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Conclusions

The study finds that rigorous high school coursework—particularly in mathematics and
science—is strongly associated with higher ACT® Composite scores. Students who completed
advanced courses and studied subjects beyond foundational levels (e.g., math beyond Algebra
I, science including biology, chemistry, and physics) consistently outperformed peers with less
rigorous preparation. While machine learning models offered slight improvements in predictive
accuracy over traditional regression methods, the study found that hierarchical linear models
remained highly effective and more interpretable for educational research.

So What?

This study matters because it provides compelling evidence that rigorous high school
coursework—especially in math and science—not only boosts ACT scores but also deepens our
understanding of educational equity. While advanced coursework benefits all students, the
gains are disproportionately higher for White, Asian, and higher-income students, revealing
persistent gaps tied to race, gender, and socioeconomic status. These findings underscore the
need for targeted interventions and support systems to ensure that all students can fully benefit
from rigorous academic preparation.

Now What?

The implications of this study are clear: Schools and policymakers must prioritize expanding
access to rigorous coursework—especially in math and science—to improve college readiness
and ACT performance. However, simply offering advanced courses is not enough. The study
shows that demographic disparities persist, meaning that targeted supports are essential to
ensure all students benefit equally.
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Introduction

Concerns about the efficacy of a high school education for preparing students for postsecondary
success have been an important topic in educational reform since the late 20th century. Pivotal
reports such as A Nation at Risk and The Condition of Education 2019 highlighted areas where
American high schools were not meeting expectations, prompting stricter graduation
requirements and an even greater emphasis on rigorous academic coursework (National
Commission on Excellence in Education, 1983; McFarland et al., 2019). The result is a need for
not only increasing the quantity of courses taken but also ensuring the quality of preparation in
core academic areas such as mathematics and science. Since the demand for technological
literacy and STEM-related skills continues to grow, these concerns are even more salient today.

Standardized college entrance exams like the ACT have been an essential part of assessing
students’ college readiness for many years. The relationship between high school coursework,
particularly in math and science, and ACT performance has been the focus of much research.
Noble and McNabb’s (1989) foundational research shed light on how coursework and academic
performance influence ACT outcomes. This research underscored that a strong high school
curriculum, especially in STEM subjects, contributes significantly to the success of students on
college entrance exams. That said, the educational landscape has changed considerably since
the late 1980s, often driven by reforms like the adoption of Common Core standards and the
integration of advanced technologies into teaching methodology. These shifts necessitate an
update to previous research using modern statistical methods and data from more recent
cohorts so we can better understand how student-level characteristics influence postsecondary
success.

Radunzel and Noble (2012) noted the strong relationship between rigorous high school
coursework and college entrance exam performance. This study showed that students who took
more challenging courses in high school not only performed better on the ACT but also were
more likely to succeed in college. This research particularly highlights the predictive power of
academic rigor, reinforcing the notion that high school preparation serves a critical role in
preparing students for both standardized test performance and long-term educational
achievement. Additional research by Laing et al. (1987) and Harwell et al. (2016) provides
strong evidence that taking additional math and science courses, particularly advanced courses,
leads to higher ACT scores. Laing et al. (1987) found that increased course-taking in specific
subject areas had the strongest effects on ACT performance in math and science. Similarly,
Harwell et al. (2016) showed that students who completed at least three years of high school
math, including advanced courses, were more likely to meet the ACT College Readiness
Benchmark in math. Schiel et al. (1996) and Noble et al. (1999) illustrated that even when
studies controlled for prior academic achievement, those students who enrolled in advanced
math and science courses achieved significantly higher ACT scores. Furthermore, these trends
were consistent across high schools around the country, suggesting that the benefits of rigorous
coursework extend to a multitude of high school contexts.

Test performance, however, does not happen in a vacuum. McNeish et al. (2015) provided
insight into the multidimensional nature of college readiness, emphasizing how important it is to
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consider both student-level and school-level characteristics. For example, while high school
GPA (HSGPA) accounted for the greatest amount of variance in ACT Composite scores,
noncognitive factors accounted for, at most, 4% of additional variance. This study illustrates the
complex relationships among individual academic preparation, noncognitive factors, and other
institutional factors, offering a comprehensive framework for understanding standardized test
outcomes.

Educational outcomes such as standardized test performance have been shown to be impacted
by demographic factors such as race, family income, and gender. The differences between
these demographics contribute to gaps in senior year mathematics achievement test scores,
which itself reflects a broader systemic barrier faced by underrepresented groups in education
(Riegle-Crumb & Grodsky, 2010).

Advances in statistical methodologies have the potential to offer new opportunities in examining
the relationships between coursework, demographic factors, and ACT performance. Traditional
regression models can more effectively model group nesting through hierarchical, or mixed,
modeling techniques. Hierarchical modeling is particularly well suited for educational research
because it accounts for the nested structure of students within schools and therefore provides a
more nuanced analysis of both individual and institutional influences on educational outcomes
(Raudenbush & Bryk, 2002). Additionally, machine learning techniques like gradient-boosted
machines present new opportunities for analyzing and exploring traditional educational research
questions. Machine learning approaches bring additional advantages in that they can identify
nonlinear relationships and complex interactions that traditional regression models may
overlook.

Gradient-boosted machine models (GBM models) are a powerful tool for performing regression
and classification tasks. GBM models build an ensemble of decision trees, with each tree
correcting errors from previous ones until performance improves or a set number of trees is
reached. Advantages include higher accuracy, the ability to handle complex data, the ability to
identify feature importance, and versatility in various applications. GBM models combine
multiple weak models into a strong model, focus on residuals for better performance, and can
handle nonlinear relationships efficiently.

This study aims to expand upon the research by Noble and McNabb (1989) by providing a
current analysis of how high school mathematics and science coursework is related to ACT
performance. | focus on mathematics and science due to their progressively rigorous and
sequential nature, unlike social studies or English. However, to account for factors related to
motivation and preparation associated with advanced course-taking, | considered advanced
coursework in English, social studies, math, and science in the analysis.

In this study, | integrate modern statistical methods and consider the moderating effects of
demographic variables. | use both hierarchical linear modeling and machine learning algorithms
such as gradient-boosted machines to investigate how modern techniques may improve
predictive accuracy over traditional predictive methodologies.
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This study addresses the following research questions:

1. Does increased course-taking in mathematics and science predict ACT performance
when the model accounts for other academic and school characteristics?

2. Do student demographics (gender, race/ethnicity, and family income) moderate the
relationship between course-taking and ACT performance?

3. Can modern machine learning models, such as gradient-boosted machines, improve the
prediction of ACT performance over traditional regression methods?

Method
Analytical Sample

The analytical sample consisted of 453,439 students from the graduating class of 2023. These
students took the ACT either as part of school-day testing or on a national test date. For each
student, the ACT test used in this study was the most recent ACT test taken prior to graduation
in the spring of 2023. The sample is further described in the descriptive statistics section below.
This sample is a subset of all students who graduated in the class of 2023 and had valid ACT
data (N = 608,830).

The study sample consisted of slightly more male than female students, mostly White students,
and mostly students from families with incomes of greater than $100,000. There were slightly
more students who had taken advanced coursework in English than had not, a similar number
of students who had taken advanced coursework in math, science, and social studies, and
mostly students who had taken English 9 through 11. About half of the students had taken
mathematics coursework beyond Algebra Il, most students had taken biology and chemistry,
and most students had taken less than three years of social studies that did not include U.S.
history, world history, American government, or another history class (Table 1). Although slight
differences were seen in the percentages by demographics and achievement between the
sample and the population, the sample and population were similar.
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Table 1. Descriptive Statistics for the Population and Study Sample

Characteristic
N

Gender
n (%)

Race/ethnicity
n (%)

Family income
n (%)

Advanced coursework in
English

n (%)

Advanced coursework in
math

n (%)

Advanced coursework in
science

n (%)

Advanced coursework in
social studies

n (%)

English courses taken

n (%)

Math courses taken
n (%)

Science courses taken
n (%)

ACT

Level

Female

Male

African American

American Indian/Alaska Native
Hispanic

Asian

Native Hawaiian / Pacific
Islander

White

Prefer not to respond / Missing

Two or more / American Indian
/ Alaskan Native / Native
Hawaiian / Pacific Islander

Two or more races
<$36K
$36K-$60K
$60K-$100K
>$100K

Not taken

Taken
Not taken
Taken
Not taken
Taken
Not taken
Taken

Less than Eng. 9-11

Eng. 9-11

Less than Algebra |, geometry,
and Algebra Il

Algebra |, geometry, and
Algebra I

Beyond Algebra Il

Other math patterns

Other less than 3 yr
combinations

General science

Biology

Biology and chemistry

Biology, chemistry, and physics
Other 3 yr combinations

© 2025 by ACT Education Corp. All rights reserved. | R2502

Population
608,830
329,588 (54.1)
279,242 (45.9)
68,312 (11.2)
4,768 (0.8)
85,399 (14.0)
31,063 (5.1)
1,083 (0.2)

374,242 (61.5)
13,214 (2.2)

30,749 (5.1)
112,079 (18.4)
91,246 (15.0)
126,340 (20.8
279,165 (45.9
278,855 (46.5

320,540 (53.5
304,579 (51.2
290,423 (48.8
293,379 (49.4
300,903 (50.6
297,538 (50.3
294,094 (49.7

36,390 (6.0)
572,440 (94.0)

46,177 (7.6)

)
)
)
)
)
)
)
)
)
)

228,864 (37.7)

303,676 (50.0)
28,909 (4.8)

14,008 (2.3)

3,195 (0.5)
92,750 (15.2)
296,954 (48.8)
179,576 (29.5)

22,347 (3.7)

Sample
453,439
204,455 (45.1)
248,984 (54.9)
49,395 (10.9)

61,292 (13.5)
23,130 (5.1)

284,400 (62.7)
8,384 (1.8)

26,838 (5.9)

85,022 (18.8)
70,825 (15.6)
97,638 (21.5)
199,954 (44.1)
205,499 (45.3)

247,940 (54.7)
227,611 (50.2)
225,828 (49.8)
220,122 (48.5)
233,317 (51.5)
225,979 (49.8)
227,460 (50.2)
24,483 (5.4)
428,956 (94.6)
32,249 (7.1)

171,150 (37.7)

228,492 (50.4)
21,548 (4.8)

2,245 (0.5)

8,169 (1.8)
73,744 (16.3)
227,410 (50.2)
124,706 (27.5)

17,165 (3.8)
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Characteristic Population Sample

Other less than 3 yr
combinations
U.S. history, world history, and

257,936 (42.4) 185,497 (40.9)

65,490 (10.8) 52,040 (11.5)

Social studies courses American government
taken U.S. history, world history,
n (%) Americgn government, and 13,747 (2.3) 9,759 (2.2)
other history
Other 3 to 3.5 yr combinations 167,781 (27.6) 129,123 (28.5)
Other 4+ yr combinations 103,876 (17.1) 77,020 (17.0)
HSGPA
M (SD) 3.46 (0.57) 3.46 (0.58)
ACTC score
M (SD) 21.24 (5.72) 21.17 (5.63)
% poverty at school
M (SD) 14.90 (8.49) 14.57 (8.22)
Number of AP courses offered at school
M (SD) 2.41 (1.56) 2.55 (1.50)
% of White students at school
M (SD) 60.13 (26.76) 61.16 (26.11)

Note. In social studies, the courses do not follow a set sequence, and therefore, more courses
does not necessarily mean more advanced courses as it may for math and science. “Other
math patterns” in this study indicates unknown or unspecified math course-taking patterns.
Other less-than-3-year combinations of science courses include cases where a student took
less than 3 complete years of science coursework not captured by the other course patterns
mentioned (for example, a student may have taken physical science, Earth science, and general
science).

Measures

ACT Composite Score

Official ACT Composite (ACTC) scores were collected from the last ACT test that students took
before graduating high school. These scores were gathered either during statewide school-day
testing or during a national test administration.

Cumulative HSGPA

ACT averaged students’ self-reported grades in up to 23 courses across English, mathematics,
social studies, and natural science to determine each student's HSGPA. Sanchez and Buddin
(2016) showed a strong correlation between students’ self-reported HSGPA and their transcript
GPA. Additional research (Camara et al., 2003; Kuncel et al., 2005; Shaw & Mattern, 2009)
supports the reliability of self-reported data for research purposes.

Demographic Variables

The study investigated three demographic variables: gender, race/ethnicity, and family income,
as shown in Table 1. Students self-reported their gender as male, female, another gender, or
prefer not to respond; some did not respond at all. For this analysis, students who identified as
another gender, preferred not to respond, or did not provide a response were excluded. This

®
m I © 2025 by ACT Education Corp. All rights reserved. | R2502



ACT Research | Research Report | September 2025 6

exclusion was done to aid in the interpretability of the results because of the very low number of
students in these categories.

Students could identify their racial/ethnic background as Asian, Black, Hispanic, American
Indian / Alaska Native, Native Hawaiian / Pacific Islander, White, two or more races, or prefer
not to respond; some did not respond. Due to the small number of students in some groups, |
combined data for those identifying as American Indian / Alaska Native (0.8%), Native Hawaiian
/ Pacific Islander (0.2%), and two or more races (5.1%).

Family income was categorized into four groups: below $36,000, $36,000-$60,000, $60,000—
$100,000, and above $100,000. Students with missing family income data were omitted.

Coursework Taken

Students reported information related to their high school coursework. From this information, |
determined whether students had taken advanced coursework in English, math, natural science,
or social studies. In this study, advanced coursework included honors, AP, and IB courses.
Additionally, | examined course-taking patterns in English, math, science, and social studies. As
an example, for math, course-taking patterns included less than Algebra I, geometry, and
Algebra Il; Algebra |, geometry, and Algebra Il; beyond Algebra Il; and other math patterns (see
Table 1 for full course listings).

High School Characteristics

The following school characteristics were included in the study: percentage of students at a
school who met poverty guidelines, number of AP courses offered at a school, and the
percentage of White students at a school.

Data Analysis

| estimated six models to predict ACTC scores using various combinations of HSGPA; course-
taking patterns in math, social studies, and science; indicators for advanced course-taking in
English, social studies, math, and science; high school coursework taken; and school-level
characteristics like the percentage of students at a school meeting federal poverty guidelines,
the number of AP courses offered at a school, and the percentage of White students at a
school. Note that course-taking in English is not used in the models because of the lack of
variability (i.e., almost all the students took English 9—11). All continuous predictors such as
ACTC score and HSGPA were standardized to have a mean of 0 and a standard deviation of 1.

Model 1 is a hierarchical linear model (HLM) that accounts for student nesting within
postsecondary institutions. This model includes all predictors without any interactions, providing
a comprehensive analysis of the main effects between high school coursework and ACTC
score. The predictors in Model 1 include high school GPA; indicators for advanced coursework
in English, social studies, math, and science; and school-level characteristics such as the
percentage of students at a school meeting federal poverty guidelines, the number of AP
courses offered at a school, and the percentage of White students at a school.
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Model 1. ACTC = HSGPA + Advanced Courses in English +
Advanced Courses in Social Studies + Advanced Courses in Math +
Advanced Courses in Science + Social Studies Course Taking Pattern +
Math Course Taking Pattern + Science Course Taking Pattern +
% Meeting Poverty Guidelines at School + Number of AP Courses Of fered at School +
% of students at School of White race/ethnicity

Model 2 builds upon Model 1 by incorporating an interaction between course-taking and gender.
While Model 1 includes all predictors without any interactions, Model 2 provides a more
nuanced analysis by examining how the relationship between high school coursework and

gender varies.

Model 2. ACTC = HSGPA + Advanced Courses in English +
Advanced Courses in Social Studies + Advanced Courses in Math +
Advanced Courses in Science + ((Social Studies Course Taking Pattern +
Math Course Taking Pattern + Science Course Taking Pattern) * Gender) +
% Meeting Poverty Guidelines at School + Number of AP Courses Of fered at School +
% of students at School of White race/ethnicity

Model 3 builds upon Model 1 by incorporating an interaction between course-taking and
race/ethnicity.

Model 3.  ACTC = HSGPA + Advanced Courses in English +
Advanced Courses in Social Studies + Advanced Courses in Math +
Advanced Courses in Science + ((Social Studies Course Taking Pattern +
Math Course Taking Pattern + Science Course Taking Pattern) * Race/ethnicity) +
% Meeting Poverty Guidelines at School + Number of AP Courses Of fered at School +
% of students at School of White race/ethnicity

Model 4 builds upon Model 1 by incorporating an interaction between course-taking and family
income.

Model 4.  ACTC = HSGPA + Advanced Courses in English +
Advanced Courses in Social Studies + Advanced Courses in Math +
Advanced Courses in Science + ((Social Studies Course Taking Pattern +
Math Course Taking Pattern + Science Course Taking Pattern) * Family Income) +
% Meeting Poverty Guidelines at School + Number of AP Courses Of fered at School +
% of students at School of White race/ethnicity

Model 5 is a GBM model that mirrors Model 1 in that it does not include demographic
information.

Model 5. GBM1: ACTC = HSGPA + Advanced Courses in English +
Advanced Courses in Social Studies + Advanced Courses in Math +
Advanced Courses in Science + Social Studies Course Taking Pattern +
Math Course Taking Pattern + Science Course Taking Pattern +
% Meeting Poverty Guidelines at School + Number of AP Courses Of fered at School +
% of students at School of White race/ethnicity

Model 6 is a GBM model that includes all predictors, including all three demographic
characteristics. GBM models inherently account for interactions in the model-building process,
so those interactions are not explicitly specified.
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Model 6.  GBM2: ACTC = HSGPA + Advanced Courses in English +

Advanced Courses in Social Studies + Advanced Courses in Math +

Advanced Courses in Science + Social Studies Course Taking Pattern +

Math Course Taking Pattern + Science Course Taking Pattern + Gender + Race/ethnicity +

Family Income + % Meeting Poverty Guidelines at School +

Number of AP Courses Of fered at School + % of students at School of White race/ethnicity
In both GBM models, Model 5 and Model 6, | used a grid of hyperparameters to identify the
optimal number of trees for the model, interaction depth, shrinkage parameter, and minimum
number of observations to use in a node. For both of these GBM models, | explored 500, 1,000,
and 1,500 trees. Three interaction depths were explored: three, five, and seven. It is worth
noting that up to three-, five-, or seven-way interactions could occur between any predictors in
the model. Three shrinkage parameters were explored: 0.01, 0.05, and 0.1. Finally, two values
for the minimum number of observations required for nodes were explored: 10 and 20.

Given the complexity of incorporating all possible interactions in a single HLM (as is done with
GBM Model 6), | elected to run simpler HLMs with only one demographic interaction at a time.
This means we can compare Models 1 and 5 which have no demographics, and Models 2—4
with Model 6, all of which have demographics.’

Results

Hierarchical Linear Model Results

Figure 1 displays the standardized coefficients for Model 1, which includes all predictors without
any interactions. All predictors in the model were statistically significant (p <.001). Table 2
displays the estimated ACTC scores by coursework. Generally speaking, for math and science
coursework, we see a slight increase in estimated ACTC score as course rigor increases. There
is no clear pattern of increase or decrease with social studies courses, as they do not follow a
sequence of more advanced courses. See Table A1 for model results.

"1 revisit the possibility of a HLM with all demographic interactions later in the paper. The
complexity of that model makes it difficult to interpret and use in a practical manner.
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Figure 1. Plot of Model 1 Standardized Coefficients
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*p < .05, *p < .01, ***p < .001.
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Table 2. Estimated Marginal Means for Coursework Taken for Model 1

Lower Upper
95% CI 95% ClI

Subject  Coursework Marginal mean SE

Less than Algebra I,

19.64 0.03 19.58 19.71
geometry, and Algebra Il
Algebra |, geometry, and
Math Algebra I 20.12 0.03 20.06 20.17
Beyond Algebra Il 21.51 0.03 21.46 21.56
Other math patterns 21.23 0.04 21.16 21.30
General science 20.27 0.08 20.11 20.43
Other less than 3 yr 20.82 0.05 2073 20.91
combinations
. ) Biology 20.08 0.02 20.03 20.13
Science . .
Biology and chemistry 20.65 0.02 20.61 20.69
e 0@, =Ml eh 21.41 0.02 21.36 21.45
physics
Other 3 yr combinations 20.51 0.04 20.44 20.58
Other less than 3 yr 20.99 0.02 20.94 21.04
combinations
U.S. hist., world hist., and 20.59 003 20.54 20.65
Social Grg %qvt' Id hist., A
< .S. hist., worl ist., Am.
studies gov., and other history 20.48 0.05 20.39 20.57
Other 3t0 3.5 yr 20.67 0.03 20.62 20.72
combinations
Other 4+ yr combinations 20.38 0.03 20.33 20.44

Note. “Less than Algebra |, geometry, and Algebra II” indicates that a student took fewer
courses than Algebra |, geometry, and Algebra Il.

Figure 2 presents the regression estimates from Model 2, which incorporates an interaction
between course-taking and gender. Table 3 displays the estimated ACTC scores by coursework
taken and gender. See Table A2 for model results. The results show that gender is a significant
moderator of the effect of coursework on ACTC scores. Overall, the gender interaction effects
indicate that male students tend to have higher ACTC scores across various coursework
categories compared to female students.

2 There is an apparent discrepancy between some coefficients in Figure 1 and the marginal
means in Table 2. The discrepancy arises because Figure 1 displays standardized coefficients,
which show the independent effect of each course on ACTC scores after the model accounts for
other factors. In contrast, Table 2 presents marginal means, which are group-level averages,
without adjusting for confounders. For instance, biology may have a negative coefficient in
Figure 1, indicating that, when the model controls for other factors, it predicts lower ACTC
scores compared to general science. However, biology’s higher marginal mean in Table 2
suggests that students taking this course generally score higher, but this advantage diminishes
when we adjust for other predictors in the regression model.
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Figure 2. Plot of Model 2 Standardized Coefficients Including an Interaction With Gender
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other less-than-3-year combinations of social studies courses; less than Algebra |, geometry,
and Algebra Il; and general science.

*p < .05, **p < .01, **p < .001.
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Table 3. Estimated Marginal Means for Coursework Taken for Model 2 by Gender

Interaction Gender

Male
Female

Male

Math *

Gender Female
Male
Female
Male
Female
Male
Female

Male

Female

Male
Female
Male
Female
Male
Female
Male
Female

Male

Science *

Female
Male

) Female
Social

studies *
Gender Male

Female
Male
Female
Male
Female

Coursework LETEIE]
mean
Less than Algebra |, geometry,
and Algebra I 20.00
Less than Algebra I, geometry, 19.35
and Algebra Il |
Algebra |, geometry, and
Algebra I 20.60
Algebra |, geometry, and
Algebra Il 19.68
Beyond Algebra Il 21.99
Beyond Algebra Il 21.02
Other math patterns 21.66
Other math patterns 20.74
General science 20.64
General science 19.98
Other_ Ies_s than 3 yr 2133
combinations
Other_ Ies_s than 3 yr 20.28
combinations
Biology 20.51
Biology 19.77
Biology and chemistry 21.15
Biology and chemistry 20.29

Biology, chemistry, and physics 21.84
Biology, chemistry, and physics 20.86

Other 3 yr combinations 20.92
Other 3 yr combinations 19.98
Other' Ies§ than 3 yr 21 45
combinations

Other' Ies§ than 3 yr 20.52
combinations

U.S. hist., world hist., and Am. 21.06
gov.

U.S. hist., world hist., and Am. 20.09
gov.

U.S. hist., world hist., Am. gov.,

and other history 20.79
U.S. hist., world hist., Am. gov.,

and other history 20.07
Other 3 to 3.5 yr combinations 21.19
Other 3 to 3.5 yr combinations 20.24
Other 4+ yr combinations 20.83
Other 4+ yr combinations 20.04

SE

0.04

0.04

0.03

0.03

0.03
0.03
0.05
0.05
0.11
0.12

0.06

0.06

0.03
0.03
0.03
0.03
0.03
0.03
0.04
0.05

0.03

0.03

0.04

0.04

0.06

0.06

0.03
0.03
0.04
0.03

Lower
95% CI

19.92
19.26
20.54

19.62

21.93
20.95
21.57
20.65
20.42
19.75

21.21

20.16

20.46
19.72
21.10
20.24
21.78
20.81
20.83
19.89

21.39
20.46
20.99
20.02
20.67

19.95

21.13
20.18
20.76
19.97

Upper
95% CI

20.08
19.43
20.66

19.74

22.05
21.08
21.75
20.83
20.85
20.21

21.45

20.41

20.57
19.83
21.20
20.34
21.89
20.92
21.01
20.07

21.50
20.58
21.13
20.17
20.90

20.20

21.26
20.31
20.90
20.11

Note. “Less than Algebra I, geometry, and Algebra II” indicates that a student took fewer
courses than Algebra |, geometry, and Algebra II.
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Figure 3 presents the regression estimates from Model 3, which incorporates an interaction
between course-taking and race/ethnicity. All predictors in the model were statistically significant
(p <.001). Table 4 displays the estimated ACTC scores by coursework taken and race/ethnicity.
We can see that, in general, race/ethnicity significantly moderates the relationship between high
school coursework and ACTC scores. As an example, White students consistently scored
higher than African American, Hispanic, and other racial/ethnic groups across all math course-
taking patterns. A similar relationship was found for science courses, where White students who
took biology, chemistry, and physics scored higher (21.85) than African American students
(19.30). This pattern also holds for other science categories like general science and biology.
For social studies, a similar pattern emerged: White students outperformed other racial/ethnic
groups across the coursework patterns examined. See Table A3 for model results.
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Figure 3. Plot of Model 3 Standardized Coefficients Including an Interaction With Race/Ethnicity

HSGPA

Advanced English

Advanced Social Studies
Advanced Math

Advanced Science
Social:US/WLD Hist/AmGov
Social:US/WLD Hist/AmGov/Oth
Social:Other3-3.5
Social:Other4+

Math:Algl, GEOM,Algll
Math:Beyond Algll

Math:Other Patterns
Science:Lessthan3yr
Science:Bio

Science:BIOCHEM
Science:BIOCHEMPHY
Science:Other3Yr

African American

Two or more/Am In/Native Ha
Hispanic

Asian

Prefer not to respond/Missing
PCT Poverty

N AP Courses Offered

PCT White

African American*Social:US/WLD Hist/AmGov
African American*Social:US/WLD Hist/AmGov/Oth

African American*Social:Other3-3.5

ACT

Predictors of ACTC Scores (Part 1)

0.99***
L

0.82***
]

0.72%*
]
_0-37***
L
_0.47***
(o ]
-0.29***
L]
-0.55***
[ ]
0.58™
[

-0.69***
Pt
-0.97***
==
-0.27***
==
0.57**
Lo o]
-0.31%*
==
-1.78**
—@—
-0.47*
—C—
_0.99***
—{H=—
-0.27
0.17
-0.93***
[ ]
0.11**
| ]
0.18***
]
0.18**
==
0.14
| e

0.19***
L o

-2 -1 0 1
Estimates

1.56***
®

1.63**
L

2.03"
»

1.877
o4

© 2025 by ACT Education Corp. All rights reserved. | R2502



ACT Research | Research Report | September 2025 15

Predictors of ACTC Scores (Part 2)

African American*Social:Other4+ 0'22:**
Two or more/Am In/Native Ha*Social:US/WLD Hist/AmGov _()hJ-A-'
Two or more/Am In/Native Ha*Social:US/WLD Hist/AmGov/Oth -_—001&-
Two or more/Am In/Native Ha*Social:Other3-3.5 _9-'09-8
Two or more/Am In/Native Ha*Social:Other4+ -9-'01-5|*
Hispanic*Social:US/WLD Hist/AmGov 9—01-1
Hispanic*Social:US/WLD Hist/AmGov/Oth .292
Hispanic*Social:Other3-3.5 0-'2-3
Hispanic*Social:Other4+ O'..l]*
Asian*Social:US/WLD Hist/AmGov LA
Asian*Social:US/WLD Hist/AmGov/Oth 0T
Asian*Social:Other3-3.5 L/ CL
Asian*Social:Other4+ _0-'-705-*-**
Prefer not to respond/Missing*Social:US/WLD Hist/AmGov -—093—|
Prefer not to respond/Missing*Social:US/WLD Hist/AmGov/Oth -—0—-0'04
Prefer not to respond/Missing*Social:Other3-3.5 392-
Prefer not to respond/Missing*Social:Other4+ -2012-
African American*Math:Algl, GEOM,AlglI _Oﬁ**
African American*Math:Beyond Algl| _1-'-303-:**
African American*Math:Other Patterns _m*
Two or more/Am In/Native Ha*Math:Algl, GEOM,AIgll AL
Two or more/Am In/Native Ha*Math:Beyond Algll 288
Two or more/Am In/Native Ha*Math:Other Patterns ;038"
Hispanic*Math:Algl, GEOM,Algl! 3L
Hispanic*Math:Beyond Algll o
Hispanic*Math:Other Patterns T
Asian*Math:Algl, GEOM,Algl| 222,
Asian*Math:Beyond Algll L4
Asian*Math:Other Patterns .1_65’1.
-1 0 1 2
Estimates

®
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Predictors of ACTC Scores (Part 3)

Prefer not to respond/Missing*Math:Algl, GEOM,Algl| |—0025—|
Prefer not to respond/Missing*Math:Beyond Algll -—OSOSL-
Prefer not to respond/Missing*Math:Other Patterns -—0022—-
African American*Science:Less than 3yrs -ﬂgL
African American*Science:Bio ﬂ?ﬁ
African American*Science:BIOCHEM m
African American*Science:BIOCHEMPHY O
African American*Science:Other3Yr o
Two or more/Am In/Native Ha*Science:Less than 3yrs 0'23
Two or more/Am In/Native Ha*Science:Bio -—05;&-
Two or more/Am In/Native Ha*Science:BIOCHEM |—0022—-
Two or more/Am In/Native Ha*Science:BIOCHEMPHY l—0§1—|
Two or more/Am In/Native Ha*Science:Other3Yr ._0633_.
Hispanic*Science:Less than 3yrs 025
Hispanic*Science:Bio |0_5§2
Hispanic*Science:BIOCHEM nigdi-
Hispanic*Science:BIOCHEMPHY -_—OJL
Hispanic*Science:Other3Yr 07
Asian*Science:Less than 3yrs _0':12
Asian*Science:Bio R
Asian*Science:BIOCHEM 037
Asian*Science:BIOCHEMPHY At
Asian*Science:Other3Yr 0
Prefer not to respond/Missing*Science:Less than 3yrs _0573
Prefer not to respond/Missing*Science:Bio 03¢
Prefer not to respond/Missing*Science:BIOCHEM 0.3
Prefer not to respond/Missing*Science:BIOCHEMPHY 0.3~
Prefer not to respond/Missing*Science:Other3Yr - '434***
-2 -1 0 1
Estimates

Note. The reference groups are not taking advanced English, social studies, math, or science;
other less-than-3-year combinations of social studies courses; less than Algebra |, geometry,
and Algebra II; and general science.

*p < .05, **p < .01, **p < .001.
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Table 4. Estimated Marginal Means for Coursework Taken for Model 3 by Race/Ethnicity

Coursework

Marginal

SE

Lower

Upper

Subject

Math

Science

Racel/ethnicity
White

African American

Two or more /
American Indian /
Native Hawaiian

Hispanic

Asian

Prefer not to
respond / Missing

White

African American

Two or more /
American Indian /
Native Hawaiian

Hispanic

Asian

Prefer not to
respond / Missing

White

African American

Two or more /
American Indian /
Native Hawaiian

Hispanic
Asian

Prefer not to
respond / Missing

White

African American

Two or more /
American Indian /
Native Hawaiian

Hispanic

Asian

Prefer not to
respond / Missing
White

African American

Two or more /
American Indian /
Native Hawaiian

ACT

Less than Algebra |,
geom., and Algebra Il
Less than Algebra |,
geom., and Algebra Il

Less than Algebra |,
geom., and Algebra Il

Less than Algebra I,
geom., and Algebra Il
Less than Algebra I,
geom., and Algebra Il
Less than Algebra |,
geom., and Algebra Il
Algebra |, geom., and
Algebra I

Algebra |, geom., and
Algebra ll

Algebra |, geom., and
Algebra Il

Algebra |, geom., and
Algebra Il
Algebra |, geom., and
Algebra Il
Algebra |, geom., and
Algebra ll

Beyond Algebra Il
Beyond Algebra Il

Beyond Algebra Il
Beyond Algebra Il
Beyond Algebra Il
Beyond Algebra Il

Other math patterns
Other math patterns

Other math patterns

Other math patterns
Other math patterns
Other math patterns

General science
General science

General science

mean
19.88

18.63

19.58

19.11

18.85

19.33

20.46

18.78

20.15

19.48

19.95

20.16

21.91
19.33

21.53
20.60
22.58
21.90
21.75
19.16
21.07

20.22
22.37

20.98
20.59
19.07

20.13

0.04

0.07

0.10

0.07

0.17

0.18

0.03

0.06

0.07

0.05

0.12

0.13

0.03
0.06

0.07
0.05
0.11
0.13
0.04
0.09
0.12

0.08
0.14

0.21

0.11
0.19

0.29

95% ClI
19.80

18.49

19.39

18.97
18.50
18.97
20.40

18.67

20.01

19.37
19.72

19.89

21.85
19.22

21.39
20.49
22.37
21.65
21.66
19.00
20.83

20.07
22.09

20.56

20.38
18.69

19.56

95% ClI
19.95

18.76

19.78

19.24
19.19
19.68
20.52

18.89

20.29

19.59
20.18

20.42

21.97
19.44

21.67
20.70
22.79
22.16
21.83
19.33
21.31

20.38
22.64

21.39

20.79
19.45

20.71
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. . . Marginal Lower Upper
Subject Race/ethnicity Coursework mean 95% CI 95% CI
Hispanic General science 19.53 0.21 19.11 19.94
Asian General science 20.66 0.52 19.65 21.67
Prefernotto o oral science 2015  0.54 19.09 21.21
respond / Missing
White Other less than 3 yr 2127 006  21.16 21.39
combinations
e At oo [ I S 1886  0.12 18.63 19.09
combinations
Two or more /
American Indian/ Other less than 3 yr 2059 017  20.26 20.91
) .. combinations
Native Hawaiian
Hispanic LInE (328 e & 577 1996 010 1976 20.17
combinations
Asian Other less than 3 yr 2147 016  21.15 21.79
combinations
Prefer not to_ _ Other_ Iesg than 3 yr 2157 025 21.08 22 05
respond / Missing combinations
White Biology 20.30 0.03 20.25 20.36
African American  Biology 18.91 0.05 18.81 19.01
Two or more /
American Indian/ Biology 20.16 0.06 20.03 20.28
Native Hawaiian
Hispanic Biology 19.54 0.05 19.44 19.64
Asian Biology 19.98 0.12 19.75 20.21
Prefer not to .
respond / Missing Biology 20.04 0.13 19.79 20.29
White Biology and chemistry 21.01 0.02 20.96 21.05
African American  Biology and chemistry 19.13 0.04 19.04 19.21
Two or more /
American Indian/ Biology and chemistry 20.54 0.05 20.44 20.65
Native Hawaiian
Hispanic Biology and chemistry 19.94 0.04 19.86 20.02
Asian Biology and chemistry 20.83 0.07 20.69 20.97
Prefer not to . .
respond / Missing Biology and chemistry 20.57 0.10 20.37 20.76
White Biology, chemistry, and 51 95 003 21.80 21.90
physics
African American  Bi0I0gY: chemistry, and o o0 e 19.20 19.39
physics
UL 8 [ Biology, chemistry, and
American Indian / 9y ¥, 21.47 0.06 21.35 21.59
) . physics
Native Hawaiian
Hispanic Biology, chemistry, and 5644 004 2033 20.50
physics
Asian Elelegy BEmEGL Sl o0 em  gap 2192 22.01
physics
Prefer not to_ _ B|oIo.gy, chemistry, and 21 41 0.11 2120 21 61
respond / Missing physics
White Other 3 yr combinations 20.97 0.04 20.88 21.05
African American  Other 3 yr combinations 18.59 0.09 18.42 18.76

ACT

© 2025 by ACT Education Corp. All rights reserved. | R2502



ACT Research | Research Report | September 2025

19

Subject

Social
studies

Race/ethnicity

Two or more /
American Indian /
Native Hawaiian

Hispanic
Asian

Prefer not to
respond / Missing

White

African American

Two or more /
American Indian /
Native Hawaiian

Hispanic

Asian

Prefer not to
respond / Missing

White

African American

Two or more /
American Indian /
Native Hawaiian

Hispanic

Asian

Prefer not to
respond / Missing

White

African American
Two or more /
American Indian /
Native Hawaiian

Hispanic

Asian

Prefer not to
respond / Missing

White

ACT

Coursework

Other 3 yr combinations
Other 3 yr combinations
Other 3 yr combinations

Other 3 yr combinations

Other less than 3 yr

combinations

Other less than 3 yr

combinations

Other less than 3 yr

combinations

Other less than 3 yr

combinations

Other less than 3 yr

combinations

Other less than 3 yr

combinations

U.S. hist., world hist.,

and Am. gov.

U.S. hist., world hist.,

and Am. gov.

U.S. hist., world hist.,

and Am. gov.

U.S. hist., world hist.,

and Am. gov.

U.S. hist., world hist.,

and Am. gov.

U.S. hist., world hist.,

and Am. gov.

U.S. hist., world hist.,

Am. gov., and other

history

U.S. hist., world hist.,

Am. gov., and other

history

U.S. hist., world hist.,

Am. gov., and other

history

U.S. hist., world hist.,

Am. gov., and other

history

U.S. hist., world hist.,

Am. gov., and other

history

U.S. hist., world hist.,

Am. gov., and other

history
Other 3to 3.5 yr
combinations

Marginal Lower
mean 513 95% ClI
20.61 0.12 20.38
19.73 0.08 19.57
20.81 0.15 20.52
19.82 0.21 19.41
21.33 0.03 21.28
19.17 0.05 19.07
21.01 0.07 20.88
20.13 0.05 20.03
21.78 0.10 21.58
20.94 0.12 20.71
20.96 0.03 20.90
18.98 0.07 18.84
20.51 0.09 20.33
19.86 0.07 19.73
20.73 0.13 20.48
20.61 0.17 20.28
20.86 0.05 20.76
18.84 0.13 18.58
20.44 0.15 20.15
19.71 0.12 19.47
20.57 0.24 20.11
20.51 0.30 19.92
21.04 0.03 20.98

Upper
95% CI

20.84

19.89
21.09

20.23
21.39

19.26

21.15

20.22
21.98
21.18
21.03

19.11

20.69

20.00
20.99

20.93

20.97

19.09

20.73

19.96

21.04

21.11

21.10
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Subject Coursework

Race/ethnicity

African American

Two or more /
American Indian /
Native Hawaiian

Hispanic

Asian

Prefer not to
respond / Missing

White

African American

Two or more /
American Indian /
Native Hawaiian

Hispanic

Asian

Prefer not to
respond / Missing

Other 3to 3.5 yr
combinations

Other 3to 3.5 yr
combinations

Other 3to 3.5 yr
combinations
Other 3to 3.5 yr
combinations
Other 3to 3.5 yr
combinations
Other 4+ yr
combinations
Other 4+ yr
combinations

Other 4+ yr
combinations

Other 4+ yr
combinations
Other 4+ yr
combinations
Other 4+ yr
combinations

Marginal SE Lower Upper
mean 95% CI 95% CI
19.06 0.05 18.95 19.17
20.64 0.08 20.49 20.79
19.86 0.05 19.76 19.97
21.11 0.11 20.89 21.32
20.67 0.13 20.41 20.93
20.79 0.03 20.72 20.85
18.84 0.06 18.72 18.96
20.32 0.08 20.15 20.48
19.69 0.06 19.58 19.81
20.49 0.12 20.26 20.72
20.22 0.15 19.93 20.51

Figure 4 presents the coefficients for Model 4. Table 5 provides the estimated ACTC scores by
coursework taken and family income. The interaction coefficients in Figure 4 demonstrate that
family income significantly moderates the relationship between high school coursework and
ACTC scores. For example, when we look at math courses, we see that students from higher-
income families consistently scored higher than students from lower-income families across all
math course-taking patterns. One such example is for students from families with an income
above $100,000 who took courses beyond Algebra Il versus students from families with an
income below $36,000 with the same course-taking pattern. The former group had an estimated
ACTC score of 22.14, while the latter had a score of 20.16. For science, a similar income
differential was observed. For example, students from higher-income families who took biology,
chemistry, and physics scored higher (21.96) than students from lower-income families (20.01).
The same relationship was observed for social studies. As an example, students from families
with an income above $100,000 who took U.S. history, world history, American government,
and other history courses had an ACT score of 20.89, while students from families with an
income below $36,000 had a score of 19.47. See Table A4 for model results.
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Figure 4. Plot of Model 4 Standardized Coefficients Including an Interaction With Family Income
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Science:Less than 3 Yrs

Science:Bio

Science:BIOCHEM
Science:BIOCHEMPHY
Science:Other3Yr

PCT Poverty

AP Courses Offered

PCT White

$36K-$60K

$60K-$100K

>$100K

$36K-$60K*Social:US/WLD Hist/AmGov
$36K-$60K*Social:US/WLD Hist/AmGov/Oth
$36K-$60K*Social:Other3-3.5
$36K-$60K*Social:Other4+
$60K-$100K*Social:US/WLD Hist/AmGov
$60K-$100K*Social:US/WLD Hist’/AmGov/Oth
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-0.06
0.07
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1 .77***
f—0—
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[ ]
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L o]
-0.10
| ]
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Predictors of ACTC Scores (Part 2)
$60K-$100K*Social:Other3-3.5 U
$60K-$100K*Social:Otherd+ -0.16
>$100K *Social:US/WLD Hist/AmGov 0457
>$100K *Social:US/WLD Hist/AmGov/Oth .'0_4.2*::
>$100K *Social:Other3-3.5 o2
>$100K *Social:Otherd+ '03.5.2:**
$36K-$60K*Math:Algl, GEOM,AIgll 2019-
$36K-$60K*Math:Beyond Algl| L
$36K-$60K*Math:Other Patterns k)
$60K-$100K*Math:Algl, GEOM,Algll U
$60K-$100K*Math:Beyond Algl 215y
$60K-$100K*Math:Other Patterns ,1_092
>$100K *Math:Algl,GEOM,AlglI 0,247
>$100K *Math:Beyond Algll 1,287
>$100K *Math:Other Patterns 1'_6.9:’:
$36K-$60K*Science:Less than 3yrs _0'331
$36K-$60K*Science:Bio m
$36K-$60K*Science:BIOCHEM e
$36K-$60K*Science:BIOCHEMPHY — L
$36K-$60K*Science:Other3Yr ZLF
$60K-$100K*Science:Less than 3yrs _0i46
$60K-$100K*Science:Bio -isz*i-
$60K-$100K*Science:BIOCHEM S,
$60K-$100K*Science:BIOCHEMPHY —
$60K-$100K*Science:Other3Yr 022
>$100K *Science:Less than 3yrs O
>$100K *Science:Bio -_1—600—*2
>$100K *Science:BIOCHEM ;1—0062
>$100K *Science:BIOCHEMPHY 087,
>$100K *Science:Other3Yr .i“]*i.
-2 1 0 1 5
Estimates

Note. The reference groups are not taking advanced English, social studies, math, or science;
other less-than-3-year combinations of social studies courses; less than Algebra |, geometry,

and Algebra II; and general science.
*p < .05, **p < .01, ***p < .001.
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Table 5. Estimated Marginal Means for Coursework Taken for Model 4 by Family Income

. Family Marginal Lower Upper
Subject income Coursework mean SE 95% CI 95% CI
<$36K Less than Algebra |, geom., 49457 905 1897 19.16
and Algebra Il

$36K—$60K :ﬁgﬁgﬁg‘?ﬁbra |, geom., 19.45 0.06 19.33 19.57
$60K-$100K :ﬁgﬁgﬁg‘?ﬁbra |, geom., 19.61 0.06 19.49 19.73
>$100K ;ﬁgﬁgﬁ%g‘?ﬁbra |, geom., 19.77 0.05 19.66 19.87
<$36K ﬁ:gggg :i geom., and 19.45 0.04 19.37 19.53
$36K—$60K ﬁ:gggg :i geom., and 19.94 0.05 19.85 20.04

Math $60K—$100K ﬁ:gggg :i geom., and 20.20 0.05 20.12 20.29
>$100K ﬁ:gggg :i geom., and 20.36 0.04 20.29 20.44
<$36K Beyond Algebra Il 20.16 0.04 20.07 20.24
$36K-$60K Beyond Algebra 20.95 0.05 20.86 21.05
$60K-$100K  Beyond Algebra Il 21.49 0.04 21.40 2158
>$100K Beyond Algebra Il 22.14 0.04 22.07 22.21
<$36K Other math patterns 19.68 0.07 19.55 19.82
$36K-$60K Other math patterns 20.59 0.08 20.43 20.74
$60K-$100K  Other math patterns 21.29 0.07 21.15 21.42
>$100K Other math patterns 22.07 0.05 21.97 2217
<$36K General science 19.38 0.14 19.10 19.65
$36K—$60K General science 20.03 0.18 19.68 20.38
$60K—$100K  General science 20.34 0.18 19.99 20.69
>$100K General science 20.65 0.15 20.36 20.95
<$36K S;E\egir']f{f’o;hsa” 3yr 19.44 0.09 19.27 19.61
$36K—$60K S;;egiﬁfoahsa” 3yr 20.40 0.10 20.19 20.61
$60K-$100K S;rr:]egil]fﬁsoahsa” ST 20.86 0.10 20.67 21.05

Other less than 3 yr

Scionce S100K ey ess 21.66 0.07 21,52 21.80
<$36K Biology 19.51 0.04 19.43 19.58
$36K-$60K  Biology 19.84 0.04 19.76 19.92
$60K-$100K  Biology 20.06 0.04 19.99 20.14
>$100K Biology 20.13 0.03 20.06 20.20
<$36K Biology and chemistry 19.82 0.03 19.75 19.89
$36K-$60K Biology and chemistry 20.29 0.04 20.22 20.36
$60K-$100K Biology and chemistry 20.64 0.03 20.58 20.71
>$100K Biology and chemistry 20.98 0.03 20.93 21.03
<§36K Biology, chemistry, and 2001 004 1993  20.09

physics

ACT
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. 3101111 Marginal Lower Upper
Subject income Coursework mean SE 95% CI 95% CI
$36K—$60K gr']‘;'gigci' A, Sl 20.78 0.04 20.70 20.86
$60K-$100K gr']‘;'gigci' A, Sl 21.40 0.04 2133 2147
>$100K gr']‘;'g%;' A, Sl 21.96 0.03 21.90 22.02
<$36K Other 3 yr combinations 19.38 0.06 19.25 19.50
$36K-$60K Other 3 yr combinations 20.06 0.07 19.91 20.20
$60K-$100K  Other 3 yr combinations 20.58 0.07 20.45 20.71
>$100K Other 3 yr combinations 21.13 0.05 21.03 21.23
<$36K ?;:;egir'gfo;hsa” 3yr 19.74 0.04 19.67 19.82
$36K—$60K ?;;egir';stfot]h:” 3yr 2045 005 2036 20.54
$60K—$100K ?;;egir';stfot]h:” 3yr 20.98 0.04 20.90 21.06
>$100K S;Eeg"isﬁsoahsa” 3yr 21.59 0.04 2152 2165
<$36K ergc';t world hist., and 19.61 0.05 19.51 19.71
$36K—$60K Xﬁgs’t world hist., and 20.22 0.06 20.10 20.33
$60K—$100K f\nf’gh('j/t world hist., and 2058 0.05 2047 20.68
>$100K f\nf’gh(';’/t world hist., and 21.02 0.04 20.94 2111
U.S. hist., world hist., Am.
. <$36K o ao ot sty 19.47 0.10 19.28 19.67
¢ U.S. hist., world hist., Am.
studies  S36K-$60K o> "o WO RE 2013 0.10 19.93 20.33
U.S. hist., world hist., Am.
BB0K-8100K o o e ey 20.49 0.09 20.31 20.66
U.S. hist., world hist., Am.
>$100K Sov ard other histony 20.89 0.07 2077 21.02
<$36K ?;;eg”?;t‘l’oif yr 19.66 0.04 19.58 19.75
$36K—$60K ?;mrl:;tcl’oif yr 20.30 0.05 20.21 20.40
$60K-$100K S;;egigattci’oif yr 20.67 0.05 2058 20.76
>$100K S;;egigatt‘i’oif yr 21.14 0.04 21.07 21.22
<$36K Other 4+ yr combinations 19.46 0.05 19.37 19.55
$36K-$60K Other 4+ yr combinations 20.07 0.05 19.96 20.17
$60K-$100K  Other 4+ yr combinations 2053 0.05 2043 2063
>$100K Other 4+ yr combinations 20.78 0.04 20.70 20.86

Gradient-Boosted Machine Model Results

The two GBM models, Models 5 and 6, included all predictors in Model 1, and Model 6 also
included the three demographic predictors. As was mentioned previously, although the
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interactions are not explicitly declared in the GBM models, the GBM models inherently account
for interactions, in this case up to a seven-way interaction. Again, a grid of hyperparameters
was tested to identify the best tuning parameters for the GBM models. For both models, these
parameters were 1,500 trees, an interaction depth of seven, a shrinkage parameter of 0.1, and
a minimum number of observations per node of 20.

GBM models do not provide coefficients that are provided by traditional models, such as those
provided in the appendix for the HLMs, but we can examine feature (i.e., predictor) importance.
In the first GBM model (Figure 5), we can see that HSGPA is by far the strongest predictor of
ACTC score. This is followed distantly by advanced math coursework, the percentage of
students at a school meeting poverty guidelines, math course-taking, having taken advanced
coursework in social studies, the percentage of White students at a school, having taken
advanced coursework in science and English, science course-taking, the number of AP courses
offered at a school, and finally by having taken social studies coursework. These final two
predictors seem to have had negligible impact on the prediction of ACTC scores.

Figure 5. Feature Importance for the Gradient-Boosted Machine Model Without Demographics

Feature Importance for GBM1 Model
High School GPA
Advanced Math

Poverty Percentage

Math Courses

Advanced Social Studies

Percentage of White Students

Features

Advance Science

Advanced English

Science Courses

Number of AP Courses Offered

Social Studies Courses

—
o

20 30 40
Relative Importance

Table 6 presents the partial dependence plot results, which show the estimated marginal means
of ACTC score based on different course-taking patterns in social studies, math, and science.
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This methodology predicts ACTC score and then averages predictions across coursework
pattern, which allows an understanding of how a single predictor (in this case coursework)
affects the outcome.

Table 6. Estimated Marginal Means for Coursework Taken for Model 5

Subject Coursework ST
mean
Other less than 3 yr combinations 21.09
U.S. hist., world hist., and Am. gov. 20.35
Social studies US hist., world hist., Am. gov., and other 20.98
history
Other 3 to 3.5 yr combinations 21.48
Other 4+ yr combinations 21.40
Less than Algebra I, geometry, and
16.30
Algebra
Math Algebra |, geometry, and Algebra Il 19.12
Beyond Algebra Il 23.30
Other math patterns 22.02
Other less than 3 yr combinations 20.22
General science 17.13
Biol 17.66
Science !0 09y )
Biology and chemistry 21.31
Biology, chemistry, and physics 23.30
Other 3 yr combinations 19.79

In Figure 6, we can see that, once again, HSGPA was far and away the most important
predictor of ACTC scores. HSGPA was distantly followed by taking advanced coursework in
math, the percentage of students at a school meeting poverty guidelines, family income, math
coursework, race/ethnicity, taking advanced coursework in social studies, taking advanced
coursework in science, taking advanced coursework in English, the percentage of White
students at a school, science coursework, gender, the number of AP courses offered at a
school, and social studies coursework. It is worth noting that there are three predictors that
emerged as more important for the prediction of ACTC scores than any student demographic
characteristic: HSGPA, taking advanced coursework in math, and the percentage of students at
a school meeting poverty guidelines. Of these three, two predictors are in the student’s direct
control.

®
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Figure 6. Feature Importance for the Gradient-Boosted Machine Model With Demographics

High School GPA
Advanced Math

Poverty Percentage

Features

Family Income
Math Courses

Race/ethnicity

Advanced Social Studies

Advance Science

Advanced English

Percentage of White Students

Science Courses

Gender

Number of AP Courses Offered

Social Studies Courses

Feature Importance for GBM2 Model

° __"'lllllll

Table 7 presents the estimated ACTC score by coursework and student demographic

characteristic.

Table 7. Estimated Marginal Means for Coursework Taken for Model 6 by Student

Demographics

Subject

Male
Female
Male
Female

Social Male

studies Female

Male
Female
Male
Female

ACT

Characteristic

10 20 30 40
Relative Importance

Coursework “Enzt;r:ated
Other less than 3 yr combinations 21.28
Other less than 3 yr combinations 20.92
U.S. hist., world hist., and Am. gov. 21.74
U.S. hist., world hist., and Am. gov. 21.28
I:Ji.SStc.)rr;Jst., world hist., Am. gov., and other 20.64
I:Ji.SStc.)rr;Jst., world hist., Am. gov., and other 20.07
Other 3 to 3.5 yr combinations 21.59
Other 3 to 3.5 yr combinations 21.28
Other 4+ yr combinations 21.04
Other 4+ yr combinations 21.28
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Math

Science

Social
studies

Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
White
African American

Two or more / American
Indian / Native Hawaiian

Hispanic

Asian

Prefer not to respond /
Missing

White

African American

Two or more / American
Indian / Native Hawaiian

Hispanic
Asian

Prefer not to respond /
Missing

White

African American

Two or more / American
Indian / Native Hawaiian

Hispanic

Asian

ACT

Less than Alg. |, geom., and Alg. Il
Less than Alg. |, geom., and Alg. II
Alg. I, geom., and Alg. Il

Alg. I, geom., and Alg. Il

Beyond Algebra I

Beyond Algebra Il

Other math patterns

Other math patterns

Other less than 3 yr combinations
Other less than 3 yr combinations
General science

General science

Biology

Biology

Biology and chemistry

Biology and chemistry

Biology, chemistry, and physics
Biology, chemistry, and physics
Other 3 yr combinations

Other 3 yr combinations

Other less than 3 yr combinations
Other less than 3 yr combinations

Other less than 3 yr combinations

Other less than 3 yr combinations
Other less than 3 yr combinations

Other less than 3 yr combinations

U.S. hist., world hist., and Am. gov.
U.S. hist., world hist., and Am. gov.

U.S. hist., world hist., and Am. gov.

U.S. hist., world hist., and Am. gov.
U.S. hist., world hist., and Am. gov.

U.S. hist., world hist., and Am. gov.
U.S. hist., world hist., Am. gov., and other

history

U.S. hist., world hist., Am. gov., and other

history

U.S. hist., world hist., Am. gov., and other

history

U.S. hist., world hist., Am. gov., and other

history

U.S. hist., world hist., Am. gov., and other

history

16.18
16.42
19.14
19.11
23.76
22.94
22.32
21.74
20.58
19.84
17.10
17.18
17.50
17.80
23.74
22.84
21.39
21.25
20.16
19.33
21.88
16.74

20.71

18.88
26.02

22.69

20.98
16.66

19.83

18.62
24.35

21.15

21.63

17.14

20.17

19.22

24.99
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Math

Prefer not to respond /
Missing

White

African American

Two or more / American
Indian / Native Hawaiian

Hispanic

Asian

Prefer not to respond /
Missing

White

African American

Two or more / American
Indian / Native Hawaiian

Hispanic

Asian

Prefer not to respond /
Missing

White

African American

Two or more / American
Indian / Native Hawaiian
Hispanic

Asian

Prefer not to respond /
Missing

White

African American

Two or more / American
Indian / Native Hawaiian

Hispanic

Asian

Prefer not to respond /
Missing

White

African American

Two or more / American
Indian / Native Hawaiian

Hispanic

Asian

Prefer not to respond /
Missing

White

African American

Two or more / American
Indian / Native Hawaiian
Hispanic

Asian

ACT

U.S. hist., world hist., Am. gov., and other

Other 3 to 3.5 yr combinations
Other 3 to 3.5 yr combinations

Other 3 to 3.5 yr combinations

Other 3 to 3.5 yr combinations
Other 3 to 3.5 yr combinations

Other 3 to 3.5 yr combinations

Other 4+ yr combinations
Other 4+ yr combinations

Other 4+ yr combinations

Other 4+ yr combinations
Other 4+ yr combinations

Other 4+ yr combinations

Less than Alg. I, geom., and Alg.
Less than Alg. I, geom., and Alg.
Less than Alg. I, geom., and Alg.
Less than Alg. I, geom., and Alg.
Less than Alg. |, geom., and Alg.
Less than Alg. I, geom., and Alg.

Alg. |, geom., and Alg. Il
Alg. I, geom., and Alg. Il

Alg. I, geom., and Alg. Il

Alg. |, geom., and Alg. Il
Alg. I, geom., and Alg. Il

Alg. I, geom., and Alg. Il

Beyond Algebra Il
Beyond Algebra Il

Beyond Algebra Il

Beyond Algebra Il
Beyond Algebra Il

Beyond Algebra Il

Other math patterns
Other math patterns

Other math patterns

Other math patterns
Other math patterns

22.38

22.18
17.69

21.05

19.72
25.50

22.62

22.19
17.95

21.06

20.06
24.88

22.15

17.00
14.76

16.16

15.47
18.43

16.69

19.85
16.38

18.76

17.82
21.54

19.93

23.88
18.82

23.19

21.24
27.02

24.59

23.06
17.73

21.68

19.89
26.16
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Science

Prefer not to respond /
Missing

White

African American

Two or more / American
Indian / Native Hawaiian

Hispanic

Asian

Prefer not to respond /
Missing

White

African American

Two or more / American
Indian / Native Hawaiian

Hispanic

Asian

Prefer not to respond /
Missing

White

African American

Two or more / American
Indian / Native Hawaiian

Hispanic

Asian

Prefer not to respond /
Missing

White

African American

Two or more / American
Indian / Native Hawaiian

Hispanic

Asian

Prefer not to respond /
Missing

White

African American

Two or more / American
Indian / Native Hawaiian

Hispanic

Asian

Prefer not to respond /
Missing

White

African American

Two or more / American
Indian / Native Hawaiian

Hispanic
Asian

ACT

Other math patterns

Other less than 3 yr combinations
Other less than 3 yr combinations

Other less than 3 yr combinations

Other less than 3 yr combinations
Other less than 3 yr combinations

Other less than 3 yr combinations

General science
General science

General science

General science
General science

General science

Biology
Biology

Biology

Biology
Biology

Biology

Biology and chemistry
Biology and chemistry

Biology and chemistry

Biology and chemistry
Biology and chemistry

Biology and chemistry

Biology, chemistry, and physics
Biology, chemistry, and physics

Biology, chemistry, and physics

Biology, chemistry, and physics
Biology, chemistry, and physics

Biology, chemistry, and physics

Other 3 yr combinations
Other 3 yr combinations

Other 3 yr combinations

Other 3 yr combinations
Other 3 yr combinations

22.47

21.31
15.83

19.93

18.07
25.31

22.80

17.94
14.92

17.03

15.82
22.37

16.56

18.38
15.34

17.57

16.58
20.29

17.90

21.99
17.70

20.93

19.54
24.78

22.40

24.15
18.66

23.31

20.59
26.94

24.58

20.76
15.66

19.65

18.04
24.60
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Social
studies

Math

Science

Prefer not to respond /

Missing
<$36K
$36K-$60K
$60K-$100K
>$100K
<$36K
$36K-$60K
$60K-$100K
>$100K

<$36K
$36K-$60K
$60K-$100K

>$100K

<$36K
$36K-$60K
$60K-$100K
>$100K
<$36K
$36K-$60K
$60K-$100K
>$100K
<$36K
$36K-$60K
$60K-$100K
>$100K
<$36K
$36K-$60K
$60K-$100K
>$100K
<$36K
$36K-$60K
$60K-$100K
>$100K
<$36K
$36K-$60K
$60K-$100K
>$100K
<$36K
$36K-$60K
$60K-$100K

ACT

Other 3 yr combinations

Other less than 3 yr combinations
Other less than 3 yr combinations
Other less than 3 yr combinations
Other less than 3 yr combinations
U.S. hist., world hist., and Am. gov.
U.S. hist., world hist., and Am. gov.
U.S. hist., world hist., and Am. gov.

U.S. hist., world hist., and Am. gov.

U.S. hist., world hist., Am. gov., and other
history
U.S. hist., world hist., Am. gov., and other
history
U.S. hist., world hist., Am. gov., and other
history
U.S. hist., world hist., Am. gov., and other
history

Other 3 to 3.5 yr combinations
Other 3 to 3.5 yr combinations
Other 3 to 3.5 yr combinations
Other 3 to 3.5 yr combinations
Other 4+ yr combinations

Other 4+ yr combinations

Other 4+ yr combinations

Other 4+ yr combinations

Less than Alg. |, geom., and Alg. Il
Less than Alg. |, geom., and Alg. Il
Less than Alg. |, geom., and Alg. Il
Less than Alg. |, geom., and Alg. Il
Alg. I, geom., and Alg. Il

Alg. I, geom., and Alg. Il

Alg. I, geom., and Alg. Il

Alg. I, geom., and Alg. Il

Beyond Algebra Il

Beyond Algebra I

Beyond Algebra Il

Beyond Algebra I

Other math patterns

Other math patterns

Other math patterns

Other math patterns

Other less than 3 yr combinations
Other less than 3 yr combinations
Other less than 3 yr combinations

20.17

17.00
18.99
20.77
23.73
17.02
18.72
20.25
22.69

17.56

19.33

20.74

22.89

18.09
19.73
21.31
23.49
18.35
20.00
21.49
23.21
14.93
15.94
16.87
18.33
16.77
18.08
19.27
20.99
19.52
21.29
22.80
24 .97
17.84
19.94
21.84
24.56
16.14
18.33
20.42
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>$100K Other less than 3 yr combinations 23.79
<$36K General science 15.37
$36K-$60K General science 16.52
$60K-$100K General science 17.59
>$100K General science 19.39
<$36K Biology 16.56
$36K-$60K Biology 15.87
$60K-$100K Biology 17.16
>$100K Biology 18.20
<$36K Biology and chemistry 18.11
$36K-$60K Biology and chemistry 19.74
$60K-$100K Biology and chemistry 21.14
>$100K Biology and chemistry 23.15
<$36K Biology, chemistry, and physics 18.86
$36K-$60K Biology, chemistry, and physics 20.94
$60K-$100K Biology, chemistry, and physics 22.79
>$100K Biology, chemistry, and physics 2517
<$36K Other 3 yr combinations 16.43
$36K-$60K Other 3 yr combinations 18.26
$60K-$100K Other 3 yr combinations 20.08
>$100K Other 3 yr combinations 22.64

Does Increased Course-Taking in Mathematics and Science Predict
ACT Performance When Models Account for Other Academic and
School Characteristics?

The strongest positive predictors of ACTC scores in Model 1 were taking mathematics beyond
Algebra I, taking advanced coursework in math, taking other unidentified math patterns, and
HSGPA (Figure 1). The strongest negative predictor of ACT Composite score was the
percentage of students who met poverty guidelines at a school. This highlights the important
role that high school coursework plays in ACT performance.

Table 2 shows the estimated marginal ACTC score means for students taking different
coursework patterns. In general, we can see that taking additional mathematics and science
coursework is associated with higher ACTC scores. There was very little difference between
mean ACTC scores across social studies coursework taken.

In the GBM model without demographics, Model 5 (Table 6), taking math courses beyond
Algebra |l resulted in the highest estimated ACTC scores. Students who took less than Algebra
I, geometry, and Algebra Il had lower estimated ACTC scores than did students who took other
math patterns. Students taking biology, chemistry, and physics had the highest estimated ACTC
scores. We can also see that additional science coursework was associated with an incremental
increase in ACTC scores. Within one point, all social studies coursework patterns had a similar
estimated ACTC score.
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Do Student Demographics (Gender, Race/Ethnicity, and Family
Income) Moderate the Relationship Between Course-Taking and ACT
Performance?

In Model 2, HSGPA is a very strong predictor of ACTC score, reaffirming its importance in
academic achievement (Figure 2). Advanced coursework in English and math, taking math
beyond Algebra II, and taking other math patterns also showed a strong positive relationship
with ACTC scores. In fact, taking math beyond Algebra Il had the largest positive coefficient in
the model. The percentage of students meeting poverty guidelines remained a strong negative
predictor of ACTC scores. For both math and science, female students had lower estimated
ACTC scores than male students who took the same courses. For social studies, the interaction
terms with gender tended to be small and non-significant.

In Model 3 (Figure 3), we can see that once again HSGPA, taking advanced coursework in
math, taking math beyond Algebra Il, and taking other math patterns had a strong positive
relationship with ACTC scores. The relationship between the percentage of students at a school
meeting poverty guidelines remains significant and negative. The main effects for African
American students, Hispanic students, and students from the two or more races / American
Indian / Native Hawaiian group are also significantly negatively related to ACTC scores. African
American and Hispanic students had lower ACTC scores than White students across all math
coursework patterns examined. Asian students, however, had a higher estimated ACTC score
when they took math beyond Algebra Il and other unidentified math patterns.

Generally speaking, across all coursework groups, White and Asian students had the highest
estimated ACTC scores, while African American and Hispanic students had the lowest
estimated ACTC scores (Table 4). This pattern can be seen in math, science, and social
studies, which suggests there may be systematic differences in educational preparation or other
contributing factors. This gap remains even when we look at higher levels of course-taking, such
as taking math beyond Algebra Il and taking biology, chemistry, and physics. It is important to
note that the documentation of differences between racial/ethnic groups is not in and of itself
evidence of unfairness in the ACT.

In Model 4 (Figure 4), HSGPA, taking advanced coursework in math, taking mathematics
coursework beyond Algebra I, the number of AP courses offered at a school, and the
percentage of White students at a school all had positive impacts on ACTC scores. In general,
higher family income was positively associated with higher estimated ACTC scores across all
subjects examined (Table 5). Across math, science, and social studies, students from higher-
income families consistently had higher estimated ACTC scores than students from lower-
income families. Furthermore, the largest gaps appeared to be in advanced coursework
categories, where students from families earning $100,000 or more had significantly higher
ACTC scores than students from families earning less than $36,000. For example, among
students taking Algebra |, geometry, and Algebra Il, students from families of less than $36,000
had an estimated 19.45 ACTC score, while students from families of over $100,000 had an
estimated 20.36 ACTC score. Similarly, students taking mathematics coursework beyond
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Algebra Il ranged in ACTC score from 20.16 for students from families with less than $36,000 to
22.14 for students from families with over $100,000. Additionally, for students who took biology,
chemistry, and physics (the most advanced science coursework pattern), scores ranged from
20.01 for students from families with $36,000 or less to 21.96 for students from families with
over $100,000. This suggests that students from higher family incomes benefit more from taking
more advanced coursework or that additional factors outside the scope of this study contribute
to the success of students from higher-income families.

It is also worth noting that the gap between income groups is smaller at lower-level coursework
and widens as coursework difficulty increases. For example, the smallest gap in science is seen
in the only-biology coursework, where low-income students were just 0.6 points behind high-
income students; in mathematics coursework, the largest gap—of almost 2 points—was seen in
the “beyond Algebra II” category between students from families with less than $36,000 income
and students from families with more than $100,000 income. This suggests that while taking
advanced coursework is important for all students, not all students benefit the same from taking
advanced coursework. As was noted previously, differences in coursework efficacy among
family income levels do not necessarily indicate unfairness in the ACT but more likely point to
structural inequalities in the educational system.

Table 6 shows a clear pattern of increased estimated ACTC scores with additional math and
science coursework. For example, in math, students who took less than Algebra I, geometry,
and Algebra Il had the lowest estimated ACTC score (16.30), and students who took math
beyond Algebra Il had the highest estimated ACTC score (23.30). The pattern is similar with
science: Students who took only general science had the lowest estimated ACTC score at
17.13, while students who took biology, chemistry, and physics had the highest estimated ACTC
score at 23.30. Most social studies coursework patterns were associated with an estimated
ACTC score of about 21.

Table 7 shows the estimated ACTC scores from Model 6, the GBM model with demographics.
We can see from this table that there are slight gender differences between males and females
in social studies, math, and science, with male students generally scoring slightly higher than
female students, particularly in advanced coursework. As an example, in social studies, male
students scored 21.28, while female students scored 20.92 in the “other less than 3 yr
combinations” category. In math, while male students scored an estimated 23.76, female
students scored an estimated 22.94 ACTC score in the “beyond Algebra II” category. There
were also significant racial gaps found in ACTC score estimates. Asian and White students
consistently achieved the highest estimated ACTC scores, while African American and Hispanic
students tended to achieve the lowest. This was true across all course-taking patterns. Family
income also played an important role in differentiating estimated ACTC scores, as students from
higher-income households tended to have higher ACTC scores across all subjects and
coursework levels.
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Can Modern Machine Learning Models, Such as Gradient-Boosted
Machines, Improve the Prediction of ACT Performance Over
Traditional Regression Methods?

In order to evaluate whether the GBM models improved the prediction of ACTC score over
traditional HLM regression methods, | compared all the models. Models 1 and 5 are a direct
comparison with the same predictors. Because of the complexity of attempting a HLM that
included all three demographics and their interactions with math, science, and social studies
course-taking patterns, | elected to run Models 2, 3, and 4, which look at one demographic
characteristic at a time.

To evaluate the functioning of the models, | examined the root mean square error (RMSE) and
mean absolute error (MAE) across models. RMSE measures the square root of the average
squared deviations between the predicted and actual ACTC scores. This calculation gives more
weight to larger errors and is useful for penalizing larger errors more heavily. The formula for

RMSE is
RMSE = [L57.(y, - 9)2.

MAE, on the other hand, measures the average of the absolute differences between the
predicted and actual ACTC scores. In this calculation, all errors are treated equally, which gives
a clear perspective of the average error magnitude. The formula for MAE is

1 ~
MAE = ;Z;'Lllyi - yl,l

Due to the slight differences in the calculations of these two equations, RMSE highlights a few
very large prediction errors, while MAE gives a sense of the average error across all predictions.
Models 2, 3, and 4 slightly improved predictions of ACTC score over Model 1 (i.e., considering
demographics helps ACTC score prediction in HLMs). Comparing Models 1 and 5, we see that
the GBM model without demographics did not appreciably improve the predictions of ACTC
scores. Model 6 was, however, slightly better at predicting ACTC scores than the other models.
This raises the question of whether the joint consideration of all three demographic factors is
what is helping the GBM model with demographics provide better predictions.

Table 8. RMSE and MAE for all Models

Model RMSE MAE
Linear mixed model (Model 1) 3.65 2.90
Linear mixed model with gender (Model 2) 3.62 2.88
Linear mixed model with race/ethnicity (Model 3) 3.59 2.86
Linear mixed model with family income (Model 4) 3.62 2.88
GBM model without demographics (Model 5) 3.67 2.90
GBM model with demographics (Model 6) 3.56 2.82
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To answer this question, | ran a seventh HLM with all three demographic characteristics and
their interaction with course-taking pattern.® The RMSE and MAE for this new model were 3.55
and 2.82. In this comparison of the new model and Model 6, there is no appreciable difference
in the accuracy of predictions of ACTC score. Therefore, if we are willing to accept the
complexity of a HLM with 138 unique coefficients, we could conclude that GBM models did not
improve ACTC score predictions. However, practical concerns with this model, such as the
difficulty in explaining the results, may make the GBM model a more attractive option.

Discussion

The present study provides additional empirical support for the longstanding understanding that
rigorous high school coursework, particularly in math and science, significantly and positively
impacts ACT Composite scores. Like previous research (Harwell et al., 2016; Noble & McNabb,
1989; Radunzel & Noble, 2012), this study confirmed that students who take advanced
coursework in mathematics and science tend to perform better on the ACT. This is consistent
with Sanchez (2025), which shows that the rigor and quantity of high school coursework in
mathematics, science, and English significantly affect ACT ELA and STEM Benchmark
attainment. Students who take advanced courses, study subjects for more years, and maintain
higher GPAs are more likely to meet these Benchmarks. In addition to revalidating this finding,
this study also extends prior work by looking at modern statistical techniques, including both
hierarchical linear modeling and machine learning—based gradient-boosted machines to help
provide a more nuanced understanding of the student factors impacting ACTC scores.

This study demonstrated that the strongest predictors of ACTC performance were HSGPA,
completion of mathematics coursework beyond Algebra Il, and taking advanced coursework in
math. While weaker as predictors, taking advanced coursework in English, social studies, and
science; taking Algebra |, geometry, and Algebra Il; and taking biology, chemistry, and physics
were all positively associated with ACTC scores. This is in line with the previous findings by
Schiel et al. (1996) and Laing et al. (1987) that indicated that STEM coursework has a strong
influence on standardized test performance. This research study also showed that social studies
coursework had a much smaller impact on ACTC scores, which in itself emphasizes the role of
STEM education in shaping college readiness. Recall that in this study, | did not use English
course-taking patterns because the vast majority of students in the sample had taken English 9,
10, and 11 at the time of testing.

While the study clearly demonstrated that rigorous coursework was important and that it was
beneficial across all student subgroups, not all subgroups benefited equally. Gender disparities
were found in both the HLMs and the GBM models for math and science performance, with
male students tending to score higher than female students on the ACT despite similar
coursework patterns. This is consistent with the gender differences that have been found on the
ACT in previous research (McNeish et al., 2015; Noble & McNabb, 1989;) and suggests that

3 Due to the complexities of this model, the model results are not presented in the paper but can
be obtained from the author.
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additional interventions may be necessary to support female students in STEM-related
coursework.

Race/ethnicity was also found to moderate the relationship between coursework taken and
ACTC scores. In the HLMs and the GBM models, White and Asian students consistently
outperformed their African American and Hispanic peers, even after the models controlled for
course-taking patterns. This finding, too, is consistent with previous research (Riegle-Crumb &
Grodsky, 2010), which indicates that structural inequalities in education may be affecting
student outcomes.

Family income was an additional factor influencing ACTC scores, with higher-income students
consistently outperforming their lower-income peers in the HLMs and the GBM models. This
gap was particularly pronounced in advanced course-taking patterns, where high-income
students showed significantly higher ACTC scores. This highlights how important it is to
consider family income and its role in shaping educational opportunities and test performance,
likely due to differences in access to quality instruction, academic resources, tutoring, etc.

One of the key contributions of this particular study was a comparison between traditional
hierarchical linear models and gradient-boosted machine models. While this study did find that
the GBM models offered a slight improvement in predictive accuracy, the difference is likely not
practically significant. The GBM model that incorporated demographic variables performed
marginally better than most of the HLMs, but a highly complex HLM with all demographic
interactions resulted in nearly identical predictive accuracy. The most complex HLM examined
would require large sample sizes such as those used in this study, while GBM models have
shown promise with smaller sample sizes; however, GBM models are more reliable and robust
with larger sample sizes. The most significant practical difference in this analysis was that the
HLMs could be run in minutes, while the GBM models took several hours to complete
calculations. This suggests that while machine learning methods offer valuable tools for
educational research, traditional regression approaches remain very effective for predicting
student outcomes.

There are important implications of this research that should be called out. First, this study
reinforces how important it is to promote rigorous coursework in math and science as a strategy
for helping students improve college readiness. This also provides a call to high schools to
strengthen and expand their STEM course offerings and, additionally, provide additional
supports to students who may be struggling in these subjects. Second, the gaps identified by
student demographics highlight the need for a fairness lens to be placed on interventions. The
gaps in ACTC performance by student demographics suggest that rigorous coursework alone is
not enough to close achievement gaps. Educators and policymakers should explore the use of
additional supports such as targeted tutoring and mentoring, and they should help make test
preparation resources available to all students. Finally, this study shows that while machine
learning techniques can provide valuable insights, traditional statistical models remain a strong
choice for predicting student outcomes. If educational researchers want to use advanced
machine learning models, they need to carefully weigh the tradeoffs between predictive
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accuracy and interpretability (particularly in terms of explaining the models to student and parent
stakeholders) when selecting the analytical approach that best meets their needs.

Limitations

Despite this study providing valuable information as an update to previous research and an
extension into new methodologies, there are several limitations to be noted. First, while the
study sample itself was large and representative of the population (see Table 1), it was limited
to students from a single southern state; this potentially limits the generalizability of these
findings. Additionally, | combined data for those identifying as American Indian / Alaska Native
(0.8%), Native Hawaiian / Pacific Islander (0.2%), and two or more races (5.1%). This
necessarily limits what we can conclude about these student demographic groups. Furthermore,
this study uses self-reported coursework data, which may introduce student uncertainty in
reporting. For example, students may overestimate their HSGPA or misreport their academic
history. If possible, it would be useful to replicate this study using transcript grades and
coursework data. This study primarily concerned itself with the impact of student characteristics
and student outcomes that were within the control of the student, while using some school
characteristics as control variables. Future research should explore the impact of school-level
characteristics such as teacher quality and curriculum rigor.
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Appendix

Table A1. Model 1 Standardized Coefficients
Standardized

Predictor .
coefficient
HSGPA 1.637*** (0.007)
Advanced English 0.979*** (0.016)
Advanced social studies 0.840*** (0.016)
Advanced math 1.703*** (0.017)
Advanced science 0.744*** (0.017)
Social studies: U.S. history, world history, and American government —-0.394*** (0.021)
Social studies: U.S. history, world history, American government, and other -0.505*** (0.040)
Social studies: Other 3—-3.5 yr combinations -0.320*** (0.015)
Social studies: Other 4+ yr combinations -0.605*** (0.018)
Math: Algebra I, geometry, and Algebra |l 0.471*** (0.024)
Math: Beyond Algebra | 1.864*** (0.025)
Math: Other patterns 1.586*** (0.035)
Science: Less than 3 yr -0.551*** (0.090)
Science: Biology —-0.742*** (0.045)
Science: Biology and chemistry -0.176*** (0.043)
Science: Biology, chemistry, and physics 0.585*** (0.044)
Science: Other 3 yr combinations -0.314*** (0.051)
Percent poverty -1.028*** (0.019)
AP courses taken 0.127*** (0.017)
Percent White 0.479*** (0.017)
Constant 18.013*** (0.050)
Observations 453,439
Log likelihood -1,245,182.00
Akaike inf. crit. 2,490,410.00
Bayesian inf. crit. 2,490,664.00

*p < 0.1; **p < 0.05; ***p < 0.01.
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Tabel A2. Model 2 Standardized Coefficients

Predictor

HSGPA

Advanced English

Advanced social studies

Advanced math

Advanced science

Social studies: U.S. history, world history, and American government
Social studies: U.S. history, world history, American government, and other
Social studies: Other 3—3.5 yr combinations

Social studies: Other 4+ yr combinations

Math: Algebra |, geometry, and Algebra Il

Math: Beyond Algebra |l

Math: Other patterns

Science: Less than 3 yr

Science: Biology

Science: Biology and chemistry

Science: Biology, chemistry, and physics

Science: Other 3 yr combinations

Female

Percent poverty

AP courses taken

Percent White

Female * Social studies: U.S. history, world history, and American government
Female * Social studies: U.S. history, world history, American government, and
other

Female * Social studies: Other 3—3.5 yr combinations

Female * Social studies: Other 4+ yr combinations

Female * Math: Algebra |, geometry, and Algebra Il

Female * Math: Beyond Algebra

Female * Math: Other patterns

Female * Science: Less than 3 yr

Female * Science: Biology

Female * Science: Biology and chemistry

Female * Science: Biology, chemistry, and physics

Female * Science: Other 3 yr combinations

Constant

Observations

Log likelihood

Akaike inf. crit.

Bayesian inf. crit.

Standardized
coefficient

1.703*** (0.007)
1.108*** (0.016)
0.848*** (0.016)
1.614*** (0.017)
0.755*** (0.017)
-0.388*** (0.028)
-0.657*** (0.054)
-0.251*** (0.021)
-0.613*** (0.026)
0.602*** (0.034)
1.990*** (0.035)
1.664*** (0.048)
-0.690*** (0.122)
-0.813*** (0.061)
-0.179*** (0.059)
0.509*** (0.060)
-0.406*** (0.069)
-0.886*** (0.090)
-1.018*** (0.019)
0.119*** (0.017)
0.465*** (0.017)
-0.039 (0.037)

0.209*** (0.077)

-0.026 (0.027)
0.133*** (0.033)
~0.268*** (0.046)
~0.319*** (0.047)
~0.270*** (0.067)
0.386* (0.177)
0.305*** (0.087)
0.191** (0.084)
0.073 (0.085)
0.104 (0.100)
18.422*** (0.066)
453,439
~1,241,475.000
2,483,023.000
2,483,419.000

*p <0.1; **p < 0.05; ***p < 0.01.
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Tabel A3. Model 3 Standardized Coefficients

Predictor

HSGPA

Advanced English

Advanced social studies

Advanced math

Advanced science

Social studies: U.S. history, world history, and American government
Social studies: U.S. history, world history, American government, and other
Social studies: Other 3—3.5 yr combinations

Social studies: Other 4+ yr combinations

Math: Algebra |, geometry, and Algebra Il

Math: Beyond Algebra |l

Math: Other patterns

Science: General science

Science: Biology

Science: Biology and chemistry

Science: Biology, chemistry, and physics

Science: Other 3 yr combinations

African American

Two or more / American Indian / Native Hawaiian

Hispanic

Asian

Prefer not to respond / Missing

Percent poverty

AP courses offered

Percent White

African American * Social studies: U.S. history, world history, and American
government

African American * Social studies: U.S. history, world history, American
government, and other

African American * Social studies: Other 3—-3.5 yr combinations

African American * Social studies: Other 4+ yr combinations

Two or more / American Indian / Native Hawaiian * Social studies: U.S. history,
world history, and American government

Two or more / American Indian / Native Hawaiian * Social studies: U.S. history,
world history, American government, and other

Two or more / American Indian / Native Hawaiian * Social studies: Other 3-3.5 yr

combinations

Two or more / American Indian / Native Hawaiian * Social studies: Other 4+ yr
combinations

Hispanic * Social studies: U.S. history, world history, and American government
Hispanic * Social studies: U.S. history, world history, American government, and
other

Hispanic * Social studies: Other 3-3.5 yr combinations

Hispanic * Social studies: Other 4+ yr combinations

Asian * Social studies: U.S. history, world history, and American government
Asian * Social studies: U.S. history, world history, American government, and
other

Asian * Social studies: Other 3-3.5 yr combinations

Asian * Social studies: Other 4+ yr combinations

Prefer not to respond / Missing * Social studies: U.S. history, world history, and
American government

Standardized
coefficient

1.556*** (0.007)
0.986*** (0.016)
0.818*** (0.016)
1.628*** (0.016)
0.724*** (0.016)
0.368*** (0.025)
0.469*** (0.048)
0.295*** (0.018)
0.546*** (0.022)
0.583*** (0.031)
)

)

)

)

)

)

)

)

2.033*** (0.033
1.871** (0.045
0.687*** (0.118
~0.970*** (0.060
~0.266*** (0.058
0.575** (0.059
~0.305*** (0.067
~1.784** (0.134
-0.473** (0.186)
0.994*** (0.126)
~0.266 (0.216)
0.166 (0.277)
-0.931*** (0.018)
0.108*** (0.016)
)

)

0.180*** (0.017
0.179*** (0.062

0.138 (0.136

0.191*** (0.046
0.221*** (0.052

-0.140* (0.079

~— ~—~— ~—

~0.103 (0.145)
-0.078 (0.059)

-0.150** (0.069)
0.106* (0.061
0.057 (0.126

)

)

0.031 (0.041)
0.112** (0.049)
-0.683*** (0.096)
)

)

)

)

(
-0.742*** (0.223
(

-0.382*** (0.061
-0.747*** (0.076

0.032 (0.142
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Prefer not to respond / Missing * Social studies: U.S. history, world history,
American government, and other

Prefer not to respond / Missing * Social studies: Other 3-3.5 yr combinations
Prefer not to respond / Missing * Social studies: Other 4+ yr combinations
African American * Math: Algebra |, geometry, and Algebra Il

African American * Math: Beyond Algebra Il

African American * Math: Other patterns

Two or more / American Indian / Native Hawaiian * Math: Algebra |, geometry,
and Algebra I

Two or more / American Indian / Native Hawaiian * Math: Beyond Algebra |l
Two or more / American Indian / Native Hawaiian * Math: Other patterns
Hispanic * Math: Algebra |, geometry, and Algebra |l

Hispanic * Math: Beyond Algebra

Hispanic * Math: Other patterns

Asian * Math: Algebra |, geometry, and Algebra Il

Asian * Math: Beyond Algebra |l

Asian * Math: Other patterns

Prefer not to respond / Missing * Math: Algebra I, geometry, and Algebra Il
Prefer not to respond / Missing * Math: Beyond Algebra Il

Prefer not to respond / Missing * Math: Other patterns

African American * Science: General science

African American * Science: Biology

African American * Science: Biology and chemistry

African American * Science: Biology, chemistry, and physics

African American * Science: Other 3 yr combinations

Two or more / American Indian / Native Hawaiian * Science: General science
Two or more / American Indian / Native Hawaiian * Science: Biology

Two or more / American Indian / Native Hawaiian * Science: Biology and
chemistry

Two or more / American Indian / Native Hawaiian * Science: Biology, chemistry,
and physics

Two or more / American Indian / Native Hawaiian * Science: Other 3 yr
combinations

Hispanic * Science: General science

Hispanic * Science: Biology

Hispanic * Science: Biology and chemistry

Hispanic * Science: Biology, chemistry, and physics

Hispanic * Science: Other 3 yr combinations

Asian * Science: General science

Asian * Science: Biology

Asian * Science: Biology and chemistry

Asian * Science: Biology, chemistry, and physics

Asian * Science: Other 3 yr combinations

Prefer not to respond / Missing * Science: General science

Prefer not to respond / Missing * Science: Biology

Prefer not to respond / Missing * Science: Biology and chemistry

Prefer not to respond / Missing * Science: Biology, chemistry, and physics
Prefer not to respond / Missing * Science: Other 3 yr combinations
Constant

Observations

Log likelihood

Akaike inf. crit.

Bayesian inf. crit.

0.037 (0.294)

0.022 (0.101)
-0.176 (0.117)
-0.430*** (0.064)
~1.328*** (0.068)
~1.333*** (0.098)

-0.015 (0.093)

~0.084 (0.095)
~0.380*** (0.140)
~0.211*** (0.066)
—~0.545*** (0.068)
—~0.754*** (0.094)
0.523*** (0.160)
1.701%** (0.157)
1.653*** (0.183)
0.250 (0.172)
0.546** (0.172)
~0.221 (0.241)
0.893*** (0.249)
1.016** (0.131)
0.533*** (0.128)
~0.141 (0.131)
0.035 (0.151)
0.232 (0.353)
0.541** (0.180)
)

0.224 (0.175
0.310% (0.179)

0.333 (0.207

)
0.250 (0.260)
0.549** (0.122)
0.239** (0.117)
-0.124 (0.119)
0.073 (0.141)
~0.117 (0.548)
0.516*** (0.196)
-0.370** (0.167)
~0.172 (0.168)
-0.351* (0.213)
-0.729 (0.595)
-0.558** (0.266)
-0.732*** (0.249)
-0.734*** (0.253)
~1.443** (0.313)
18.363*** (0.065)
453,439
~1,238,186.000
2,476,549.000
2,477,519.000

*p < 0.1; **p < 0.05; ***p < 0.01.
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Tabel A4. Model 4 Standardized Coefficients
Predictor Standa_rc_iized
coefficient
HSGPA 1.565*** (0.007)
Advanced English 0.959*** (0.016)

Advanced social studies

Advanced math

Advanced science

Social studies: U.S. history, world history, and American government
Social studies: US History, world history, American government, and other
Social studies: Other 3—3.5 yr combinations

Social studies: Other 4+ yr combinations

Math: Algebra |, geometry, and Algebra Il

Math: Beyond Algebra Il

Math: Other patterns

Science: Less than 3 yr

Science: Biology

Science: Biology and chemistry

Science: Biology, chemistry, and physics

Science: Other 3 yr combinations

$36K-$60K

$60K-$100K

>$100K

Percent poverty

AP courses offered

Percent White

$36K-$60K * Social studies: U.S. history, world history, and American
government

$36K-$60K * Social studies: U.S. history, world history, American government,
and other

$36K-$60K * Social studies: Other 3-3.5 yr combinations

$36K-$60K * Social studies: Other 4+ yr combinations

$60K-$100K * Social studies: U.S. history, world history, and American
government

$60K-$100K * Social studies: U.S. history, world history, American government,
and other

$60K-$100K * Social studies: Other 3—3.5 yr combinations

$60K-$100K * Social studies: Other 4+ yr combinations

>$100K * Social studies: U.S. history, world history, and American government
>$100K * Social studies: U.S. history, world history, American government, and
other

>$100K * Social studies: Other 3-3.5 yr combinations

>$100K * Social studies: Other 4+ yr combinations

$36K-$60K * Math: Algebra I, geometry, and Algebra Il

$36K-$60K * Math: Beyond Algebra II

$36K—$60K * Math: Other patterns

$60K-$100K * Math: Algebra |, geometry, and Algebra Il

$60K-$100K * Math: Beyond Algebra Il

$60K-$100K * Math: Other patterns

>$100K * Math: Algebra |, geometry, and Algebra Il

>$100K * Math: Beyond Algebra Il

>$100K * Math: Other patterns

$36K-$60K * Science: Less than 3 yr

$36K-$60K * Science: Biology

$36K—$60K * Science: Biology and chemistry

0.813** (0.016)
1.630%** (0.017)
0.721%* (0.017)

-0.135*** (0.042)

-0.270*** (0.096)
-0.079** (0.032)

-0.286*** (0.039)
0.386*** (0.041)
1.093*** (0.045)
0.618*** (0.068)

-0.064 (0.158)
0.068 (0.085)
0.382*** (0.083)
0.574*** (0.086)
-0.062 (0.099)
0.768** (0.138)
1.084*** (0.133)
1.770%** (0.116)

-0.867*** (0.018)
0.084*** (0.017)
0.410*** (0.016)

~0.102* (0.062)

-0.054 (0.136)

(
-0.072 (0.047)
~0.100* (0.055)
(

-0.269*** (0.057)

-0.221* (0.126)

(
-0.235*** (0.043)
-0.165*** (0.051)
-0.426*** (0.051)
(
(

-0.422*** (0.112)

-0.361*** (0.038)
-0.518*** (0.046)
0.105 (0.065)
0.408*** (0.069)
0.517*** (0.105)
0.210*** (0.065)
0.789*** (0.068)
1.061*** (0.100)
0.210*** (0.061)
1.282*** (0.064)
1.690*** (0.090)
-0.307 (0.257)
-0.630*** (0.135)
-0.493*** (0.132)
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$36K-$60K * Science: Biology, chemistry, and physics
$36K-$60K * Science: Other 3 yr combinations
$60K-$100K * Science: Less than 3 yr

$60K-$100K * Science: Biology

$60K-$100K * Science: Biology and chemistry
$60K-$100K * Science: Biology, chemistry, and physics
$60K-$100K * Science: Other 3 yr combinations
>$100K * Science: Less than 3 yr

>$100K * Science: Biology

>$100K * Science: Biology and chemistry

>$100K * Science: Biology, chemistry, and physics
>$100K * Science: Other 3 yr combinations

Constant

Observations

Log likelihood

Akaike inf. crit.

Bayesian inf. crit.

-0.194 (0.136)
~0.281* (0.156)
-0.459* (0.255)

-0.867*** (0.128)

-0.601*** (0.126)

-0.037 (0.129)
-0.215 (0.148)

-0.942*** (0.226)

-1.600*** (0.111)

-1.063*** (0.108)

-0.273** (0.110)
-0.469*** (0.128)
16.959*** (0.088)

453,439
-1,240,707.00
2,481,539.00
2,482,222.00

*p < 0.1; **p < 0.05; ***p < 0.01.

®
m I © 2025 by ACT Education Corp. All rights reserved. | R2502



ABOUT ACT

ACT is transforming college and career readiness
pathways so that everyone can discover and fulfill their
potential. Grounded in more than 65 years of research,
ACT'’s learning resources, assessments, research, and

work-ready credentials are trusted by students, job

seekers, educators, schools, government agencies,
and employers in the U.S. and around the world to
help people achieve their education and career goals
at every stage of life. Visit us at www.act.org.

© 2025 by ACT Education Corp. All rights reserved. | 0000


http://www.act.org/

	The Power of Preparation: How Rigorous High School Courses Relate to ACT Composite Scores
	Conclusions
	So What?
	Now What?
	About the Authors
	Acknowledgements
	Introduction
	Method
	Analytical Sample
	Measures
	ACT Composite Score
	Cumulative HSGPA
	Demographic Variables
	Coursework Taken
	High School Characteristics


	Data Analysis

	Results
	Hierarchical Linear Model Results
	Gradient-Boosted Machine Model Results
	Does Increased Course-Taking in Mathematics and Science Predict ACT Performance When Models Account for Other Academic and School Characteristics?
	Do Student Demographics (Gender, Race/Ethnicity, and Family Income) Moderate the Relationship Between Course-Taking and ACT Performance?
	Can Modern Machine Learning Models, Such as Gradient-Boosted Machines, Improve the Prediction of ACT Performance Over Traditional Regression Methods?

	Discussion
	Limitations

	References
	Appendix





[image: CommonLook Logo]CommonlLook








CommonLook PDF Compliance Report



Generated by CommonLook®PDF



Name of Verified File:



R2502-Power-Preparation-Rigorous-HS-Courses-Enhance-ACTC-Scores-09-2025.pdf



Date Verified:



Monday, September 15, 2025



Results Summary:



Number of Pages: 50



Total number of tests requested: 65



Total of Failed statuses: 0



Total of Warning statuses: 0



Total of Passed statuses: 289



Total of User Verify statuses: 0



Total of Not Applicable statuses: 30



Structural Results



Structural Results





  

  

    		Index

    		Checkpoint

    		Status

    		Reason

    		Comments



  




Accessibility Results





Section 508





  

  

    		Index

    		Checkpoint

    		Status

    		Reason

    		Comments



  




  

  

WCAG 2.0





  

  

    		Index

    		Checkpoint

    		Status

    		Reason

    		Comments



  




  

  

PDF/UA 1.0





  

  

    		Index

    		Checkpoint

    		Status

    		Reason

    		Comments



  






HHS





  

  

    		Index

    		Checkpoint

    		Status

    		Reason

    		Comments



  






    HHS (2018 regulations)



    

        

            

                		Index

                		Checkpoint

                		Status

                		Reason

                		Comments

            



        

    






    



    WCAG 2.1



    

        

            

                		Index

                		Checkpoint

                		Status

                		Reason

                		Comments

            



        

    








    WCAG 2.2 AA



     		Serial		Page No.		Element Path		Checkpoint Name		Test Name		Status		Reason		Comments

		1		1,50		Tags->0->4,Tags->0->175		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Figures		Passed		Please verify that Alt of "ACT logo" is appropriate for the highlighted element.		Verification result set by user.

		2		12		Tags->0->70		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Figures		Passed		Please verify that Alt of "Plot titled ‘Predictors of ACTC Scores.’ Positive predictors include High School GPA (1.64), Advanced Math (1.70), Advanced English (0.98), Advanced Science (0.74), Math: Algebra/Geometry/Algebra 2 (0.47), Math: Other Patterns (1.59), Science: Biology, Chemistry, Physics (0.59) and Advanced Social Studies (0.84). Math Beyond Algebra II has the largest positive effect (1.86). Negative predictors include certain Social Studies and Science course patterns, with Social: Other4 plus (negative 0.60) and Science: Other 3 year (negative 0.31) being most negative. AP Courses Offered is slightly positive (0.13); Percent Poverty is negative 1.03; and Percent White is 0.48." is appropriate for the highlighted element.		Verification result set by user.

		3		14		Tags->0->79		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Figures		Passed		Please verify that Alt of "Plot titled ‘Predictors of ACTC Scores.’ Strong positive predictors include High School GPA (1.70), Advanced Math (1.61), Advanced English (1.11), and Math Beyond Algebra 2 (1.99). Strong negative predictors include the percent of students meeting poverty guidelines at a school (negative 1.02) and Female (negative 0.089). Other predictors show smaller effects. These effects include the following categories: Advanced Social Studies (0.85), Advanced Science (0.75), Social: U.S./World History/American Government (negative 0.39), Social: U.S./World History/American Government/Other (negative 0.66), Social:Other 3-3.5 (negative 0.25), Math: Algebra/geometry/algebra 2 (0.60), Math: Other patterns (1.66), Science: less than 3 years (negative 0.69), Science: Biology (negative 0.81), Science: Biology/chemistry (negative 0.18), Science: Biology/Chemistry/Physics (0.51), Science: Other 3 year (negative 0.41), AP Courses Offered (0.12), percent of students who are white (0.46), Female*Social: U.S./World history/American government (negative 0.04), Female*Social:U.S./World history/American government/other (0.21), Female*Social: Other 3-3.5 (negative 0.03), Female*Social:Other 4 plus (0.13), Female*Math: algebra 1/geometry/algebra 2 (negative 0.27), Female*Math:Beyond Algebra 2 (negative 0.32), Female*Math: Other patterns (negative 0.27), Female*Science:Less than 3 years (0.39), Female*Science:Biology (0.30), Female*Science: biology/chemistry (0.19), Female*Science: biology/chemistry/physics (0.07), and Female*Science:Other 3 Year (0.10)." is appropriate for the highlighted element.		Verification result set by user.

		4		17,18,19		Tags->0->87		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Figures		Passed		Please verify that Alt of "Three-panel dot plot showing predictors of ACTC scores with race/ethnicity interactions. Across panels, largest positive effects occur for taking Math beyond Algebra 2 (2.03), taking advance Math coursework (1.63), African American × Science: Biology (+1.02), and Asian × taking Math beyond Algebra 2 (1.70). Largest negative effects include African American × Math Beyond Algebra 2 (–1.33). Patterns indicate strong positive associations for advanced coursework and some science interactions, while certain math and social studies interactions for minority groups show strong negatives. These predictors include: high school GPA (1.56), Advanced English (0.99), Advanced social studies (0.82), Advanced math (1.63), advanced science (0.72), Social: U.S., world history, American government (negative 0.37), Social: U.S., world history, American government (negative 0.47), Social: Other 3-3.5 (negative 0.29), Social: Other 4 plus (negative 0.55), Math: Algebra 1, geometry, algebra 2 (0.58), Math: beyond algebra 2 (2.03), math: other patterns (1.87), Science: less than 3 years (negative 0.69), Science: biology (negative 0.97), Science: biology, chemistry (negative 0.27), Science: biology, chemistry, physics (0.57), Science: Other 3 years (negative 0.31), African American (negative 1.78), Two or more/American Indian/Native Hawaiian (negative 0.47), Hispanic (negative 0.99), Asian (negative 0.27), Prefer not to respond/missing (0.17), percent poverty (negative 0.93), N A P courses offered (0.11), percent White (0.18), African American*Social: US/World History/American Government (0.18), African American*Social: US/World History/American government/other (0.14), African American*Social: Other 3-3.5 (0.19), African American*Social: Other 4 plus (0.22), Two or more/American Indian/Native Hawaiian*Social: US/World History/American Government (negative 0.14), Two or more/American Indian/Native Hawaiian*Social: US World history/American government/Other (negative 0.10), Two or more/American Indian/Native Hawaiian*Social: Other 4 plus (negative 0.15), Hispanic*Social: US/World history/American government (0.11), Hispanic*Social: US/World history/American government/other (0.06), Hispanic*Social: other 3-3.5 (0.03), Hispanic*Social: Other 4 plus (0.11), Asian*Social: US/world history/American government (negative 0.68), Asian*Social: US/world history/American government/other (negative 0.74), Asian*Social: other 3-3.5 (negative 0.38), Asian*Social: other 4 plus (negative 0.75), Prefer not to respond/missing*Social: US/world history/American government (0.03), Prefer not to respond/Missing*Social: US/world history/American government/other (0.04), Prefer not to respond/missing*Social: other 3-3.5 (0.02), Prefer not to respond/missing*Social: other 4 plus (negative 0.18), African American*Math: algebra 1, geometry, algebra 2 (negative 0.43), African American*Math: Beyond algebra 2 (negative 1.33), African American*Math: Other patterns (negative 1.33), two or more/American Indian/Native Hawaiian*Math: algebra 1, geometry, algebra 2 (negative 0.02), two or more/American Indian/Native Hawaiian*Math: beyond algebra 2 (negative 0.08), two or more/American Indian/Native Hawaiian*Math: Other patterns (negative 0.38), Hispanic*Math: algebra 1, geometry, algebra 2 (negative 0.21), Hispanic*Math: beyond algebra 2 (negative 0.55), Hispanic*math: other patterns (negative 0.75), Asian*math: algebra 1, geometry, algebra 2 (0.52), Asian*Math: beyond algebra 2 (1.70), Asian*Math: other patterns (1.65), Prefer not to respond/missing*math: algebra 1, geometry, algebra 2 (0.2), Prefer not to respond/missing*math: beyond algebra 2 (0.55), Prefer not to respond/missing*math: other patterns (negative 0.22), African American*Science: less than 3 years (0.89), African American*Science: biology (1.02), African American*Science: biology, chemistry, physics (negative 0.14), African American*Science: biology, chemistry (0.53), African American*Science: other 3 year (0.04), two or more/American Indian/Native Hawaiian*science: less than 3 years (0.23), two or more/American Indian/Native Hawaiian*Science: biology (0.54), two or more/American Indian/Native Hawaiian*Science: biology/chemistry (0.22), two or more/American Indian/Native Hawaiian*Science: biology/chemistry/physics (0.31), two or more/American Indian/Native Hawaiian*Science: other 3 year (0.33), Hispanic*Science: biology (0.55), Hispanic*Science: biology/chemistry (0.24), Hispanic*Science: biology/chemistry/physics (negative 0.12), Hispanic(Science: other 3 year (0.07), Asian*Science: less than 3 year (negative 0.12), Asian*Science: biology (negative 0.52), Asian*Science: biology/chemistry (negative 0.37), Asian*Science: biology/chemistry/physics (negative 0.17), Asian*Science: other 3 year (negative 0.35), Prefer not to respond/missing*Science: less than 3 years (negative 0.73), Prefer not to respond/missing*Science: biology (negative 0.56), Prefer not to respond/missing*Science: biology/chemistry (negative 0.73), Prefer not to respond/missing*Science: biology/chemistry/physics (negative 0.73), and Prefer not to respond/missing*Science: Other 3 year (negative 1.44). " is appropriate for the highlighted element.		Verification result set by user.

		5		24,25		Tags->0->94		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Figures		Passed		Please verify that Alt of "Plot of predictors of ACTC scores with family‑income main effects and income × course‑taking interactions. The largest positive effects are Percent White (1.77), Advanced Math (1.63), HSGPA (1.57), and high‑income*advanced math interactions (up to 1.69). The largest negative effects concentrate in science interactions at higher incomes, especially less than $100K*Science: Biology (negative 1.60) and greater than $100K*Science: biology/chemistry (negative 1.06), and in the $36K to $60K main effect (negative 0.87). Most other interactions are small. These interactions include: advanced English (0.96), advanced social studies (0.81), advanced science (0.72), Social: US/world history/American government (negative 0.14), Social: US/World history/American government/other (negative 0.27), Social: other 3-3.5 (negative 0.08), Social: other 4 plus (negative 0.29), Math: algebra 1/geometry/algebra 2 (0.39), math: beyond algebra 2 (1.09), math: other patterns (0.62), science: less than 3 years (negative 0.06), Science: biology (0.07), Science: biology/chemistry (0.38), Science: biology/chemistry/physics (0.57), Science: other three year (negative 0.06), percent poverty (0.77), AP courses offered (1.08), percent White (1.77), $36K to $60K (negative 0.87), $60K to $100K (0.08), greater than $100K (0.41), $36K to 60K*Social: US/world history/American government (negative 0.10), $36K to 60K*Social: US/world history/American government/other (negative 0.05), $36K to 60K*Social: other 3-3.5 (negative 0.07), $36K to 60K*Social: other 4 plus (negative 0.10), $60K to $100K*Social: US/world history/American government (negative 0.27), $60K to $100K*Social: US/world history/American government/other (negative 0.22)." is appropriate for the highlighted element.		Verification result set by user.

		6		28		Tags->0->103		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Figures		Passed		Please verify that Alt of "Horizontal bar chart of feature importance for a gradient‑boosted machine model without demographics. The horizontal axis is titled Relative Importance and labeled from 0 to 40 in units of 10. The vertical axis is labeled with eleven features. Most important features include high school GPA (approximately 47), advance math coursework taking (approximately 14), and the percentage of students at a school meeting poverty guideline (approximately 12) with longer bars; less important features appear with short bars. Other features, from most relative importance to least (between approximately 7 and 1) include math courses, advanced social studies, percentage of White students, advances science, advanced English, science courses, number of AP courses offered, and social studies courses." is appropriate for the highlighted element.		Verification result set by user.

		7		30		Tags->0->109		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Figures		Passed		Please verify that Alt of "Horizontal bar chart of feature importance for a gradient‑boosted model with demographics. The horizontal axis is titled Relative Importance and labeled from 0 to 40 by units of 10. The vertical axis is labeled with 14 features. Most important features include HSGPA (approximately 38), advance math coursework taking (approximately 13), and the percentage of students at a school meeting poverty guidelines (approximately 8) with longer bars; less important features appear with short bars. These include family income (approximately 6), math courses (approximately 5), race/ethnicity (approximately 5), advanced social studies (approximately 5), advanced science (approximately 4), advanced English (approximately 4), percentage of White students (approximately 3), Science courses (approximately 2), gender (approximately 2), Number of AP course offered ((approximately 1), and Social studies courses ((approximately 1). " is appropriate for the highlighted element.		Verification result set by user.

		8		10		Tags->0->52		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Formulas		Passed		Please verify that Alt of "Model 1. ACTC equals high school GPA plus Advanced Courses in English plus Advanced Courses in Social Studies plus Advanced Courses in Math plus Advanced Courses in Science plus Social Studies Course Taking Pattern plus Math Course Taking Pattern plus Science Course Taking Pattern plus percent Meeting Poverty Guidelines at School plus Number of AP Courses Offered at School plus percent of Students at school of White Race/Ethnicity." is appropriate for the highlighted element.		Verification result set by user.

		9		10		Tags->0->54		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Formulas		Passed		Please verify that Alt of "Model 2. ACTC equals high school GPA plus Advanced Courses in English plus Advanced Courses in Social Studies plus Advanced Courses in Math plus Advanced Courses in Science plus ((Social Studies Course Taking Pattern plus Math Course Taking Pattern plus Science Course Taking Pattern) multiplied by Gender) plus percent Meeting Poverty Guidelines at School plus Number of AP Courses Offered at School plus percent of students at School of White race/ethnicity." is appropriate for the highlighted element.		Verification result set by user.

		10		10		Tags->0->56		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Formulas		Passed		Please verify that Alt of "Model 3. ACTC equals high school GPA plus Advanced Courses in English plus Advanced courses in Social Studies plus Advanced Courses in Math plus Advanced Courses in Science plus (Social Studies Course Taking Pattern plus Math Course Taking Pattern plus Science Course Taking Pattern) multiplied by Race/ethnicity) plus percent Meeting Poverty Guidelines at School plus Number of AP Courses Offered at School plus percent of Students at School of White race/ethnicity." is appropriate for the highlighted element.		Verification result set by user.

		11		10		Tags->0->58		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Formulas		Passed		Please verify that Alt of "Model 4. ACTC equals high school GPA plus Advanced Courses in English plus Advanced Courses in Social Studies plus Advanced Courses in Math plus Advanced Courses in Science plus ((Social Studies Course Taking Pattern plus Math Course Taking Pattern plus Science Course Taking Pattern) multiplied by Family Income) plus percent Meeting Poverty Guidelines at School plus Number of AP Courses Offered at School plus percent of students at School of White race/ethnicity." is appropriate for the highlighted element.		Verification result set by user.

		12		10		Tags->0->60		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Formulas		Passed		Please verify that Alt of "Model 5. GBM 1: ACTC equals high school GPA plus Advanced Courses in English plus Advanced Courses in Social Studies plus Advanced Courses in Math plus Advanced Courses in Science plus Social Studies Course Taking Pattern plus Math Course Taking Pattern plus Science Course Taking Pattern plus percent Meeting Poverty Guidelines at School plus Number of AP Courses Offered at School plus percent of students at School of White race/ethnicity." is appropriate for the highlighted element.		Verification result set by user.

		13		11		Tags->0->62		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Formulas		Passed		Please verify that Alt of "Model 6. GBM2: ACTC equals high school GPA plus Advanced Courses in English plus Advanced Courses in Social Studies plus Advanced Courses in Math plus Advanced Courses in Science plus Social Studies Course Taking Pattern plus Math Course Taking Pattern plus Science Course Taking Pattern plus Gender plus Race/ethnicity plus Family Income plus percent Meeting Poverty Guidelines at School plus Number of AP Courses Offered at School plus percent of students at School of White race/ethnicity. " is appropriate for the highlighted element.		Verification result set by user.

		14		12		Tags->0->72		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Formulas		Passed		Please verify that Alt of "one asterisk p less than .05, two asterisks p less than .01, three asterisks p less than .001" is appropriate for the highlighted element.		Verification result set by user.

		15		14		Tags->0->81		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Formulas		Passed		Please verify that Alt of "Asterisk p less than .05, two asterisks p less than .01, three asterisksp less than .001." is appropriate for the highlighted element.		Verification result set by user.

		16		19		Tags->0->89		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Formulas		Passed		Please verify that Alt of "Asterisk p less than .05, two asterisks p less than .01, three asterisks p less than .001" is appropriate for the highlighted element.		Verification result set by user.

		17		25		Tags->0->96		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Formulas		Passed		Please verify that Alt of "Asterisk p less than .05, two asterisks p less than .01, three asterisks p less than .001." is appropriate for the highlighted element.		Verification result set by user.

		18		44,45,47,49		Tags->0->165,Tags->0->168,Tags->0->171,Tags->0->174		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Formulas		Passed		Please verify that Alt of "Asterisk p less than 0.1, two asterisks p less than 0.05, three asterisks p less than 0.01." is appropriate for the highlighted element.		Verification result set by user.

		19		11,16		Tags->0->68->2,Tags->0->85->1		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Formulas		Passed		Please verify that Alt of "p less than .001" is appropriate for the highlighted element.		Verification result set by user.

		20		38		Tags->0->127->1		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Formulas		Passed		Please verify that Alt of "Root Mean Square Error (RMSE) equals the square root of the average of the squared differences between actual values y subscript i, and predicted values y hat subscript l, for i from 1 to n." is appropriate for the highlighted element.		Verification result set by user.

		21		38		Tags->0->128->1		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Formulas		Passed		Please verify that Alt of "Mean Absolute Error (MAE) equals the average of the absolute differences between actual values  and predicted values y hat subscript l, for i from 1 to n." is appropriate for the highlighted element.		Verification result set by user.

		22		9		Tags->0->46->1->0		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Alt of "Table 1 " is appropriate for the highlighted element.		Verification result set by user.

		23		9		Tags->0->46->1->0->0		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Contents of "Table 1" is appropriate for the highlighted element.		Verification result set by user.

		24		11		Tags->0->64->1		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Alt of "1" is appropriate for the highlighted element.		Verification result set by user.

		25		11		Tags->0->64->1->1		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Contents of "1" is appropriate for the highlighted element.		Verification result set by user.

		26		11		Tags->0->68->0		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Alt of "Figure 1" is appropriate for the highlighted element.		Verification result set by user.

		27		11,35		Tags->0->68->0->0,Tags->0->114->1->0		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Contents of "Figure 1" is appropriate for the highlighted element.		Verification result set by user.

		28		11		Tags->0->68->4		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Alt of " Table 2 " is appropriate for the highlighted element.		Verification result set by user.

		29		11,35		Tags->0->68->4->0,Tags->0->115->0->0->0		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Contents of "Table 2" is appropriate for the highlighted element.		Verification result set by user.

		30		13		Tags->0->74->5->0->0->1		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Alt of "2" is appropriate for the highlighted element.		Verification result set by user.

		31		13		Tags->0->74->5->0->0->1->0		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Contents of "2" is appropriate for the highlighted element.		Verification result set by user.

		32		13		Tags->0->77->0->0		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Alt of "Figure 2 " is appropriate for the highlighted element.		Verification result set by user.

		33		13,36		Tags->0->77->0->0->0,Tags->0->118->1->0		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Contents of "Figure 2" is appropriate for the highlighted element.		Verification result set by user.

		34		13		Tags->0->77->2		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Alt of " Table 3 " is appropriate for the highlighted element.		Verification result set by user.

		35		13		Tags->0->77->2->0		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Contents of "Table 3" is appropriate for the highlighted element.		Verification result set by user.

		36		23		Tags->0->92->0->0,Tags->0->92->4->0		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Alt of "Figure 4 " is appropriate for the highlighted element.		Verification result set by user.

		37		23,36		Tags->0->92->0->0->0,Tags->0->92->4->0->0,Tags->0->121->1->0		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Contents of "Figure 4" is appropriate for the highlighted element.		Verification result set by user.

		38		23		Tags->0->92->2		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Alt of " Table 5 " is appropriate for the highlighted element.		Verification result set by user.

		39		23,36		Tags->0->92->2->0,Tags->0->121->3->0->0		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Contents of "Table 5" is appropriate for the highlighted element.		Verification result set by user.

		40		28		Tags->0->101->1		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Alt of "(Figure 5)" is appropriate for the highlighted element.		Verification result set by user.

		41		28		Tags->0->101->1->0		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Contents of "Figure 5" is appropriate for the highlighted element.		Verification result set by user.

		42		28,37		Tags->0->104->0->0,Tags->0->123->0->0		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Alt of "Table 6 " is appropriate for the highlighted element.		Verification result set by user.

		43		28,35,37		Tags->0->104->0->0->1,Tags->0->116->1->0,Tags->0->123->0->0->0		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Contents of "Table 6" is appropriate for the highlighted element.		Verification result set by user.

		44		29		Tags->0->107->1->0		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Alt of "Figure 6," is appropriate for the highlighted element.		Verification result set by user.

		45		29		Tags->0->107->1->0->0		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Contents of "Figure 6" is appropriate for the highlighted element.		Verification result set by user.

		46		30,37		Tags->0->110->0->0,Tags->0->124->0->0		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Alt of "Table 7 " is appropriate for the highlighted element.		Verification result set by user.

		47		30,37		Tags->0->110->0->0->0,Tags->0->124->0->0->0		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Contents of "Table 7" is appropriate for the highlighted element.		Verification result set by user.

		48		35		Tags->0->114->1		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Alt of "(Figure 1)" is appropriate for the highlighted element.		Verification result set by user.

		49		35		Tags->0->115->0->0		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Alt of "Table 2 " is appropriate for the highlighted element.		Verification result set by user.

		50		35		Tags->0->116->1		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Alt of "(Table 6)" is appropriate for the highlighted element.		Verification result set by user.

		51		36		Tags->0->118->1		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Alt of "(Figure 2)" is appropriate for the highlighted element.		Verification result set by user.

		52		36		Tags->0->119->1		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Alt of "(Figure 3)" is appropriate for the highlighted element.		Verification result set by user.

		53		36		Tags->0->119->1->0		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Contents of "Figure 3" is appropriate for the highlighted element.		Verification result set by user.

		54		36		Tags->0->120->1->0		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Alt of "Table 4)" is appropriate for the highlighted element.		Verification result set by user.

		55		36		Tags->0->120->1->0->0		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Contents of "Table 4" is appropriate for the highlighted element.		Verification result set by user.

		56		36		Tags->0->121->1		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Alt of "(Figure 4)" is appropriate for the highlighted element.		Verification result set by user.

		57		36		Tags->0->121->3->0		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Alt of "Table 5)" is appropriate for the highlighted element.		Verification result set by user.

		58		39		Tags->0->132->1->0		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Alt of "3" is appropriate for the highlighted element.		Verification result set by user.

		59		39		Tags->0->132->1->0->1		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Contents of "3" is appropriate for the highlighted element.		Verification result set by user.

		60		42		Tags->0->146->1		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Alt of "Whose grades are inflated?" is appropriate for the highlighted element.		Verification result set by user.

		61		42		Tags->0->146->1->0		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Contents of "https://files.eric.ed.gov/fulltext/ED563203.pdf" is appropriate for the highlighted element.		Verification result set by user.

		62		42		Tags->0->147->1		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Alt of "A study of the relationship between the ACT college mathematics readiness standards and college mathematics achievement." is appropriate for the highlighted element.		Verification result set by user.

		63		42		Tags->0->147->1->1		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Contents of "https://journals.sagepub.com/doi/pdf/10.1177/0734282915594069" is appropriate for the highlighted element.		Verification result set by user.

		64		42		Tags->0->148->1		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Alt of "The validity of self-reported grade point averages, class ranks, and test scores: A meta-analysis and review of the literature" is appropriate for the highlighted element.		Verification result set by user.

		65		42		Tags->0->148->1->1		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Contents of "https://doi.org/10.3102/00346543075001063" is appropriate for the highlighted element.		Verification result set by user.

		66		42		Tags->0->149->1		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Alt of "Relationships between ACT test scores and high school courses" is appropriate for the highlighted element.		Verification result set by user.

		67		42		Tags->0->149->1->1		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Contents of "https://files.eric.ed.gov/fulltext/ED283103.pdf" is appropriate for the highlighted element.		Verification result set by user.

		68		42		Tags->0->150->1		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Alt of "The condition of education 2019" is appropriate for the highlighted element.		Verification result set by user.

		69		42		Tags->0->150->1->1		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Contents of "https://nces.ed.gov/pubs2019/2019144.pdf" is appropriate for the highlighted element.		Verification result set by user.

		70		42		Tags->0->151->1		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Alt of "A multidimensional perspective of college readiness: Relating student and school characteristics to performance on the ACT" is appropriate for the highlighted element.		Verification result set by user.

		71		42		Tags->0->151->1->1		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Contents of "https://files.eric.ed.gov/fulltext/ED563774.pdf" is appropriate for the highlighted element.		Verification result set by user.

		72		42		Tags->0->152->1		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Alt of "A nation at risk: The imperative for educational reform" is appropriate for the highlighted element.		Verification result set by user.

		73		42		Tags->0->152->1->1		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Contents of "https://files.eric.ed.gov/fulltext/ED226006.pdf" is appropriate for the highlighted element.		Verification result set by user.

		74		42		Tags->0->153->1		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Alt of "Relationships between the noncognitive characteristics, high school course work and grades, and test scores for ACT-tested students" is appropriate for the highlighted element.		Verification result set by user.

		75		42		Tags->0->153->1->1		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Contents of "https://www.act.org/content/dam/act/unsecured/documents/ACT_RR99-04.pdf" is appropriate for the highlighted element.		Verification result set by user.

		76		43		Tags->0->154->1		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Alt of "Differential coursework and grades in high school: Implications for performance on the ACT assessment" is appropriate for the highlighted element.		Verification result set by user.

		77		43		Tags->0->154->1->1		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Contents of "https://files.eric.ed.gov/fulltext/ED322159.pdf" is appropriate for the highlighted element.		Verification result set by user.

		78		43		Tags->0->155->1		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Alt of "Predicting long-term college success through degree completion using ACT Composite score, ACT Benchmarks, and high school grade point average" is appropriate for the highlighted element.		Verification result set by user.

		79		43		Tags->0->155->1->1		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Contents of "https://www.act.org/content/dam/act/unsecured/documents/ACT_RR2012-5.pdf" is appropriate for the highlighted element.		Verification result set by user.

		80		43		Tags->0->156->1		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Alt of "Hierarchical linear models: Applications and data analysis methods" is appropriate for the highlighted element.		Verification result set by user.

		81		43		Tags->0->156->1->1		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Contents of "https://collegepublishing.sagepub.com/products/hierarchical-linear-models-2-9230" is appropriate for the highlighted element.		Verification result set by user.

		82		43		Tags->0->157->1		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Alt of "Racial-ethnic differences at the intersection of math course-taking and achievement" is appropriate for the highlighted element.		Verification result set by user.

		83		43		Tags->0->157->1->1		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Contents of "https://doi.org/10.1177/0038040710375689" is appropriate for the highlighted element.		Verification result set by user.

		84		43		Tags->0->159->1		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed		Please verify that Alt of "How accurate are self-reported high school courses, course grades, and grade point average?" is appropriate for the highlighted element.		Verification result set by user.
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		139		11,13,23,28,29,30,35,36,37,39,42,43,50		Tags->0->64->1->1,Tags->0->68->0->0,Tags->0->68->4->0,Tags->0->74->5->0->0->1->0,Tags->0->77->0->0->0,Tags->0->77->2->0,Tags->0->92->0->0->0,Tags->0->92->2->0,Tags->0->92->4->0->0,Tags->0->101->1->0,Tags->0->104->0->0->1,Tags->0->107->1->0->0,Tags->0->110->0->0->0,Tags->0->114->1->0,Tags->0->115->0->0->0,Tags->0->116->1->0,Tags->0->118->1->0,Tags->0->119->1->0,Tags->0->120->1->0->0,Tags->0->121->1->0,Tags->0->121->3->0->0,Tags->0->123->0->0->0,Tags->0->124->0->0->0,Tags->0->132->1->0->1,Tags->0->146->1->0,Tags->0->147->1->1,Tags->0->148->1->1,Tags->0->149->1->1,Tags->0->150->1->1,Tags->0->151->1->1,Tags->0->152->1->1,Tags->0->153->1->1,Tags->0->154->1->1,Tags->0->155->1->1,Tags->0->156->1->1,Tags->0->157->1->1,Tags->0->159->1->3,Tags->0->159->1->4,Tags->0->160->1->1,Tags->0->161->1->1,Tags->0->177->1->0		Guideline 2.5 Input Modalities		Target Size (Minimum)		Passed		Is the target of the pointer input constrained by the line-height of non-target text, or this particular presentation of the target essential or legally required? Pass if Yes, Fail if No.		Verification result set by user.

		140						Guideline 2.5 Input Modalities		Label in Name		Not Applicable		No Form Annotations were detected in this document.		

		141						Guideline 2.5 Input Modalities		Motion Actuation		Not Applicable		No elements requiring device or user motion detected in this document.		

		142						Guideline 2.5 Input Modalities		Pointer Cancellation		Not Applicable		No mouse down events detected in this document.		

		143						Guideline 2.5 Input Modalities		Pointer Gestures		Not Applicable		No RichMedia or FileAtachments have been detected in this document.		

		144				MetaData		Guideline 3.1 Make text content readable and understandable.		Language specified		Passed		Please ensure that the specified language (EN-US) is appropriate for the document.		Verification result set by user.

		145						Guideline 3.2 Make Web pages appear and operate in predictable ways		Consistent Help		Not Applicable		This criterion is not applicable to pdf files.		

		146						Guideline 3.2 Make Web pages appear and operate in predictable ways		Change of context		Passed		No actions are triggered when any element receives focus		

		147				Pages->0		Guideline 3.2 Make Web pages appear and operate in predictable ways		Header/Footer pagination artifacts		Passed		Page 1 does not contain footer Artifacts.		Verification result set by user.

		148				Pages->1		Guideline 3.2 Make Web pages appear and operate in predictable ways		Header/Footer pagination artifacts		Passed		Page 2 does not contain header Artifacts.		Verification result set by user.

		149				Pages->49		Guideline 3.2 Make Web pages appear and operate in predictable ways		Header/Footer pagination artifacts		Passed		Page 50 contains content but does not define header or footer pagination artifacts. Please confirm this is correct.		Verification result set by user.

		150						Guideline 3.3 Help users avoid and correct mistakes		Accessible Authentication (Minimum)		Not Applicable		This criterion is not applicable to pdf files.		

		151						Guideline 3.3 Help users avoid and correct mistakes		Redundant Entry		Not Applicable		No form elements requiring redundant information detected in this document.		

		152						Guideline 3.3 Help users avoid and correct mistakes		Form fields value validation		Not Applicable		No form fields that may require validation detected in this document.		

		153						Guideline 3.3 Help users avoid and correct mistakes		Required fields		Not Applicable		No Form Fields were detected in this document.		

		154						Guideline 4.1 Maximize compatibility with current and future user agents, including assistive technologies		4.1.2 Name, Role, Value		Not Applicable		No user interface components were detected in this document.		

		155						Guideline 4.1 Maximize compatibility with current and future user agents, including assistive technologies		Status Message		Not Applicable		Checkpoint is not applicable in PDF.		
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