test scores for
proposed uses of tests” (AERA, APA, and NCME 2014, 11). Validation is the process
of justifying a particular interpretation or use and may involve logical, empirical, or
theoretical components. As stated by Kane (2006):

Measurement uses limited samples of observations to draw general and
abstract conclusions about persons or other units (e.g, classes, schools).
To validate an interpretation or use of measurements is to evaluate the
rationale, or argument, for the claims being made, and this in turn requires
a clear statement of the proposed interpretations and uses and a critical
evaluation of these interpretations and uses. Ultimately, the need for
validation derives from the scientific and social requirement that public
claims and decisions be justified (2006, 17).

The potential interpretations and uses of ACT Aspire scores are numerous and
diverse. Some interpretations and uses are anticipated and others are not, but each
needs to be justified by a validity argument. The purpose of this chapter is to identify
the intended uses of ACT Aspire scores and to provide empirical evidence to validate
ACT Aspire score interpretations.

ACT Aspire scores include two primary interpretations and three secondary
interpretations. The two primary interpretations are to identify students’ readiness

on (a) a college readiness trajectory and (b) a career-readiness trajectory. The

three secondary interpretations are to provide instructionally actionable information
to educators, empirical data for inferences related to accountability, and empirical
support for inferences about international comparisons. Each of these interpretations
is described in additional detail in other technical documentation (ACT 2014b).

103



ACT ASPIRE VALIDITY

104

Fundamental to these five interpretations is the assumption that ACT Aspire

scores are indicative of performance on a particular set of traits in the subject

areas assessed by ACT Aspire: English, mathematics, reading, science, and writing.
Scores on each subject area test are intended to provide inferences about students’
knowledge and skills (achievement) in these subjects. Scores obtained (or some
combination of them) are then interpreted as indicators of readiness for college and
career and are intended to be used to identify student status on the path to readiness
for college and career. Therefore, one aspect of validation for ACT Aspire is gathering
evidence that ACT Aspire scores are indicative of performance in English, math,
reading, science, and writing.

We can draw on several sources of evidence to validate the argument that ACT Aspire
scores are indicative of performance in different subject areas. For example, the
standards to which the ACT Aspire is built, the test development process, and content
descriptions for each subject area provide evidence that the ACT Aspire tests cover
the traits intended. Content evidence to support ACT Aspire score interpretations

is described in Technical Bulletin #1 (ACT 2014b). Other sections of this document
describe scaling, equating, and scoring, which provides evidence that the process of
ACT Aspire scoring supports desired interpretations of scores. In addition, evidence
can be gathered from empirical comparisons of ACT Aspire scores and other
assessments testing similar traits. Traditionally, this type of evidence is referred to as
convergent validity evidence (or evidence based on relations to other variables). The
remainder of this chapter will describe two studies that examine the relationships
between ACT Aspire scores and scores from other tests intended to measure similar
traits.

These two studies are only a small component of the validation process for

ACT Aspire. Validation of ACT Aspire score interpretations and uses will continue
to be accumulated and draw on multiple sources of evidence, including the other
sections of this document, other technical documentation, and additional research
studies.

Study 1: Comparison of ACT Explore and ACT Plan Scores to
ACT Aspire Scores

In this study the relationships between ACT Explore, ACT Plan, and ACT Aspire scale
scores in English, mathematics, reading, and science were compared using samples
of students taking ACT Explore and ACT Aspire (grades 8 and 9) or ACT Plan and
ACT Aspire assessments (grade 10). Samples included students participating in
special 2013 ACT Aspire studies described in chapter 4 who had also taken ACT Plan
or ACT Explore separately. The sample sizes and descriptive statistics by grade and
subject in each sample are listed in table 9.1. The samples included students from a
total of 122 districts and 263 schools.
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Table 9.1. Descriptive Statistics for ACT Explore, ACT Plan and ACT Aspire Scale
Scores

Subject Grade N Assessment Mean SD Minimum Maximum
English ACT Explore 14.62 4.02 1 25
8 7574 .
ACT Aspire 426.17 8.72 400 4562
ACT Explore 15.73 4.38 2 25
9 1,663
ACT Aspire 426.87 10.75 400 454
ACT Plan 17.37 4.65 1 32
10 4,643 )
ACT Aspire 429.58 11.19 400 456
Mathematics 8 7803 ACT Explore 14.88 3.29 1 25
' ACT Aspire 421.22 7.54 401 449
9 1641 ACT Explore 16.56 3.76 4 25
’ ACT Aspire  423.85 8.47 403 451
ACT Plan 17.82 470 1 32
10 4,545 )
ACT Aspire 425.10 9.14 403 455
Reading ACT Explore 14.60 3.82 1 25
8 7,594 _
ACT Aspire 420.15 7.29 401 440
ACT Explore 156.30 4.20 1 25
9 1,484
ACT Aspire 420.18 7.74 403 4492
ACT Plan 17.10 4.54 1 30
10 4,249
ACT Aspire 420.95 8.03 403 442
Science ACT Explore 16.63 3.21 3 25
8 7,779 .
ACT Aspire 421.82 7.75 402 446
ACT Explore 17.69 3.54 5 25
9 1,675
ACT Aspire 42390 8.17 402 446
ACT Plan 18.59 3.89 1 32
10 4,236 .
ACT Aspire 423.97 8.80 401 449
Composite 8 6419 ACT Explore 15.35 3.16 3 25
' ACT Aspire 42262 6.95 406 443
9 1181 ACT Explore 16.88 3.44 8 25
’ ACT Aspire 42475 7.80 407 445
ACT Plan 17.89 3.97 6 31
10 3,154
ACT Aspire 425.22 8.38 408 447
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Table 9.2. Correlations between ACT Explore/ACT Plan Scale Scores and ACT
Aspire Scale Scores

Sample/Grade English Mathematics Reading Science Composite
ACT Explore-ACT Aspire/8 .75 72 .70 .69 .85
ACT Explore-ACT Aspire/9 .76 .75 66 .70 82
ACT Plan-ACT Aspire/10 .78 77 .65 69 84

ACT Explore and ACT Plan are both intended to measure academic achievement,
similar to ACT Aspire. In fact, ACT Aspire is intended to serve similar purposes and
share similar interpretations as ACT Explore and ACT Plan: ACT Aspire is the successor
to those assessments. ACT Explore and ACT Plan scale scores are intended to be on
the same scale but have different scale ranges. ACT Explore scale scores range from

1 10 256 and ACT Plan scale scores range from 1 to 32. ACT Aspire scores are also
intended to be on the same scale and have different scale score ranges across grades
(see table 1.13).

Table 9.1, lists the mean, standard deviation, minimum, and maximum of scale scores
observed for ACT Explore/ACT Plan and ACT Aspire. The mean scale scores increase
for ACT Explore/Plan and ACT Aspire across grades 8—10. This pattern is consistent
with the argument that students at higher grades have higher achievement and
therefore should have higher scores.

Table 9.2 lists the correlations between same-subject ACT Explore or ACT Plan scale
scores and ACT Aspire scale scores for grades 8—10 (sample sizes are listed in table
9.1). Correlations ranged from .65 (Grade 10 Reading) to .85 (Grade 8 Composite),
which are indicative of moderate to strong linear relationships between ACT Explore/
ACT Plan and ACT Aspire. From a linear regression perspective, we can say that 42%
to 72% of the variance in scale scores is shared between ACT Explore/ACT Plan and
ACT Aspire.

Table 9.3 lists the disattenuated correlations between ACT Explore or ACT Plan

and ACT Aspire (sample sizes are listed in table 9.1). Disattenuated correlations are
estimates of the linear relationships between scores after taking into account the
reliability of each test.'" In classical test theory, disattenuated correlations are referred
to as estimates of the relationship between true scores; they provide an estimate

of the relationship between ACT Explore/ACT Plan and ACT Aspire as if each
contributing score were perfectly reliable. Published or available reliability coefficients
for ACT Explore (ACT 2013a), ACT Plan (ACT 2013b) and ACT Aspire (see table
9.4) were used to calculate disattenuated correlations, which ranged from .76 to .92
across subjects, indicative of moderate to strong correlations. From a linear regression
perspective, we can say that 58% to 85% of the variance in true scores is shared
between ACT Explore/ACT Plan and ACT Aspire.

" Disattenuated correlations are calculated as the correlation divided by the square root of the product of the

reliabilities or P,y = ny/\/ Pxx:Pyyr.



Table 9.3. Disattenuated Correlations between ACT Explore/ACT Plan Scale Scores
and ACT Aspire Scale Scores

ACT ASPIRE VALIDITY

Sample/Grade English Mathematics Reading Science Composite
ACT Explore-ACT Aspire/8 .89 .88 .82 .83 .89
ACT Explore-ACT Aspire/9 .86 .89 76 82 .8b
ACT Plan-ACT Aspire/10 .88 91 .75 81 .88
Table 9.4. Scale Score Reliabilities

Test and Grade Level English Mathematics Reading Science Composite
ACT Aspire 8* .85 .88 .85 87 96
ACT Aspire Early High School* 91 .89 .88 .88 97
ACT Explore 8t 84 76 .86 79 94
ACT Explore 9t .86 80 .86 82 95
ACT Plan 10* 87 .80 .85 82 95

*Obtained from spring 2013 reliabilities reported above in the Reliability section.
*Obtained from the ACT Explore Technical Manual (ACT, 2013a)
*Obtained from the ACT Plan Technical Manual (ACT, 2013b)

Disattenuated correlations also provide us with an estimated upper limit of the
observed correlations in table 9.2. With this in mind, many of the moderate observed
correlations in table 9.2 are not that far from their disattenuated values, suggesting
that they couldn’t be much higher than those observed due to the reliability of the
contributing tests. For example, the smallest observed correlations in table 9.2 were
between Reading tests (.70, .66 and .65), but the disattenuated correlations were
roughly .10 higher (83, .76, and .76).

Figures 9.1-9.6 display the relationships between ACT Explore or ACT Plan scale
scores and ACT Aspire scale scores using box plots. Each box plot represents the
distribution of ACT Explore or ACT Plan scale scores for a particular ACT Aspire scale
score, with each box representing the 25th percentile to the 75th percentile of ACT
Explore/ACT Plan scores, the line in the middle of the box representing the 50th
percentile (or median), and the diamond representing the mean. The upper and lower
whiskers of the box plots represent plus or minus 1.5 times the interquartile range
(ie, the range represented by the difference between 25th and 75th percentile),

and the circles represent individual scores outside of the range represented by

the whiskers. As ACT Aspire scale scores increase (horizontal axis) the boxes
representing the ACT Explore or ACT Plan scales score distribution also generally
increase (vertical axis), illustrating the positive relationship between scale scores.
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Figure 9.1. Box plots of ACT Explore or ACT Plan scale scores for each ACT Aspire
English scale score
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Figure 9.1. (continued)
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Figure 9.2. Box plots of ACT Explore or ACT Plan scale scores for each ACT Aspire
Mathematics scale score
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Figure 9.2. (continued)
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Figure 9.3. Box plots of ACT Explore or ACT Plan scale scores for each ACT Aspire
Reading scale score
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Figure 9.3. (continued)

Grade 10

31
29
27

[e]
[e]
oo
[+]

25 o o

oo

T

23

I3

21

co0oc O ©O O

coco

19
17

15

— = 3— 0
£+
—C=y3——— 00 000
— RS ——— 00
ra3
-3
1€ 3
I 5
0 w3
o]
ET
o]
[#]

]
oo
o
o
o

ACT Plan Reading Scale Score
=
&
o
o —LCEF3——— 00 O
o o —:13;:—'

o

1 o o o
T T T T T T T T T T T

T T T 1 T 1 1
W oy W, W, W W W W o W e W W W W W W W W Wy W W Wy W Wy W W Wy W W W W W W Vo Vo Vo Vo 5, W
o G 07 %37 5 P 5O O TG O O RS BN T %

ACT Aspire Reading Scale Score

Figure 9.4. Box plots of ACT Explore or ACT Plan scale scores for each ACT Aspire
Science scale score
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Figure 9.4. (continued)
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Figure 9.5. Box plots of ACT Explore or ACT Plan scale scores for each ACT Aspire

Composite scale score
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Figure 9.5. (continued)
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Together, the correlations and box plots show that ACT Explore/ACT Plan and ACT
Aspire scores are moderately to strongly related. Because ACT Explore/ACT Plan and
ACT Aspire are designed to measure student achievement and have similar purposes,
we would expect to observe relatively strong, but not perfect, positive relationships
between scale scores across assessments, similar to those observed in tables 9.2 and
9.3. The observed correlations were lower than anticipated, and this appeared to be
explained by the reliabilities of the tests tempering the relationships between scores.

In addition to considering the relationships between scale scores across ACT Explore
or ACT Plan and ACT Aspire for the same subject, we can consider the pattern of
relationships across subjects (in this case, English, mathematics, reading, and science)
and assessments (ACT Explore/ACT Plan and ACT Aspire). This analysis is commonly
referred to as investigating a multitrait-multimethod matrix (Campbell and Fiske 1959).
This matrix is intended to provide convergent and divergent evidence regarding the
subjects (traits) being measured by different assessments (methods).

Table 9.5 contains a multitrait-multimethod matrix that includes ACT Explore/ACT
Plan and ACT Aspire English, Mathematics, Reading, and Science scores for grades
8-10. Test reliabilities are reported in parentheses when a row and column contains
the same subject and same test (for example, ACT Explore Reading with ACT Explore
Reading)'? and the remaining cells contain correlations among scores. Ideally, we

2 These reliabilities are Cronbach’s alpha.
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would include a variety of assessments measuring performance in different subjects
to study effects due to methods and those due to traits. However, availability of traits
and methods was limited to ACT Explore/ACT Plan scores and ACT Aspire English,

Reading, Mathematics, and Science scores for this analysis.

Table 9.5. Multitrait-Multimethod Matrices for ACT Explore/Plan and ACT Aspire
Scale Scores by Grade Level

ACT Explore/ACT Plan ACT Aspire

Grade
(valid N) Scale Score English Math Reading Science | English Math Reading Science
Grade 8 ACT Explore English (84)
(6,419)

ACT Explore Math 68 (76)

ACT Explore Reading 76 63 (.86)

ACT Explore Science .70 B7 71 (79)

ACT Aspire English .76 62 69 63 (.85)

ACT Aspire Math 69 72 63 66 71 (88)

ACT Aspire Reading 68 b7 .70 63 73 B67 (.8b)

ACT Aspire Science 69 64 68 .69 72 N 76 (87)
Grade 9 ACT Explore English (.86)
(1,181)

ACT Explore Math .70 (.80)

ACT Explore Reading .75 66 (.86)

ACT Explore Science 69 70 73 (82)

ACT Aspire English .75 62 .70 64 (91

ACT Aspire Math 64 73 60 B7 70 (.89)

ACT Aspire Reading 62 bb .65 60 75 B7 (.88)

ACT Aspire Science 64 64 63 .68 73 78 75 (.88)
Grade 10  ACT Plan English (87)
(3,154)

ACT Plan Math .73 (.80)

ACT Plan Reading 78 66 (.85)

ACT Plan Science 74 76 71 (.82)

ACT Aspire English 77 63 68 68 (91)

ACT Aspire Math 69 77 62 73 74 (89)

ACT Aspire Reading 67 57 .65 64 76 69 (:88)

ACT Aspire Science 66 B7 63 71 73 78 .75 (.88)

Note: Cells in parentheses are Cronbach’s alpha reliabilities. Others are correlations.
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For convergent evidence that ACT Aspire and ACT Explore/ACT Plan are measuring
English, reading, mathematics, and science achievement, we want to see large
positive monotrait-heteromethod correlations, which are represented by the correlation
between ACT Explore/ACT Plan and ACT Aspire in table 9.5 (see bold text). In
addition, we want to see smaller positive heterotrait=-monomethod correlations, which
are represented by all of the correlations between subjects within a given test (ACT
Explore or ACT Plan or ACT Aspire) in table 9.5 (e.g, correlations between ACT
Explore in English, mathematics, reading, and science). Finally, we want to see the
smallest correlations for heterotrait-heteromethod correlations, which are represented
by the correlations between different subjects across different tests. To support
interpreting ACT Explore/ACT Plan and ACT Aspire test scores as measuring distinct
academic achievement in a subject, we want to see stronger convergent evidence
(monotrait-heteromethod correlations) and weaker discriminant evidence (heterotrait-
heteromethod and heterotrait-monomethod correlations).

For English, the monotrait-heteromethod correlations (ACT Explore/ACT Plan English
and ACT Aspire English) were all relatively large (above .75) and were among the
largest in table 9.5. Within ACT Aspire, the heterotrait-monomethod correlations for
English were also relatively large, although none were larger than the monotrait-
heteromethod correlations. Within ACT Explore and ACT Plan, the heterotrait-
monomethod correlations for English were relatively large, and for Grades 8 to 10
Reading the correlations were the same as or larger than the monotrait-heteromethod
correlations. Most of the heterotrait-heteromethod correlations were the lowest but
were not that much lower than the heterotrait-monomethod correlations. The English
test showed slightly stronger convergent evidence for ACT Aspire than for ACT
Explore/ACT Plan, but the large heterotrait-monomethod correlations indicate that the
English test was not strongly differentiated from the other subjects.

For Mathematics, the monotrait-heteromethod correlations ranged from .72 to .77.
Within ACT Aspire, the heterotrait-monomethod correlations for Mathematics were
moderate to large, and the correlations between ACT Aspire Science and ACT
Aspire Mathematics were slightly larger (77 to .78) than the correlation between ACT
Explore/ACT Plan and ACT Aspire Mathematics (72 to .77). Within ACT Explore/
ACT Plan the heterotrait-monomethod correlations for Mathematics were moderate
to large but all were smaller than the monotrait-heteromethod correlations. The
heterotrait-heteromethod correlations were smaller than the other correlations. The
Mathematics test showed slightly stronger convergent evidence for ACT Explore/ACT
Plan than for ACT Aspire; ACT Aspire Mathematics and Science were most closely
related.
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For Reading, the monotrait-heteromethod correlations ranged from .65 to .70. For
ACT Explore/ACT Plan and ACT Aspire, the heterotrait-monomethod correlations
between Reading and English and between Reading and Science were larger than
the monotrait-heteromethod correlations. In addition, for ACT Aspire, the correlation
between Reading and Mathematics in grade 10 was larger than the correlation
between Reading Tests for ACT Plan and ACT Aspire. The heterotrait-heteromethod
correlations for Grade 10 English and Reading were larger than the monotrait-
heteromethod correlations for Grade 10 Reading. The ACT Aspire and ACT Explore/
ACT Plan Reading Tests showed similar patterns of relatively weak convergent
evidence compared to discriminant evidence; the Reading tests showed particularly
strong method effects.

For Science, the monotrait-heteromethod correlations ranged from .68 to .71. Nearly
all of the heterotrait-monomethod correlations were larger than the monotrait-
heteromethod correlations. The one exception was the grade 8 ACT Explore
Mathematics and Science correlation, which was .67. The heterotrait-heteromethod
correlations were smaller than the heterotrait-monomethod correlations, although for
grade 8 the ACT Aspire Science and ACT Explore English correlation was the same
as the monotrait-heteromethod correlation for science (.69), and for grade 10 the ACT
Plan Science and ACT Aspire Mathematics correlation was larger than the monotrait-
heteromethod correlation for Science (which was .71).

The multitrait-multimethod matrix for ACT Explore/ACT Plan and ACT Aspire
provided evidence regarding how well the subjects (traits) were differentiated

from the assessments (methods). This evidence was mixed. English showed the
strongest convergent evidence, particularly for ACT Aspire, followed by Mathematics,
Reading, and Science. ACT Aspire Mathematics and Science showed particularly
strong relationships. While ACT Explore/ACT Plan and ACT Aspire are intended to
measure the same traits, the multitrait-multimethod results are consistent with the
argument that the assessments may be systematically different in ways that lead to
stronger relationships among scores within each assessment compared to between
the assessments, particularly for Reading and Science. One explanation is that ACT
Aspire forms contain a variety of item types, including technology-enhanced and fill-
in-the-blank items (online) and constructed-response items. Interestingly, the English
test, which showed the strongest convergent evidence, does not have constructed-
response items.

While there may be some degree of method effects, the results of this study support
the argument that ACT Aspire is measuring achievement in English, mathematics,
reading, and science in grades 8, 9, and 10. The correlations of ACT Aspire scores
with ACT Explore and ACT Plan, tests that are intended to measure achievement
and have been separately validated, are moderate to large. The magnitudes of these
correlations are similar to those observed between ACT Explore and ACT Plan and
between ACT Explore and The ACT in other technical documentation (e.g,, ACT

2007b, 84).
118



Study 2: Comparison of State Assessment Scores to
ACT Aspire Scores

In this study the relationships between Alabama Reading and Mathematics Test (plus
Science; ARMT+) and ACT Aspire scale scores were compared using a sample of
Alabama students taking both assessments in spring of 2013 in grades 3-8." This
sample included students participating in 2013 ACT Aspire special studies described
in other chapters. The sample sizes by grade and subject are listed in table 9.6 and
included roughly 5% to 15% of the tested population in Alabama.

ARMT+ and ACT Aspire are intended to assess student achievement. ARMT+

was designed to assess students’ mastery of state content standards in reading,
mathematics, and science. ACT Aspire is designed to measure students’ academic
achievement in English, mathematics, reading, science, and writing. While each test
is built using different blueprints and different specifications the traits intended to be
measured by both include mathematics, reading, and science.

Table 9.7 lists the means, standard deviations, minimum, and maximum for ARMT +
and ACT Aspire scale scores by grade and subject. In all but three cases, mean scale
scores increase across grades. For grades 6 and 7, ACT Aspire Reading mean scale
scores decrease slightly from 418.46 to 418.08." For grades b and 6 mathematics,
ARMT+ mean scale scores decrease from 676.56 to 667.36 and for grades 5 and

7 science, ARMT+ mean scale scores decrease from 596.87 to 563.94. However,
scores on ARMT+ are not strictly interpreted assuming vertical scale properties. For
this reason, grade-to-grade comparisons of ARMT+ and ACT Aspire scores with data
from 2013 administrations were not entirely appropriate. In this study we compared
ARMT+ scores and ACT Aspire scores within grades, although many tables and
figures include multiple grade levels to save space.

'3 Alabama science scores were only available for grades 5 and 7.

4 This decrease in mean scale scores is consistent with results from other samples of students, including those
included in the scaling study for ACT Aspire.
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Table 9.6. Sample Sizes by Grade and Subject for the Sample of Students with
Scores on ARMT+ and ACT Aspire in Spring 2013

Grade Mathematics Reading Science Total
3 9,020 9,198 = 9,688
4 9,185 9,249 — 9,849
5 8,188 8231 7,209 9,011
6 6,257 6,242 — 6,695
7 5,060 5,068 4,702 5,423
8 4,045 4,306 — 4,475

Total 41,755 42,284 11,911 45,141

Table 9.7. Descriptive Statistics for ARMT+ and ACT Aspire Scale Scores

Subject Grade N Assessment Mean SD Minimum  Maximum
Mathematics 3 9090 Alabama 635.27 39.77 503 781
’ ACT Aspire 412.18 391 400 429
4 9185 Alabama 649.85 44,12 471 865
' ACT Aspire 414.91 3.87 402 434
5 8188 Alabama 676.56 38.18 560 846
' ACT Aspire 416.85 478 402 437
6 6057 Alabama 667.36 34.28 563 823
' ACT Aspire 418.12 553 402 445
7 5,060 Alabama 678.25 49293 573 873
' ACT Aspire 419.10 6.59 401 445
8 4045 Alabama 696.32 33.05 606 835
' ACT Aspire 420.21 7.58 401 449
Reading 3 9198 Alabama 634.60 37.59 471 785
’ ACT Aspire 41228 5.24 401 429
4 9,249 Alabamal 651.80 37.70 513 789
ACT Aspire 414,60 b.64 401 431
5 8031 Alabama 663.56 35.77 549 849
' ACT Aspire 416.45 6.19 401 434
6 6.049 Alabama 671.91 35.70 538 802
' ACT Aspire 418.46 6.66 401 436
7 5058 Alabama 681.49 33.33 554 787
' ACT Aspire 418.08 6.69 402 438
8 4306 Alabamal 681.71 31.60 577 818
ACT Aspire 420.32 719 401 440
Science 5 7909 Alabama 596.87 103.60 136 999
' ACT Aspire 418.31 6.43 401 438
7 4700 Alabama 563.94 106.92 42 999
' ACT Aspire 41858 7.42 401 440
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Table 9.8 lists the correlations between same-subject ARMT+ scale scores and

ACT Aspire scale scores across grades. Correlations ranged from .60 to .81, with
higher correlations observed as grade increased for mathematics and science. These
correlations are indicative of moderate to strong linear relationships between ARMT+
and ACT Aspire scores across subjects. From a linear regression perspective, we can
say that 36% to 66% of the variance in scale scores is shared between ARMT+ and
ACT Aspire.”

Table 9.9 lists the disattenuated correlations between ARMT+ and ACT Aspire.
Published or available reliability coefficients for ARMT+ and ACT Aspire were used to
calculate disattenuated correlations, which ranged from .71 to .90 and are indicative
of moderate to strong correlations. From a linear regression perspective, we can say
that 50% to 81% of the variance in true scores is shared between ARMT+ and ACT
Aspire.

Table 9.8. Correlations between ARMT+ Scale Scores and ACT Aspire Scale
Scores

Grade Mathematics Reading Science
3 .60 73 =
4 62 N —
5 64 76 .65
6 64 74 —
7 72 72 69
8 31 75 —

Table 9.9. Disattenuated Correlations between ARMT+ Scale Scores and
ACT Aspire Scale Scores

Grade Mathematics Reading Science
3 71 84 =
4 77 .88 —
5 79 87 73
6 77 .85 —
7 84 84 76
8 90 .85 —

' Percentage of variance shared is calculated by squaring the correlation between scores.
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Figures 9.6-9.8 display the relationships between ARMT+ scale scores and ACT
Aspire scale scores using box plots. Each box plot represents the distribution of
ARMT+ scale scores for a particular ACT Aspire scale score. The important pattern
to observe in figures 9.6-9.8 is that as ACT Aspire scale scores increase (horizontal
axis) the boxes representing the ARMT+ scales score distribution also generally
increase (vertical axis).

Together, the correlations and box plots show that ARMT+ and ACT Aspire scores are
moderately to strongly related. Because ARMT+ and ACT Aspire are both designed
to measure student achievement, but each are distinct assessments built to different
test specifications with their own unique scale, we would expect to observe moderate
to strong, but not perfect, positive relationships between ARMT+ scale scores and
ACT Aspire scale scores.

Table 9.10 contains a multitrait-multimethod matrix which includes scores in
mathematics, reading, and science for ARMT+ and ACT Aspire. Test reliabilities are
reported in parentheses when a row and column contains the same subject and
same test (for example, ARMT+ reading with ARMT+ reading) and the remaining
cells contain correlations between scores. Ideally, we would include a variety of
assessments measuring performance in different subjects to study effects due to
methods and due to traits. However, availability of methods and traits was limited

to scores in reading, mathematics, and science for ARMT+ and ACT Aspire in this
analysis.

Figure 9.6. Box plots of ARMT+ mathematics scale scores for each ACT Aspire
Mathematics scale score
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Figure 9.6. (continued)

Grade 4

900

o] o
850
800 0O 0O [o] o o
o] OO0OO0OO0O0 o
L 750 oo éﬁeee
; o §8§08° 8
0 . 8
2 700
3 o 2 HH o
(2]
£ 650 g
] -]
= ] X
g 600 H H 8
3 f o B8
< 550 s Boo
o og o ° o
500 o
o]
450
400

T T T T T T T T T T T T
% Y Y Y % AR SR SR IR IR SR IR SR IR IR TR AR AR AR AR EE R R R AR ER R LR CRER S
R N N N N N A A N A N N R R R N O N R N NN

ACT Aspire Math Scale Score

Grade 5
900
850 o ocooo o0 o© o o
800 00 00O0OO0O0ODO0OO0OO0O0O ;0O
©coogooo o0 E
[
8 750 o 8 ° ooo é @ N
ﬁ o
L 700 o
T o
m >
% 650 — s o
= 8 08° o
g 600 °
m
& o o
< 550
500
450
400
T T T T T T T 1 7T L T 1 T T T T T T T
7% K7 KRR R R R S R SR R 0 0 S 00 I AR A AR A A AN AR AR AR A X X OO X X A4
N N N N N N P LA AL AL AL TSI EM E RO XENEHE O CHEH LN

ACT Aspire Math Scale Score

123



ACT ASPIRE VALIDITY

Figure 9.6. (continued)
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Figure 9.7. Box plots of ARMT+ reading scale scores for each ACT Aspire Reading

scale score
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Figure 9.7. (continued)
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Figure 9.7. (continued)
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Figure 9.7. (continued)
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Figure 9.8. Box plots of ARMT+ science scale scores for each ACT Aspire Science
scale score
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Figure 9.8. (continued)
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Table 9.10. Multitrait-Multimethod Matrices for ARMT+ and ACT Aspire Scale
Scores by Grade Level

Alabama ACT Aspire

Grade
(valid N) Scale Score Math Reading Science Math Reading Science
Grade 3  Alabama Math (92)
(8,530)

Alabama Reading 71 (90)

ACT Aspire Math .60 63 77)

ACT Aspire Reading 56 .73 65 (84)
Grade 4  Alabama Math (93)
(8,68b)

Alabama Reading 71 (92)

ACT Aspire Math .62 b7 (69)

ACT Aspire Reading 62 77 b7 (84)
Grade 5 Alabama Math (92)
(6,543)

Alabama Reading 73 (91)

Alabama Science .70 73 (92)

ACT Aspire Math .63 b7 51 (71)

ACT Aspire Reading 65 .76 63 58 (.83)

ACT Aspire Science .70 73 .65 64 75 (.86)
Grade 6  Alabama Math (92)
(5,804)

Alabama Reading 73 (91)

ACT Aspire Math .63 b3 (76)

ACT Aspire Reading 64 74 b4 (84)
Grade 7  Alabama Math (94)
(4,345)

Alabama Reading 73 (90)

Alabama Science 75 74 (94)

ACT Aspire Math 71 .59 .60 (78)

ACT Aspire Reading .68 72 .69 .63 (82)

ACT Aspire Science 73 .70 .69 69 76 (.88)
Grade 8 Alabama Math (93)
(3,876)

Alabama Reading 75 (92)

ACT Aspire Math .82 70 (88)

ACT Aspire Reading 64 .75 87 (.85)

Note: Cells in parentheses are Cronbach’s alpha reliabilities. Others are correlations.
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For convergent evidence that ACT Aspire and ARMT+ are measuring reading,
mathematics, and science achievement, we want to see large positive monotrait-
heteromethod correlations, which are represented by the correlation between ARMT+
and ACT Aspire scores in the same subject (e.g, ARMT+ reading and ACT Aspire
Reading) (see bold type in table 9.10). In addition, we want to see smaller positive
heterotrait-monomethod correlations, which are represented by all of the correlations
among subjects within a given test (ARMT+ or ACT Aspire) in table 9.10 (e.g,,
correlations among ARMT+ mathematics, reading, and science scores). Finally, we
want to see the smallest correlations for heterotrait-heteromethod correlations, which
are represented by the correlations among different subjects across different tests.
To support interpreting ARMT+ and ACT Aspire test scores as measuring distinct
academic achievement in a subject, we want to see stronger convergent evidence
(monotrait-heteromethod correlations) and weaker discriminant evidence (heterotrait-
heteromethod and heterotrait-monomethod correlations).

In reading, we see that the monotrait-heteromethod correlations between ARMT+ and
ACT Aspire are relatively large (all are above .7) and for all but grades 7 and 8 these
are the largest correlations in the matrices. Moreover, almost all of the heterotrait-
monomethod correlations are smaller than the monotrait-heteromethod correlations.
The heterotrait-heteromethod correlations are smallest. One anomaly in reading is that
for grade 7, the correlation between reading test scores on ARMT+ and ACT Aspire is
not as large as the correlation between (a) ARMT+ reading and ARMT+ science and
(b) ACT Aspire Reading and ACT Aspire Science. In other words, the method effect is
stronger for Grade 7 Reading than the trait effect, at least when considering reading
and science. In general, though, these patterns of correlations indicate stronger
convergent evidence than discriminant evidence across reading tests for ARMT+ and
ACT Aspire.

In science, we see that the monotrait-heteromethod correlations between ARMT+
and ACT Aspire are not as large as many of the heterotrait-monomethod correlations.
For example, for grade 5, the science correlation between ARMT+ and ACT Aspire

is .65, all of the heterotrait-monomethod correlations for ARMT+ (i.e., those in the
first three rows for grade 5) are .7 or higher, and the correlation between ACT Aspire
Reading and Science is .7b. In science, we see weaker convergent evidence than
discriminant evidence, particularly for ARMT+. However, these results may not be
surprising given that science is likely to draw on both reading and mathematics.

In mathematics, we see some divergent evidence for ARMT+ in all grades except
grade 8. For example, in each of grades 3-7, ARMT+ mathematics correlates
more highly with ARMT+ reading than with ACT Aspire Mathematics (heterotrait-
monomethod). For grades 5 and 7, ARMT+ mathematics correlates more highly
with ARMT+ science than with ACT Aspire Mathematics. In addition, in some
cases ARMT+ mathematics correlates more highly with ACT Aspire Reading and
Science than with ACT Aspire Mathematics (heterotrait-heteromethod). ACT Aspire
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Mathematics scores also show some divergent evidence. For example, ACT Aspire
Grade 3 Mathematics scores are more highly correlated with ACT Aspire Reading
scores than with ARMT+ mathematics scores, and ACT Aspire Grade 5 Mathematics
scores have slightly higher correlations with ACT Aspire Science scores than with
ARMT+ mathematics scores.

One possible explanation for the divergent evidence observed in science and
mathematics is the effects of the test reliabilities on the correlations among
variables. Table 9.11 lists the disattenuated correlations among ARMT+ and ACT
Aspire scale scores. As mentioned earlier, these correlations are an estimate of the
true score relationships after taking into account the reliabilities of the two scores.

If we consider the disattenuated correlations as an upper limit on the observable
correlations between scores (i.e,, those in table 9.10), then the correlations observed
in table 9.9 are quite strong. For example, the correlation between ACT Aspire
Grade 4 Mathematics and reading was .57 with a disattenuated correlation of .78,
which was the largest difference between observed and disattenuated correlation. In
addition, scanning through Table 9.11 reveals that the pattern of convergent evidence
is improved and the divergent evidence somewhat weaker using disattenuated
correlations, which is indicative that test reliability may explain part of the stronger
divergent evidence for mathematics and science. For example, grade 7 ARMT+
mathematics was most strongly correlated with ARMT+ science and reading in
table 9.10 (divergent evidence), but the largest disattenuated grade 7 ARMT+
mathematics correlation was between mathematics scores for ARMT+ and ACT
Aspire.



Table 9.11. Disattenuated Correlations between ARMT+ and ACT Aspire Scale
Scores by Grade Level

Alabama ACT Aspire

Grade
(valid N) Scale Score Math Reading Science Math Reading Science
Grade 3  Alabama Math
(8,530)

Alabama Reading .78

ACT Aspire Math 71 .76

ACT Aspire Reading 64 .84 81
Grade 4  Alabama Math
(8,58b)

Alabama Reading Ny

ACT Aspire Math 77 72

ACT Aspire Reading .70 .88 .75
Grade 5  Alabama Math
(6,543)

Alabama Reading .80

Alabama Science .76 .76

ACT Aspire Math .78 .78 63

ACT Aspire Reading 74 .87 72 76

ACT Aspire Science 79 .83 .73 82 89
Grade 6  Alabama Math
(5,804)

Alabama Reading .80

ACT Aspire Math .75 64

ACT Aspire Reading .73 .85 .68
Grade 7  Alabama Math
(4,345)

Alabama Reading 79

Alabama Science 80 .80

ACT Aspire Math .83 .70 .70

ACT Aspire Reading 77 .84 79 79

ACT Aspire Science .80 79 .76 .83 89
Grade 8  Alabama Math
(3,876)

Alabama Reading 81

ACT Aspire Math 91 .78

ACT Aspire Reading 72 .85 N

ACT ASPIRE VALIDITY
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To summarize, we see relatively strong positive relationships between ACT Aspire
and ARMT+ scores in the same subject, particularly if we account for the reliabilities
of scores. In addition, we see stronger convergent evidence that ARMT+ and ACT
Aspire are measuring similar traits in reading. In mathematics and science, we see
divergent evidence in grades 3-7 indicative of method effects. It was somewhat
surprising to see persistent divergent evidence in mathematics and science. The
results are consistent with an interpretation of mathematics and science subjects

as being particularly distinct from one another across the ARMT+ and ACT Aspire
tests, but the reliabilities of some tests likely exaggerated divergent evidence. Test
design issues could also explain the divergent evidence observed in science. ARMT+
science only included selected-response items, whereas ACT Aspire also included
constructed-response items. However, mathematics and reading tests for ARMT+ and
ACT Aspire contained selected-response items and constructed-response items, so
this explanation may not apply to the divergent evidence observed for mathematics
tests.

From a validity perspective, these results support the argument that ACT Aspire
and ARMT+ measure academic achievement in mathematics, reading, and science.
However, these results also support the argument that ARMT+ and ACT Aspire
are not the same and likely measure different aspects within the broad domain of
academic achievement in each subject area.

Summary

This chapter provided some evidence regarding the validation of ACT Aspire as
testing academic achievement in English, mathematics, reading, and science which

is one component of validity evidence for ACT Aspire score interpretations. Much
work on the validation of ACT Aspire remains. This is especially true for a new testing
program like ACT Aspire where the body of evidence for the interpretations of ACT
Aspire scores for particular uses must be established.

To more clearly articulate the interpretative and validity arguments for the two primary
and three secondary interpretations of ACT Aspire scores and their associated uses,
existing evidence is being summarized and reported and additional evidence will be
collected for validation purposes. This evidence is not limited to a chapter in technical
documentation titled “Validity”; it touches or relies on each chapter of this document
and more. As stated by The Standards: “a sound validity argument integrates various
strands of evidence into a coherent account of the degree to which existing evidence
and theory support the intended interpretation of test scores for specific uses” (AERA,
APA, and NCME 2014, p. 21). These strands of evidence come from multiple sources
and may involve theoretical, logical and/or empirical evidence (Kane 2006).
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This chapter presented and summarized two studies that provided evidence regarding
the relationships of ACT Aspire scores with scores on other assessments. However,
several types of evidence need to be addressed directly to support further validation
of ACT Aspire scores, including evidence based on test content, evidence based on
response processes, evidence based on internal test structure, evidence based on
relations to other variables (specifically, test-criterion relationships), and evidence
considering the consequences of testing. Evidence will continue to be collected to
support the interpretations of ACT Aspire scores.
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CHAPTER 10

ACT Aspire Mode
Comparability Study

Introduction

A comparability study was undertaken to investigate ACT Aspire performance across
online and paper modes. Most test forms included in this study were not identical
across modes. This led us to assume that scores from paper and online forms were
not interchangeable without first statistically linking test forms across modes.

Two primary purposes of the comparability study included (1) determining whether
mode of administration affected student performance on common (i.e,, identical)

items across modes prior to scaling and (2) investigating the comparability of ACT
Aspire scale scores, which were obtained after linking paper and online forms. The
overarching question to address with the comparability study was, Is the validity of the
interpretations of test scores similar across paper and online test forms? In this chapter
we describe comparisons of raw number-of-points scores (on identical items) and
scale scores across mode. These two types of scores are likely of most interest to test
users concerned about comparability across mode. Other forthcoming documentation
will provide a more complete description of the comparability study.

Studying the effects of mode on performance of collections of identical items gives us
an idea of direction and degree of differences due to mode. This, in turn, can help us
determine whether performance on collections of identical items across mode could
be considered interchangeable without statistical linking across mode to moderate
potential mode effects.

Investigating the comparability of scale scores after linking forms across mode,
where items on forms are not 100% the same but may have most of the same items,
provides us with evidence regarding (a) the effectiveness of the linking and (b) the
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apparent interchangeability of scale scores across forms administered in different
modes. When a testing program maintains test forms administered in different modes
and scores are to be used interchangeably across forms, it is incumbent on those
maintaining the test to show that scale scores are indeed comparable across forms
(e.g., see standard 5.17 of the Standards for Educational and Psychological Testing;
AERA, APA, and NCME 2014, 106).

Method and Results

Test materials included one online and one paper ACT Aspire English, Mathematics,
Reading, Science, and Writing test form for grades 3—10. At least 80% of test items
were identical across mode and consisted of multiple-choice and constructed-
response item types.'® However, most online test forms also contained a small number
of technology-enhanced and fill-in-the-blank items that were not amenable to paper-
based presentation. Paper forms contained analogous multiple-choice items covering
the same content, but these items were not considered identical across forms due

to item-type differences.'” Table 10.1 shows the percentages of items considered
different across mode. We handled these nonidentical items differently depending

on the purpose of our analysis. For studying mode effects on raw number-of-points
scores, we excluded such items and focused on the common (identical) items to
gauge mode effects. For studying the comparability of scale scores across forms (by
mode) we included the nonidentical items because scale scores are obtained using all
items on a test form.

Participants in this study included students in grades 3 through 10 from a sample
representing 13 states, 72 districts, and 108 schools. Table 10.2 identifies sample
sizes for each subject by grade and mode. Sample sizes ranged from 645 (online
Grade 8 Writing) to 1,639 (paper Grade 3 Mathematics).

Table 10.1. Percentage of ltems Different* Across Online and Paper Forms

Grade
Subject 3 4 5 6 7 8 EHS
English 16% 20% 16% 9% 6% — —
Math 20% 16% 12% 18% 15% 8% 5%
Reading 8% 8% 13% 8% 13% — —
Science 11% 14% 14% 13% 13% 9% 13%
Writing — — — — — — —
Note: — = all items identical across modes (writing was based on a single prompt).

* Technology enhanced items and fill-in-the blank items were included in online forms, with selected response analogs
on paper forms.

'8 English forms did not contain constructed response items.

7 A separate study will explore nonoverlapping items across paper and online modes.
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Table 10.2. Sample Sizes by Grade and Subject

Grade
4 5 6 7 8 EHS

Subject (o) P (0} P (0} P (o) P (0] P (o] P (o) P
English 1,369 1,405 1480 1,489 1349 1346 1,129 1,166 1,019 1033 866 887 1,176 1,209
Mathematics 1,488 1539 15634 1532 1450 1,427 1,156 1,194 974 1,010 896 927 1,075 1,098
Reading 1,441 1513 1399 1401 1299 1294 1,004 1,038 1,010 1,037 800 831 857 919
Science 1,376 1,405 1435 1444 1378 1379 1,047 1,040 1,028 1,042 913 934 959 1,023
Writing 1,189 1268 1260 1280 1,101 1,102 840 88b 826 836 645 658 698 767

Note: O = online form, P = paper form.
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Students were recruited to complete an ACT Aspire test in one or more subjects.
Students at each grade within a school were randomly assigned to take either the
paper or the online version of the test. This design is called random equivalent groups
and ensured that recruited students had an equal chance of being assigned the
online or paper test within a school. If students testing in each mode are equivalent,
we can attribute observed differences in performance to differences in testing mode,
not to differences in groups of students (or a combination of group and performance
differences).

To help ensure our analysis included adequately balanced samples of students
testing in each mode, schools were included in the analysis sample only if the ratio
of students testing in one mode compared to the other within the school was less
than two, implying that fewer than twice as many students tested in one mode versus
the other. This data cleaning rule led to excluding fewer than 10% of students from
analysis for most grades and subjects.'®

Mode Effects for Raw Number-of-Points Scores on Common ltems

We investigated student raw score performance by summing scores across items that
were the same across paper and online forms (i.e, excluding those items mentioned
earlier that differed in item type across mode). English and writing showed more
consistent evidence of mode effects across grades compared to mathematics,
reading, and science. But for some subjects and grades, raw scores appeared to differ
across mode, and for others they did not. It is apparent from these results that it was
not safe to assume raw scores and raw score distributions on identical items across
modes were comparable.

Tables 10.3-10.7 summarize the aggregated raw score statistics for the common
items across mode, including score moments (mean, standard deviation, skewness,
and kurtosis), effect sizes (standardized differences in mean scores), and statistical
significance tests from tests of equivalence (for details on this test, see Rogers,

8 Up to 22% of students (five schools) were excluded from analysis. Grade 7 Science and Grade 8 Writing had more
than 20% of students excluded. Most excluded schools only tested in one mode.



‘| pue |- Usamiaq si sueaw Joded pue aulUO USBMIB] BUBIBHIP By} UsY} ‘Juediyiubis Ajjeoiisiye)s ae s3se} Ujoq 4| | Uey} JoyealB 4o |- uey} sso| si

sueaW Ul 82UBIBHIP BY} 1y} sisayiodAy [Inu ey} 158} soNsiels om} asay} Yayiabo) | Ueyl SS8| SueaW Ul 80UBIaL4IP By} JO} Dlisiels-1 8y} SIjaddn-; pue |- uey} JayeslB suesw
Ul 8OUSJSIP B} 10} ONSIBIS-] BY] SI JoMO)-] 'S}S1-1 PaPIS SUO Om] Jo pasiidwod S| 1S3} SIY| "OPOU SSOIOB SUBSW Ul 80USJ3)JIp OU S8}edlpul 9duedljiublis [eonsiie)s 1eyl 910N
‘GO’ ¥e yueoyIubis Afeonsnels

‘wioy Jaded = 4 ‘wlof auljuo = () 910N

139

ACT ASPIRE MODE COMPARABILITY STUDY

Howard, and Vessey 1993; Serlin and Lapsley 1985; see also the Kolmogorov-

Smirnov test of differences in cumulative distributions by subject).

Table 10.3. English Common-ltem Raw Score Summary for Online and Paper Modes
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Table 10.4. Mathematics Common-ltem Raw Score Summary for Online and Paper Modes
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Table 10.5. Reading Common-ltem Raw Score Summary for Online and Paper Modes
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Table 10.6. Science Common-ltem Raw Score Summary for Online and Paper Modes
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Table 10.7. Writing Common-Item Raw Score Summary for Online and Paper Modes
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English
Grade 3

100

Cumulative Percent

144

Figure 10.1 displays the cumulative percent of students at each raw score by mode
for each subject and grade. The solid curve represents the online form and the
dashed curve represents the paper form. When one of the plotted cumulative percent
curves is to the left of the other, it indicates that this group scored lower relative to
the group to the right (or, conversely, the group to the right scored higher). If curves
cross or if the relative position of curves varies across raw scores, it indicates that the
cumulative percent of students between groups varies across scores. The distance
between the two curves indicates the magnitude of difference between modes
(difference in cumulative percent in the vertical direction, difference in raw score

in the horizontal direction). For example, for Grade 3 English, the online cumulative
percent curve is to the right of the paper curve, which implies that online students
scored higher. Reading up from a raw score point of 10, approximately 40% of

online students scored 10 or lower, whereas approximately 60% of paper students
scored 10 or lower. By subtracting these percentages from 100, one could say that
approximately 60% of online students scored above a 10, but about 40% of students
testing on paper scored above a 10. A statistical test of the differences in cumulative
distributions is provided by the Kolmogorov-Smirnov test listed in table 10.3.

Figure 10.1. Plots of cumulative percent of students for common item raw scores
across mode
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Figure 10.1. (continued)
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Figure 10.1. (continued)

Mathematics
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Figure 10.1. (continued)
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Figure 10.1. (continued)

Reading
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Figure 10.1. (continued)
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Figure 10.1. (continued)

Science
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Figure 10.1. (continued)
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Figure 10.1. (continued)
Writing
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Figure 10.1. (continued)
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154

English raw scores and distributions showed evidence of differences across modes
in grades 3, b, 6, and 7, with means differing by more than one point, effect sizes
between .15 and .39, statistically significant differences in score distributions,

and nonstatistically significant similarities in mean scores. Although not consistent
across statistics, grade 4 did show some evidence of mode effects with a statistically
significant Kolmogorov-Smirnov test indicating that score distributions differed (see
also figure 10.1 for a plot of the score distributions). Online scored higher than paper
for grades where differences were evident.

Mathematics raw scores and distributions showed evidence of differences across
modes in grade 7, 8, and EHS, with the paper group scoring higher than the online
group. The test of equivalence indicated that mean scores were not statistically similar.
The score distributions differed statistically at grade 8 (see figure 10.1, which plots
the difference). However, the magnitudes of differences across mode were relatively
small; means differed by less than one point and effect sizes were within £.15.

Reading raw scores and distributions showed evidence of differences across modes
in grades 3 and 4, with the paper group scoring higher than the online group. Means
differed by more than one point, effect sizes were —.19 and —.18, differences in score
distributions were statistically significant, and similarities in mean scores were not
statistically significant.

Science raw scores and distributions did not appear to differ across mode for all but
the EHS forms, where distributions were statistically different and means were not
statistically similar. However, the difference was not large; means favored paper by
less than one point and the effect size was —.12.

For writing raw scores and distributions, results showed differences across modes
for all forms except EHS. Forms showed statistically significant differences in
distributions in grades 3-8. Tests of equivalence did not show evidence of similarity
of means for grades 3, 4, 5, 6, or 7. However, means differed by less than one point
for all but grade 7. Effect sizes were within +.15 for grades 4, 8 and EHS and were
between —.20 and —.30 for grades 3, 4, b, and 7. Paper scored higher than online in
grades 3, b, 6, and 7 and online scored higher than paper in grades 4 and 8.

In many cases, the different methods of checking mode effects for raw number-
of-points scores on common items led to slightly different grades in each subject
showing statistically significant mode effects. While typically not large, there were
statistically significant differences across modes observed in each subject area.

9 We judged effect sizes within £.15 to be small to negligible.
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Our interpretation of the comparisons of raw number-of-points scores based on
identical items across modes is that mode effects observed for these ACT Aspire
forms should not be ignored. Score differences were not always observed, and when
they were observed they were generally not large, but we would argue that it is

not reasonable to assume no mode effects across collections of identical items. If
two ACT Aspire forms did contain 100% overlapping items, we would recommend
additional statistical linking to adjust for mode effects. However, as mentioned earlier,
most ACT Aspire online and paper forms are not 100% identical, so regardless of
mode effects, best practices would involve linking to place forms on the same scale
(Kingston 2009).

Comparisons of Scale Scores across Mode

We investigated the comparability of ACT Aspire scale scores, which were obtained
after linking paper and online forms. Paper forms were linked to online forms

using random equivalent groups equipercentile linking (Kolen and Brennan 2014).
Equipercentile methodology has been used extensively with other ACT testing
programs, including the operational equating of ACT Aspire (see chapter 11). The
primary purpose of this particular linking was to statistically adjust for differences
across forms due to item type and mode.

Tables 10.8—-10.12 summarize scale score statistics, including score moments (mean,
standard deviation, skewness, and kurtosis), effect sizes, statistical significance

tests from tests of equivalence, and the Kolmogorov-Smirnov test of difference in
cumulative distributions for each subject. Figure 10.2 displays the cumulative percent
of students at each scale score by mode for each subject and grade. Figure 10.3
displays box plots of scale scores by mode for each subject and grade.
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Table 10.8. English Scale Score Summary for Online and Paper Modes
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Table 10.9. Mathematics Scale Score Summary for Online and Paper Modes
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Table 10.10. Reading Scale Score Summary for Online and Paper Modes
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Table 10.12. Writing Scale Score Summary for Online and Paper Modes
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Compared to tables 10.3-10.7, which contained raw scores on common items across
mode, we see that differences in scale scores are small and generally not statistically
significant. For example, if we compare the Grade 3 English raw score cumulative
distributions in figure 10.1 to the Grade 3 English scale score cumulative distributions
in figure 10.2, we see that the cumulative score differences are small or negligible for
the scale scores. While the score differences across mode were eliminated for most
of the statistics in tables 10.3-10.7, there were some cases where the Kolmogorov-
Smirnov test indicated statistical differences in the cumulative distributions between
modes in Mathematics and Writing. However, these differences appeared to be small,
as illustrated by figure 10.2, and effect sizes were near zero. The box plots in figure
10.3 further illustrate scale score comparability across modes. The box plots are not
identical across modes for each grade, but they do appear similar in most cases,
which is indicative of similar score distributions across modes.

Figure 10.2. Plots of cumulative percent of students for scale scores across mode
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Figure 10.2. (continued)
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Figure 10.2. (continued)
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Figure 10.2. (continued)
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Figure 10.2. (continued)
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Figure 10.2. (continued)

Grade 7 Grade 8

100 100

BD 80
£ T

£ w & 60
& &
£ ]
] =
3 =3

E £ 40
= =1
(5] ()

20 20

[+] [+]

400 410 420 430 440 400 410 420 430 440
Stale Score Scabe Score
Test Form Grade 7 Onling =— — — Grade 7 Paper Test Form Grade B Online — —— Grade B Faper

Early High School

100

&0
g

H &0
1]
o
]
5
=

E 40
5
w

20

o

400 410 420 430 440

Scale Scone

Test Form Easly high school Onling = — — Early high school Paper

166



Figure 10.2. (continued)
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Figure 10.2. (continued)
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Figure 10.2. (continued)
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Figure 10.2. (continued)
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171

Test Form

Figure 10.3. Box plots of scale scores by grade and mode for each subject area
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Figure 10.3. (continued)
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Figure 10.3. (continued)
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Based in part on these results, we argue that the statistical linking was successful in
assuring that scale scores across paper and online modes were comparable. In other
words, mode effects across online and paper forms were effectively eliminated; scale
scores appeared to function similarly across modes.

Summary

Based on the results comparing raw number-of-points-correct scores on identical
items across modes, it is preferable to assume mode effects for ACT Aspire
summative assessments. Not every grade and subject showed evidence of mode
effects, but it occurred often enough that assuming no mode effects was not a
reasonable assumption. When mode effects were observed, they generally appeared
relatively small and in some cases (e.g, Writing) were inconsistent, if some degree of
score differences due to mode were not a strong concern, it may be acceptable or
even preferable to ignore mode effects on identical items across mode, but not under
current interpretations of ACT Aspire scores.

As described above, some form of statistical linkage was required across modes due
to item-type differences across modes. Statistical linkages appeared to successfully
adjust for differences in items and mode across paper and online forms under the
random groups design. Scale scores appeared comparable across mode.
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CHAPTER 11

ACT Aspire Equating

Multiple ACT Aspire test forms are developed each year. Despite being constructed to
follow the same content and statistical specifications, test forms may differ slightly in
difficulty. Equating is used to control for these differences across forms so that scale
scores reported to students have the same meaning regardless of the specific form
administered. Equating is the process of making statistical adjustments to maintain
score interchangeability across test forms (see Holland and Dorans 2006; Kolen and
Brennan 2014).

ACT Aspire equating typically uses a random groups design, which involves spiraling
the administration of test forms. In this case, test forms are interspersed within a
classroom so that forms are distributed equally and randomly equivalent groups of
students take each form. Under this design, if groups are indeed randomly equivalent,
differences observed in performance across forms can be attributed to differences in
form difficulty and equating methods applied to adjust for these differences.?

Each year, a carefully selected sample of students from an operational administration
of ACT Aspire is used as an equating sample. Students in this sample are
administered a spiraled set of ACT Aspire test forms that includes new test forms and
an anchor test form that has already been equated to previous forms. Spiraling occurs
separately for paper and online test forms, but a large sample of students takes each
form.

20 This methodology is also used to evaluate the comparability of forms when items are scrambled and when forms
contain different pretest items.



ACT ASPIRE EQUATING

Scores on alternate test forms are equated to the ACT Aspire score scale using
equipercentile equating methodology (Kolen and Brennan 2014). In equipercentile
equating, scores on different test forms are considered equivalent if they have

the same percentile rank in a given group of students. Equipercentile equating is
applied to the raw number-of-points scores for each subject test separately. The
equipercentile equating results are subsequently smoothed using an analytic method
described by Kolen (1984) to establish a smooth curve, and the equivalents are
rounded to integers. The conversion tables that result from this process are used to
transform raw scores on the new forms to scale scores.

In special cases where slight changes are made to the anchor form in the current
year’s equating study compared to its administration in the previous equating study,
the revised anchor form is first equated to its original version using a common-item-
nonequivalent group design, and then new forms are equated to the revised anchor
using a random equivalent groups design.

Composite scores, including STEM and ELA scores, are not directly equated across
forms but are calculated based on the separate subject test scale scores. Other
scores, such as reporting category scores, are not equated across forms and are
calculated based on raw number of points earned.
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APPENDIX A

The ACT with Constructed-
Response ltems

While ACT Aspire covers grades 3 through 10, the scaling study also included

grade 11. The primary reason for including grade 11 was so that the ACT Aspire
vertical scale could be extended to a version of the ACT and provide scale continuity
from grades 3 through 11. The implications of this are twofold. First, the scaling test
(ST4) included ACT items so that the vertical scale could include grade 11 and be
extended to a version of The ACT. Second, a grade 11 on-grade test was included in
the scaling study.

The on-grade test covering grade 11 included in the scaling study had two parts: an
operationally administered form of The ACT and a separately administered set of
constructed-response-only items. These two components were combined and scaled
to obtain scores on the ACT Aspire scale. This grade 11 test is referred to as The
ACT with constructed-response tests. In some places, such as tables and figures with
limited space, this test may be referred to as “ACT" or “The ACT”

The constructed-response component was included for Mathematics, Reading and
Science Tests. Table A1 lists the number of constructed-response items included in
each component. The ACT Writing Test was not included in the scaling study.

By including The ACT with constructed-response tests in the scaling study, the ACT
Aspire vertical scale was extended to grade 11 and included The ACT combined with
constructed-response items, consistent with tests for grades 3-10 that also included
constructed-response items at grades 3—-10.



THE ACT WITH CONSTRUCTED-RESPONSE ITEMS

Table A1. Number of Constructed-response ltems and Number of Score Points
Included in the On-Grade ACT with Constructed-Response Test Forms in the
Scaling Study

Number of Constructed Raw Number-of-Points

Subject Response Items Score Ranges
Mathematics 6 0-24
Reading 3 0-10
Science 11 0-30
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APPENDIX B

EPAS to ACT Aspire
Concordance

Table B1. EPAS to ACT Aspire Concordance

Concorded ACT Aspire Scale Score

EPAS Scale
Score English Math Reading Science
1 400 400 400 400
2 401 402 401 401
3 402 403 402 402
4 403 404 403 403
5 404 406 404 403
6 405 407 405 404
7 406 408 406 405
8 408 409 407 406
9 410 409 408 407
10 414 411 410 408
11 417 412 411 409
12 419 414 413 410
13 429 415 415 412
14 424 417 418 414
15 426 420 420 416

178



EPAS TO ACT ASPIRE CONCORDANCE

Table B1. (continued)

Concorded ACT Aspire Scale Score

EPAS Scale
Score English Math Reading Science
16 428 429 422 419
17 430 425 424 429
18 433 428 425 495
19 435 431 427 497
20 437 432 498 430
21 439 434 429 432
22 440 435 430 434
23 442 437 431 435
24 443 438 432 436
25 445 439 434 438
26 447 440 434 439
27 448 441 435 440
28 449 443 435 441
29 450 444 436 442
30 451 446 437 443
31 451 449 437 445
32 453 452 438 447
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