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Summary

During the 2013/14 school year two Florida school districts sought to develop an eatly
warning system to identify students at risk of low performance on college readiness mea-
sures in grade 11 or 12 (such as the SAT or ACT) in order to support them with remedial
coursework prior to high school graduation. The districts partnered with Regional Edu-
cational Laboratory Southeast to study the extent to which scores on an interim reading
assessment in grade 9, the Florida Assessments for Instruction in Reading—Florida
Standards (FAIR-ES), could identify students who may score below the college readiness
benchmark on the Preliminary SAT/National Merit Scholarship Qualifying Test (PSAT/
NMSQT) or ACT Plan in grade 10. Almost all Florida students in grade 10 take one of
these assessments, allowing for a more robust sample of students than is available for coun-
terpart assessments in grade 11 or 12 (the SAT and ACT). To conduct the analysis, this
study used scores in word recognition, vocabulary knowledge, reading comprehension, and
syntactic knowledge from the FAIR-FS; scores in critical reading, math, and writing from
the PSAT/NMSQT; and scores in English, reading, science, and math from the ACT Plan.

Classification and regression tree (CART) analyses, which provide an easy-to-interpret
“tree” format, were used to classify students as at risk or not at risk of low performance on
the PSAT/NMSQT and ACT Plan college readiness measures based on FAIR-ES scores
(Berk, 2008; Breiman, Friedman, Olshen, & Stone, 1984; Lewis, 2000). Sensitivity, which
is a measure of classification accuracy, was used to judge the accuracy of the prediction
models. In this study, sensitivity provides the proportion (or percentage) of students iden-
tified as at risk by their FAIR-FS scores among all students who did not meet the college
readiness benchmark of interest.

Key findings for the sample include:

e FAIR-ES reading comprehension scores predict PSAT/NMSQT critical reading
performance with 89 percent sensitivity.

e FAIR-ES syntactic knowledge scores predict PSAT/NMSQT math performance
with 81 percent sensitivity and writing performance with 84 percent sensitivity.

e FAIR-FS syntactic knowledge scores predict ACT Plan English performance with
81 percent sensitivity, reading performance with 84 percent sensitivity, and science
performance with 96 percent sensitivity.

*  FAIRES reading comprehension scores predict ACT Plan math performance with
83 percent sensitivity.
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Why this study?

Identifying students who may not meet college readiness benchmarks prior to high school
graduation is critical to addressing their academic deficiencies. Potentially useful identifi-
cation tools are interim assessments, defined by the Council of Chief State School Officers

(2008, pp. 2-3) as:

...assessments administered multiple times during a school year, usually outside
of instruction, to evaluate students’ knowledge and skills relative to a specific set
of academic goals in order to inform policymaker or educator decisions at the
student, classroom, school, or district level. The specific interim assessment designs
are driven by the purposes and intended uses, but the results of any interim assess-
ment must be reported in a manner allowing aggregation across students, occa-
sions, or concepts.

Interim assessments may predict student college readiness in reading. As noted by Porter
and Polikoff (2012, p. 411), “readiness predictors based on specific skills and student per-
formance would undoubtedly be more useful for planning policies to improve instruction
and student performance” than simply knowing what percentage of students met the
benchmark. If specific skills can be identified as those most likely to indicate college readi-
ness, early identification of deficiencies in those skills could enable teachers and schools to
provide targeted intervention. However, research in this area is limited.

Interim reading assessments may also predict student readiness in other subject areas.
There is a high correlation between performance in reading and performance in math
(Dorans, 2000; Thurber, Shinn, & Smolkowski, 2002) and science (Dorans, 2000). For
example, Dorans found a .75 correlation between ACT science performance and each of
the other SAT and ACT subject area scores. Additionally, literacy skills provide a critical
foundation for students’ overall academic success (Whitehurst & Lonigan, 2001), possibly
because students who read well read more, thus acquiring more knowledge in various aca-
demic domains (Cunningham & Stanovich, 1998).

During the 2013/14 school year two Florida school districts (referred to as districts 1 and
2) sought to develop an early warning system to identify students at risk of low perfor-
mance on college readiness measures in grade 11 or 12 (such as the SAT or ACT) in
order to support them with remedial coursework prior to high school graduation. The
districts partnered with Regional Educational Laboratory Southeast to study the extent
to which scores on an interim reading assessment in grade 9, the Florida Assessments for
Instruction in Reading—Florida Standards (FAIR-FS), could identify students who may
score below the college readiness benchmark on the Preliminary SAT/National Merit
Scholarship Qualifying Test (PSAT/NMSQT) or the ACT Plan in grade 10. Almost all
Florida students in grade 10 take one of these assessments, allowing for a more robust
sample of students than is available for their counterpart assessments in grade 11 or 12

(the SAT and ACT).
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What the study examined

Two research questions guided the study:
* How do scores on the FAIR-FS in grade 9 predict performance on the PSAT/
NMSQT in grade 10?
* How do scores on the FAIR-ES in grade 9 predict performance on the ACT Plan
in grade 10?

FAIR-ES data are from five high schools in district 1 and two high schools in district 2;
they include scores in word recognition, vocabulary knowledge, reading comprehension,
and syntactic knowledge. PSAT/NMSQT data are from district 1, and ACT Plan data are
from district 2. FAIR-FS is described in box 1, and the PSAT/NMSQT and ACT Plan are
described in box 2.

How scores on the FAIR-FS in grade 9 predict performance on the PSAT/NMSQT and
ACT Plan in grade 10 was examined using classification and regression tree (CART)
analyses. CART is predictive modeling that presents the results in an easy-to-interpret
tree format that classifies students as at risk or not at risk of a future outcome based on a
set of if-then statements (Berk, 2008; Breiman et al., 1984; Lewis, 2000). Previous studies

Box 1. About the Florida Assessments for Instruction in Reading—Florida
Standards

After grade 3, students’ reading comprehension is determined by their ability to decode words
and their oral language skills (Storch & Whitehurst, 2002). Florida Assessments for Instruction
in Reading—Florida Standards (FAIR-FS) is a multivariate measure of four important compo-
nent skills of reading: word recognition, vocabulary knowledge, reading comprehension, and
syntactic knowledge (Foorman, Petscher, & Schatschneider, 2015). Performance in each skill
is reported using a developmental scale, with scores ranging from 200 to 800, with a mean of
500 and a standard deviation of 100.

The word recognition test, referred to as a task, asks students to identify the correctly
written form of a word pronounced by the computer. The vocabulary knowledge task measures
recognition of morphological patterns in words, which can generalize to recognition of new
words (rather than measuring isolated vocabulary words), by having students complete a sen-
tence with one of three morphologically related words (for example, “In some states you can
get a driver’s [permission, permissive, permit] when you are fourteen years old”). The task was
designed to inform instruction on the metalinguistic aspects of vocabulary essential to building
vocabulary depth rather than instruction that favors memorization of a large corpus of isolated
words in an attempt to increase vocabulary breadth.

Scores on the word recognition and vocabulary knowledge tasks determine which of
several complex text passages are used to assess reading ability in the reading comprehen-
sion task. For that task, students silently read up to three passages and answer seven to nine
multiple-choice questions written to the Language Arts Florida Standards.

The syntactic knowledge task measures understanding of the grammatical relationships
among words and sentences. In this task, students listen to a sentence being read and select
from a dropdown menu which of three connectives, pronoun references, or verb tenses best
completes a sentence (for example, “Pizza is one of my very favorite foods, [although, as,
when] we only get to eat it on special occasions”).

How scores on
the FAIR-FS in
grade 9 predict
performance on
the PSAT/NMSQT
and ACT Plan in
grade 10 was
examined using
classification
and regression
tree analyses



Box 2. About the Preliminary SAT/National Merit Scholarship Qualifying Test and
the ACT Plan

To help increase college readiness, Florida law requires that all grade 10 students (unless
exempted by parent request) take either the Preliminary SAT/National Merit Scholarship Qual-
ifying Test (PSAT/NMSQT) or the ACT Plan, which serve as preliminary measures of student
performance on the SAT or ACT. The PSAT/NMSQT scale of 20-80 is comparable to the SAT
scale of 200-800 (College Board, 2013), and an ACT Plan composite score (on a scale of
1-32) can be used to estimate an ACT composite score range based on the applicable testing
season and student’s grade level. Correlations between the ACT Plan and the ACT range from
.60 to .72 for English, reading, science, and math (ACT, 2013).

Grade 10 students who achieve a PSAT/NMSQT score of 42 in critical reading, 44 in math,
and 42 in writing meet college and career readiness benchmarks, which are associated with
a 65 percent probability of obtaining a freshman year grade point average of a B— or higher
(College Board, 2011, 2013). Students who achieve an ACT Plan score of 15 in English, 18 in
reading, 20 in science, and 19 in math are considered ready for college; the ACT Plan scores
are associated with a 50 percent chance of earning a B or higher or a 75 percent chance of
earning a C or higher in the corresponding first-year English composition, introductory social
science, biology, or college algebra course (ACT, 2013, 2014).

Florida student performance on the PSAT/NMSQT and ACT Plan lags the nation (ACT,
2014; College Board, 2014). Approximately 32 percent of Florida grade 10 students who took
the PSAT/NMSQT in 2013/14 met all subject area benchmarks, compared with 41 percent
nationwide, and roughly 18 percent of Florida grade 10 students who took the ACT Plan met
the college readiness benchmarks in all subject areas, compared with 20 percent nationwide.

have found CART results to be consistent with those from logistic regression (Koon, Pet-
scher, & Foorman, 2014) and easier for a nonstatistical audience to understand because of

CART’s graphic format.

Dominance analysis (Azen & Budescu, 2003) was used to determine the relative impor-
tance of each FAIR-FS task in predicting PSAT/NMSQT and ACT Plan performance and
to validate the CART results. The dominance analyses served as an informative comple-
ment to the CART analyses. Details on the data sources and analyses are in appendix A.

Traditional measures of classification accuracy, including sensitivity and specificity, are
provided for all prediction models (box 3). However, sensitivity values were used to judge
the performance of the prediction models due to the importance of identifying students
who are at risk. Researchers have proposed different threshold values for sensitivity; many
look for levels of at least .80 (Piasta, Petscher, & Justice, 2012), with some recommending
at least .90 (Compton, Fuchs, Fuchs, & Bryant, 2006; Jenkins, Hudson, & Johnson, 2007).
Based on these guidelines, a sensitivity value of .80 or higher was used in this study.



Box 3. Measures of classification accuracy

Traditional measures of classification accuracy can be derived from a 2x2 classification table
that provides counts of individuals in four categories (Schatschneider, Petscher, & Williams,
2008). In this study students are categorized based on their score on an interim assessment,
the Florida Assessments for Instruction in Reading—Florida Standards, and an outcome assess-
ment, the Preliminary SAT/National Merit Scholarship Qualifying Test or the ACT Plan (see table).

Sample 2x2 classification table

Outcome assessment
(Preliminary SAT/National Merit Scholarship
Qualifying Test or ACT Plan)

Interim assessment (Florida
Assessments for Instruction in

Reading-Florida Standards) Fail Pass
At risk A: True positive B: False positive
Not at risk C: False negative D: True negative

Source: Authors’ illustration.

In addition to the overall classification accuracy rate (proportion of students who were cor-
rectly identified as meeting or not meeting the college readiness benchmark on the outcome
assessment), four standard measures of classification accuracy were applied to determine how
accurately the analysis identifies students at risk. The first measure, sensitivity, is the propor-
tion of students identified as at risk on the interim assessment among all students who fail the
outcome assessment—the number of true positives—divided by the sum of true positives and
false negatives (A/[A+C]). The second measure, specificity, is the proportion of students identi-
fied as not at risk among all students who pass the outcome assessment—or the number of true
negatives divided by the sum of true negatives and false positives (D/[D+B]). The third measure,
positive predictive power, is the proportion of students who fail the outcome assessment among
all students who are identified as at risk on the interim assessment—or the number of true
positives divided by the sum of true positives and false positives (A/[A+B]). The fourth measure,
negative predictive power, is the proportion of students who pass the outcome assessment
among all students who are identified as not at risk on the interim assessment—or the number
of true negatives divided by the sum of false negatives and true negatives (D/[C+D]).

What the study found

The findings indicate that FAIR-FS scores can predict performance on college readiness
assessments with acceptable sensitivity.

FAIR-FS reading comprehension scores predict PSAT/NMSQT critical reading performance with
89 percent sensitivity, and FAIR-FS syntactic knowledge scores predict PSAT/NMSQT math
performance with 81 percent sensitivity and writing performance with 84 percent sensitivity

The CART analyses identified only one decision rule in each subject area for classifying
students as at risk or not at risk of not reaching the college readiness benchmark on the
PSAT/NMSQT (figure 1):
® Critical reading: students who score less than 630 in reading comprehension on
the FAIR-FS are identified as at risk.



Figure 1. Classification and regression tree model decision rules for classifying
Florida district 1 students as at risk or not at risk of not reaching the college
readiness benchmark on the PSAT/NMSQT based on FAIR-FS score

PSAT/NMSQT critical reading

FAIR-FS reading
comprehension
score: <630

At risk Not at risk

PSAT/NMSQT math

FAIR-FS
syntactic knowledge
score: <597

At risk Not at risk

PSAT/NMSQT writing

FAIR-FS
syntactic knowledge
score: <596

At risk Not at risk

PSAT/NMSQT is Preliminary SAT/National Merit Scholarship Qualifying Test. FAIR-FS is Florida Assessments
for Instruction in Reading—Florida Standards.

Note: FAIR-FS scores range from 200 to 800, with a mean of 500 and a standard deviation of 100.

Source: Authors’ analysis of data from the Florida Center for Reading Research and district 1 (see appendix A).

*  Math: students who score less than 597 in syntactic knowledge on the FAIR-FS
are identified as at risk.

e Writing: students who score less than 596 in syntactic knowledge on the FAIR-FS
are identified as at risk.

The overall classification accuracy rate of the decision rules was 75-83 percent when
tested with a validation sample of students (table 1). The sensitivity rate (81-89 percent)
was above the minimum standard of 80 percent. The specificity rate was much lower
(6680 percent), which impacted the overall classification accuracy rate. This study con-
sidered it more important to judge the prediction models based on sensitivity rates because

The CART analyses
identified only one
decision rule in
each subject area
for classifying
students as at risk
or not at risk of
not reaching the
college readiness
benchmark on the
PSAT/NMSQT



Table 1. Preliminary SAT/National Merit Scholarship Qualifying Test classification
and regression tree analysis results for Florida district 1 students (percent)

Positive Negative Overall
PSAT/NMSQT Sensitivity Specificity predictive predictive classification
subject area rate rate power rate power rate accuracy rate
Critical reading 89 69 79 83 80
Math 81 66 79 70 75
Writing 84 80 89 72 83

PSAT/NMSQT is Preliminary SAT/National Merit Scholarship Qualifying Test.
Note: n = 210.

Source: Authors’ analysis of data from the Florida Center for Reading Research and district 1 (see appendix A).

the intention is to identify students at risk of low performance on the PSAT/NMSQT. The
positive predictive power rate generally exceeded the negative predictive power rate.

A supplementary dominance analysis triangulating the CART results supported the deci-
sion rules (see appendix A). The dominance analysis found that FAIR-FS reading compre-
hension score is the dominant predictor of PSAT/NMSQT reading performance and that
FAIR-ES syntactic knowledge and reading comprehension scores are dominant predictors
of PSAT/NMSQT math and writing performance (table 2).

FAIR-FS syntactic knowledge scores predict ACT Plan English performance with 81 percent sensitivity,
reading performance with 84 percent sensitivity, and science performance with 96 percent sensitivity, and
FAIR-FS reading comprehension scores predict ACT Plan math performance with 83 percent sensitivity

As with the PSAT/NMSQT results, the CART analyses identified only one decision rule
in each subject area for classifying students as at risk or not at risk of not reaching the
college readiness benchmark on the ACT Plan (figure 2):
e English: students who score less than 592 in syntactic knowledge on the FAIR-FS
are identified as at risk.
e Reading: students who score less than 620 in syntactic knowledge on the FAIR-FS
are identified as at risk.
e Science: students who score less than 680 in syntactic knowledge on the FAIR-FS
are identified as at risk.
®  Math: students who score less than 710 in reading comprehension on the FAIR-FS
are identified as at risk.

Table 2. Correspondence of predictor importance from dominance analysis and
classification and regression tree analysis for Florida district 1 students based on
Preliminary SAT/National Merit Scholarship Qualifying Test results

PSAT/NMSQT Primary FAIR FS predictor

in CART analysis

Dominant FAIR FS predictor
in dominance analysis

subject area

Critical reading Reading comprehension Reading comprehension

Reading comprehension

Math Syntactic knowledge
y I wiedg Syntactic knowledge

Reading comprehension

Writin
tting Syntactic knowledge

Syntactic knowledge

PSAT/NMSQT is Preliminary SAT/National Merit Scholarship Qualifying Test. FAIR-FS is Florida Assessments
for Instruction in Reading—Florida Standards. CART is classification and regression tree.

Source: Authors’ analysis of data from the Florida Center for Reading Research and district 1 (see appendix A).

As with the PSAT/
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Figure 2. Classification and regression tree model decision rules for classifying
Florida district 2 students as at risk or not at risk of not reaching the college
readiness benchmark on the ACT Plan based on FAIR-FS score

ACT Plan English

FAIR-FS
syntactic knowledge
score: <592

At risk Not at risk

ACT Plan reading

FAIR-FS
syntactic knowledge
score: <620

At risk Not at risk

ACT Plan science

FAIR-FS
syntactic knowledge
score: <680

At risk Not at risk

ACT Plan math

FAIR-FS reading
comprehension
score: <710

At risk Not at risk

FAIR-FS is Florida Assessments for Instruction in Reading—Florida Standards.
Note: FAIR-FS scores range from 200 to 800, with a mean of 500 and a standard deviation of 100.

Source: Authors’ analysis of data from the Florida Center for Reading Research and district 2 (see appendix A).




The overall classification accuracy rate of the decision rules was 71-81 percent when tested
with a validation sample of students (table 3). The sensitivity rate (81-96 percent) was
above the minimum standard of 80 percent, while the specificity rate was much lower
(41-76 percent). The positive predictive power rate ranged from 59 percent to 89 percent,
and the negative predictive power rate ranged from 44 percent to 85 percent.

A supplementary dominance analysis triangulating the CART results supported some of
the decision rules. The dominance analysis found that FAIR-ES syntactic knowledge score
is the dominant predictor of ACT Plan reading and math performance (table 4). This
finding is consistent with the CART results for ACT Plan reading but seemingly incon-
sistent with the CART results for ACT Plan math (in which the decision rule is based on
reading comprehension score). However, the use of reading comprehension as a splitting
variable likely results from the high correlation between FAIR-FS reading comprehension A supplementary

and FAIR-FS syntactic knowledge in this sample of students (r = .80). dominance analysis
triangulating

Syntactic knowledge score is the first surrogate variable in the CART results for predict-  the CART results

. . . . . found that

ing ACT Plan math performance. Surrogate variables are identified as alternatives to the .

. . . . FAIR-FS syntactic
specified variable (Therneau & Atkinson, 2015). The alternatives can be used when an knowledge score
individual’s score on the specified variable is missing. For example, the syntactic knowl- s the dominant
edge score could form the basis for a decision if a student is missing the reading compre-  predictor of ACT

hension score. The alternatives are likely less efficient than the original scores because the  Plan reading and
most optimal rule is the one specified in the decision tree. In this study, using syntactic =~ math performance

Table 3. ACT Plan classification and regression tree analysis results for Florida
district 2 students (percent)

Positive Negative Overall
ACT Plan Sensitivity Specificity predictive predictive classification
subject area rate rate power rate power rate accuracy rate
English 81 65 59 85 71
Reading 84 76 89 67 81
Science 96 48 79 85 80
Math 83 41 81 44 73
Note: n = 70.

Source: Authors’ analysis of data from the Florida Center for Reading Research and district 2 (see appendix A).

Table 4. Correspondence of predictor importance from dominance analysis and
classification and regression tree analysis for Florida district 2 students based on
ACT Plan results

ACT Plan Primary FAIR FS predictor Dominant FAIR FS predictors
subject area in CART analysis in dominance analysis
English Syntactic knowledge None

Reading Syntactic knowledge Syntactic knowledge

Science Syntactic knowledge None

Math Reading comprehension Syntactic knowledge

FAIR-FS is Florida Assessments for Instruction in Reading—Florida Standards. CART is classification and
regression tree.

Source: Authors’ analysis of data from the Florida Center for Reading Research and district 2 (see appendix A).




knowledge score as an alternative to reading comprehension score results in the same risk
classification for 93 percent of the sample. The dominance analysis did not identify any
completely dominant predictors for ACT Plan English or science performance.

Implications of the study findings

This study provides preliminary evidence that FAIR-FS scores in grade 9 could be used to
create an early warning system to identify students whose PSAT/NMSQT or ACT Plan
performance in grade 10 may be below the college readiness benchmark. Using FAIR-FS
scores in an early warning system could enable districts to identify at-risk grade 9 students
without an additional testing burden, time away from instruction, or additional cost.

Limitations of the study

This study has two important limitations. First, the analyses are based on a single year’s
results, which does not allow for confirming the stability of the results or performing a
longitudinal analysis. This limitation is especially relevant to FAIR-ES scores, which were
drawn from the assessment’s field-test sample. Second, the findings for each college read-
iness assessment are based on a single school district: district 1 for the PSAT/NMSQT
and district 2 for the ACT Plan. The analyses could be replicated statewide to verify the
stability of the models and the generalizability of the results to the larger Florida student
population.

Both the College Board and ACT have implemented new assessments, replacing the ver-
sions of the PSAT/NMSQT and ACT Plan assessments used in this study (ACT, 2015;
College Board, 2015). New analyses would be required to determine whether the study
results remain valid with the new assessments.

PSAT/NMSQT and ACT Plan performance serves as a proxy measure of college readiness
due to the complexity of identifying all the factors that determine whether a student is
truly ready for success in college. District decisionmakers should carefully consider other
issues, such as the implications of over- and under-identification, student access to the core
curriculum and other typical activities at the school, and the school process for determin-
ing when a student may successfully exit an intervention.

This study provides
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Appendix A. Data sources and methodology

This appendix provides detailed information on the study’s data sources and methodology.
Data sources

Florida Assessments for Instruction in Reading—Florida Standards (FAIR-FS) data were
obtained from an archive of data on 1,853 grade 9 students in five high schools in district
1 and 480 grade 9 students in two high schools in district 2. The same student sample
was previously used in an experimental linking study to estimate item parameters and a
vertical scale for the FAIR-FS reading component skills. That study was part of Florida
State University’s subaward from the Educational Testing Service’s assessment grant in
the Institute of Education Sciences National Center for Educational Research’s Reading
for Understanding initiative (Sabatini, PI; Award number R305F100005, https:/fies.ed.gov/
ncer/projects/grant.asp/ProglD=62&grantid=987). The linking study conducted purposeful
sampling of schools so that students within the sampled schools in each district would
correspond to (or be similar to) the district’s student demographic profile.

The FAIR-FS was administered in December 2012 and January 2013 in district 1 and dis-
trict 2 as part of the linking study sample (which also served as the FAIR-FS field test).
Although all students statewide take the Preliminary SAT/National Merit Scholarship
Qualifying Test (PSAT/NMSQT) or ACT Plan in grade 10, the availability of FAIR-FS

scores was limited to districts 1 and 2 in 2012/13, narrowing the study to those districts.

PSAT/NMSQT data were obtained from district 1, where the test was administered to all
students in grades 8—10 in mid-October 2013. ACT Plan data were obtained from district
2, where the test was administered at the end of October 2013. District 2 is one of a few
districts in Florida that administers the ACT Plan to all students in grade 10 to meet the
statutory requirement to administer either the PSAT/NMSQT or ACT Plan.

Preliminary analyses

The initial district 1 dataset included 1,853 students. Some 250 students were dropped
because of missing PSAT/NMSQT scores, and 7 students were dropped because of missing
data on all FAIR-FS tasks. Multiple imputation with SAS 9.4 software created a dataset with
complete cases for all predictor variables. This approach was justified because the FAIR-FS
missing data were considered missing completely at random—the result of the planned
missing data design of the linking study. The mean imputed value (after 20,000 imputations)
was used for missing values because there is no accepted procedure for analyzing and summa-
rizing classification trees generated from multiple imputed files. A stratified random sample
of 1,100 students was selected from the dataset to approximate the racial/ethnic minority
distribution of district 1 grade 9 students. An analysis of univariate and multivariate outliers
resulted in one student being dropped. The final dataset included 1,099 students.

The same approach was used with the district 2 dataset. Of the initial 480 students, 1 was
dropped because of missing ACT Plan scores. Again, 20,000 imputations generated mean
imputed values for missing data. A stratified random sample of 300 students was selected,

and 4 of them were dropped after being identified as outliers. The final data set included
296 students.
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Classification and regression tree analyses

FAIR-FS task scores were used in a series of classification and regression tree (CART)
models to predict performance on the PSAT/NMSQT and ACT Plan. The CART model
classifies individuals into mutually exclusive subgroups using a nonparametric approach
that results in a classification tree (Breiman et al., 1984). It does this by identifying the
best predictors and predictor levels that most efficiently split the sample into the most
homogeneous subgroups of individuals who are identified as at risk or not at risk based on
their observed scores. A variable may appear in the CART model multiple times because
the search for the single variable that will result in the best split to the data includes all
variables at each split (Therneau & Atkinson, 2015).

The PSAT/NMSQT and ACT Plan scores were dummy-coded to indicate whether a
student met the college readiness benchmark for each subject area. Scores at or above the
benchmark were coded 1 for not at risk and scores below the benchmark were coded O for
at risk. Approximately 21 percent of the district 1 sample and 9 percent of the district 2
sample met the college readiness benchmark in all subject areas (figures Al and A2).

The final datasets for each grade were then split into two. The calibration dataset (used
to build the CART models) consisted of a random sample of 80 percent of the students
in each grade. The validation dataset (used to test the CART models) consisted of the
remaining 20 percent. CART analyses were run using the Recursive Partitioning and
Regression Trees package (rpart; R 3.0.1 package).

Figure Al. College readiness of Florida students in the district 1 sample, overall
and by subject area, 2013/14 (n = 1,099)

Readiness rate (percent)
100

75

50

25

O —
Reading Math Writing All subject areas

Source: Authors’ analysis of data from district 1.
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Figure A2. College readiness of Florida students in the district 2 sample, overall
and by subject area, 2013/14 (n = 296)

Readiness rate (percent)
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English Math Reading Science All subject areas

Source: Authors’ analysis of data from district 2.

The initial model for each outcome of interest was fit using all FAIR-FS scores as predic-
tors, represented generally by

Outcome ~ Word recognition score + Vocabulary knowledge score +
Reading comprehension score + Syntactic knowledge score

in addition to specifying a minimum split size of three students and tenfold cross-validation
for evaluating the quality of the prediction tree and determining the appropriate minimum
complexity parameter for pruning the tree (Breiman et al., 1984).

As is the case with other statistical methods, the principle of parsimony is applicable to
CART models. This principle suggests that the best model is often the simplest model that
fits the data. In a CART model this principle is applied by pruning the classification tree
using model specifications (such as the minimum split size included in the initial model)
so that the resulting tree is not overfit to the data. As such, a minimum reduction in the
cross-validation relative error (that is, a minimum complexity parameter) was added to the
model specifications in a revised model. The minimum complexity parameter specifies the
minimum decrease in the overall lack of fit that must result from an additional split. The
value selected for the minimum complexity parameter was the value resulting in the fewest
number of splits with a cross-validation relative error less than one standard error above
the minimum cross-validation relative error (Therneau, Atkinson, & Ripley, 2014). Plots
of the cross-validation relative error against minimum complexity parameter values were
consulted for this decision. For all models, adding the recommended minimum complexity
parameter resulted in a pruned tree with one split. The pruned trees with the final classifi-
cation rules are shown in figures 1 and 2 in the main report.

The classification rules were applied to the validation dataset to predict group membership
and to derive the classification tables used to calculate sensitivity, specificity, and the other
measures of classification accuracy (see box 3 in the main report).
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Dominance analyses

Dominance analysis (Azen & Budescu, 2003) can be used to identify the most useful pre-
dictor in a set of predictors in either an exploratory or confirmatory approach. This study
used dominance analysis to determine the relative importance of each FAIR-FS task in
predicting scores on the PSAT/NMSQT and ACT Plan and to judge the validity of the
CART results. The dominance analyses provide an informative complement to the CART
analyses that present a nonparametric approach to predicting risk classification.

Dominance analysis provides complete, conditional, and general measures of importance
for each predictor in a regression framework. These measures of importance are an advan-
tage over multiple regression results, which do not provide accepted measures of relative
importance when correlated predictors are compared because of the inability of multiple
regression analysis to appropriately partition variance to the various predictors. Because
dominance analysis belongs to the regression framework, it assumes that the relation-
ships between the predictors and the outcome are linear, the errors are normally and
independently distributed, and the error variance is constant. In addition, issues of mul-
ticollinearity and influential observations can impact the results. The dominance proba-
bility macro (Azen & Budescu, 2003) was used to execute dominance analysis in SAS 9.4
software.

Dominance analysis uses the change in model fit (that is, R-squared) to define a predictor’s
contribution and compares predictor contributions across all possible subset models. Spe-
cifically, the technique examines all combinations of predictors to determine an order of
importance measured by a variable’s reduction of error in predicting the criterion (Azen &
Budescu, 2003). The number of subset models is equal to 2? — 1, where p is the number of
predictors.

Scale scores on the college readiness assessments served as the outcome measures, and
FAIR-ES scores served as predictors, represented by

Y, = B, + B,(Word recognition), + B,(Vocabulary knowledge), +

2

B;(Reading comprehension), + B, (Syntactic knowledge)

i

where Y, is the scale score for student i on the outcome assessment (that is, the PSAT/
NMSQT or ACT Plan) and is a function of the intercept (B), slopes (B, B,, B;, B,), and
residual (e).

Seven dominance analyses were conducted to examine each PSAT/NMQST and ACT
Plan outcome separately. Correlations between the predictor and outcome variables show
strong, positive bivariate relationships (tables Al and A2) supporting the use of all vari-
ables in each model.
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Table Al. Correlations, means, and standard deviations for Preliminary SAT/
National Merit Scholarship Qualifying Test and Florida Assessments for Instruction
in Reading—Florida Standards for Florida district 1 students, 2013/14 (n = 1,099)

PSAT/NMSQT FAIR FS
subject area Reading Math Writing  comprehension knowledge knowledge recognition
PSAT/NMSQT
Reading 1.00
Math .68 1.00
Writing 74 .66 1.00
FAIR-FS
Reading comprehension .69 .55 .64 1.00
Syntactic knowledge .65 .56 .66 .67 1.00
Vocabulary knowledge .60 46 .56 .57 .65 1.00
Word recognition .61 AT .60 .61 .63 .60 1.00
Mean 40.06 40.55 37.91 591.32 558.36 560.09 543.56
Standard deviation 9.18 8.89 8.98 122.96 93.23 66.70 93.00

PSAT/NMSQT is Preliminary SAT/National Merit Scholarship Qualifying Test. FAIR-FS is Florida Assessments
for Instruction in Reading—Florida Standards.

Note: All correlations are significant at the .001 level (two-tailed).

Source: Authors’ analysis of data from the Florida Center for Reading Research and district 1.

Table A2. Correlations, means, and standard deviations for ACT Plan and Florida
Assessments for Instruction in Reading—Florida Standards for Florida district 2
students, 2013/14 (n = 296)

ACT Plan FAIR FS
subject area English Reading Science = Math comprehension knowledge knowledge recognition
ACT Plan
English 1.00
Reading .66 1.00
Science .68 .66 1.00
Math .63 .57 .69 1.00
FAIR-FS
Reading comprehension .64 .61 .59 .53 1.00
Syntactic knowledge .67 .65 .60 .58 .80 1.00
Vocabulary knowledge .66 .57 .58 .53 .73 .67 1.00
Word recognition .62 .59 .54 .46 74 .67 .69 1.00
Mean 15.60 15.90 17.20 16.36 609.21 576.60 587.45 565.81
Standard deviation 3.74 3.93 3.45 3.50 118.61 95.87 60.92 85.01

FAIR-FS is Florida Assessments for Instruction in Reading—Florida Standards.
Note: All correlations are significant at the .001 level (two-tailed).

Source: Authors’ analysis of data from the Florida Center for Reading Research and district 2.
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PSAT/NMSQT dominance analyses. The results of the dominance analyses for PSAT/
NMSQT performance are reported in tables A3—A5. The tables provide the R-squared
value for each subset model considered and the unique variance contribution added to
that subset model by the variables not included in the estimation of R-squared. Standard-
ized regression coefficients are provided for each predictor.

Examination of the variance components for PSAT/NMSQT reading performance shows
that the contribution of FAIR-ES reading comprehension scores is greater than that of all
other predictors (table A3). On average, FAIR-FS reading comprehension scores uniquely
explain 20 percent of the variance in PSAT/NMSQT reading performance across all subset
models. In predicting PSAT/NMSQT math performance, FAIR-FS reading comprehension
and syntactic knowledge scores contribute comparable amounts of unique variance (table
A4). On average, FAIR-FS reading comprehension scores uniquely explain 13 percent of
the variance in PSAT/NMSQT math performance across all subset models compared

Table A3. Dominance analysis results for Preliminary SAT/National Merit Scholarship Qualifying Test
reading performance for Florida district 1 students, 2013/14 (n = 1,099)

Additional contribution of FAIR FS score in:

Reading Syntactic Vocabulary Word
Subset model R squared comprehension  knowledge knowledge recognition
Null and k=0 average na 0.48 0.43 0.36 0.37
Reading comprehension 0.48 na 0.06 0.06 0.05
Syntactic knowledge 0.43 0.12 na 0.06 0.06
Vocabulary knowledge 0.36 0.18 0.12 na 0.09
Word recognition 0.37 0.16 0.12 0.09 na
k=1 average na 0.15 0.10 0.07 0.07
Reading comprehension and syntactic knowledge 0.54 na na 0.02 0.02
Reading comprehension and vocabulary knowledge 0.54 na 0.03 na 0.02
Reading comprehension and word recognition 0.53 na 0.03 0.03 na
Syntactic knowledge and vocabulary knowledge 0.48 0.09 na na 0.03
Syntactic knowledge and word recognition 0.49 0.08 na 0.03 na
Vocabulary knowledge and word recognition 0.46 0.11 0.06 na na
k=2 average na 0.09 0.04 0.03 0.03
Reading comprehension, syntactic knowledge,
and vocabulary knowledge 0.57 na na na 0.01

Reading comprehension, syntactic knowledge,

and word recognition 0.56 na na 0.02 na
Reading comprehension, vocabulary knowledge,

and word recognition 0.56 na 0.02 na na
Syntactic knowledge, vocabulary knowledge,

and word recognition 0.51 0.07 na na na
k=3 average na 0.07 0.02 0.02 0.01
Reading comprehension, syntactic knowledge,

vocabulary knowledge, and word recognition 0.58 na na na na
Overall average na 0.20 0.14 0.12 0.12
Standardized regression coefficient na 0.37 0.20 0.17 0.15

na is not applicable. PSAT/NMSQT is Preliminary SAT/National Merit Scholarship Qualifying Test. FAIR-FS is Florida Assessments for
Instruction in Reading—Florida Standards.

Note: k is the number of variables in the subset model.

Source: Authors’ analysis of data from the Florida Center for Reading Research and district 1.
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Table A4. Dominance analysis results for Preliminary SAT/National Merit Scholarship Qualifying Test
math performance for Florida district 1 students, 2013/14 (n = 1,099)

Additional contribution of FAIR FS score in:

Reading Syntactic Vocabulary Word
Subset model R squared comprehension  knowledge knowledge recognition
Null and k=0 average na 0.31 0.31 0.21 0.22
Reading comprehension 0.31 na 0.06 0.03 0.03
Syntactic knowledge 0.31 0.06 na 0.02 0.02
Vocabulary knowledge 0.21 0.13 0.12 na 0.06
Word recognition 0.22 0.12 0.12 0.05 na
k=1 average na 0.10 0.10 0.03 0.03
Reading comprehension and syntactic knowledge 0.37 na na 0.00 0.01
Reading comprehension and vocabulary knowledge 0.34 na 0.04 na 0.01
Reading comprehension and word recognition 0.33 na 0.04 0.01 na
Syntactic knowledge and vocabulary knowledge 0.33 0.05 na na 0.01
Syntactic knowledge and word recognition 0.33 0.04 na 0.01 na
Vocabulary knowledge and word recognition 0.27 0.08 0.07 na na
k=2 average na 0.06 0.05 0.01 0.01
Reading comprehension, syntactic knowledge,
and vocabulary knowledge 0.37 na na na 0.00
Reading comprehension, syntactic knowledge,
and word recognition 0.38 na na 0.00 na
Reading comprehension, vocabulary knowledge,
and word recognition 0.35 na 0.03 na na
Syntactic knowledge, vocabulary knowledge,
and word recognition 0.34 0.04 na na na
k=3 average na 0.04 0.03 0.00 0.00
Reading comprehension, syntactic knowledge,
vocabulary knowledge, and word recognition 0.38 na na na na
Overall average na 0.13 0.12 0.06 0.07
Standardized regression coefficient na 0.28 0.27 0.07 0.08

na is not applicable. PSAT/NMSQT is Preliminary SAT/National Merit Scholarship Qualifying Test. FAIR-FS is Florida Assessments for
Instruction in Reading—Florida Standards.

Note: k is the number of variables in the subset model.

Source: Authors’ analysis of data from the Florida Center for Reading Research and district 1.

with 12 percent explained by FAIR-FS syntactic knowledge scores. FAIR-FS reading com-
prehension and syntactic knowledge scores each contribute on average 16 percent of the
unique variance to explaining PSAT/NMSQT writing performance (table A5).
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Table A5. Dominance analysis results for Preliminary SAT/National Merit Scholarship Qualifying Test
writing performance for Florida district 1 students (n = 1,099), 2013/14

Additional contribution of FAIR FS score in:

Reading Syntactic Vocabulary Word
Subset model R squared comprehension  knowledge knowledge recognition
Null and k=0 average na 0.41 0.43 0.31 0.36
Reading comprehension 0.41 na 0.09 0.05 0.07
Syntactic knowledge 0.43 0.07 na 0.03 0.06
Vocabulary knowledge 0.31 0.16 0.15 na 0.11
Word recognition 0.36 0.12 0.13 0.06 na
k=1 average na 0.12 0.12 0.05 0.08
Reading comprehension and syntactic knowledge 0.51 na na 0.01 0.03
Reading comprehension and vocabulary knowledge 0.47 na 0.05 na 0.04
Reading comprehension and word recognition 0.48 na 0.05 0.02 na
Syntactic knowledge and vocabulary knowledge 0.46 0.06 na na 0.04
Syntactic knowledge and word recognition 0.49 0.04 na 0.01 na
Vocabulary knowledge and word recognition 0.42 0.08 0.08 na na
k=2 average na 0.06 0.06 0.01 0.03
Reading comprehension, syntactic knowledge,
and vocabulary knowledge 0.52 na na na 0.02
Reading comprehension, syntactic knowledge,
and word recognition 0.53 na na 0.00 na
Reading comprehension, vocabulary knowledge,
and word recognition 0.50 na 0.03 na na
Syntactic knowledge, vocabulary knowledge,
and word recognition 0.50 0.04 na na na
k=3 average na 0.04 0.03 0.00 0.02
Reading comprehension, syntactic knowledge,
vocabulary knowledge, and word recognition 0.54 na na na na
Overall average na 0.16 0.16 0.09 0.12
Standardized regression coefficient na 0.28 0.28 0.10 0.20

na is not applicable. PSAT/NMSQT is Preliminary SAT/National Merit Scholarship Qualifying Test. FAIR-FS is Florida Assessments for
Instruction in Reading—Florida Standards.

Note: k is the number of variables in the subset model.

Source: Authors’ analysis of data from the Florida Center for Reading Research and district 1.

ACT Plan dominance analyses. Examination of the variance components for ACT Plan
English performance shows that there are no completely dominant FAIR-FS predictors
(table A6). FAIR-FS syntactic knowledge scores contribute, on average, 16 percent of the
unique variance in explaining ACT Plan reading performance (table A7). Examination
of the unique variance components for ACT Plan science performance shows that there
are no completely dominant FAIR-FS predictors (table A8). FAIR-ES syntactic knowledge
scores contribute, on average, 13 percent of the unique variance in explaining ACT Plan
math performance (table A9).
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Table A6. Dominance analysis results for ACT Plan English performance for Florida district 2 students,
2013/14 (n = 296)

Additional contribution of FAIR FS score in:

Reading Syntactic Vocabulary Word
Subset model R squared comprehension  knowledge knowledge recognition
Null and k=0 average na 0.42 0.45 0.43 0.39
Reading comprehension 0.42 na 0.07 0.08 0.05
Syntactic knowledge 0.45 0.03 na 0.08 0.06
Vocabulary knowledge 0.43 0.06 0.10 na 0.06
Word recognition 0.39 0.07 0.12 0.10 na
k=1 average na 0.06 0.10 0.08 0.05
Reading comprehension and syntactic knowledge 0.48 na na 0.05 0.03
Reading comprehension and vocabulary knowledge 0.49 na 0.04 na 0.02
Reading comprehension and word recognition 0.46 na 0.05 0.05 na
Syntactic knowledge and vocabulary knowledge 0.53 0.00 na na 0.02
Syntactic knowledge and word recognition 0.51 0.01 na 0.04 na
Vocabulary knowledge and word recognition 0.49 0.02 0.06 na na
k=2 average na 0.01 0.05 0.04 0.02
Reading comprehension, syntactic knowledge,
and vocabulary knowledge 0.53 na na na 0.01
Reading comprehension, syntactic knowledge,
and word recognition 0.52 na na 0.03 na
Reading comprehension, vocabulary knowledge,
and word recognition 0.51 na 0.04 na na
Syntactic knowledge, vocabulary knowledge,
and word recognition 0.55 0.00 na na na
k=3 average na 0.00 0.04 0.03 0.01
Reading comprehension, syntactic knowledge,
vocabulary knowledge, and word recognition 0.55 na na na na
Overall average na 0.12 0.16 0.15 0.12
Standardized regression coefficient na 0.04 0.33 0.28 0.18

na is not applicable. PSAT/NMSQT is Preliminary SAT/National Merit Scholarship Qualifying Test. FAIR-FS is Florida Assessments for
Instruction in Reading—Florida Standards.

Note: k is the number of variables in the subset model.

Source: Authors’ analysis of data from the Florida Center for Reading Research and district 2.
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Table A7. Dominance analysis results for ACT Plan reading performance for Florida district 2 students,
2013/14 (n = 296)

Additional contribution of FAIR FS score in:

Reading Syntactic Vocabulary Word
Subset model R squared comprehension  knowledge knowledge recognition
Null and k=0 average na 0.37 0.42 0.33 0.35
Reading comprehension 0.37 na 0.07 0.04 0.05
Syntactic knowledge 0.42 0.02 na 0.03 0.05
Vocabulary knowledge 0.33 0.08 0.13 na 0.08
Word recognition 0.35 0.06 0.12 0.05 na
k=1 average na 0.06 0.11 0.04 0.06
Reading comprehension and syntactic knowledge 0.44 na na 0.02 0.03
Reading comprehension and vocabulary knowledge 0.41 na 0.06 na 0.03
Reading comprehension and word recognition 0.42 na 0.05 0.02 na
Syntactic knowledge and vocabulary knowledge 0.46 0.01 na na 0.02
Syntactic knowledge and word recognition 0.47 0.00 na 0.01 na
Vocabulary knowledge and word recognition 0.40 0.03 0.08 na na
k=2 average na 0.01 0.06 0.01 0.02
Reading comprehension, syntactic knowledge,
and vocabulary knowledge 0.46 na na na 0.02
Reading comprehension, syntactic knowledge,
and word recognition 0.47 na na 0.01 na
Reading comprehension, vocabulary knowledge,
and word recognition 0.43 na 0.05 na na
Syntactic knowledge, vocabulary knowledge,
and word recognition 0.48 0.00 na na na
k=3 average na 0.00 0.05 0.01 0.02
Reading comprehension, syntactic knowledge,
vocabulary knowledge, and word recognition 0.48 na na na na
Overall average na 0.11 0.16 0.10 0.11
Standardized regression coefficient na 0.06 0.37 0.14 0.21

na is not applicable. PSAT/NMSQT is Preliminary SAT/National Merit Scholarship Qualifying Test. FAIR-FS is Florida Assessments for
Instruction in Reading—Florida Standards.

Note: k is the number of variables in the subset model.

Source: Authors’ analysis of data from the Florida Center for Reading Research and district 2.

A-10



Table A8. Dominance analysis results for ACT Plan science performance for Florida district 2 students,
2013/14 (n = 296)

Additional contribution of FAIR FS score in:

Reading Syntactic Vocabulary Word
Subset model R squared comprehension  knowledge knowledge recognition
Null and k=0 average na 0.35 0.35 0.33 0.29
Reading comprehension 0.35 na 0.04 0.05 0.02
Syntactic knowledge 0.35 0.04 na 0.06 0.04
Vocabulary knowledge 0.33 0.06 0.08 na 0.04
Word recognition 0.29 0.08 0.10 0.08 na
k=1 average na 0.06 0.07 0.06 0.03
Reading comprehension and syntactic knowledge 0.39 na na 0.03 0.01
Reading comprehension and vocabulary knowledge 0.40 na 0.03 na 0.01
Reading comprehension and word recognition 0.37 na 0.03 0.03 na
Syntactic knowledge and vocabulary knowledge 0.41 0.01 na na 0.01
Syntactic knowledge and word recognition 0.39 0.01 na 0.03 na
Vocabulary knowledge and word recognition 0.37 0.03 0.05 na na
k=2 average na 0.02 0.04 0.03 0.01
Reading comprehension, syntactic knowledge,
and vocabulary knowledge 0.42 na na na 0.00
Reading comprehension, syntactic knowledge,
and word recognition 0.41 na na 0.02 na
Reading comprehension, vocabulary knowledge,
and word recognition 0.40 na 0.02 na na
Syntactic knowledge, vocabulary knowledge,
and word recognition 0.42 0.01 na na na
k=3 average na 0.01 0.02 0.02 0.00
Reading comprehension, syntactic knowledge,
vocabulary knowledge, and word recognition 0.43 na na na na
Overall average na 0.11 0.12 0.11 0.08
Standardized regression coefficient na 0.14 0.26 0.23 0.10

na is not applicable. PSAT/NMSQT is Preliminary SAT/National Merit Scholarship Qualifying Test. FAIR-FS is Florida Assessments for
Instruction in Reading—Florida Standards.

Note: k is the number of variables in the subset model.

Source: Authors’ analysis of data from the Florida Center for Reading Research and district 2.
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Table A9. Dominance analysis results for ACT Plan math performance for Florida district 2 students,
2013/14 (n = 296)

Additional contribution of FAIR FS score in:

Reading Syntactic Vocabulary Word
Subset model R squared comprehension  knowledge knowledge recognition
Null and k=0 average na 0.28 0.33 0.28 0.21
Reading comprehension 0.28 na 0.06 0.04 0.01
Syntactic knowledge 0.33 0.01 na 0.04 0.01
Vocabulary knowledge 0.28 0.05 0.09 na 0.02
Word recognition 0.21 0.08 0.13 0.09 na
k=1 average na 0.05 0.09 0.05 0.01
Reading comprehension and syntactic knowledge 0.35 na na 0.02 0.00
Reading comprehension and vocabulary knowledge 0.33 na 0.04 na 0.00
Reading comprehension and word recognition 0.29 na 0.06 0.03 na
Syntactic knowledge and vocabulary knowledge 0.37 0.00 na na 0.00
Syntactic knowledge and word recognition 0.34 0.01 na 0.03 na
Vocabulary knowledge and word recognition 0.29 0.03 0.07 na na
k=2 average na 0.01 0.06 0.03 0.00
Reading comprehension, syntactic knowledge,
and vocabulary knowledge 0.37 na na na 0.00
Reading comprehension, syntactic knowledge,
and word recognition 0.35 na na 0.02 na
Reading comprehension, vocabulary knowledge,
and word recognition 0.33 na 0.04 na na
Syntactic knowledge, vocabulary knowledge,
and word recognition 0.37 0.00 na na na
k=3 average na 0.00 0.04 0.02 0.00
Reading comprehension, syntactic knowledge,
vocabulary knowledge, and word recognition 0.37 na na na na
Overall average na 0.09 0.13 0.10 0.06
Standardized regression coefficient na 0.08 0.36 0.23 0.00

na is not applicable. PSAT/NMSQT is Preliminary SAT/National Merit Scholarship Qualifying Test. FAIR-FS is Florida Assessments for
Instruction in Reading—Florida Standards.

Note: k is the number of variables in the subset model.

Source: Authors’ analysis of data from the Florida Center for Reading Research and district 2.
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