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Abstract

English as a second language (ESL) students often face more challenges than their
English-Native Speaking (ENS) peers due to language and cultural barriers. The purpose of
this study is to investigate the difference in performance between ESL students and ENS
students in the introductory level statistics course, STAT150, at the University of Norther
Colorado (UNC). Due to the dichotomous nature of the data and the large differences in sample
sizes between ESN and ESL students, the Bootstrapped Logistic Regression model is used to
analyze the data. Contrary to the findings of previously conducted studies, the results of this
study suggest that ESL students who have been enrolled in STAT 150 at UNC are just as likely
to receive a high mark in the course as their ENS counterparts. One explanation for this finding
is that the level of instruction and quality of content provided throughout the course gave all
students, including ESL students, all the information necessary to succeed in the course. If this
explanation is accepted, the outcomecentric results found by this study reflect well upon the
overall quality of instruction and English proficiency policies at UNC.
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1. Introduction

Mathematics is of unique importance in education because it can be used to teach students logic
in a way no other educational discipline can. The cognitive exercises required to learn
mathematics give students the skills necessary to succeed in other sciences. Consequently, the
teaching of mathematics, especially at the elementary level, is of fundamental importance to
students who pursue higher education in a scientific field. The teaching of mathematics aims to
cultivate the development of functional cognitive reasoning in students. This is achieved by
improving the students’ understanding of mathematical concepts, their computational accuracy,
and the speed at which they can solve problems.

Mathematics is a language. While not a natural human language, its usage of symbols and logic
can be learned and understood by people regardless of their native tongue. As is the case with
natural languages, the language of mathematics is best taught through the utilization of practice
and repetition. Many of the concepts that students encounter when learning mathematics are
quite alien and require the development of new ways of thinking. Other mathematical concepts
employ the use of technical terms that have a different meaning than or are similar to words
used in everyday speech. These language overlaps can cause confusion in students becoming
familiar with mathematical language (Meiers & Trevitt, 2010). Each subject area has its own
methods of using language to construct knowledge, and students need to gain an understanding
of this use of language in order to establish a strong understanding of the subject. Students who
exhibit difficulties with receptive and/or expressive language skills during typical
communication may reasonably be expected to have difficulties in understanding mathematical
language and are likely to experience broader academic challenges.

In mathematically based classes, instructors may have an erroneous assumption that students
for whom English is their second language (referred to as “English as Second Language (ESL)
students”) will have a minimal disadvantage as these classes are numerically oriented and are
not heavily dependent on English. According to Ewing and Huguelet (2009), the language of
mathematics is comprised of the discussion of equations, the explanation of word problems,
and the use of jargon. The disadvantage lies in the fact that, as the authors note, the language of
math is rarely included in the curriculum of any ESL programs or English as a foreign language
(EFL) programs (2009). This lack of connection between ESL programs and math language
results in students struggling academically in introductory college-level math-based courses
(2009). As mentioned, one type of difficulty ESL students enrolled in math-based courses may
face are jargon problems. ESL students may also struggle understanding key words and phrases
in word problems. Additionally, they may face difficulties identifying cultural references
within mathematical problems. Moreover, ESL students may have trouble articulating
solutions for word problems, even when they understand all the relevant mathematical
vocabulary (2009).

It has been shown that ESL students have historically had lower academic performance in
mathematics than their native English-speaking peers (Abedi et al., 2006). The literature
suggests that this performance gap is explained by parental education level, poverty, and the
challenge of second language acquisition (Hakuta, Butler, & Witt, 2000; Redd, et al., 2002).
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However, there is also evidence to suggest that in situations when ESL students are provided
with sufficient content and skills delivered by proficient math instructors in a classroom of
students who are proficient in math, they show improvement in mathematical knowledge and
skills (Abedi et al., 2006).

2. Literature Review
2.1 The Importance of Diversity in Higher Education Classrooms

Recently, colleges and universities have become interested in the importance of creating a
diverse environment on campus. Enrolling more international students for whom English is not
their first language has been one way that these campuses have tried to achieve this goal.
Research suggests that a diverse classroom at a higher education institution enhances all
students’ active learning and intellectual engagement abilities (Gurin et al., 2002). However, an
ESL student who is pursuing a degree in higher education within an English-speaking
institution may face many challenges. Some of these challenges include cultural adaptation,
academic adaptation, and finding a communication system (Al-jamal & Miqdadi, 2013).
Because of these challenges faced by ESL students in higher education, teaching science and
math classes with ESL students at a college-level requires different approaches to ensure that
all students get the appropriate education (Nelson, 1996).

2.2 Struggling ESL Students with Math Word Problems

While mathematics is considered a universal language, it needs to be learned which makes it
more difficult for students in introductory math courses to fully understand (Moschkovich,
2012; Langeness, 2011). It has been suggested that a substantial part of the struggle that ESL
students experience in math courses is due to their limited mathematical vocabulary
(Krick-Morales, 2017). Research has shown that ESL students tend to perform well in classes
that are not based on writing (Finn, 2018). ESL students who have an average skillset in
mathematics tend to do well in numberbased problems due to their understanding of the
mathematical symbols that are shared worldwide (Krick-Morales, 2017). Unfortunately, part of
the challenge an ESL student faces in a college-level math course is understanding what
particular questions are asking them to do (KrickMorales, 2017). Some studies have
suggested that ESL students could perform better in word problems if they were introduced to
the vocabulary before starting a problem (Moschkovich, 2012). ESL students must be given the
information needed to understand the problem, model the problem, use the appropriate
mathematical tools to solve the problem, and interpret the results of the problem (Moschkovich,
2012). 2.3 Adjustment for ESL students

With all the challenges that ESL students face during the process of learning English, college
instructors have managed to find ways to simplify mathematical word problems. It has been
recommended that instructors survey the students in advance in order to gain information about
their educational background, experience with math, and their language history (Moschkovich,
2012). Based on the gathered information, instructors are better able to provide the class with
the appropriate curriculum, instruction, and problems in order to facilitate the success of each
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student. Studies have suggested that instructors should focus on the literacy of the students and
apply this knowledge of student literacy by communicating more slowly and intentionally for
ESL students to have the opportunity to clearly understand the topic being discussed (Warren et
al., 2014). Others have focused on developing a strong mathematical vocabulary to enhance
students’ learning experiences (Smart et al., 2008). In addition, some institutions have created
small classroom sizes to ensure that students obtain the appropriate attention from the
instructor, which enables the instructor to focus on each student’s weaknesses. In larger
classrooms, students may not be given individualized attention needed to facilitate optimal
learning due to the ratio of students to instructors. The aforementioned strategies should be
considered in order to develop a wholistic approach to ESL students’ mathematical learning.
Beyond this, more strategies and techniques should be developed to encourage the success of
ESL students in college and university math courses.

3. Purpose

The purpose of this study is to investigate the difference, if any, in performance between ESL
students and native English-speaking (ENS) students in an introductory level statistics course
at the University of Northern Colorado (UNC). An ESL student is classified as a student who
resides in an English-speaking country or environment and whose primary language is a
language other than English. Many of these students require additional English language
support in order to be successful in an English learning environment.

This study was conducted in order to gain a better understanding of the performance of students
in the STAT 150 course at UNC. The information gained in this study stands to benefit UNC’s

Mathematical Sciences Department as well as the Applied Statistics and Research Methods
Department by providing efficient measurements of performance of ESL and ENS students.
Information gathered from students who have been enrolled in STAT 150 over the last five
years is used to understand differences in performance between ESL and ENS students. This
study may help UNC to not only understand the differences in performance among students,
but it may also be referred to for decision making purposes as the university seeks to give
support to ESL students. The following research question guided the study:

RQ: Have ESL students successfully completed STAT 150 (operationally, receive a final grade
of an “A” or “B”) at the same rate as ENS students, controlling for year, term, and student class
level (i.e., Freshman, Sophomore, Junior, Senior)?

4. Methods & Data Description

In order to address the research question, nonidentifiable STAT 150 student outcome data were
obtained from the UNC Office of Institutional Reporting and Analysis. This dataset provided
the year and term (Fall 2013 — Spring 2018, omitting Summer sessions), the final letter grade
(if plus/minus grading was used, these grades were recategorized to the letter itself, omitting
the plus/minus distinction), student class level (only students with an undergraduate
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classification were included), a student’s nation of citizenship (if provided), and an indicator
identifying ESL status (if provided) for each student. The total number of student records used
in this analysis was N = 6259, of which nes. = 102 were considered ESL students.

STAT 150, as an introductory mathematics course, has traditionally had a low proportion of
students receiving a failing grade. Figure 1 shows the letter grade distribution for ENS and ESL
students, respectively. As shown in both figures there is right skewness, which was to be
expected. However, for ESL students, there is a higher proportion of “C” final grades than what
was observed for ENS students.
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Figure 1. Final Letter Grade Distributions for ESL and ENS STAT 150 Students

In order to address the primary research question, the dichotomous, categorical nature of the
response variable (earning an “A” or “B” in STAT 150 as opposed to not earning an “A” or “B”)
lends itself well to a logistic regression model. In a logistic regression, the natural logarithm of
the odds ratio is the response variable for which the linear combination of independent
variables model. In this study for example, the odds ratio is defined as the probability of a
student earning an “A” or “B” divided by the probability of a student not earning those grades,
and often referred to as the “logit”) Given the other independent variables mentioned
previously, the model to be fit is mathematically represented by Equation 1. Here, mi represents
the probability of a student earning an “A” or “B,” fo represents the intercept of this linear
model, and f1...[s represent the statistical effect a particular independent variable has upon the
logit. Note, the ESL status of student i is a dummy variable where a value of “1” denotes an
ESL student, and a value of “0” denotes an ENS student (that is, ENS student status is the
reference group). Student Classification (Freshman status is the reference group) was dummy
coded similarly, as was Term (Fall is the reference group). Further, while these data are
longitudinal in nature, the students enrolled in STAT 150 from semester to semester are almost
certainly different students, and therefore, it is reasonable to assume the grade a student earned
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in one semester has no bearing on the grade a student in a different semester earned. Because of
this, a longitudinal model was deemed unnecessary for these analyses.

.
In (1——mi) = fo+ BI(ESL)i+ B2(Sophomore)i+ f3(Junior)i+ Ba(Senior)i+ Ls(Year)i+

Be(Spring).. (D

Fitting this model is a straightforward process and was performed in the statistical software
program R version 3.5.1 (R Core Team, 2018). However, one problem arising from the data
structure was the large differences in sample sizes between ENS and ESL students. ESL
students represented 1.63% of the sample. Therefore, performing the analysis with such a
sample size discrepancy may not be the most appropriate approach. Consequently, justification
was given for using the computer technique referred to as “bootstrapping” to handle this
problem.

Rizzo (2008) describes bootstrapping as “a class of nonparametric Monte Carlo methods that
estimate the distribution of a population by resampling.” Here, the distributions desired to be
estimated are those of the logistic regression coefficients and their respective p-values. To
perform a bootstrap analysis, ENS observations were randomly sampled from each of the
observed terms (again, excluding summer terms) such that the number of sampled ENS
students matched the number of ESL students in a given term. Table 1 gives the sample sizes
for ESL students for each of the terms. Multiplying each of the values given in Table 1 by two
and summing those products gives the effective sample size used in the logistic regression (n =
184). Because the performance of this procedure in a single iteration is an ineffective use of the
rich dataset obtained, the random sampling procedure for ENS students was iteratively
performed B = 10,000 times. That is, 10,000 datasets of size n = 184 were created, and a
logistic regression model, as described by Equation 1, was fit. More practically, the
bootstrapping technique is justified as one could easily envision a case where the randomly
selected ENS students happened to all be excellent students or all happened to be poor students.
In either case, the coefficient estimates and their associated p-values may be extreme in either
direction away from the true values. Reliance upon the results from a single iteration are
therefore not justified, and the bootstrapping method is a more effective use of the data
obtained. All coefficients and their respective p-values for each of the 10,000 datasets were
stored, and the mean values were taken to be the estimates of the coefficients and p-values,
respectively. Since these mean values were obtained via random sampling, the mean
coefficient estimates and the mean p-value estimates can be considered random variables
themselves. As a result, inference can be made directly upon p-values themselves.

Table 1. Sample Sizes for STAT 150 ESL Students for Each Term

Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring
2013 2014 2014 2015 2015 2016 2016 2017 2017 2018
Sample Size n=6 n=10 n=17 n=4 n=10 n=7 n=13 n=7 n=10 n=8

Term
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5. Results and Discussion

Using the techniques described in the previous section, estimates for each of the coefficients
and their respective p-values were obtained, and the results are shown in Table 2. As shown,
none of the independent variables approached significance at the traditional & = 0.05 level.
However, the senior indicator variable was estimated to be near the a = 0.10 level. As
mentioned, these estimates themselves can be treated as random variables upon which
inferential tests can be performed. Thus, it is of interest to determine if the senior indicator
variable’s p-value differs significantly from a = 0.10. However, as shown in Figure 2, it cannot
be reasonably assumed that the variable is normally distributed, as is a fundamental assumption
in a classical t-test, the more appropriate nonparametric Wilcoxon Signed Rank Test was
performed upon the bootstrapped estimates. The results of this test are shown in Table 3. These
results do give significant evidence to suggest that the true p-value for the senior indicator
variable may be larger than 0.10, which would coincide with the classical conclusion typically
inferred from the results in Table 2. While perhaps not statistically significant, this finding is
still interesting albeit not surprising. As senior level students have had more exposure to
collegiate coursework than their freshman counterparts, it is reasonable to assume this may be
advantageous, and perhaps lead to preferable final grade outcomes.

Practically, the results of this analysis, with respect to the research question, suggest that ESL
students who have been enrolled in STAT 150 at UNC are just as likely to receive a high mark
in the course as ENS students. This suggests that the level of instruction and quality of content
provided to all students, but specifically to ESL students, has allowed them the opportunity to
develop the high levels of mathematical understanding necessary for success in the course.
These broad, outcome-centric results reflect well upon the overall quality of instruction and
upon UNC'’s English proficiency policies.

Table 2. Bootstrapped Logistic Regression Results

Independent Variable Coefficient Estimate Standard Error ~ Wald Test Statistic ~ p-value

Intercept 281.12 563.55 0.50 0.31
ESL -0.19 1.44 -0.13 0.55
Sophomore 0.52 0.83 0.63 0.26
Junior 0.42 1.70 0.25 0.40
Senior 0.99 0.84 1.19 0.12
Year -0.14 0.28 -0.50 0.31
Spring 0.02 0.10 0.22 0.59
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Figure 2. Histogram of Senior Indicator Variable P-Value Estimates

Table 3. Results of Wilcoxon Signed Rank Test on Senior Indicator Variable

Results of Wilcoxon Signed Rank Test on Senior Indicator Variable
Wilcoxon Test Statistic 23180000
p-value <0.0001

6. Limitations & Future Directions

As is the case in all research, this study had limitations. First, because there were so few ESL
students enrolled in STAT 150 in each of the sampled terms, it is difficult to detect statistical
differences with traditional inference techniques. The bootstrapping technique certainly
mitigated some of this problem, but it cannot increase the number of ESL student observations.
Second, this analysis only considered the most recent 10 semesters worth of data. While the
recency of the observations is desirable, the data analyzed may not necessarily be indicative of
broader and historical ESL student success in STAT 150 at UNC. Third, the literature review
highlighted the importance of instructor quality in ESL student success. In this study, while we
can broadly conclude that instructor quality has been sufficient, it would be of value going
forward to account for the effect a particular instructor may have on ESL student outcomes.
Finally, this study only considered letter grade outcomes as the measure of success for ESL
students. It may be of value to obtain ESL student perceptions of the STAT 150 course through
qualitative analysis. This could allow a greater understanding of what broad, non-quantifiable
characteristics of instruction and material presentation lead to either positive or negative letter
grade outcomes. Additionally, in this study, positive student outcomes were operationally
defined as earning an “A” or “B” letter grade in the course. However, anecdotally, it is known
that some students who earn a “C” in a course may have felt they were successful in the course
while others may consider only an “A” successful. Therefore, using a different measure of
student success in a course besides final letter grade may be of value in future studies.
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