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Abstract
Students who attend two-year institutions are not always academically prepared for the level of
work that is required to be successful. Two-year institutions determine students’ readiness for
college-level mathematics courses using one of three placement methods. However, few
empirical studies have investigated which placement methods are most effective in predicting
academic success. The purpose of this quantitative study was to identify the placement methods
that best predict student success in college-level mathematics courses at a two-year college
located in the midwestern United States. Through binary logistic regression, data obtained from
the academic records of 1,330 students from a Midwestern U. S. two-year institution revealed a
positive statistically significant relationship between placement methods and students’ academic
success. Students placed using ACT/SAT mathematics score or ACCUPLACER methods,
respectively, were 1.85 (p <.05) and 3.91 (p <.001) times less likely to pass their college
mathematics course compared to those students who were placed using high school grade point
average (GPA). Students who took pre-calculus were 1.66 times more likely to pass than
students who took statistics (p <.05) after controlling for the sociodemographic and placement
type variables in the model. Age had a positive relationship with passing (OR = 1.05, p <.01).
Full-time students were 1.50 times less likely than part-time students to pass (p <.05). Pell
Grant eligible students were 1.57 times less likely than non-Pell Grant eligible participants to
pass (p <.05). Placing students using high school GPA may improve success in college-level
mathematics courses. Higher education policymakers should consider the use of high school

GPA as the central method to place students into these courses.



Chapter 1: Introduction

Over 20 million students attend college at any given time in the United States (National
Center for Education Statistics [NCES], 2016). Of these students, more than one-third (i.e., eight
million) are non-traditional students outside the traditional college ages of 18-24 years, and
seven million are attending two-year colleges rather than four-year schools (NCES, 2016).
Despite these statistics, academic success is the goal of every student who enters into higher
education. Defining academic success can be challenging because the definition itself is
complex and broad (York, Gibson, & Rankin, 2015). The meaning of academic success varies
between individual students and institutions and is often associated with grades, grade point
average (GPA), or degree completion (York et al., 2015).

Often, academic success is tied to a student receiving a credential of either a certificate or
an associate’s degree, at least for students at the two-year college level (Ma & Baum, 2016). The
National Center for Education Statistics (2016) noted that approximately 20% of students who
enroll at a two-year institution would achieve academic success in the form of a credential or
certificate. Academic achievement varies from student to student; however, the Community
College Survey of Student Engagement (CCSSE; 2014) identified some promising best practices
for students and institutions. Student assessment methods used when entering college are some
of the variables associated with student achievement at two-year colleges. Students entering
two-year colleges are often assessed using their GPA, American College Test (ACT) scores,
Scholastic Aptitude Test (SAT) scores, or standardized placement exams to determine college
readiness (Jaggars, Hodara, & Stacey, 2013).

Approximately 90% of students entering a two-year college are required to take a

placement exam (Jaggars et al., 2013). This requirement may be because the majority of



institutions use a placement exam as a convincing tool for assessing students and their college
readiness at the two-year level (Bettinger, Boatman, & Long, 2013). According to the CCSSE
(2014), students who were required to take a placement exam were 1.5 times more likely to score
in a range that required them to enroll in developmental mathematics and/or English remedial
courses based on their placement test scores. Advocates of remedial courses indicate that these
courses assist students in gaining the necessary skills to excel and function at the college level
(Papay, Murnane, & Willett, 2016). Hodara and Xu (2016) provided further support for the use
of remedial courses in higher education. The authors stated that remedial courses serve as a way
to eliminate students who are not college-ready, and give colleges a way to keep certain courses
or programs more selective. However, proponents of these remedial courses argue that
remediation may serve as a way to bolster enrollment in course departments such as English and
mathematics because these are often the courses needed by students in remediation (Bettinger et
al., 2013).

A significant portion of two-year college students enrolling in a remedial course can be
problematic for many reasons. Students who enter into a two-year college are often seeking
quick training for employable skills in either a short-term certificate, associate’s degree, or four-
year university transfer (Clotfelter, Ladd, Muschkin, & Vigdor, 2015). If students are unable to
receive the immediate training needed for employable skills because they tested into remedial
courses, the possibility exists that they may drop out of the institution due to financial reasons.
Student discontinuation may be due to the stress and financial burden of having to take another
course, which also may be more than a two-year college student can handle (Clotfelter et al.,
2015). Crisp and Delgado (2014) suggested that many of the students who attend a two-year

college have other life challenges that contribute to their decisions to withdraw, such as a low



salary or full-time employment as well as first-generation or single parent status. These
challenges may, in turn, result in the student's lack of confidence and support system to
overcome the remedial courses’ challenges. Moreover, when a student is placed in a remedial
course, it sends a clear message to the student that they are not college ready (Clotfelter et al.,
2015). Baxter, Bates, and Al-Bataineh (2017) supported this claim by noting that students who
test into lower-level remedial courses had lower levels of self-efficacy. Low levels of self-
efficacy could be part of the reason why 40% of students fail to complete the remedial courses at
two-year colleges (Bill & Melinda Gates Foundation, 2016).

Xu and Dadgar (2018) questioned the effectiveness of remedial mathematics courses as
students who are required to take multiple levels of remedial mathematics courses have
extremely low completion rates. Despite the number of extensive research studies conducted on
the effectiveness of remedial coursework, student performance in subsequent courses is still
unknown (Boatman & Long, 2017). Boatman and Long (2017) showed that a gap still exists in
the literature regarding which students should be placed in remediation, as well as what qualifies
a student needing remedial courses over another student. For example, a student may require
remediation at one institution but be deemed remediation-free at another institution (Fulton,
2012).

This study examined student grades in specific mathematics courses (i.e., statistics,
college algebra, pre-calculus) to determine the placement method utilized upon entry to a two-
year college. GPA, ACT/SAT mathematics score, or remedial courses via a standardized
placement test were used in the study as assessment methods to determine college placement. In
the current study, the standardized placement tests used were the ACCUPLACER and the

COMPASS placement test. The COMPASS placement test is no longer available as it was



phased out at the end of 2015, but was available at the time of the study (Fain, 2015). The
researcher sought to fill the gap in the literature by assessing three different placement methods
to determine the best method for student achievement in mathematics.

The purpose of this quantitative study was to identify the placement methods that best
predict student success in college-level mathematics courses at a two-year college located in the
midwestern United States. The objectives of this study were (1) to obtain student records related
to placement methods at a two-year institution, and (2) to conduct data analyses of student
records to determine the most effective placement method for college-level mathematics courses.

Chapter 1 provides an overview of the background and contextualization of the issue by
explicitly identifying what is known about the topic and questions that have not been previously
addressed in the literature. Next, the problem statement, purpose statement, an overview of the
conceptual framework, and the research questions and hypotheses of this study are presented.
Also discussed in this chapter are explicit assumptions, delimitations, and limitations that are
confined to the study as well as the study's significance in the current field of research.
Definition of terms and variables are outlined which include definitions of the independent,
dependent, and sociodemographic variables. Chapter 1 concludes with an overview of the
organization of the chapter as well as a chapter summary.

Background and Contextualization of the Issue

The students who attend two-year colleges may not be academically prepared for the
rigors of academic and college work (Bahr, 2013). Therefore, it is the responsibility of the
administrators of such institutions to determine the academic preparedness of the students (Scott-
Clayton, Crosta, & Belfield, 2014). All two-year institutions can assess a student's college

readiness using the placement assessment method they so choose; however, most institutions



choose a single placement test (Scott-Clayton et al., 2014). Other forms of placement
assessment methods exist—including the use of high school GPA and ACT/SAT score.

High school GPA placement. Although GPA is still an easily understood quantitative
value, it can be taken to represent a broader measure of a student’s ability to succeed (Noble &
Sawyer, 2013). The GPA serves as a measure of a student's ability to succeed because it assesses
overall success in the previous tier of education, as opposed to simple test readiness (Noble &
Sawyer, 2013). Additionally, GPA provides a measurement over time that may be a strong
predictor of college success (Noble & Sawyer, 2013). Noble and Sawyer (2013) suggested that
one possible explanation for GPA being a strong predictor of success is that it is both a single
easily assessed quantitative value and it is also representative of a long-term process that
comprises a student’s entire high school career. Therefore, a measurement such as high school
GPA is a tool that institutions can use to measure student effort and psychological energy over a
longer duration (Scott-Clayton et al., 2014). The use of GPA may be more broadly reflective of
the input factors for a student entering college because high school GPA represents a cumulative
result of student experiences, skills, and effort in the previous level of study (Noble & Sawyer,
2013; Scott-Clayton et al., 2014).

American College Test/Scholastic Aptitude Test placement. The ACT and SAT are
standardized aptitude tests that many students take before attending college. The tests are
designed to measure academic aptitude and predict performance in college education (Coyle,
Purcell, Snyder, & Richmond, 2014). Radunzel and Noble (2012) noted that the ACT and SAT
provide an accurate measure of a student’s readiness for college and college-level coursework.

Moreover, these tests are believed to have predictive validity towards college success by many



colleges and universities as ACT or SAT scores are used by many admission committees as a
selection criterion (Wao et al., 2016).

Standardized placement test. Placement testing at two-year institutions typically
consists of a student taking a computer-based placement test to determine his or her college
readiness. The student’s test score is then compared to the institution’s minimum score to
determine whether or not the student is ready to enroll in a particular college-level course
(Primary Research Group, Inc., 2014). The placement test at most institutions is the
ACCUPLACER exam, which measures the academic aptitude in English and mathematics for
new incoming students (Primary Research Group, Inc., 2014). Over 92% of two-year
institutions assess college readiness using a traditional standardized placement test with the
student’s score as the sole factor in determining his or her enrollment in a college-level or a
remedial course (Scott-Clayton et al., 2014).

One of the common themes in addressing the needs of students at two-year institutions is
identifying which students are academically prepared for college-level courses (Bettinger et al.,
2013). Correct placement benefits students and colleges; however, misplacement (i.e., students
enrolled in the wrong courses for their knowledge and ability levels) negatively affects students
and institutions (Bettinger et al., 2013). If a student is placed in the wrong course, he or she
wastes time and money on an unnecessary course (i.e., under-placement) or is likely to struggle
with a course beyond his or her ability to complete (i.e., over-placement; Bettinger et al., 2013).
Similarly, if the student is incorrectly matched to his or her skill and knowledge, the institution
wastes the instructor’s time as well as takes a course seat from another student (Bettinger et al.,

2013).



Standardized testing misplaces a significant number of students entering two-year schools
(Jaggars et al., 2013). A study conducted by Jaggars et al. (2013) found that 29% of students
placed in a remedial English course may have been under-placed and also could have earned a
grade of “B” or better in a college-level English course. In comparison, only 5% of students
were over-placed in a college-level English course. Additionally, Jaggars et al. (2013) noted that
as many as 18% of students who were placed in a remedial mathematics course were under-
placed and could have earned a grade of “B” or better in a college-level mathematics course in
comparison to 6% of students being over-placed in a college-level mathematics course. This
discrepancy is even more pronounced due to the fact that under-placement is a significantly
greater waste of resources to students, including time and money. Student under-placement
represents a potential danger to overall success because students placed in remedial classes are
substantially less likely to complete a degree (Jaggars et al., 2013).

Remedial education. Remedial or developmental courses are college courses that do not
typically count as college-level work toward a degree or credential. These courses are designed
to help prepare students who are not college-ready with foundational knowledge for college-level
courses (Okimoto & Heck, 2015). That is, remedial courses are designed to reteach material that
students should have learned in high school and represent a base of knowledge that is necessary
for completing actual college content. For example, depending on the institution, any math-
related course below college-level algebra, pre-calculus, or statistics is often considered remedial
(Okimoto & Heck, 2015). Additionally, a lack of mathematics competency and a sociological

fear of mathematics have characterized American college students, especially at the community



college level (Okimoto & Heck, 2015). Accordingly, almost 60% of community college students
need some form of remedial mathematics course (Bill & Melinda Gates Foundation, 2016).

Students who achieve higher ACT/SAT scores may be more likely to achieve their
educational goals (Coyle et al., 2014; Wao et al., 2017). Studies which have found ACT/SAT
scores to be strong predictors of college success have primarily been conducted at universities
and with four-year university students, which is a different setting and population from the
current study (Coyle et al., 2014; Wao et al., 2017). Additionally, high school GPA appears to
be a relatively good predictor of college success for four-year university students (Hodara &
Lewis, 2017; Mau, 2016). Even so, there has been a shortage of research related to two-year
institutions examining ACT/SAT scores and high school GPA as predictors for college success.
Conversely, the majority of research related to standardized placement exams has occurred at the
two-year college level (Logue, Watanabe-Rose, & Douglas, 2016; Okimoto & Heck, 2015).
However, the majority of the research showed that a placement test is not a strong predictor of
college success (Bettinger et al., 2013; Jaggars et al., 2013).
Problem Statement

Most two-year colleges continue to use one of three placement assessment methods (i.e.,
high school GPA, ACT/SAT mathematics score, or a standardized placement test) as a predictor
of appropriate college-level mathematics placement (Bettinger et al., 2013). However, colleges
vary in the placement method used and students are measured differently depending on the
institution that they attend. Moreover, there have been limited empirical studies examining all
three placement assessment methods at a single institution to determine the single best method
for mathematics college success. Jaggars et al. (2013) noted that in mathematics standardized

entry placement exams (e.g., ACT or SAT), up to 18% of students are incorrectly placed in



remedial courses. Misplacement has serious practical consequences for students because
placement in a remedial course may significantly lessen the chances of graduation (Bettinger et
al., 2013). Therefore, placing students in remedial courses who do not need them interferes with
their success by adding one or more unnecessary courses (Morest, 2013). The addition of extra
courses slows a student's progression through college, making degree completion more difficult
(Morest, 2013).
Purpose Statement

The purpose of this quantitative study was to identify the placement methods that best
predict student success in college-level mathematics courses at a two-year college located in the
midwestern United States.
Overview of Conceptual Framework and Methodology

The conceptual framework for the study is the Inputs-Environment-Outputs (I-E-O)
model pioneered by Astin (1970a, 1970b, 1993). Astin (1970a, 1970b) originally developed the
I-E-O model in 1970, which is a model of educational outcomes that conceptualizes students'
educational experiences as the result of a combination of inputs and environmental factors.
Astin (1970a, 1970b, 1993) suggested that what constitutes an input or environmental factor is
determined by if the variable comes from a student's background and prior experiences (i.e.,
input) or a student's actual educational experience and context (i.e., environment). Astin (1993)
further expanded his I-E-O model in 1993 with his book What Matters in College? In the newest
iteration, Astin’s (1993) model evolved by examining student outcomes and how the college
environment may affect them. For example, the study examined the use of student peer

interaction and, more specifically, the aspects of race and gender. Additionally, Astin (1993)
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examined the use of faculty interactions with students and the impact of these interactions on
student outcomes (e.g., grades, performance).

The I-E-O model was an appropriate conceptual framework for this study because it
characterizes how input variables (e.g., sociodemographic information) can be used to predict or
explain academic success and how environmental factors (e.g., assessments, specific courses)
affect the outcome of academic success in the study. Educational outcomes (e.g., student grades)
represent the output variables for use in this study. The inputs that are selected and measured in
this study are divided into two variable groups, namely sociodemographic variables and
placement assessment variables. For the purposes of this study, student demographic variables,
including race, ethnicity, gender, age, veteran status, marital status, full-time enrollment status,
and financial aid status, were selected as the inputs of the I-E-O model. These inputs were
strategically selected based on a review of the literature. Also, students’ sociodemographic
information was readily accessible from their institutional records and served as input variables.
Furthermore, using demographic variables such as race, ethnicity, gender, sex, enrollment status,
veteran status, and financial aid status in the [-E-O model assisted in examining if certain
sociodemographic groups were more or less likely to be successful in college-level mathematics
courses.

Methodology. The study involved a quantitative research design that was used to answer
the research questions and achieve the intended purpose. A quantitative design was most
appropriate for the study for multiple reasons. First, a quantitative design model provided
statistical strength for the study due to the availability of a large sample size. Neuman (2013)
noted that quantitative studies can create significant statistical power which increases as the

sample size grows. Furthermore, Creswell and Creswell (2017) indicated that a quantitative



11

study could be used for gathering data that allows for predictions to be made, which also
provided support for the use of this design. Additionally, a quantitative study design works well
in examining the relationships among variables (Hoy & Adams, 2016).

The study utilized a non-experimental correlation design methodology. A non-
experimental research design is one in which the researcher observes what occurs naturally
without interfering (Creswell & Creswell, 2017). One strength of a correlational research design
is that it can determine if a relationship exists between two variables which use large amounts of
data (Hoy & Adams, 2016). Despite this strength, correlational designs also have weaknesses.
Specifically, when utilizing non-experimental correlation designs, causation between variables is
not established (Field, 2013). For example, when two variables have a strong correlation, a
cause and effect between the relationships of the variables cannot be assumed (Babbie, 2014).
Field (2013) noted that non-experimental correlation is an appropriate research design when the
purpose of the research is to identify if a relationship exists between two variables. For these
reasons, the non-experimental correlational design was considered the best methodological
design to answer the research questions and achieve the study’s intended purpose. Furthermore,
the researcher utilized secondary data analysis in that student records (i.e., secondary data)
collected by a two-year institution set were analyzed as part of the research design. Secondary
data analysis is described by Johnston (2014) as an “analysis of data that was [sic] collected by
someone else for another primary purpose” (p. 619).

Data analyses included the use of several statistical tests. Frequency and descriptive
analyses were used to describe the data, screen for outliers, and check assumptions. To answer
the research questions, the researcher performed a chi-square test of independence, a correlation

analysis, and a hierarchical logistic regression analysis. Additionally, the researcher performed
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separate logistic regression analyses for each placement method. Following the guidelines
provided by Schutts (2016), the researcher conducted a receiver operating characteristic (ROC)
curve analysis as a post hoc procedure for significant predictors that were continuous.
Research Questions and Hypotheses

The study was guided by the following theory-based central research question: Which
placement method (high school GPA, ACT/SAT mathematics score, or standardized placement
exam) is the best predictor for success in college-level mathematics? From this central question,
the following four specific research sub-questions were posed:

RQ1: What is the relationship between the placement methods and academic success in

college-level mathematics at a midwestern two-year institution?

Hy: There is no relationship between placement methods and academic success.

H;: There is a relationship between placement methods and academic success.

RQ2: After controlling for sociodemographic variables, how do placement methods

influence academic success in college-level mathematics at a midwestern two-year

institution?

Hy: Placement methods do not influence one’s academic success.

H;: Placement methods influence one’s academic success.

RQ3: What influence does the mathematics course taken (statistics, college algebra, or

pre-calculus) have on the academic success in college-level mathematics at a midwestern

two-year institution?

Hjy: Course taken does not influence the prediction model.

H;: Course taken influences the prediction model.

RQ4: How do the models compare when disaggregated by placement method?
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Hjy: There is no statistical difference in models when disaggregated by placement

method.
H;: There is a statistical difference in models when disaggregated by placement method.
Assumptions of the Study

Simon (2011) suggested that identifying and thoroughly explaining assumptions are the
key components in a research study as there may be assumptions that are unique to that specific
study. For this study, the researcher made the following assumptions:

1. Historical data from the school’s records are reasonably accurate, given the
importance of such records to the school’s operation.

2. All study variables were available for both the fall and spring semesters for various
categories of students. These study variables included ACT/SAT scores, high school
GPA, placement examination scores, remedial courses in which students were placed,
and final course grades for pre-algebra, statistics, and calculus.

3. Instructors entered the correct grades for students when assigning final course grades
and that no miscalculation occurred. The researcher posited that if a data entry error
occurred, then the student would have noticed that the incorrect grade was posted to
their transcript and would have appealed the grade.

Delimitations and Limitations of the Study

Simon (2011) suggested that researchers can control delimitations within a research
study. Delimitations can be thought of as choices that the researcher made that need to be
identified or mentioned in the study (Simon, 2011). Limitations are often defined as factors that
the researcher cannot control within a research study as well as shortcomings or conditions that

may influence or limit the results of the study (Simon, 2011).
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Delimitations. The following section identifies the delimitations present in the current

study.

The study was delimited to a single two-year college in the midwestern United States.
This delimitation was as a result of practical factors including the fact that the college
utilized the three placement methods, and the researcher collected relevant data on
incoming students.

The study was delimited to the sample size and the duration of the study, which was
limited to two academic semesters (fall and spring). The sample size was limited to
the use of secondary data at a single higher education institution.

The study was delimited to include only students who were placed by one of the three
placement assessment methods into a college-level mathematics course.

A further delimitation of the study was that institutions differ in their minimum
placement assessment scores. An ACT/SAT score, standardized placement test score,
or high school GPA at one institution may place a student in a remedial course, while
at another institution that same score may place the student in a college-level

mathematics course.

Limitations. The following section outlines the limitations specific to the generalization

of the study.

1.

The study was limited in that two-year colleges may use different standards and may
also have a different constituent student body from four-year schools, limiting the
scope of the results to two-year institutions.

The study was limited to the sociodemographic variables collected by the institution

as a part of their student records. Similarly, the use of a secondary dataset may be a
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limitation of the study. That is, information on a specific student group may not be
collected by the institution, resulting in that group’s non-representation in the study.
. A further limitation of the study relates to specific course sections and the effects of
teachers on the students' grades. Although this study will not examine multilevel
modeling, future studies may explore the effect of teachers on success in college
mathematics courses.

The study was limited in that the option for mathematics placement is also limited to
three variables. It is possible that another placement variable existed that would
prove to be a better predictor of mathematics success. However, the majority of two-
year institutions employ one of the three variables used in this study for mathematics
course placement (Jaggars et al., 2013).

The study was limited in that secondary data was used throughout the study.
Specifically, the shortcomings of using secondary data is that the data may be
inaccurate or outdated, which could invalidate the study (Williams & Shepherd,
2017).

. A further limitation of the study was that the student’s major was not used as a
variable in the study. Therefore, the effects of a major on a student’s academic
success in a college-level mathematic course is unknown.

The study was limited by the high number of dual-enrollment students in the study.
Specifically, the large number of dual-enrollment students in the study may be
disproportionally higher than at other institutions.

Finally, the study was limited in that only academic success in college-level

mathematics courses was explored. The study was not longitudinal, and therefore did
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not examine student success in other classes after being passing a college-level

mathematics course. However, given that mathematics is a barrier that many students

must overcome in the path toward degree attainment, the study is of significance

toward a larger issue at two-year institutions (Burdman et al., 2018).
Significance of the Study

The significance of the study is that it seeks to add to the existing literature in the field.
Limited empirical studies have examined all three placement assessment variables to determine
the single best method for mathematics college success. Scholars (e.g., Hodara & Lewis, 2017;
Jaggars et al., 2013; Scott-Clayton et al., 2014; Wao et al., 2017) have examined the use of
standardized placement test scores, high school GPA, and ACT/SAT scores as a single method
of placement, and have demonstrated support for and/or against the specific placement method.
However, there are no known studies that have examined all three placement variables at one
mstitution to determine the best assessment method for academic success. Furthermore, this
study will fill a gap in the literature related to the significance of student sociodemographic
characteristics on the placement approaches used by two-year institutions. Most empirical
studies (e.g., Hodara & Lewis, 2017; Mau, 2016; Perrakis, 2008; Woods, Park, Hu, & Betrand
Jones, 2018) have not taken into consideration specific student sociodemographic characteristics
(e.g., race, ethnicity, age, gender, veteran status, and Pell Grant eligibility) when exploring the
experiences of students in remedial mathematics courses.
The practical significance of the study is that the results may inform the use of better

placement assessment methods for students attend two-year institutions. The identification of
one placement assessment variable as a more accurate method than another could provide the

institution and students a way to accelerate through their remedial coursework. Incorrectly
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placing students in remedial courses may directly hurt their chances of success (Bettinger et al.,
2013). In cases where students are correctly placed into a remedial course, it still represents
additional cost and effort for students in a demographic group that is already disadvantaged in
many ways (Morest, 2013). The costs of remediation not only affect students, but also have a
significant impact on two-year institutions. Noble and Sawyer (2013) noted that the cost of
providing developmental coursework was estimated to be over $1 billion nationwide. The study
also has practical significance as it may provide administrators at two-year institutions with
insight regarding the appropriate mathematics courses for the various placement methods.
Incorrect placement in mathematics courses can result in student course failure (Ganter & Haver,
2011). Mathematics pathways that align with students’ intended educational goals or plans of
study may improve their overall success rates in mathematics courses at two-year institutions
(Burdman et al., 2018).

Additionally, it is estimated that institutions spend up to 10% of their entire budget on
remedial courses alone (Morest, 2013). The cost to colleges will continue to rise because some
state institutions are now moving toward a completion-based funding model, in which such
institutions receive financial compensation for moving students through developmental courses
and into college-level courses (Morest, 2013). For example, Ohio was one of the first states in
the country to tie funding to successful completion of remedial coursework with its state
institutions being fully funded by student completion (Ohio Department of Higher Education,
2018a).

The study is also of significance because it serves to shape policy at the institutional
level. If the standardized placement examination proves to be a weaker predictor than high

school GPA or ACT/SAT scores, then standards for using GPA or ACT/SAT scores as the
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primary placement mechanism should be developed. Overall, the results of the study may prove
useful to the evaluation of current educational policies. Even if GPA or ACT/SAT mathematics
score does not prove to be a superior predictor of student success, the results will provide
evidence to two-year institutions that the standardized placement assessment is the correct
method for evaluating students in college-level mathematics courses. Overall, the study is of
significance in encouraging higher education administrators to be aware of the shortcomings of
current placement methods, thereby highlighting the need to develop alternative assessments
regardless of whether or not the study suggests GPA or ACT/SAT scores are an appropriate
replacement for - or a supplement to - existing placement testing.

Definitions of Terms

American College Test. The term represents one of the two standardized entry exams
widely administered in the United States. The ACT nonprofit organization runs the test, and it is
more commonly used in the Midwest or western parts of the United States (American College
Testing, Inc., 2016).

Grade point average. The term describes the cumulative calculation of a student’s
measure of academic work and success (York et al., 2015).

Remedial courses. The term describes the college courses that do not typically count as
college-level work toward a degree or credential. These courses are designed to help prepare
students who are not college-ready with foundational knowledge for college-level courses
(Okimoto & Heck, 2015). For this study, this term describes the mathematics courses that do not
count towards college-level degree completion. Colleges may consider high school-level

mathematics courses to include algebra and trigonometry (often called pre-calculus) or pre-
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calculus to be entry-level college courses (Okimoto & Heck, 2015). That is, these lower courses
constitute remedial courses at the college level.

Scholastic Aptitude Test. The term represents one of the two standardized entry exams
widely administered in the United States (Soares, 2015). The test also known as SAT I:
Reasoning Test or the SAT reasoning test. The College Board administers the test, and it is the
most commonly used assessment method on the Eastern and Western coasts of the United States
(Soares, 2015).

STEM. This term is the acronym for science, technology, engineering, and mathematics
education in various fields (Bybee, 2013).

Definitions of Variables

Information regarding the placement assessment methods used as the independent
variables in the study is provided below. The definition of each variable is also presented.

American College Test mathematics score. The variable is defined as a discrete and
ranges between one and 36. The score represents a student’s individual best score on the
mathematics portion of the ACT standardized test. These scores were drawn directly from the
school’s historical data for incoming students, which were submitted as a part of the student
admission process.

High school GPA. The variable is defined as continuous and ranges between zero and
four. However, some schools allow for GPAs above a 4.0 through special courses such as
Advanced Placement (AP). This variable was measured from the school’s historical data for
incoming students based on the student’s official high school transcript.

Scholastic Aptitude Test mathematics score. The variable is defined as discrete and

ranges between 200 and 800. This variable measured a student’s success on the mathematics
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portion of the SAT standardized test. The SAT scores were drawn directly from the school's
historical data for incoming students, which were submitted as part of the student admission
process.

Standardized placement exam. The variable is defined as the placement exam score,
which is either the ACCUPLACER test or the COMPASS placement test. These placement
exams are used to place students in the appropriate mathematics course.

The dependent variable used in this study was college success. The definition of college
success is presented below.

College success. This variable was measured by assessing if the student successfully
achieved at least a passing grade in a college-level mathematics course. A passing grade was
defined as a "C" grade or better (e.g., A or B). Grades higher than a "C" were required for most
degree programs at the participating institution. Notably, a grade of C or better was used as a
measure of academic success.

Sociodemographic variables including age, race/ethnicity, veteran status, enrollment
status, gender, and financial aid were included in the analyses. The definitions of these variables
as conceptualized in this study are presented below.

Age. This variable is defined as the year in which a student was born as indicated on
their college application.

Race. This variable is defined as the manner in which each student self-identified the
race/ethnicity with which they associate. A student may self-identify an association with a
White, Black, Asian, American Indian/Alaskan Native, Hispanic or Latino, Hawaiian or Pacific

Islander, or an unknown race.
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Veteran status. This variable is defined as the manner in which a student self-identified
current military or veteran status on the student application.

Enrollment status. This variable is defined as the manner in which a student was
enrolled in school (i.e., full-time, part-time).

Gender. This variable is defined as the manner in which a student self-identified as
either male or female.

Financial aid. This variable represents students who identified as Pell Grant-eligible for
financial aid.

To determine success in mathematics course, three courses were included in this study
and are presented below with their definition.

Statistics. This dummy variable represents a college-level statistics course. This course
did not count towards the mathematics requirement for students’ selected plans of study.

College algebra. This dummy variable represents a college-level algebra course. This
course did not count towards the mathematics requirement for students’ selected plans of study.

Pre-calculus. This dummy variable represents a college-level pre-calculus course. The
course did not count towards the mathematics requirement for students’ selected plans of study.
Organization of the Study

The dissertation is organized into five chapters. Chapter 1 provides the introduction to
the topic and research study. Specifically, Chapter 1 began with a discussion and overview on
the background and contextualization of the specific problem regarding placement testing at two-
year institutions (Coyle et al., 2014; Noble & Sawyer, 2013; Scott-Clayton et al., 2014).
Following the contextualization and background overview, the problem statement addressed the

problem with two-year institutions and their placement-testing methods. The problem statement
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led to the study’s purpose of assessing the three placement methods (i.e., high school GPA,
ACT/SAT scores, standardized placement test) used by two-year colleges in placing students in
college-level mathematics courses to determine the single best mathematics placement method
for college success at one institution. Chapter 1 also included an overview of the I-E-O model
and the integration of the model in the study along with the study’s quantitative research design
and methodology. The central research questions of the study are subsequently presented along
with their respective hypotheses. Additionally, the assumptions, limitations and delimitations,
and significance of the research are discussed. The terms and variables used throughout the
study are then defined. Lastly, the organization of the study is explained to guide the reader.

Chapter 2 includes a comprehensive literature review of the topic. The review includes a
synthesis and examination of the different placement variables used at two-year colleges.
Additionally, the review examines the different sociodemographic variables that are used in this
study. Following the review of literature, an examination of the I-E-O model conceptual
framework that guides the study is presented. Chapter 2 explores the different input,
environment, and output variables used in the study. These variables are examined in relation to
the existing literature along with the theoretical constructs.

Chapter 3 presents the selected methodology for the study, including the research design
and data analysis techniques used to answer the research questions. This chapter also presents
the data resources and data collection procedure used to obtain the data in the research.
Justification is provided for the procedures and methods to fulfill the study’s purpose.

Chapter 4 presents the data analysis and results from the statistical tests performed in the

study. Specifically, the chapter delineates each statistical method used to answer the four
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research questions as well as the assumptions that were satisfied as part of the statistical analysis.
The results in Chapter 4 are organized by the four research questions.

The study concludes with Chapter 5. Chapter 5 presents the major results of the study
and explores the findings in relation to the research questions. Also, the results, limitations,
conclusions, implications, and recommendations for future research are presented. Chapter 5
concludes with the researcher’s reflections from conducting the study as well as a summary of
the study’s significance.

Chapter Summary

The chapter contextualized the research topic and presented an overview of the study.
The problem identified is that colleges vary in the placement method used and students are
measured differently depending on the college they attend. Additionally, there have been limited
empirical studies that have examined all three placement assessment methods at one institution
to determine the single best method for mathematics college success. The purpose of this
quantitative study was to identify the placement methods that best predict student success in
college-level mathematics courses at a two-year college located in Midwestern United States.
The researcher examined the three placement assessment methods (i.e., high school GPA,
ACT/SAT mathematics score, standardized placement test) used at a two-year institution in the
Midwestern United States. The study examined which placement assessment method is the best
predictor of success in a college-level mathematics course. The three placement assessment
methods used for placing students into one of three college-level mathematics courses (i.e.,
statistics, college algebra, or pre-calculus) were also examined. These mathematics courses were

selected because they are the only entry-level mathematics courses offered at the institution.
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This study is unique because few empirical studies have investigated which placement method is
most effective in predicting academic success in college-level mathematics course.

To answer the research questions, data were collected from the student records (N =
1330) of incoming or returning students at a two-year college located in a Midwestern part of the
United States for both the fall and spring semesters of a single academic year. The study was
guided by one central research question and four specific research sub-questions. A quantitative
research design was used to answer the research questions and achieve the intended purpose.
Specifically, the study utilized a quantitative, non-experimental correlational research design to
answer each research question and achieve the purpose. Lastly, after evaluating the data for
outliers and assumptions, the researcher used correlation and logistic regression analyses to

examine the variable relationships.
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Chapter 2: Literature Review

The chapter seeks to examine and analyze the existing literature and the conceptual
framework used to guide the study. The literature review is aligned with the research questions
and purpose of the study because the literature thoroughly explores the different placement
approaches used by two-year institutions and sociodemographic variables that may also
influence success in college-level mathematics courses. The literature review examines and
synthesizes the current literature in regard to the standardized placement test, ACT/SAT
mathematics score, and high school GPA used by two-year colleges in placing students in
college-level mathematics courses. To achieve a thorough review, the researcher first identifies,
summarizes, and describes available literature regarding key aspects of the research topic,
including the historical context of two-year colleges and students at two-year colleges, high
school GPA placement, ACT/SAT score placement, and the standardized placement test. The
chapter contains a thorough discussion of the different placement assessment variables used at
two-year institutions along with modern considerations of placement assessment variables used
at two-year institutions.

Furthermore, this chapter examines the current placement assessment policies used by
two-year institutions. The chapter also includes a review of remedial education and comparisons
of success rates in mathematics courses and summarizes and examines the existing literature in
relation to the conceptual model used in this study. Lastly, the chapter contains a thorough
discussion of the conceptual framework, including constructs of the model as well as the model's
strength, weaknesses, and criticisms. The chapter concludes with a summary that encapsulates

the literature review and conceptual framework model.
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Placement Assessment at Two-year Institutions

The following section provides a comprehensive summary of the literature surrounding
two-year institutions in higher education. Two-year institutions are typically open-access and
accept most students who apply for admission. Not every student who enters a two-year college
is prepared for the rigors of college-level work (Bahr, 2013). Therefore, it is the institution’s
responsibility to determine students who are and who are not academically prepared (Scott-
Clayton et al., 2014). All two-year institutions can assess a student's college readiness using the
placement assessment method they deem fit; however, most institutions choose a single
placement test (Scott-Clayton et al., 2014). Other forms of placement assessment methods do
exist, including the use of high school GPA and ACT/SAT scores.

Almost all two-year institutions use some form of assessment exam to assess the
mathematics skills of students for college placement (Field, 2014). Two-year institutions
primarily use high school GPA, ACT/SAT scores, or the standardized placement test to assess
student readiness for college-level mathematics courses (Lavonier, 2016; Scott-Clayton et al.,
2014; Walters, 2014). However, each institution varies in the minimum scores used to determine
college readiness (Fain, 2015; Walters, 2014).

High school GPA placement as a placement determinant. The following section
provides a comprehensive summary of the literature regarding high school GPA as a placement
variable as well as the opportunities and challenges of such a practice. However, GPA is an
easily understood quantitative value and can be taken to represent a broader measure of a
student's ability to succeed (Bahr, 2013). A student’s GPA is used as a measure of success
because it evaluates overall success in the previous tier of education as opposed to simple test

readiness (Huh & Huang, 2016). The use of GPA may be more broadly reflective of the input
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factors for a student entering college as a high school GPA represents a cumulative result of a
student’s experiences, skills, and efforts in the previous level of study (Noble & Sawyer, 2013;
Scott-Clayton et al., 2014; Scott-Clayton & Stacey, 2015).

High school GPA has been used as a predictor of success in college-level mathematics
and English courses in several studies (Hodara & Lewis, 2017; Mau, 2016; Perrakis, 2008;
Woods et al., 2018). There were variations in how high school GPA was used in these studies;
for example, the cutoff for placement into a college-level course differed in each (Hodara &
Lewis, 2017; Mau, 2016; Perrakis, 2008; Woods et al., 2018). For example, Woods et al. (2018)
examined if the student took a high school level mathematics course, and Hodara & Lewis
(2017) examined a student’s high school GPA for placement. Further, the setting for each of the
studies varied as including both four-year and two-year institutions (Hodara & Lewis, 2017;
Woods et al., 2018).

The central finding of the studies suggests that high school GPA is a relatively stronger
predictor of college success in mathematics courses in comparison to standardized placement
exam and ACT/SAT scores (Hodara & Lewis, 2017; Mau, 2016; Perrakis, 2008; Woods et al.,
2018). The studies that have explored high school GPA as a placement predictor at two- and
four-year institutions consisted of a variety of college-level courses, including STEM, English,
and mathematics (Hodara & Lewis, 2017; Mau, 2016; Woods et al., 2018). In general, it appears
that high school GPA is a stronger predictor for students who entered college within one year of
graduating high school and also for students who delayed college entry (Hodara & Lewis, 2017).

The studies that examined high school GPA as a predictor of college success had a range
of limitations. In general, most of the studies did not control for sociodemographic

characteristics of students, veteran status, and Pell Grant eligibility. One study found that high
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school GPA was a positive and significant predictor for mathematics success at a two-year
college; however, the sample was limited to only Black and White students (Perrakis, 2008). A
further limitation of the existing literature is that none of the researchers employed all three
placement assessment methods (i.e., high school GPA, ACT/SAT mathematics score,
standardized placement exam) in their studies.

The ACT/SAT placement as a placement determinant. The following section
provides a comprehensive summary of the literature relating to ACT/SAT scores as a placement
variable. The ACT and SAT are standardized aptitude tests that many students take before
attending college. The tests are designed to measure academic aptitude and predict performance
in college education (Coyle et al., 2014). Many college and university administrators believe
that ACT and SAT scores have predictive validity towards college success as many admission
committees use the scores for admission criteria selection (Wao et al., 2016).

The ACT and SAT scores have been used as predictors of success in college-level
mathematics and English courses in several studies (Bettinger & Long, 2005; Coyle et al., 2014;
Wao et al., 2017). However, researchers varied in how they used ACT and SAT scores in their
research studies. For example, the minimum score for placement into a college-level course
differed in each study (Bettinger & Long, 2005; Coyle et al., 2014; Wao et al., 2017). For
example, Coyle et al. (2014) examined ACT and SAT mathematics scores to determine
placement, but Wao et al. (2017) examined a student’s cumulative ACT and SAT scores to
predict college GPA and success. Additionally, there were variations in the study settings that
included both four-year and two-year institutions (Bettinger & Long, 2005; Coyle et al., 2014;

Wao et al., 2017). The central finding of these studies suggests that ACT and SAT scores were
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valid predictors of college success in both English and college-level mathematics courses
(Bettinger & Long, 2005; Coyle et al., 2014; Wao et al., 2017).

Studies that examined ACT/SAT scores as a placement predictor had a range of
limitations. In general, most of the studies did not control for the sociodemographic
characteristics of students, including race/ethnicity, age, gender, veteran status, and Pell Grant
eligibility. Additionally, not all studies included effect size when reporting the results (Bettinger
& Long, 2005). A further limitation of the existing literature is that none of the researchers
employed all three placement assessment methods (i.e., high school GPA, ACT/SAT
mathematics score, standardized placement exam) in the studies.

Standardized placement test as a placement determinant. The following section
provides a comprehensive summary of the literature regarding standardized tests as a placement
variable. The section addresses how standardized placement is used as a placement variable and
the opportunities and challenges associated with using standardized placement as a placement
variable. The placement test at most institutions is the ACCUPLACER exam, which measures
the academic aptitude in English and mathematics for new incoming students (Primary Research
Group, Inc., 2014). Over 92% of two-year institutions assess college readiness using a
traditional standardized placement test with the student’s score as the sole factor in determining
enrollment in a college-level or a remedial course (Scott-Clayton et al., 2014).

Several studies have examined the use of standardized placement tests and college
success (Jaggars & Bickerstaft, 2018; Martorell, McFarlin, & Xue, 2015; Ngo & Melguizo,
2016; Windham, Rehfuss, Williams, Pugh, & Tincher-Ladner, 2014). Jaggars and Bickerstaff
(2018) found that 29% of students placed in a remedial English course may have been misplaced

and could have earned a grade of “B” or better in college-level English. Ngo and Melguizo’s
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(2016) study results were consistent with Jaggars and Bickerstaft’s (2018) results. In both
studies, the researchers noted that placement exam might misplace students into remedial courses
where they otherwise might have succeeded in a college-level course.

The central key finding of these studies suggests that misplacement is more highly
associated with standardized placement tests than the ACT/SAT and high school GPA placement
(Jaggars & Bickerstaft, 2018; Martorell et al., 2015; Ngo & Melguizo, 2016; Windham et al.,
2014). The misplacement ranged throughout the existing literature from 5% of students who
were over-placed in a college-level English course to as high as 29% of students who were
under-placed into remedial English courses (Jaggars & Bickerstaff, 2018). This is a vast range,
but even the lowest percentage (i.e., 5%) of misplaced students can affect student attrition rates.
Scott-Clayton and Stacey (2015) found that the attrition rate of misplaced students was 8% as
opposed to those students who were admitted directly into college-level courses.

The main finding of the literature review was that under-placement of students represent
a potential danger to overall success, given that students placed in remedial classes are
considerably less likely to succeed (Jaggars & Bickerstaff, 2018; Martorell et al., 2015; Ngo &
Melguizo, 2016; Windham et al., 2014). Martorell et al. (2015) indicated that regardless of the
student's placement score, the results did not hinder a student from enrolling in their selected
institution. On the other hand, Scott-Clayton and Rodriguez (2015) highlighted that students
who were misplaced were less likely to enroll. Given the inconsistencies in the results of these
two studies, further research is needed to understand the impact of standardized placement
results on college enrollment.

Additionally, these studies were all conducted at two-year institutions and had a range of

limitations. In general, most of the studies did not control for sociodemographic characteristics
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of the students, including race/ethnicity, age, gender, veteran status, and Pell Grant eligibility.
Additionally, none of the studies included effect sizes as part of their analysis. A further
limitation of the existing literature is that while the studies used both the ACCUPLACER and
COMPASS placement tests, none employed the use of all three placement assessment methods
(i.e., high school GPA, ACT/SAT mathematics score, standardized placement exam).
Remedial Education

Remedial courses are designed to help prepare students who are not college-ready with
the foundational knowledge for college-level courses (Okimoto & Heck, 2015). Remedial or
developmental courses are college courses that typically do not count as college-level credit
toward a degree or credential (Clotfelter et al., 2015). At two-year institutions, over two-thirds
of students require at least one remedial course (Bahr, 2013). Moreover, almost 60% of
community college students need some form of remedial mathematics courses (Bill & Melinda
Gates Foundation, 2016). A lack of mathematics competency and a sociological fear of
mathematics have characterized American college students, especially at the community college
level (Benken, Ramirez, Li, & Wetendorf, 2015; Gore et al., 2016; Perin, 2018). As such,
students placed in remedial mathematics courses at two-year colleges are less likely to achieve
their academic goals than students who do not require remedial courses (Quarles & Davis, 2017).

Several studies were examined as part of the literature review in relation to the success
rates of students at two-year colleges in relation to remedial course placement (Fike & Fike,
2008; Logue et al., 2016; Waycaster, 2011; Xu & Dadgar, 2018). All of the studies varied
regarding how students were placed into the remedial courses (Fike & Fike, 2008; Logue et al.,
2016; Waycaster, 2011; Xu & Dadgar, 2018). Logue et al.’s (2016) study suggested that passing

a remedial mathematics course is not a requirement to pass a college-level mathematics course.
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Additionally, the study by Xu and Dadgar (2018) indicated that a longer sequence of required
remedial mathematics courses results in a decreased chance of earning a degree or certificate
within four years. Conversely, Waycaster (2011) found that students who completed a remedial-
level mathematics course were positively associated with fall-to-fall retention. Waycaster (2011)
highlighted that students placed into remedial courses often receive extra attention and support
services through advising and tutoring, which can result in higher retention rates. A study by
Fike and Fike (2008) provided further support that students who enrolled in and completed at
least one remedial course were more likely to complete their educational goal than peers who
tested into a remedial course and did not pass the course.

The studies related to remedial education at two-year colleges had a range of limitations.
Most of the studies did not take into consideration specific student sociodemographic
characteristics including race/ethnicity, age, gender, veteran status, and Pell Grant eligibility to
explore the experiences of students in remedial courses (Fike & Fike, 2008; Logue et al., 2016;
Waycaster, 2011; Xu & Dadgar, 2018). A further limitation of these studies is that none of the
researchers explored all three placement assessment methods (i.e., high school GPA, ACT/SAT
mathematics score, standardized placement exam) in the studies.
Placement Assessment Policies

Placement policy occurs both on an institutional as well as on a state policy level (Fain,
2015). For example, Flory and Sun (2017) indicated that 23 states had tied institutional state
funding and accountability to the use of one of the three placement variables that colleges use.
That is, student readiness for college must be assessed using high school GPA, ACT/SAT scores,

or the standardized placement test (Flory & Sun, 2017). Each institution selects the assessment
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method it deems most fitting when choosing its placement policy and methods (Fain, 2015;
Walters, 2014).

Several states have implemented some form of multiple placement assessment measures.
Notably, Connecticut, Indiana, Wisconsin, North Carolina, Texas, and California have
implemented multiple measures or forms of addressing remedial coursework (Vandal, 2014).
While many four-year institutions are prohibited by state legislature from delivering any form of
remedial course, states have begun to assess multiple-measure testing policies (Anderson &
Fulton, 2015). Although policies regarding remedial coursework differ from state to state, the
practice is that states are required to address remedial education in some form, whether through
multiple-placement policy legislation or via another method (Crisp & Delgado, 2014; Harnisch
& Lebioda, 2016).

The rationale for the mandatory use of multiple placement assessment testing and/or the
overhaul of remedial education by state legislatures stemmed from a variety of sources. For
example, Mangan (2015, 2016) recommended a complete overhaul of remedial education and
encouraged legislatures to enact policy change. The recommendation for remedial education
action and change to national legislation groups is that specific core principles guide the new
policy of remediation and placement. These core principles included non-reliance of colleges on
a single measure of placement for appropriate courses, accelerated paths out of remedial
coursework to college-level courses, the use of supplemental instruction or co-requisite courses
for college gateway courses, and the use of co-requisite placement as a measure of student
placement (Mangan, 2015). An additional factor that spurred legislatures to mandate remedial
education policy changes was related to the cost for institutions to remediate students. This

stems from a 13% increase in cost nationally in remedial education since 1998 (Saxon, 2017).



34

As states and institutions operate on tighter budgets, it is important that they have accurate
information regarding who belongs in remedial courses and who does not. Additionally, Saxon
and Morante (2014) suggested that current placement testing methods may be inaccurate or
invalid for students testing via a standardized placement test, and this provides further reason for
state-mandated placement policy and remedial education overhauls.

Connecticut state policy and legislature has implemented a form of new placement
methods for students who require college remediation work (Giordano, & Hasse, 2016). In
2012, Connecticut approved Public Act 12-40—"An Act Concerning College Readiness and
Completion"—that required all postsecondary institutions to provide adequate support for
academically underprepared students while they are enrolled in college-level courses (Giordano
& Hasse, 2016, p. 18). In Connecticut, the Public Act 12-40 was a response to data that
indicated failure of a high number of students enrolled in remedial education and who were not
successfully progressing to college-level courses (Giordano & Hasse, 2016). The result of the
legislation for Connecticut postsecondary institutions mandated co-requisite support or
supplemental instruction for college-level courses (Giordano & Hasse, 2016).

Texas Senate Bill 162 required community colleges to redesign the structure and
instruction of developmental education (Kosiewicz, Ngo, & Fong, 2016). Texas Senate Bill 162
allows students who tested into developmental courses to directly take a college-level course as a
co-requisite course (Kosiewicz et al., 2016). Furthermore, it is a requirement of the Texas bill
that community colleges assess and identify students who may benefit from the alternative
delivery methods of remedial education. Lastly, under this Bill, it is also required that the
institution deliver the supplemental instruction or remediation through the use of technology or

modular course materials (Ngo & Melguizo, 2016).
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Testing policies and remedial legislation varies across the states but carry a common
theme of remedial education policy reform (Melguizo, Bos, Ngo, Mills, & Prather, 2016). The
results of the state legislative mandates on remedial education and testing are still
underdetermined; however, the impetus for these decisions is the same regardless of the state.
Many factors contribute to the regulation of remedial education and multiple-measure testing.
These factors include the financial impact that remedial education has on state funding as well as
making institutions more accountable for student success and progression. Standardization of
remedial coursework and testing through state legislation may be an effective strategy to
improve student success in college; however, if the policy that is developed and initiated is an
ineffective strategy then the mandated policy may only further worsen the remedial and testing
policy (Melguizo, Bos, Ngo, Mills, & Prather, 2016).

One of the largest studies to date on this issue took place in March 2013. The North
Carolina Community College System examined multiple-measure testing system-wide and put a
plan of action in place at all of the state colleges. Instead of individual institutional placement
policies, North Carolina implemented a mandatory placement policy for all state institutions.
The policy provides little opportunity for institutions to customize their testing policy, and the
implementation for all 58 state colleges was from 2013 to the fall of 2015.

In developing the new policy, the North Carolina state system decided that it was
important to look at the different points a student may encounter while entering the college
system. As a result, the state system established a hierarchy that colleges now use to determine
students’ college readiness. This hierarchical model, Multiple Measures Policy, uses the

following options to determine placement:
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e Option 1: A recent high school graduate who meets the specified GPA benchmark will be
exempt from diagnostic placement testing and will be considered “college-ready” for
gateway math and English courses.

e Option 2: A recent high school graduate does not meet the GPA benchmark, so the
college will use the specified ACT or SAT subject area test scores to determine
placement.

e Option 3: A recent high school graduate does not meet the GPA threshold or have
college-ready ACT or SAT scores, so the college will administer the diagnostic
placement test to determine placement.

e Option 4: An applicant does not have a recent high school transcript, or ACT or SAT
scores, so the college will administer the diagnostic placement test to determine
placement. (Multiple Measures of Placement, 2015, p. 2)

The model that the North Carolina institutions uses represents a hierarchical format of
multiple-measure testing. The hierarchy first measures high school GPA to determine
prerequisite satisfaction. If not, then the next measurement is the ACT/SAT score, if available
(Multiple Measures of Placement, 2015). If a student does not satisfy placement with either his
or her high school GPA or ACT/SAT score, then the college administers a standardized test to
determine placement. North Carolina uses a predetermined GPA score and has found that it was
no longer a valid predictor of student success. Specifically, a GPA at or above 2.6 is the
indicator the state system uses for most of its students, and when a student’s GPA falls below the
2.6 average then institutions are required to use other measures of validating placement.

Additionally, for students who do not meet the GPA requirement, a supplemental course can be
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taken concurrently with the college-level course in order to bypass a remedial course (Multiple
Measures of Placement, 2015).

All 58 institutions in the state of North Carolina are now using multiple-measure
placement for all incoming students, and the data across the state have indicated a drastic
improvement in the number of students requiring remediation (Multiple Measures of Placement,
2015). During the 2012-2013 school year, graduates of North Carolina maintained a
remediation rate of 63%. By the 2013-2014 school year, the remediation rate dropped to 52%.
As not all 58 institutions were using multiple-measure placement testing in 2013 and 2014, it
was possible that the numbers were likely to increase in the 2015-2016 data (Multiple Measures
of Placement, 2015).

Results from the North Carolina placement measure study provided by the Center for
Community College Student Engagement (2016) indicated positive results from the
implementation of multiple measures. Study results showed that students placed using the high
school GPA measure successfully completed the college-level mathematics course at a 65% rate.
In comparison, just 48% passed the college-level math course who were identified via one of the
other placement methods. Further results from the Center for Community College Student
Engagement (2016) study indicated that multiple measures also had an impact on college-level
English courses. Specifically, the study indicated that 67% of students placed using high school
GPA successfully completed a college-level English course when compared to only 59% of
students who were placed using other placement methods. Results also suggested that 700
students who were placed in a college-level mathematics course successfully passed. These
students would have been placed in a remedial course based on the previous placement policy

(Center for Community College Student Engagement, 2016).
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Longitudinal research on multiple-measure placement in comparison to the years of
single placement test use is sparse (Multiple Measures of Placement, 2015). However, it was
important to identify North Carolina’s multiple-measure research, as several of its
methodological components were used in the design of the current study. Notably, the high
school GPA, ACT/SAT scores, and the standardized placement test used in the hierarchical
placement chart were employed in the current study. Another key difference in the North
Carolina study and the current study is that students were required to take supplemental support
courses in addition to the college-level mathematics course, which is not a part of the current
study.

Comparisons of Success Rates in Mathematics Courses

The institution a student attends determines the college mathematics course a student can
take (Ganter & Haver, 2011). However, creating mathematics pathways that align with students’
intended educational goals or plans of study may improve the success rates of the students who
take mathematics courses (Burdman et al., 2018). An institution needs to be strategic when
selecting the mathematics pathway and placement test required for their chosen career, as
incorrect placement could set students up for failure in their mathematics course (Ganter &
Haver, 2011). For example, many institutions use the 2007 College Algebra Guidelines, which
suggests the use of college algebra as the default class for students who need a mathematics
course (Ganter & Haver, 2011). However, the study by Saxe et al. (2015) suggested that college
algebra may not be an appropriate course for students with majors in social science and
humanities. The National Research Council (2013) published The Mathematical Sciences in

2025, in which they described that the educational offerings in colleges had not kept pace with
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the changes in student's career pathways. It was suggested that different pathways are needed for
students depending on their career choice.

The report by Burdman et al. (2018) indicated that during the selection process, it is
important for institutions to align their mathematics courses with the career field and program of
study. In Tennessee, educators aligned mathematics courses with pathways and eventually did
not require college algebra for all students (Burdman et al. 2018). Instead, students were guided
to a mathematics course that aligned with their career path. According to Burdman et al. (2018),
24 states have either implemented or started the process to integrate multiple mathematics
pathways which align career choice and an appropriate level of mathematics. In California, the
college-level mathematics pathways are aligned for students and their chosen career field
(Burdman et al., 2018). Notably, students who earned associate’s degrees often took statistics
over other mathematics course options, with 44% of students having taken a non-algebra based
course to fulfill their associate’s degree requirement (Burdman et al., 2018). Of the 44% of
students who took a non-algebra based course, 87% took a statistics course as their preferred
mathematics course. One limitation of the study by Burdman et al. (2018) was the lack of
information related to effect sizes or odd ratios.

Conceptual Framework

The researcher used the I-E-O model as the conceptual framework in this study. This
model provides a tool to evaluate a variety of inputs in relation to a stable environment to
determine if a relationship exists in the output (Astin, 1970a, 1970b). The output of the study
was college-level mathematics course grade; that is, the grade received by the student in one of

three college-level mathematics courses as reported by the student information system.
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The I-E-O model provided the conceptual framework used to guide the research study.
Astin’s (1970a, 1970b) I-E-O model includes the Inputs-Environment-Outputs (I-E-O). The I-E-
O model allows for the conceptualization of students' educational outcomes as the result of a
combination of inputs and environmental factors. Astin (1970a, 1970b) suggested the precise
nature of what constitutes an input or environmental factor based on whether the variable comes
from a student's background and prior experiences (input), or from a student's actual educational
experience and context (environment). The following section examines the conceptual model
origins and evolution, in addition to the model's strengths, weaknesses, and criticisms.
Additionally, a thorough examination, analysis, and synthesis of the existing literature are
explored in relation to the conceptual model and study.

Development. Astin (1970a, 1970b) originally developed the I-E-O model in 1970. The
model was initially developed to create a unified methodology amidst the chaotic, heterogeneous
attempts to study collegiate success that characterized the academic literature at the time.
However, the model evolved into a methodology for systematically assessing the real effects of
college. The I-E-O model is similar to a mathematical function, positing that the results (i.e.,
outputs) of a student’s college experience depend on both initial conditions, such as
sociodemographic and academic ability, and the transformative effects of social, academic, and
other environmental effects. The model also has a strong emphasis on empirical measurement
and the use of hard measurement rather than perceptions in understanding both environmental
effects and outputs. The I-E-O model has served as the basis for other prominent educational
theory, such as Tinto's theory of student attrition.

The I-E-O model was developed and created to explore and understand student

characteristics along with their environmental constructs. The results of the interaction are the
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outputs of the qualities and attributes gained by the student as a result of the interactions (Astin,
1970a, 1970b). The model was developed in the 1970s, which was a period of intense interest in
educational research due to the systematic changes that occurred during that period (Bahr, 2013).
Some of the systematic changes included an influx of students from the Vietnam War using the
GI Bill, an increase in political activation on college campuses, a rise in cultural awareness in
students, and, most important in relation to this study, is the rise in two-year colleges in the
United States (Bahr, 2013). As noted in Chapter 1, the community college and the standardized
entrance test both rose to prominence around this time. The rise in community colleges resulted
in a shift to new student population; a significant portion of the two-year college population was
non-traditional students and students outside the traditional college age range of 18-24 years
(NCES, 2016).

It was amidst this climate of research that Astin (1970a, 1970b) identified a problem with
the developing body of literature. A meta-analysis by Hoyt (1965) surveyed over 1,000 studies
on college achievement, yet failed to reach any meaningful conclusions (as cited in Astin,
1970a). Astin (1970a) postulated that the reason for the highly inconclusive result was because
the literature was divided into a myriad of different conflicting methodologies and theoretical
approaches, the results of which were often so heterogeneous that it was impossible to compare
meaningfully. Although methods to predict or improve college outcomes have been widely
studied, scholars have utilized different approaches that resulted in an incoherent outcome and
prevented any overall conclusions from being made.

As such, the I-E-O model of student outputs was Astin's (1970b) attempt to create a
conceptual framework for methodological unity, and a broad understanding of the overall

processes to guide the results students achieve in their collegiate experiences. The original two-
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part series in which the I-E-O model was developed in an attempt to make a more coherent
methodology. Additionally, the I-E-O model was more of a byproduct of the methodology.
Astin (1970a) argued that the ideal methodological design for studying college outcomes was a
quantitative stepwise linear regression using a multivariate longitudinal approach. Astin (1970b)
also made an argument against the common practice of employing perceptions as a measure of
environmental factors, noting that institutional propaganda and biases could easily color
perceptions.

Although the argument that only a stepwise linear regression model was appropriate to
the study of collegiate outcomes, this model contains the intuition for the overall model (Astin,
1970b). The intuitions of the stepwise model occur because the model first examines the effect
of inputs on the student's experiences in college, and then examines the cumulative impact of
inputs and environmental effects (i.e., the student's experiences) on outcomes. Astin's (1970b)
insistence that perceptions are not an appropriate outcome measure in this context also facilitated
a more empirical understanding of outcomes. Thus, from the I-E-O perspective, outcomes
should be measured in terms of actual empirical variables such as college GPA or graduation
rates.

The environmental effects in the I-E-O model are educational environments with which
students come into contact (Astin, 1970a). For example, Astin (1970a) suggested that
curriculum or courses can be viewed as part of the college environment for use in the I-E-O
model. The environmental variable used in this study was the mathematics course in which
students were placed. The mathematics course environment was valid for the study because it is

a stable environment as described by Astin (1993).
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The I-E-O model draws on this theoretical/philosophical background and applies it to the
specific context of college. The three-factor I-E-O model includes the individual in the initial
traits, the environmental factors resulting from the collegiate experiences in the environmental
aspect, and the behavioral results of that interaction in the outcome traits (Arendale, 2014).
Therefore, while important and influential in its own right, the I-E-O model also has a strong
theoretical and philosophical grounded in earlier research and theory.

Evolution of the model. College performance and outcomes have become more
scrutinized since the 1970s when the I-E-O model was first proposed (McGuire, 1995). The
issue became especially prominent in the 1990s during what might be best described as “market
mayhem” in the educational context (McGuire, 1995, p. 45). A shift in both financial and
acceptance standards resulted in a closer examination of outcomes and performances by colleges.
Specifically, colleges became more accessible to a significantly broader section of the population
(McGuire, 1995). The accessibility of college to a wider population resulted in not only an
increase in college enrollment due to significantly larger financial aid offerings, but also lowered
acceptance standards by institutions in many cases. Lower acceptance standards permitted many
students who did not qualify for merit aid and who would have been rejected under prior
admission standards to attend college if they could pay their own way (McGuire, 1995). The
acceptance of students who could pay meant that the college market was mostly flooded, not
only with more students but also with more colleges seeking to recruit students under their new
standards (McGuire, 1995).

The increase in the public prominence of colleges brought with it a renewed interest in
the evaluation of collegiate performance and student outcomes from a particular college (Astin,

1970a). In response to the need for assessment of student outcomes, Astin and Antonio (1991)
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released a book titled Assessment for Excellence. This book represented an updated version of
the I-E-O model that moved away from the original model's specific methodological focus.
Instead, the book provided suggestions on how college assessment should be designed to create
transparency and accountability. The updated version of the I-E-O model highlighted the
importance of colleges' abilities to show how their educational approach is transformative. As
the I-E-O model evolved, it illustrated the idea that the effect of the environmental factors
characterized the effect of the college education itself, and that understanding outcomes relative
to this are the most important part of an assessment.

In this iteration, the model retained its focus on using quantitative measurements and
specifically avoided using perceptions because this could lead to an inaccurate measurement
(Astin & Antonio, 1991). Instead, the updated model indicated that outcomes must be
understood in the context of the environmental influences that characterize the college
experience and how they have acted to shape the inputs to create those outputs (Astin & Antonio,
1991). For example, when colleges can demonstrate their environmental processes, they achieve
excellent graduation rates. Additionally, acceptance of students with poor initial abilities may be
a considerably better indication of school quality rather than a school that produces excellent
results but also only enrolls students who excel by nature (Astin & Antonio, 1991). The practice
of using graduate rates to determine the environmental factor is relevant to the study because
assessing an institution from this standpoint requires an accurate measure of initial ability.

In addition to the further development of the model by its originator, the intervening
years saw the evolution of the model as a basis for other educational theories. One such model is
that of the peer-assisted learning model (Arendale, 2014). This model seeks to develop one of

the specific environmental effects that may manifest in the college context, which is peer
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interaction and students assisting one another in completing their assignments or learning the
material. Despite the fact that peer interaction and assistance provided by students is not always
controllable by the institution, it is viewed as a part of the environmental aspect of the I-E-O
model as it represents an experience during college that can have a significant effect on student
learning and ultimately on student outcomes (Arendale, 2014).

Tinto's theory on student attrition is a modified version of the I-E-O model, one which
shifted its focus from positive outcomes toward focusing on the specific negative outcome of
dropout (Tinto, 1987). On the surface, this shift appears to be an insignificant change since
examining the negation of graduation rate is functionally the same. The differences arise when
looking beyond the surface level. The I-E-O model focuses on how environmental effects
improve student learning and to develop student talents, while Tinto's theory focuses on the
specific social and academic environmental effects that lead to dropping out; modeling dropout
with a similar approach of social misfit to those used in popular theories of the causes of suicide
(Nguyen, 2013). Tinto’s theory has achieved a high degree of prominence in studying dropout
rates; therefore, its development from the I-E-O model can be taken as proof that the I-E-O
model was built on a strong conceptual foundation (Nguyen, 2013).

The I-E-O model is grounded in the conceptualization of students' educational outcomes
as the result of a combination of inputs and environmental factors (Astin, 1970a, 1970b). The
model’s framework is centered on the concept of three basic constructs. These constructs are the
inputs, environment, and outputs. The three-stage notion of student success in college was built
on the intuition in the effective stepwise regression modeling of college success as a function of

other factors (Astin, 1970a). The I-E-O model is depicted in Figure 1 below.
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Figure 1. The I-E-O conceptual model. Adapted from “The Methodology of Research on
College Impact, Part One.” By A.W. Astin, 1970a, Sociology of Education, 43(3), 223-254.
Copyright 1970 by SAGE Journals.

Inputs. The inputs factor of the I-E-O model represents the student’s background
factors; that is, the conditions under which the student enters college. The inputs play an
important role in determining the students’ outcomes; however, the inputs are not the only
factors with significant roles (Astin, 1970a). In the original stepwise regression model, the
inputs were the student characteristics that were used as predictors for the first stage of the
regression. Inputs can include a wide range of values with some important inputs, including
sociodemographic factors like gender, race, or socioeconomic status (Astin, 1970a).

In the overall model, inputs have an important but limited role (Astin, 1970a). The
limited input role is due to the college impact process presented as a stepwise series of events.
The inputs are shaped and changed by interactions with other factors. Therefore, the inputs’
influence on the final results should be mostly—if not entirely—mediated and moderated by the
intervening relationships between two items: (1) inputs and environmental factors and (2)
environmental factors and outputs (Astin, 1970b). On the other hand, under this mediation
relationship, holding environmental factors constant as much as is possible should still allow

inputs to be a predictor of success (Astin, 1993).
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The inputs that were selected and measured in this study are divided into two variable
groups, namely the sociodemographic variable and the placement assessment variables. For
purposes of the study, student demographic variables including race/ethnicity, gender, age,
veteran status, marital status, full-time enrollment status, and financial aid status were selected as
the inputs of the I-E-O model. The inputs were strategically selected based on a review of the
literature. Also, student sociodemographic information was readily accessible from records and
served as input variables. Below is a description of the inputs used in the study and how they are
identified in the institution's student information system. Furthermore, using demographic
variables such as race/ethnicity, gender, sex, enrollment status, veteran status, and financial aid
status in the I-E-O model assisted in examining if certain sociodemographic groups are more or
less likely to be successful in college-level mathematics courses.

Study variables. The different variables used in the study based on the I-E-O model to
capture the input, environment, and output are shown below along with their operational
definition. Additionally, the rationale for the use of these specific variables in the study is
explored in this section through an examination of the literature and review of other research that

have utilized the variables outlined in Table 1.
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Variable Type Variable Names Operational Definition
Input Variables Age Denotes the year in which a student was born as indicated
(Sociodemographic on their college application.
Variables)
Gender Students self-identify as being either male or female.
Race/Ethnicity Students self-identified the race/ethnicity with which they

Veteran Status

Enrollment Status

Financial Aid
Environmental Statistics
Variables
(Mathematics
Courses)
College Algebra
Pre-Calculus
Output Variable Students’ Grade

associate (e.g., White, Black, Asian, American
Indian/Alaskan Native, Hispanic or Latino, Hawaiian or
Pacific Islander, or unknown race).

Refers to whether or not the student self-identified as a
current military or veteran on their student application.

Denotes if a student enrolled on a full time or part-time
basis.

Indicates if students are eligible for Pell Grants or not.

Refers to a college-level statistics course. This course
will count towards the mathematics requirement for
students on selected plans of study.

Refers to a college-level algebra course. The course will
count towards the mathematics requirement for students
on selected plans of study.

A college-level pre-calculus course which counts towards
the mathematics requirement for students on selected
plans of study.

Refers to the grade received by the student in one of the
three college-level mathematics courses as reported by
the student information system.

Age was included in this study because of its potential effect on college success. The

study by Shapiro et al. (2016) suggested that age had a significant effect on students completing

college. Furthermore, data from the National Student Clearinghouse indicated that 49.3% of

adult students aged 25 years or older failed to earn a credential at the post-secondary level in

comparison to 25.9% of students aged 25 years or younger who failed to earn a credential
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entering a post-secondary institution (as cited in Shapiro et al., 2016). The variable of age was
also suggested to be an important measure in college success from the research of Grabowksi,
Rush, Ragen, Fayard, and Watkins-Lewis (2016). Grabowski et al. (2016) indicated that older
students, or non-traditional students, might face additional barriers with regard to college
success. Grabowski et al. (2016) also suggested that two-year institutions have a higher
proportion of non-traditional students with their open admission policies and large part-time
enrollment.

Based on study results by Islam and Al-Ghassani (2015), gender was also selected as an
input variable in this study. Islam and Al-Ghassani (2015) suggested that course success in
college-level calculus differs between male and female students. Specifically, male students
were more likely to fail a college-level mathematics course than their female counterparts. Islam
and Al-Ghassani (2015) also stated that male students failed the calculus course at a higher rate
(28%) in comparison to female students (7%). The National Student Clearinghouse further
supported gender as a strong input variable to include in the model. The Clearinghouse indicated
that male students had lower completion rates and higher dropout rates than their female
counterparts in two-year institutions (Shapiro et al., 2016).

Race/ethnicity was also included in the study as it has been identified as a key factor in
college success. For example, White students were 15% more likely to receive an associate’s
degree in comparison to Black students (Bryant, 2014). Likewise, White students were 30%
more likely to receive an associate’s degree in comparison to Hispanic/Latino students (Bryant,
2014). A study by Ngo and Kwon (2015) provided support for race/ethnicity as an input variable
in the I-E-O model as a positive correlation when using high school GPA or multiple-measures

to evaluate course placement. Ngo and Kwon suggested that using prior mathematics score to
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determine mathematics placement could provide accessibility to African American and Latino
students. Race/ethnicity was used as a variable in the current study because there is a wide gap
between White students and students of other racial/ethnic backgrounds who receive degrees.

Veteran status is an important factor to add to the I-E-O model because a student who
identified as a veteran is likely to also have several other sociodemographic variables that can be
included in the model (Kirchner, 2015). For example, a veteran student is likely not to be a
traditional-age student and is likely to be receiving some financial aid through the Serviceman's
Readjustment Act of 1944 (i.e., GI Bill). Kirchner (2015) suggested that veteran students often
have a difficult time transitioning from the military to the classroom. Therefore, if the support
services at the institution are not available, the veteran student may be unsuccessful. Kirchner
further noted that if institutions do not assist their adult and non-traditional students, they are
able to provide support to their veteran students. The inclusion of veteran status in the I-E-O
model is important because the number of veterans enrolled in college is expected to continue to
rise in the next five years (Kirchner, 2015). Additionally, many states including Ohio mandated
that state universities and state two-year institutions implement mandatory veteran services to
assist veterans’ transitions from the military to the classroom (Ohio Department of Higher
Education, 2018b).

Enrollment status (i.e., full-time, part-time) was used in the I-E-O model for the study.
Data from the National Student Clearinghouse (as cited in Shapiro et al., 2016) provided further
justification for the inclusion of the enrollment status variable in this study. The data suggested
that full-time enrolled students completed their education at a higher rate than their part-time

counterparts. Notably, 21% of part-time students completed their education in an average of six
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years in comparison to 75.5% of exclusively full-time students who completed in an average of
six years (Grabowksi et al., 2016).

Bryant's (2014) study also supported the use of financial aid eligibility as an input
variable because financial aid eligibility indicates that students from low-income families are
statistically more at risk of not receiving a post-secondary credential or degree. As such, only
35% of students from low-income families will earn a post-secondary degree when compared to
72% of students from high-income families (Bryant, 2014).

The second measurable input group in the current study was the student's placement
assessment. In this study, students were placed in the college-level mathematics course through
one of three methods, namely high school GPA, ACT/SAT mathematics score, or standardized
placement examination. The I-E-O model facilitates the exploration of whether high school
GPA, standardized placement tests, or ACT/SAT mathematics score are the best predictor for
success in college-level mathematics. The input variables of high school GPA, ACT/SAT
mathematics score, and standardized placement tests were selected as placement assessment
factors because this information was collected in the student information system at the
participating institution and facilitated a convenience sample. Moreover, the participating
institution required that all students be assessed using one of three placement assessments
methods. The placement assessment variables were also selected for use in this study because
Astin (1993) explained that input variables are items that occur before the student enters the
college environment. High school GPA, ACT/SAT mathematics score, and the placement test
are items that occurred before the students take their first college course. The placement
assessment methods are listed below along with justifications of why they were used in the

study.
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Placement Assessment

The justification for using high school GPA and ACT mathematics score as input
variables in the study were supported by Westrick, Le, Robbins, Radunzel, and Schmidt (2015).
Westrick et al. (2015) sampled 189,612 students from 50 institutions and examined both ACT
mathematics score and high school GPA in correlation with first-year academic performance.
The results indicated that the ACT mathematics score and high school GPA were correlated with
a student's academic performance in their first year. However, the study was less successful at
measuring retention from the first-year to second-year students. The results indicated that ACT
scores and high school GPA were weaker predictors of college success and retention for second
or third-year students than first-year students alone. For this study, the research by Westrick et
al. (2015) was valuable because the aim of the current study was not to examine any other factor
beyond the college-level mathematics course and student's success in that course.

Stewart, Lim, and Kim (2015) also supported the use of high school GPA and ACT
mathematics score as input variables in their study on college persistence factors. The study
explored if a relationship existed between college persistence and ACT mathematics score as
well as high school GPA and first-semester college GPA using a sample of 3,213 students. Data
analysis was done using a factorial analysis of variance and multiple regression analysis.
Pearson's product-moment correlation was also used to examine the relationships between
variables of high school GPA, ACT mathematics score, college GPA, and persistence. Study
results suggested that high school GPA was a strong predictor of a student's college success in
their first year. Stewart et al. (2015) were not able to correlate college persistence to high school
GPA or ACT mathematics scores. As previously stated, the study explored success in college-

level mathematics course and not students’ overall persistence within the institution.
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The standardized placement exam was the third placement assessment method for the
mathematics course and was used as an input variable in this study. Students who did not qualify
for placement in college mathematics courses using high school GPA or ACT/SAT mathematics
score were assessed using a standardized placement exam by the institution in the study. Using
standardized placement exams was justified as it is common practice at two-year institutions as
over 92% of two-year institutions assess college readiness using a traditional placement test
(Scott-Clayton et al., 2014).

Environment. The environment is the central factor of the I-E-O model. The
environment represents the process, which acts upon inputs to transform them into outputs. In
the collegiate context, the environmental factors fall into many categories that can include
academic effects, social effects, and financial effects, among others (Arendale, 2014; Astin,
1970a). The actual learning experiences in college are part of the environment construct. It is
through the specific environment that a college creates the effects of its education and how it
should be assessed (Astin & Antonio, 1991).

Astin (1970a) identified seven applicable environmental classifications for the I-E-O
model. These classifications include faculty, curriculum, financial aid, major or program of
study, peer group, and participation in academic or extracurricular activities. Astin (1993)
further described the environment in the I-E-O model by stating “the environment refers to the
student's actual experiences during the educational program" (p. 18). The environment can
include any experience that may impact the student and, in turn, impact the measured outcome.

Astin (1993) noted that the environmental factor in the I-E-O model must be a stable
factor when applied in the research study. He suggested that curriculum or courses can be used

as part of the stable college environment for use in the I-E-O model. The environmental variable
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used in this study was the mathematics course in which students were placed. From the input
variable of the placement assessment, the students were placed into one of three college-level
mathematics courses namely statistics (MATH-130), college algebra (MATH-140), or pre-
calculus (MATH-150). The mathematics course environment was valid for the study because it
is a stable environment as described by Astin (1993). The environmental variables and a brief
description of each are provided below.

Outputs. The revised version of the I-E-O model emphasized that the outputs
themselves are not necessarily a good measure of a college’s quality when considered in a
vacuum (Astin & Antonio, 1991). Instead, outputs should be contextualized to their
corresponding inputs and used in a manner to create a depiction of the school's overall ability to
foster student talent. The outputs are likely not predicted directly by the inputs in a linear
fashion, but instead the relationship is one of moderation or mediation; however, the
environment should be held constant as much as possible. For example, using a specific school
where the overall student experience is somewhat comparable outside of how input factors create
different environmental factors; it should be possible to correlate inputs with outputs within a
single specific context. The nature of the environmental factors and the differences across
colleges suggest that the precise relationship between inputs and outputs is context specific
rather than a single overall relationship that can be universally applied.

The outputs represent the outcomes of a student's collegiate experience. Astin (1970b)
stated that these outputs should be measured in quantitative forms. Astin further suggested using
graduation rates and student GPA, or grades, rather than potentially biased student perceptions of
their education. For purposes of this study, the output measure used was the student's grade in

the mathematics course.
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The use of students’ mathematics course grade as the output in the study was justified
with support from Astin (1993). Astin (1993) noted that the output variables should be the end
result or posttest. Astin (1993) also stated that appropriate output variables could include items
such as GPA, degree completion, or course performance. In this study, course performance was
used as the output variable. The output variable was used to measure how the input variables
and environmental factors may connect with student’s mathematics course performance, which
in the study was the course grade.

Applications of the I-E-O Model by Other Researchers

The following section provides a comprehensive summary of the empirical research
related to the I-E-O model and the variables used as part of the I-E-O model in this study. The
alignment among all of these studies was the use of the I-E-O model in a higher education setting
(Chevan, Reinking, & Iversen, 2017; Franklin, Debb, & Colson, 2017; Grineski et al., 2018;
Hahler & Orr, 2015; Parker, Kilgo, Sheets, & Pascarella, 2016). Further, the setting for each of
the studies varied to include both four-year and two-year institutions.

The studies varied in how they applied the I-E-O model and the outcomes they sought.
Additionally, each study differed in the variables they focused on for the / (Inputs), £
(Environment) and O (Output). Specifically, the sociodemographic variables of each study were
uniquely different and only applicable to the study presented.

The application and outcome of these studies were similar to the current study. The study
by Chevan et al. (2017) is highlighted because it has several components that are similar to the
current study. Notably, the study examined high school GPA in their I-E-O model and explored
the extent to which high school GPA, along with other inputs, had an impact on the completion

of a student’s degree. Also, the two studies are similar in the use of high school GPA to explore
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the impact on student college success. A study by Parker et al. (2016) applies to the current
study because it used several of the same inputs used in the current study, including gender,
GPA, and race/ethnicity, to determine if a relationship exists between the output (i.e., college-
level GPA).

The use of sociodemographic variables varied throughout the empirical review of the
literature; however, several studies were highlighted because they applied to the current study.
Grineski et al. (2018) used a variety of sociodemographic variables that are applied in the current
study including age, gender, sex as part of the study. Franklin et al.’s (2017) study applies to the
current study because it used several of the same sociodemographic input variables, including
gender and age, as part of their study. Additionally, the study by Franklin et al. (2017) is directly
relatable to the current study as academic achievement is tied directly to the college mathematics
course. Hahler and Orr’s (2015) study provided further support of the I-E-O model to measure
academic aptitude in this study because they used both high school GPA and a standardized test
such as the ACT/SAT mathematics score as a valid input variable for the I-E-O model and ties it
directly to student success.

These studies had a range of limitations. In general, most of the studies ranged widely in
the student sociodemographic characteristics used, and none of the studies included the veteran
status and Pell Grant eligibility variables. A further limitation of the studies that have used the I-
E-O model is that none of them employed all three placement assessment methods (i.e., high
school GPA, ACT/SAT mathematics score, standardized placement exam) in their study.

Relationship of the I-E-O model to the problem. Astin’s (1970a, 1970b) I-E-O model
provides an appropriate guiding model to address the research problem. The I-E-O model was

the appropriate framework that allowed for the critical examination of the placement assessment
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methods in relation to the college mathematics courses. The I-E-O model facilitated the critical
examination of the relationship between placement methods used at a two-year institution and
success in a college-level mathematics course. Thus, using Astin’s I-E-O model as the guiding
framework facilitated the identification of the placement assessment variables in relation to the
environmental factors (i.e., mathematics courses) to determine the output (i.e., course success).
Also, the model allowed for the critical examination of each of the variables in relation to the
study. The I-E-O model was appropriate to guide the study because the study utilized specified
inputs (i.e., independent variables) along with the constant environmental variables to produce
the desired output (i.e., dependent variable). Finally, the use of the I-E-O model in this study
allowed for the examination of data to explore if specific variables have more or less of an
impact on success in a college-level mathematics course.
Justification of the Model

The relevance of the I-E-O model to the study is that it characterizes how input variables
(e.g., sociodemographic information) can be used to predict or explain academic success, as well
as how environmental factors such as types of assessments and specific courses affect the
outcome of student academic success in the study. The application of the I-E-O model in the

study is represented in Figure 2 below.
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Figure 2. Application of the I-E-O model.

Figure 2 illustrates that each of the variable types—input, environment, and output—are
all affected by each other. If a change occurs with any of the variables in the I-E-O model, it can
affect the other variables. For example, an input of age and/or a student being admitted via his or
her high school GPA can affect an environment of the mathematics course such as pre-calculus,
which in turn can affect the output, or the grade in the pre-calculus course.

Alignment with the study. The purpose of the study was to assess the three placement
methods used by two-year colleges in placing students in college-level mathematics courses.

The researcher asked research questions to identify and examine all three placement assessments
types (i.e., the standardized placement test, ACT/SAT mathematics score, high school GPA) to

determine the single best mathematics placement method for college success at one institution.
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As such, the I-E-O model served as the foundation for the development of research methodology
in which the study was designed.

Strengths. One argument in favor of the I-E-O model and the methods of assessment it
implicates is its efficacy. For example, Skenes and Honig (2004) found that an I-E-O-inspired
pretest/posttest longitudinal model of assessment for a professional master's degree program was
excellent for demonstrating the program's ability to create the desired behavioral changes in its
students. Rather than merely assessing the program based on its final scores, the authors argued
that it could be described as successful. Such success was attributed to the fact that throughout
the program the participants exhibited significant attitudinal changes in the desired direction on
eight out of 12 assessment scales. Students' attitudinal changes represented a simple, effective
demonstration of the reason this form of assessment tool is ideal; understanding how the specific
inputs were changed in the desired 