AN ANALYSIS OF LANGUAGE DIFFICULTIES IN
ALGEBRA I (COMMON CORE) ASSESSMENTS VERSUS INTEGRATED
ALGEBRA ASSESSMENTS

by

Amy E. Spoth

A Master’s Project
Submitted in Partial Fulfillment
of the Requirements for the Degree of
Master of Science in Education
Teaching English to Speakers of Other Languages (TESOL)
Department of Language, Learning, and Leadership
State University of New York at Fredonia
Fredonia, New York

May 2016

AN ANALYSIS OF LANGUAGE DIFFICULTIES IN ALGEBRA I (COMMON CORE)
ASSESSMENTS VERSUS INTEGRATED ALGEBRA ASSESSMENTS

ABSTRACT
The purpose of this study was to determine if the difficult linguistic features of
mathematics assessments correspond to teachers’ perceptions of the assessments. A mixedmethods research design was used in order to analyze the linguistic features of each exam and
also gain insight to how teachers feel about the assessments. The assessments analyzed in this
study were the June 2008 Integrated Algebra Examination and the 2015 Algebra I (Common
Core) Assessment. In addition to comparing linguistic features of the two assessments,
interviews were conducted. Two teachers were interviewed in one school district. The results
of the data collection indicated that while the Algebra I (Common Core) Assessment contained
more difficult linguistic features in fourteen of the sixteen categories, readability tests showed
the Integrated Algebra Examination is written at a higher reading and grade level. The results
of the interviews concluded that while students may struggle with linguistically difficult
features in mathematics, there are strategies which may be incorporated into instruction in
order to help these students overcome these challenges. Some of these strategies may include
practice reading texts with difficult linguistic features in mathematics classrooms, explicitly
teaching students how to separate mathematics and language, and collaborating with other
teachers to determine what strategies may work best for your students.
Keywords: Common Core, linguistic features, readability
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Introduction
Problem
The Common Core, although a more recent attempt at measuring accountability in
schools, is not the first. Throughout history, the best approach to teaching and testing
mathematical skills have been debated extensively (Ferrini-Mundy, 2000; Herrera & Owens,
2001; Klein, 2007; Permuth & Dalzell, 2013; Restivo & Sloan, 2007; Roberts & Walmsley,
2003; Willoughby, 2000). Mathematics is a highly important field in terms of making advances
in science, technology, and medicine. Starting with the launch of Sputnik, the way mathematics
is taught in the United States has been questioned and reformed, always seeking the most
efficient and effective methods. More recently, the shift from the New York State Core
Curriculum, also referred to as the Performance Indicators, to the Common Core Curriculum
has caused a dramatic change in the way in which mathematics is taught in grades K-12 (Diniz
& Ramos, 2014; Howard, 2014; Porter, McMaken, Hwang, & Yang, 2011).
The Common Core Mathematics Standards and Assessments have been questioned by
many parents, teachers, and school administrators alike (Celedón-Pattichis, 2010; Diniz &
Ramos, 2014; Howard, 2014). This is due in part to the fast approval and implementation of
the standards with little materials or resources for teachers. Although standards-based teaching
is not necessarily new in terms of mathematics, the Common Core pays particular attention to
problem solving and applications (Porter et al., 2011). This places an increased emphasis on
language in mathematics. While mathematics has traditionally been called the “universal
language”, this may no longer be true, especially in terms of ELLs (Adoniou & Qing, 2014).
With the Common Core in Mathematics comes an increase in the language demands necessary
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for our students to perform well. This makes mathematics especially challenging for those
students who are not native English-speakers.
As an English as a New Language (ENL) teacher, I have a student who can
successfully complete mathematical computations, but struggles with word problems in
mathematics. This causes her to score below a 65% on many of her math tests. These failing
grades are affecting her confidence in the classroom, as she repeatedly tells me that she is “not
smart in math”. Other ENL teachers or general education teachers with ELLs in their classes
may have similar experiences in their own classrooms since this new, language-dense
curriculum has been put in place.
If these Common Core Mathematics Assessments are not an accurate measurement for
ELLs, they are not being given the opportunity to show what they learned because they are
being tested in a way that is not appropriate for them. This is a problem which has many
negative repercussions if it is not solved. For one, students may feel discouraged if they
continuously receive bad grades. I have seen this low-spiritedness first-hand in my classroom.
Second, it is difficult as a teacher to plan to meet student needs because you do not know if the
issues that the student is having are content-based or language-based. Meeting the individual
needs of the students is a primary job for teachers, but it may be difficult when the source for
difficulty is unknown. In addition, teachers need to assess their students in a way that
accurately measures their skills and abilities. If ELLs are not being accurately tested in
mathematics, the needs of an entire population of students are being overlooked. Lastly, it is
important to remember the high-stakes nature of these tests. All New York State students are
required to pass either the Algebra I, Geometry, or Algebra II Trigonometry Regents
Examinations in order to receive a Regents Diploma. For an Advanced Regents Diploma,
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students are required to pass all three examinations. A passing score is 65 or above. If ELL
students do not receive a passing score on these examinations, they will not graduate.
It is important to examine the effects that the Common Core Mathematics Standards
and Assessments will have on ELLs. Noting changes in both the standards and assessments
requires a look into the history of these two components. As the focus in this research will be
the effect on ELLs, this literature review will address those histories as well as any
accommodations given to ELLs and the difficulties that ELLs face with mathematics in
general.
Purpose
The purpose of this study is to determine if the difficult linguistic features of a
mathematics assessment correspond to teachers’ perceptions of the assessments. This study
will specifically look at the language used on the Algebra I Examinations in comparison with
the previously administered Integrated Algebra Examinations. It will also gather the
perspectives of two teachers who currently work with the Algebra I (Common Core)
Assessment. Both the linguistic features used on the assessments and the readability of the
assessments highly impact ELLs’ ability to comprehend the test. If the language on the tests is
too advanced or overly complicated, ELLs may not be able to fully demonstrate their
mathematical knowledge due to a language barrier.
My research questions are as follows:
1. How does the NYS Algebra I (Common Core) Assessment compare to the
previously administered NYS Integrated Algebra Examination in terms of linguistic
difficulty and readability?
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2. What are high school teachers’ views on the differences between the two
assessments in terms of English Language Learner performance?
Significance
I will study how English language learners (ELLs) are affected by the Common Core
mathematics assessments because I want to find out if the assessments are accurately
measuring ELLs’ mathematical knowledge. This research will help readers understand whether
the Common Core is a fair assessment of mathematics, or if language impedes the ability for
ELLs to demonstrate their knowledge. While there is an abundance of literature regarding the
Common Core, none of it specifically addresses ELLs. My research is centered around this
underrepresented group of students.
This research could inform policy by changing testing regulations for ELLs in
mathematics. If the Common Core questions are in fact an invalid measurement of
mathematics for ELLs, policy makers could develop a linguistically simplified version of the
Common Core assessment for ELLs. They could also change the policy requiring this group to
take the Common Core Mathematics Assessment within the first year of arrival to match the
policy for the Common Core English Language Arts Assessment, which states that ELLs take
the assessment during their second year after arrival. This would give these students another
year of exposure to the English language before taking the mathematics exam, which may give
them a better chance at success.
If my results are accurate and policy changes, it will affect teachers by providing a
more accurate way of assessing ELLs. If policy does not change, teachers will understand that
the Common Core Mathematics Assessment does not give valid data to drive further
instruction for ELLs. Teachers may need to develop their own assessments to accurately
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measure ELLs’ progress in mathematics outside of the Common Core. Parents of ELLs may
also find this research useful because they will understand that the test results are inaccurate for
their child and not worry about their child’s performance on the Common Core Mathematics
Assessment.
This research will also help with our understanding of the world because it is crucial as
teachers to know what our students are learning, especially as the population of ELLs
continues to grow.
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Review of Literature
The English Language Learner Population
The number of students who are learning English as another language in schools has
been continuously increasing since 1979 (Flynn & Hill, 2005). In the last decade alone, the
population has increased by 40% (Garcia & Jensen, 2009). In 2005, New York was one of five
states containing 68% of all English language learners (ELLs) at the elementary level in the
U.S (Capps et al., 2005). With so many of the nation’s ELLs, it is crucial that New York
choose policies that benefit that population, and create a school culture which allows ELLs to
thrive both in school and after graduation. These students, who range in terms of countries of
origin, home languages, and English proficiency levels, have the opportunity to receive special
English as a New Language (ENL) services while in school. These services aid the student in
English proficiency skills such as reading, writing, listening and speaking. ENL services may
also include helping an ELLs in their content area classes in terms of assisting them with
acquiring specific academic vocabulary necessary for comprehension. If ELLs are not being
accurately assessed, their needs are being overlooked as students. In my literature review and
research, I will specifically be discussing the linguistic difficulties in and readability levels of
the NYS Algebra I (Common Core) Assessment in comparison to the linguistic difficulties in
and readability of the previously administered NYS Integrated Algebra Regents Examination.
Language and Mathematics for English Language Learners
In the past, it was believed that mathematics was a “universal language”- that is, since
mathematics is nonverbal, it can span across many different languages and cultures and still be
understood (Garrison, 1997). However, a significant aspect of mathematics is the academic
language used to discuss and perform mathematics, especially when working with word
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problems. Many times, these language skills are overlooked by teachers when assigning
mathematical tasks (Adoniou & Qing, 2014). Text level, sentence level, and word level must
all be considered in mathematics (Adoniou & Qing, 2014). Teachers should also know the
language levels of their students in order to design their instruction. Mathematics problems
may need to be modified, or mathematical language skills may need to be explicitly taught.
Text level. The text level of a mathematics problem is very important to
comprehension. Especially for an English Language Learner (ELL), some mathematics
problems may be culturally irrelevant for a student (Adoniou & Qing, 2014). If the student
does not recognize the context of a problem, it may be difficult for him or her to solve.
Teachers who explicitly discuss the vocabulary and context of a word problem or provide
visual cues for their students improve the success of ELLs in mathematics (Jarrett, 1999).
Mathematical word problems which involve recipes, entertainment, technology, and currency
may be new to ELLs, especially if they come from refugee backgrounds (Quinnell & Carter,
2011). Despite any attempts by teachers to create a culturally relevant mathematics curriculum,
students may still struggle with standardized tests. This is mainly due to the fact that the tests
are written specifically for native English speakers in a specific cultural setting (Honigsfeld &
Giouroukakis, 2011). Campbell, Davis, and Adams (2007) analyzed a mathematics word
problem involving a family doing laundry at a laundromat in the most cost-efficient way
possible. While there were many linguistic difficulties within this problem, they highlighted
the fact that if a child’s family does laundry at home, he or she may not understand the word
laundromat, or the concept of paying money for laundry. English first names are also typically
difficult to detect for ELLs. These students are not accustomed to how English names are
spelled, and sometimes they are completely new names they have never heard. Anne Campbell
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once encountered an ELL who asked “What’s a Sandy?” after reading a mathematics problem
(Campbell, Davis, & Adams, 2007, p. 10). This particular student clearly did not comprehend
“Sandy” to be the name of a person, which caused confusion.
Another issue with the text level of a mathematics problem is the way in which the
questions are written. Mathematics problems are typically lengthy and include unnecessary
details (Adoniou & Qing, 2014). ELLs may have difficulty sifting through these word
problems and focusing only on the important information they need to complete the
mathematical task. Unfamiliar words may cause frustration for an ELL, even if they are not
crucial to finding the solution (Adoniou & Qing, 2014). According to Hipwell and Klenowski
(2011), mathematics problems with these heavily detailed sentences and background
information are becoming increasingly more frequent on standardized tests.
Sentence level. Language is used differently in mathematics than in English or other
academic subjects, which makes it challenging for students who are just beginning to learn
English (Adoniou & Qing, 2014; Jarrett, 1999; Rubenstein & Thompson, 2002). The syntax, or
word order, of mathematical sentences is often different from the syntax of sentences in
narrative text. If an ELL attempts to read these sentences in the same way, translating
mathematics word problems word-for-word, the meaning will not translate (Adoniou & Qing,
Jarrett, 1999). For example, Rubenstein and Thompson (2002) demonstrated this by using an
algebraic word problem. When a student is presented a math problem such as The number x is
seven less than the letter y, difficulties may arise. This question is directly translated as x=7-y,
although this would result in an incorrect answer. The proper translation for this mathematical
sentence is x=y-7. Literally translating mathematical sentences, as many ELLs may do, causes
students to misinterpret what they are supposed to do (Jarrett, 1999). A main focus of algebra
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is expressing words and real-world situations using numbers and equations (Walkington,
Clinton, Ritter, & Nathan, 2015). This is a very difficult task which is complicated even more
when students are learning English as well as the mathematics (Walkington et al., 2015).
Mathematical sentences may also include both words and symbols- another cause for
confusion for ELLs. According to Adoniou and Qing (2014) “[m]athematical symbols are not
universal and may be used differently in different languages” (p. 3). For example, in the
English language we use a dot to represent a tenth, hundredth, or thousandth, and so on (e.g.,
2.6 = two and six tenths). However, in countries around the world, the comma is used for this
(e.g., 2,6 = two and six tenths). Thus, an ELL from Spain may see the written number 2,567
and believe it to be two and five hundred sixty seven thousandths instead of two thousand five
hundred sixty seven. This may cause students to get a question incorrect if they rely on their
previous knowledge from their home language.
Other issues relating to the sentence level of mathematics questions are the number of
compound sentences, prepositions used in the sentence, passive voice used in the sentence,
conditionals, and comparatives (Abedi, Hofstetter, Baker, & Lord, 2001; Shaftel, BeltonKocher, Glasnapp, & Poggio, 2006). These factors all complicate sentences, and could hinder
comprehension of mathematics for ELLs. A research study conducted by Shaftel et al. (2006)
examined the linguistic difficulty of 4th grade, 7th grade, and 10th grade mathematics tests. They
found that of the groups tested, the struggles were most prominent among 4th grade students,
although these linguistic features did affect all groups (Shaftel et al., 2006). Compound
sentences add to the cognitive demand of mathematics problems. Compound sentences require
students to have the ability to connect clauses and ideas. This skill is more advanced, and may
vary depending on the student’s prior knowledge and experience with these types of structures
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(Campbell et al., 2007). Prepositional phrases are very different across languages, therefore
increasing the number of possible errors that can be made while interpreting sentences which
use them (Abedi et al., 2001). Passive voice constructions complicate sentences, and are
oftentimes unfamiliar to students, even those with higher English language proficiency, since
these constructions are used much less frequently (Abedi et al., 2001). Conditionals tend to be
very specific in terms of the semantics as well as the syntax, which leaves little room for error
in terms of understanding (Abedi et al., 2001; Campbell et al., 2007). Another linguistic
element that has potential to cause difficulty among students, especially ELLs, are
comparatives. Comparatives are similar to conditionals in that they are specific in terms of
structure and syntax. This structure may be difficult for ELLs to comprehend (Abedi et al.,
2001).
The consistency of sentences also affects students’ ability to correctly interpret the
mathematics question (Walkington et al., 2015). Paragraphs which involve long sentences
followed by short ones, and vice versa, complicate the text (Walkington et al., 2015). In their
study, Walkington et al (2015) found that this type of text in mathematics correlated with lower
student performance.
Word level. It is crucial that students comprehend the vocabulary used in a
mathematics problem. Even a logical connector, such as ‘because’, ‘if’, or ‘consequently’ may
cause a student confusion (Jarrett, 1999). These words, which often aid in sequencing events in
a word problem, are important elements of mathematics (Jarrett, 1999). Without the base
knowledge of these words and their meanings, it may be difficult to progress through the
problem. Unfortunately, not all ELLs have this prior knowledge, although some teachers may
assume that they do.
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It is also important to consider word length. Shorter words tend to be much more
frequent in reading and writing. Therefore, as the length of the word increases, the frequency
of the word decreases (Abedi et al., 2001). This makes it much more likely that the student is
unfamiliar with longer words. Longer words also tend to be much more morphologically
complex (Abedi et al., 2001). ELLs may have difficulty blending the sounds in order to create
the correct pronunciation to aid in understanding the meaning or context.
Mathematics vocabulary is also a problem when it comes to English learners. Many
words may be the same across subjects, but used in mathematics under a different context in
which students are accustomed to (Adoniou & Qing, 2014; Jarrett, 1999; Quinnell & Carter,
2011). These words, which have many different meanings based on contexts, are known as
polysemous words (Walkington et al., 2015). Right in a mathematical sense can be used to
describe an angle or triangle. However, under different contexts, right may be used to mean
correct, or to show direction. Asking an English language learner to choose the picture which
shows a “right angle”, will be a challenging task if the child is using prior knowledge from
English. Even a direction such as find does not mean for a child to physically look for
something, as students may believe (Adoniou & Qing, 2014; Robertson, 2009). Some words
used in mathematics have different meanings under different contexts (Adams, 2003). For
example, the word face a child may mean the front of something, or a child may only have
heard the word in the context of a body part. Learning the same word in another context is a
very abstract concept for a child, especially for an English learner (Adams, 2003). Other words
that ELLs may have trouble with include yard, ruler, volume, and product, to name a few.
While native-English speakers may have this background, most ELLs do not. ELLs may have a
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difficult time transferring the same word to a new contextual setting, especially if they have
recently mastered the concept in another subject (Adams, 2003; Walkington et al., 2015).
Mathematics vocabulary may also cause problems when homophones are involved
(Adams, 2003). According to the Merriam-Webster Dictionary Online (n.d), a homophone is
“a word that is pronounced like another word but is different in meaning, origin, or spelling”.
A student may be listening to a mathematics teacher lecture about finding the weight of an
object and confuse it with the word wait. This is especially likely to occur for an ELL, who
may not be familiar with the mathematical usage of the word at all.

Figure 1: An example of a student “finding” x. (Robertson, 2009).

Alt, Arizmendi and Beal (2014) found a direct correlation between the difficulty of the
words in a mathematical question and the difficulty it gave ELLs. Alt et al. (2014) compared
the accuracy in mathematics of ELLs and English monolingual speakers. They did this by
using a norm-referenced assessment which included mathematical tasks involving varied
language demands (Alt et al., 2014). The same assessment was giving to both ELLs and native
English-speakers (Alt et al., 2014). The results from this research showed that ELLs were less
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accurate in mathematics than their peers primarily when there was a large amount of difficult
language within the task (Alt et al., 2014). This study shows that having the proper language
skills, such as being able to decipher homophones, is an advantage on a mathematics
assessment and can result in better test scores.
The number of complex verbs used in mathematics also negatively affects our ELL
students. Complex verbs are verbs that contain three or more words. A negative correlation
was found between the number of complex verbs in a mathematics question and student
performance on that question. That is, when a higher number of complex verbs were used,
student test scores were lower (Shaftel et al., 2006). In the same study, a similar negative
correlation was found in relation to ambiguous words as well as with pronouns (Shaftel et al.,
2006).
Reading level. It is important to take into consideration the reading level of the student
along with the language demand of the text (Celedón-Pattichis, 2010; Grimm, 2008). Many
times, ELLs are at a lower reading level than their native English-speaking peers at the same
grade level. Grimm (2008) conducted a study which showed the relationship between reading
skills and mathematics. In this longitudinal study, data from the Iowa Test of Basic Skills
(ITBS) was analyzed from age 9 through 14 (Grimm, 2008). Specifically, Grimm looked at
academic growth on the mathematics portions of the assessment, along with how reading
achievement changed throughout the years and affected the mathematical scores (Grimm,
2008). The research found that students with lower reading comprehension levels had a lower
ability to demonstrate mathematical knowledge (Grimm, 2008).
The study conducted by Celedón-Pattichis (2010) is unique because it focuses on
English language learners in mathematics during the shift from traditional mathematics to
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standards-based mathematics. Standards-based mathematics tends to have a higher focus on
language, due to its focus on higher-order critical thinking skills opposed to computational
skills (Lappan, 1997). Celedón-Pattichis (2010) found that ELLs struggled with the vast
amount of reading and writing required in standards-based mathematics, on top of also learning
mathematical content. It is important to note that the New York State Common Core
Mathematics Curriculum is standards-based mathematics.
Walkington et al. (2015) studied the readability of a computerized mathematics
assessment. They found that students had more difficulty with questions that involved four or
more sentences (Walkington et al., 2015). Thus, assessments with a higher number of total
sentences can be said to be more difficult for students. Abedi et al. (2001) also found a
correlation between the length of a test item and student performance. Typically, longer word
problems tend to be more difficult for ELL students.
Reading level can be determined by several readability tests. In a study conducted by
Brown (2010), three readability formulas were identified: Flesh-Kincaid Index, Flesh-Kincaid
Reading Ease, and Coleman-Liau Index. These formulas, which are summarized in Table 1,
use numbers as input for factors such as average number of words per sentence and average
syllables per word in order to determine the difficulty level of the text. For the purpose of this
study I am going to use the Flesh-Kincaid Index and the Flesh-Kincaid Reading Ease (see
Appendices A and B). The Flesch-Kincaid Readability formulas are highly reliable, as they are
used in USFDA guidelines as well as in Microsoft Word readability statistics (Brown, 2010).
The Flesh-Kincaid Index will determine the approximate grade level of the text. The FleshKinicaid Reading Ease determines the level of difficulty of the text.
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Table 1
A Summary of Readability Formulas
____________________________________________________________________________
Readability Formula
Inputs
Algorithm
Output
____________________________________________________________________________
Flesch-Kincaid Index

Mean words per
sentence, mean
syllables per word

!"!#$ !"#$%
!
0.39 !
!"!#$ !"#$"#%"!
+ 11.8 !

U.S Reading
Grade Level

!"!#$ !"##$%#&!
! − 15.59
!"!#$ !"#$%

Flesch-Kincaid
Reading Ease

Number of words,
syllables, and
sentences

!"!#$ !"#$%
!
206.835 − 1.015 !
!"!#$ !"#$"#%"!
!"!#$ !"##$%#&!
!
− 84.6 !
!"!#$ !"#$%

Coleman-Liau
Index

Number of characters,
sentences, and words

!"!#$ !ℎ!"!#$%"&
!
5.89 !
!"!#$ !"#$%
!"!#$ !"#$"#%"!
! − 15.8
− 29.5 !
!"!#$ !"#$%

90-100: Very
Easy
80-89: Easy
70-79: Fairly
Easy
60-69: Standard
50-59: Fairly
Difficult
30-49: Difficult
0-29: Very
Confusing
U.S Reading
Grade Level

____________________________________________________________________________
History of High-Stakes Testing in the United States
The creation of standards-based learning. The teaching and testing of mathematics
in the United States has undergone drastic reforms throughout history, all of which have been
challenged (Ferrini-Mundy, 2000; Herrera & Owens, 2001; Klein, 2007; Permuth & Dalzell,
2013; Restivo & Sloan, 2007; Roberts & Walmsley, 2003; Willoughby, 2000). The history of
these reforms is important to this study because it lays the background for how mathematics

AN ANALYSIS OF LANGUAGE DIFFICULTIES

16

has been taught and explains the reason for the shift toward standards-based learning and the
Common Core Mathematics Curriculum, as well as specifically what these changes entail.
Many ELLs have struggled with mathematics despite these reforms designed to perfect its
teaching (Honigsfeld & Giouroukakis, 2011; Lam & Gordon, 1992; Lopez, 2004; Mahon,
2006; Tsang, Katz, & Stack, 2008).
The realization for the need for curricular reform began in World War II. Members of
the armed forces needed to be competent in mathematics in order to perform military tasks,
such as operating weapons systems (Willoughby, 2000). The Commission on Post-War Plans
was issued by the National Council of Teachers of Mathematics (NCTM) after the war which
urged schools to obtain mathematical literacy for as many students as possible (Roberts &
Walmsley, 2003; Willoughby, 2000). Prior to this, there were very few regulations about the
teachings of mathematics in schools (Roberts & Walmsley, 2003). Mathematics was emerging
as a useful tool worldwide. Despite the efforts of NCTM, however, the recommendations did
not suggest anything more than first-year algebra and therefore did not result in a drastic
increase in mathematical literacy (Willoughby, 2000). More changes needed to be made in
order to notice any real improvements.
The launching of Sputnik by the Soviet Union in 1957 created mass panic throughout
the United States regarding education (Herrera & Owens, 2001; Permuth & Dalzell, 2013;
Restivo & Sloan, 2007; Roberts & Walmsley, 2003). People started to fear that the United
States was falling behind in terms of a global perspective. Americans believed that the problem
lay with the public education system and its lack of rigor and variety in the curriculum. In turn,
science, mathematics, foreign language, and engineering programs in schools were heavily
promoted with the passing of the National Defense Education Act (Permuth & Dalzell, 2013;
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Willoughby, 2000). This act provided schools with the proper funding necessary to provide
adequate mathematics education (Permuth & Dalzell, 2013).
The first worldwide testing administered to compare student performance across
countries occurred in 1962 with the collaboration of twelve countries to create the International
Association for the Evaluation of Educational Achievement (Permuth & Dalzell, 2013). The
United States soon discovered the risk they were at in falling behind if their educational
systems were not repaired (Bunch, 2011; Permuth & Dalzell, 2013). As the result of the
publication of A Nation At Risk in 1983, public schools raised graduation requirements and
increased testing and course loads (Au, 2013). By 2000, state-wide testing was heavily popular,
with Iowa being the only state without a state-mandated examination (Au, 2013). FerriniMundy (2000) describes another result of the publication: the implementation of standardsbased mathematics education. The Glossary of Education Reform defines standards-based as
“...systems of instruction, assessment, grading, and academic reporting that are based on
students demonstrating understanding or mastery of the knowledge and skills they are expected
to learn as they progress through their education” (Glossary of Educational Reform, 2014).
The specific standards for which students are evaluated will be discussed in the NCTM
Standards section of this literature review.
The International Association for the Evaluation of Educational Achievement test was
not the only time the United States performed poorly on a global assessment. In 2007, the
United States participated in the Trends in International Mathematics and Science Study
(TIMSS). This is a comparative assessment between multiple countries, in which few
responses are taken from each student and a multitude of content areas are represented (Foy,
Galia, & Li, 2007). The United States’ poor performance on this evaluation led to discussions
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of creating a nationally unified set of standards (Diniz & Ramos, 2014; Foy et al., 2007;
Schmidt & Houang, 2012). The United States mathematics curriculum was labeled as “a mile
wide and an inch deep” and called for a new, focused curriculum (Schmidt & Houang, 2012).
High-stakes testing and No Child Left Behind. High-stakes testing escalated in the
United States with the passing of No Child Left Behind by President George W. Bush in 2002
(Au, 2013; Herrera & Owens, 2001; Permuth & Dalzell, 2013). No Child Left Behind (NCLB)
was designed under the premonition that it would ensure that all children achieve success and
close the achievement gap among students. In summary, NCLB mandated the administration of
an assessment for English Language Arts and Mathematics every year. Those schools which
did not show adequate progress would face consequences in hopes of turning the school around
(Au, 2013; Permuth & Dalzell, 2013). Permuth and Dalzell (2013) describe “educational
inequality, international testing, and a lack of academic rigor” as the driving forces of NCLB
(p. 244). In order to challenge these issues, NCLB uses high-stakes testing in reading,
mathematics and science as determining factors for school reforms (Au, 2013; Permuth &
Dalzell, 2013). These assessments, taken once in grades 3-5, 6-9, and 10-12, measure student
growth (Au, 2013; Permuth & Dalzell, 2013). Those schools which do not perform adequately
are subject to loss of federal funding (Au, 2013). Economically disadvantaged students,
students with special needs, and English Language Learners are counted in the data and nearly
all are subject to the same tests and performance standards (Au, 2013; Koretz, 2008, as cited in
Permuth & Dalzell, 2013).
The assessments issued by NCLB are high-stakes because the future of the school is
determined by the results (Au, 2013; Permuth & Dalzell, 2013). Schools that do not
continuously show academic progress among their students are subject to repercussions. These
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may include being forced to fire ineffective teachers or even close the school entirely (Au,
2013; Permuth & Dalzell, 2013).
In addition to accountability for schools, these high-stakes assessments mandated by
No Child Left Behind are also used to evaluate students as individuals (Giambo, 2010;
Menken, 2010). Students- including ELLs- are required to take and pass these examinations in
order to graduate (Giambo, 2010; Menken, 2010). Giambo (2010) conducted a study in Florida
analyzing the education system in Florida following the passing of NCLB. In this analysis, it
was determined that the policies regarding these high-stakes assessments contradict extensive
research stating that language acquisition can take up to seven years (Giambo, 2010). The
policy of NCLB mandates ELLs to take the Mathematics Assessment within the first year of
arrival and the English Language Arts Assessment within the second year of arrival (Menken,
2010). These assessments are written for native English-speakers, and it is very probable that
ELLs are not nearly prepared for them (Menken, 2010). Giambo (2010) concludes that
Florida’s “...detrimental policies of high-stakes testing and graduation requirements for LEP
students…” should serve as a clear warning for the continuation of NCLB (p. 52).
High-stakes testing and ELLs. The topic of high-stakes standardized testing has been
seen as an issue for non-traditional learners, such as students with disabilities and ELLs
(Honigsfeld & Giouroukakis, 2011; Lam & Gordon, 1992; Lopez, 2004; Mahon, 2006; Tsang
et al., 2008). The assessments mandated by NCLB are no different. Standardized tests do not
evaluate students on an individual level and are not specifically differentiated to accommodate
individual learners. Lam and Gordon (1992) declare that all standardized tests assume the
student will have no language barrier impeding their ability to perform on the test itself.
Unfortunately, this is not always the case. Additionally, high-stakes tests do not always
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properly correlate with the standards, causing issues for both native English speakers and ELLs
alike (Herrera & Owens, 2001). Although this is a problem, it is not one that will be addressed
in this thesis.
For an English Language Learner, a standardized mathematics assessment quickly
becomes an English literacy test (Honnigsfeld & Giouroukakis, 2011; Lam & Gordon, 1992;
Menken, 2010). This is not only due to the problems in mathematics that were previously
discussed, but also because test questions may include idioms or items which are culturally
irrelevant to an ELL, thus causing difficulty in understanding (Lopez, 2004). In 2001, only
51% of first-year ELLs were provided with accommodations for an SAT/9 test (Tsang et al.,
2008). For these reasons, ELLs are highly overrepresented among poor performers (Lopez,
2004). Menken (2010) conducted a study which analyzed the language used on these highstakes tests mandated for ELLs. The Math A Regents Examination which was analyzed
involved many word problems which students were expected to “...extract from the language
the calculations they needed to complete the problem” (Menken, 2010, p. 124). Menken (2010)
also discovered only 77.9% of the words used on the assessment were considered among the
most frequently used 1000 words in the English language. These language problems account
for much of the difficulty that ELLs face on these assessments.
Abedi (2004) and Mahon (2006) found English proficiency directly correlated with
English academic achievement. Despite 76% of the students being in the school district for
over three years, Mahon (2006), found that ELL students continued to struggle on content
assessments. In her discussion, Mahon (2006) reveals that the results of this study may raise
the question of whether standardized tests are a valid assessment of ELL’s academic
knowledge, since even after three years students are still working towards proficiency. Abedi
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(2004) found that when these students become more proficient in English, their test scores in
contents such as mathematics improve, revealing a correlation between language and success
on content assessments.
Tsang et al. (2008) conducted a similar study in which they questioned at what point
ELLs were ready to be tested in a high-stakes environment in English. This is a highly
complicated question with multiple variables. While the complexity of the research question
prevented the researchers from formulating a definitive conclusion, the results did reveal
language demands on mathematical word problems largely affecting ELLs (Tsang et al., 2008).
It can also be said that the complexity of language used on standardized tests written for native
English speakers renders the results inaccurate for ELLs (Tsang et al., 2008).
Mathematics Curricula and Assessments
Integrated algebra. With the beginning of standards-based learning came a new
mathematics curriculum and a set of standards, both of which have been revised multiple times
throughout the years (Boynton, Howard, & Degenfelder, 2003; McGill-Franzen, Ward,
Goatley, & Machado, 2002; Nagle & Moore-Russo, 2014; Richbart & Richbart, 2000a;
Richbart & Richbart, 2000b; Richbart, 2001). It started with integrated mathematics, a three
course curriculum which included topics such as “algebra, geometry, trigonometry, logic,
probability, and statistics” all blended together (Richbart, 2001). At the conclusion of each
course (Course I, Course II, and Course III) the students were assessed with a final Regents
examination lasting three hours (Richbart, 2001). This curriculum model continued through the
late 1990’s.
Math A and Math B. In 2000, the United States was seeking a more rigorous
mathematics program, and the National Council of Teachers of Mathematics (NCTM)
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produced an updated set of standards in order to incorporate these goals into the curriculum
(Howard, 2012). These standards, known as the 2000 NCTM Standards, provided the
guidelines for a new curriculum, the Math A and Math B, which introduced a two-examination
curriculum covering the same amount of content as the previous three-examination curriculum
(Boynton et al., 2003; Richbart, 2001; Richbart & Richbart, 2000b). This curriculum proved to
be more demanding, as 50-60% of the Regents examination required students to relate math in
a contextual setting (Richbart & Richbart, 2000a; 2000b). Problem solving increased, therefore
increasing language demands in mathematics. Students were expected to comprehend short
paragraphs in order to be successful in showing their mathematics abilities (Richbart &
Richbart, 2000a). Because the Math A Regents exam was a graduation requirement for all
students, it was imperative that students succeeded. Boynton et al. (2003) showed the
correlation between the Grade 8 Math Exams and the Math A, stating that the results of the
Grade 8 Math Exams were directly related to how students would perform on the Math A
Exam. This allowed for interventions to be implemented early if a student was in danger of
failing.
In 2003, the “Math A Regents Fiasco” took place (Howard, 2012). During this year, the
failure rate of the Math A Regents Exam was an astonishing 65%. According to Howard
(2012), the exam was complicated, poorly written, and extremely difficult. This failure caused
officials to look deeper into the curriculum in search of a solution.
New York Mathematics Core Curriculum MST Standard 3. In 2005, the revision of
the Math A and Math B Curriculum led to the New York Mathematics Core Curriculum MST
Standard 3: a three-course high school mathematics curriculum. Courses included Integrated
Algebra, Geometry, and Algebra 2 and Trigonometry. This curriculum aligned with the 2000
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NCTM Standards even more than the previous Math A and Math B Curriculum (Howard,
2012). With these standards, each state created their own standards based on grade level (Diniz
& Ramos, 2014). The creation of the 2000 NCTM Standards allowed for variability in
interpretations, in terms of both quality and content (Diniz & Ramos, 2014). For example,
while some second graders were counting to 100, others were counting to 1000 (Diniz &
Ramos, 2014). This was a great concern and needed to be changed. After the TIMSS
assessment results were released, the desire for nationally aligned standards became even more
necessary. Due to these discrepancies, the MST Standard 3 Curriculum and assessments lasted
only a short while until 2010, when another reform movement began.
The Common Core in Mathematics
Standards and assessment. The Common Core Mathematics Standards unified the
nation in terms of expectations for all students (Diniz & Ramos, 2014; Porter et al., 2011).
With these new standards, higher order cognitive abilities are required of all students (Porter et
al., 2011). In comparison to the previous state standards, Porter et al. (2011) determined that:
the Common Core [Mathematics] standards emphasize the cognitive demand category
“demonstrate understanding” more than state standards do; the Common Core
[Mathematics] standards place slightly less emphasis than the state standards do on
“memorize” and “perform procedures”. Both sets of standards place a similar emphasis
on “conjecture.” Although there is relatively little emphasis on “solve nonroutine
problems” in either set of standards, the Common Core standards have twice the
emphasis that state standards do. (p. 105)
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The new Common Core Mathematics Standards not only aligned curriculum across the United
States, it also heightened the level of cognitive demand required of our students (Porter et al.,
2011).
States do have some choice in terms of the Common Core Curriculum. States do not
have to adopt the modules at all, choosing instead to refine their own state standards and
curriculum. 48 out of 50 states, however, chose to adopt the Common Core Standards in 2010,
along with the District of Columbia, Puerto Rico, and the Virgin Islands (National Governors
Association & Council of Chief State School Officers, 2010). This overwhelmingly popular
wave, despite the lack of materials available, may be in part due to the influx of federal funding
these states received (Howard, 2012).
The New York State Common Core Mathematics Regents Exams are administered by
Partnership for Assessment of Readiness for College and Careers (PARCC) (Diniz & Ramos,
2014; Howard, 2014). These computer-based assessments align to the Common Core
Mathematics Standards and will determine if students are college and career ready. According,
to Office of P-12 Education Deputy Commissioner Ken Slentz, the PARCC assessments
include more constructed response questions, which align with the Common Core’s intent to
increase higher cognitive thinking (Slentz, 2013). The Common Core is a very controversial
topic in the world of education. As with any issue, it is important to consider both positive and
negative perspectives when discussing it.
Support for the Common Core in Mathematics. One of the goals of the Common
Core was to improve the United States’ test scores on a global level. An analysis of the 2007
TIMSS assessment results showed that countries with a rigorous, focused, and coherent
mathematics curriculum performed highest (Schmidt & Burroughs, 2013). Using the top
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nations as a guide, the Common Core was created. Proponents of the Common Core agree that
these standards did in fact promote a more rigorous content across the nation (Schmidt &
Burroughs, 2013). The Common Core Mathematics Standards also succeeded in focusing on a
smaller amount of content in each grade level, therefore increasing the focus of mathematics in
education (Cobb & Jackson, 2011; Schmidt & Burroughs, 2013). The smaller amount of
content covered means that the content can be learned more in-depth. The content also builds
from year to year, gradually increasing in complexity (Schmidt & Burroughs, 2013).
According to these reviews of the Common Core Mathematics Standards, they have achieved
the rigor, focus, and coherence found in successful curricula across the globe making the U.S
one step closer to academic advances (Cobb & Jackson, 2011; Schmidt & Burroughs, 2013).
Supporters of the Mathematics Common Core also illuminate the equality that a
nationally aligned curriculum may bring to schools (Schmidt & Burroughs, 2013). Schools in
poorer districts that were previously unable to provide sufficient materials for a high-quality
education will now be using the same curriculum modules as schools with a more financial
advantage (Schmidt & Burroughs, 2013). Although there is inadequate research to back this
claim, new materials created for the Common Core Mathematics Curriculum give hope for an
equal future (Schmidt & Burroughs, 2013).
Criticisms of the Common Core in Mathematics. The Common Core Mathematics
assessments administered by PARCC are computer-based tests (Heitin, 2014). The concern for
this stems from the fact that students are not practicing mathematics on computers throughout
the school year. The assessment is completely different from how the students originally
learned the material (Heitin, 2014). Requiring students to draw a table or diagram using a text
box may take more time or be more difficult than creating a paper and pencil sketch (Heitin,
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2014). This type of testing also disadvantages students who are less tech-savvy, and may not
have as much practice maneuvering a mouse or typing on a keyboard. Computer-based
assessments may also cause problems for districts that do not have the technological base to
administer these tests (Howard, 2012). Schools could lack computers or an ample facility to
administer these computerized tests, causing problems when every student will need to have
access to them.
There are some concerns with the Common Core State Standards in terms of teaching
(Celedón-Pattichis, 2010; Howard, 2014). First, the implementation of the Common Core
Standards requires teachers to rethink the way mathematics is taught. Emphasis is placed on
reading, writing, and verbal explanations of the content (Celedón-Pattichis, 2010) Students
must understand and be able to portray how they arrived at an answer, and teachers must
prepare them for this. This may be particularly difficult for ELLs working towards proficiency
(Celedón-Pattichis, 2010).
Another concern is the amount of teacher preparation for the new standards and
assessments (Celedón-Pattichis, 2010; Diniz & Ramos, 2014). One mathematics teacher
emphasized the need for training, stating that “…the training is what makes a big difference”
(Celedón-Pattichis, 2010, p. 192). Professional development opportunities for teachers must be
provided in order to ensure their comfort level with the new curriculum (Diniz & Ramos,
2014).
The Algebra I (Common Core) Assessment vs. the Integrated Algebra Assessment
The previous Integrated Algebra Regents Examination focused on five content strands:
Number Sense and Operations, Algebra, Geometry, Measurement, and Statistics and
Probability. This test was divided as approximately 6%-10% Number Sense and Operations
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questions, 5-%-55% Algebra questions, 14%-19% Geometry questions, 3%-8% Measurement
questions, and 14%-19% Statistics and Probability questions. This distribution reflected the
standards and the course itself (NYSED, 2008).
The Integrated Algebra Assessment was administered and completed in one day and
consisted of four parts. Part I included 30 multiple choice questions, each worth 2 points. Part
II included 3 short response questions, each worth 2 points. Part III of the assessment got
slightly more complicated, with each of the 3 questions in this section being worth 3 points.
The final section, Part IV included 3 questions each worth 4 points. Many of the questions in
Part III and IV are multi-step questions. All work must be shown in order to receive full credit
in Part II, III, and IV (NYSED, 2008).
Students were allowed both a graphing calculator and a Reference Sheet to use during
the Integrated Algebra Regents Examination. The Reference Sheet contained trigonometric
ratios sin, cos, and tan, as well as formulas for the area of a trapezoid, the volume of a cylinder,
the surface area of a rectangular prism and a cylinder, and coordinate geometry (NYSED,
2008).
The new Algebra I (Common Core) Assessment can be broken up into four conceptual
categories: Algebra, Functions, Number and Quantity, and Statistics and Probability. This
assessment consists of approximately 50%-56% Algebra, 32%-38% Functions, 2%-8%
Number and Quantity, and 5%-10% Statistics and Probability. This closely reflects the new
Common Core Standards (NYSED, 2015a).
Similarly to the Integrated Algebra Examination, the Algebra I (Common Core)
Assessment is comprised of one test booklet, also administered and completed in a designated
time frame during one day. The test has four parts. Part I includes 24 multiple choice questions,
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each worth 2 points. Part II includes 8 questions, each worth 2 points. There are 4 questions in
Part III, each worth 4 points. There is only 1 question in Part IV, which is worth 6 points. All
work must be shown in Part II, III, and IV in order to receive full credit (NYSED, 2015a).
Graphing calculators are allowed on the Algebra I (Common Core) Assessment, as well
as a High School Math Reference Sheet. This reference sheet contains various conversions, as
well as formulas for the area of a triangle, parallelogram, and circle, the circumference of a
circle, the volume of general prisms, a cylinder, a sphere, a cone, and a pyramid. It also
includes the following formulas: Pythagorean Theorem, Quadratic Formula, Arithmetic
Sequence, Geometric Sequence, Geometric Series, Radians, Degrees, and Exponential
Growth/Decay (NYSED, 2015a). The differences in content and test design are summarized in
Table 2 and Table 3 below.
Table 2
Integrated Algebra versus Algebra I (Common Core) Content Comparison Summary
____________________________________________________________________________
Content
Integrated Algebra
Algebra I (Common Core)
____________________________________________________________________________
Number & Quantity/
Number Sense and
Operations

6%-10%

2%-8%

Algebra

50%-55%

50%-56%

Geometry

14%-19%

0%

Measurement

3%-8%

0%

Functions

0%

32%-38%

Statistics & Probability
14%-19%
5%-10%
____________________________________________________________________________
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Table 3
Integrated Algebra versus Algebra I (Common Core) Test Design Summary
____________________________________________________________________________
Integrated Algebra
Algebra I (Common Core)
____________________________________________________________________________
Part Part Part Part
I
II
III IV
___________________

Part Part Part Part
I
II III IV
____________________

Number of Questions

30

3

3

3

24

8

4

1

Credits per Question

2

2

3

4

2

2

4

6

Total Credits per Section
60
6
9
12
48
16 16 6
___________________________________________________________________________
Conclusion
A look into the history of the mathematics curriculum and assessments in the United
States is crucial in understanding the difficulties ELLs face in terms of mathematics.
Throughout history, mathematics education has evolved in such a way that it is difficult to
refer to it as a “universal language”, one that is understood by people across cultures. Language
and literacy have become an integral part of our mathematics curriculum as a nation.
Especially for ELLs who have various cultures and backgrounds, mathematics may be
difficult. There is a significant gap in literature in terms of evaluating reform movements in
terms of ELLs and how it will affect their learning. With the most recent reform movement
being the Common Core Curriculum, it is important to view this from an ELL perspective in
order to see how effective it really is in educating all of our students and creating equal
opportunities.
Examining how we are assessing these students is crucial. If the purpose of the New
York State Common Core Mathematics Assessment is to measure mathematical abilities, then
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performing well on the assessment should be determined by just that—mathematical ability.
One’s language skills such as vocabulary and reading comprehension should have no effect on
a student’s score. This would be a concern with any assessment. It must accurately measure
what it was intended to measure. ELLs should not struggle with the Common Core
Mathematics Assessment due to language. Unfortunately, due to the increased language
demands of the Common Core Movement, ELLs may find that linguistic elements of the
assessments hinder their interpretation of the examination, therefore negatively affecting their
ability to perform the mathematical computations. In general, ELLs tend to struggle with the
language demands of mathematics. The New York State Common Core in Mathematics has
increased those language demands by requiring students to answer “complex, multipart word
problems” and also to explain their work through short narrative (Heitin, 2014). While these
changes may be appropriate for native-English speakers, I do not see how ELLs could not be
negatively affected by these changes.
In my research, I aim to discover how the NYS Algebra I (Common Core) Assessment
compares to the previously administered NYS Integrated Algebra Examination in terms of
linguistic difficulty and readability. I will examine the two assessments, looking at specific
linguistic features, as are described in the Methodology section of this research. In addition to
this analysis, I will interview Algebra teachers in order to gain their perspective on the
assessments and how the ELLs in their classes are performing.
After analyzing the two examinations, I will be able to determine the differences
between the two tests in terms of the linguistic features, based on a simple tally system. The
readability of the two exams will be determined using the Flesch Reading Ease Readability

AN ANALYSIS OF LANGUAGE DIFFICULTIES
Formula. This will conclude if one test is more difficult in terms of readability, and therefore
affecting the students’ test scores.
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Methodology
This mixed-methods research study used both quantitative and qualitative measures to
answer the two research questions posed. The first purpose of this study was to determine if
there is a significant difference of the two exams in terms of linguistic difficulty and
readability. In addition, this research considered the perspectives of high school mathematics
teachers who teach algebra. This research intended to provide further analysis to whether ELL
students are being appropriately assessed in mathematics with the New York State Algebra I
(Common Core) Assessments, in comparison with the previous New York State Integrated
Algebra Regents Examinations.
Research Design
In order to explore these questions, a mixed-methods study was conducted. A mixedmethods study can be defined as “a study combining quantitative and qualitative methods”
(Fraenkel, Wallen, & Hyun, 2015). Quantitative data collection was needed to calculate the
number of linguistic features found on each assessment. However, in order to gain insight into
the perspectives of teachers, qualitative interviews were necessary. The researcher compared
linguistic difficulties as well as the readability of the two exams. These tests both aim to
measure algebraic knowledge. This includes, but is not limited to, mean, median, mode,
Pythagorean Theorem, transformations, and scatter plots. The two exams that were compared
were the New York State Algebra I (Common Core) administered in June 2015 and the New
York State Integrated Algebra Examination administered in June 2008. Linguistic features
were compared using a checklist from a previous research study, as is shown in Figure 2
(Shaftel, Belton-Kocher, Glasnapp, & Poggio, 2006). The researcher recorded the number of
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each linguistic feature for each section of the two examinations, consolidating this information
into a comprehensive chart.
In order to calculate the readability of the assessments, the Flesch Reading Ease
Readability Formula was used. This equation was developed by Rudolph Flesch, and is said to
be one of the most reliable readability formulas (Brown, 2010). The linguistic difficulty
checklist and readability formula are shown in the figures below. In addition to this data
collection, semi-structured teacher interviews were also conducted with one 9th grade Algebra
teacher and one high school English as a New Language (ENL) teacher. The interviews
addressed the English Language Learner population in their classes, their experience working
with both assessments, challenges they see with the assessments in terms of their ELLs, and the
differences they see between the two assessments.
Checklist of Linguistic Features:

______ Total words
______ Words > six letters
______ Sentences
______ Prepositions
______ Relative pronouns
______ Ambiguous words
______ Homophones
______ Passive voice
______ Clauses
______ Complex verbs
______ Infinitives
______ Pronouns
______ Difficult math vocabulary
______ Conditionals
______ Comparatives
______ Cultural references
Figure 2: Linguistic Checklist (Schaftl et al., 2006)
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Flesch Readability Formula:
!" = 206.835 − (1.015×!"#) − (84.6 ×!"#)

ASL- Average Sentence Length (i.e., the
number of words divided by the number of
sentences)
ASW- Average number of syllables per
word (i.e., the number of syllables divided
by the number of words)
90-100: Very Easy
80-89: Easy
70-79: Fairly Easy
60-69: Standard
50-59: Fairly Difficult
30-49: Difficult
0-29: Very Confusing

Figure 3: Flesch-Kincaid Reading Ease (Brown, 2010).

Flesh-Kincaid Index:
0.39 !

!"!#$ !"#$%
!"!#$ !"##$%#&!
! + 11.8 !
! − 15.59
!"!#$ !"#$"#%"!
!"!#$ !"#!"

Figure 4: Flesch-Kincaid Index (Brown, 2010).
Setting
The study took place at a high school located in Chautauqua County in Western New
York. In order to maintain confidentiality, this school will be referred to as School A.
According to the New York State School Report Card Data for the 2014-2015 school
year, School A enrolled 501 students, 131 of which were in ninth grade. 8 students (2%) were
labeled Limited English Proficient, 44 (9%) were students with disabilities, and 145 (29%)
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were economically disadvantaged. The racial/ethnic origin of these students consisted of 4
(1%) American Indian or Alaska Native, 10 (2%) Black or African American, 45 (9%)
Hispanic or Latino, 9 (2%) Asian or Native Hawaiian/Other Pacific Islander, 426 (85%) White,
and 7 (1%) Multiracial (NYSED, 2015b).
Participants
Two participants were interviewed for this study, both of which taught at School A. Of
the two participants in this study, one was a current Algebra teacher, while the other was a
current ENL teacher. The Algebra teacher, Participant A, has taught mathematics more than
ten years, which ensured that this participant had experience with the Integrated Algebra
Curriculum and assessment as well as the new Algebra I (Common Core) Curriculum and
assessment. Participant A also had experience with ELLs in his mathematics classroom. The
second participant of this study, Participant B, was an ENL teacher. While this was only her
second year as an ENL teacher, her current experience with the Common Core Curriculum and
assessments, as well as her experience with ELLs made her a valid participant for this study.
Participants were between the ages of 35 and 55, and were both male and female. The
credentials of the participants is summarized in the table below.
Table 4
Summary of Participants
___________________________________________________________________________
Participant
Age
Gender
Position
Years Teaching
____________________________________________________________________________
Participant A

35

Male

Participant B

55

Female

Algebra I
Teacher

12

English as a New
2
Language
Teacher
____________________________________________________________________________

AN ANALYSIS OF LANGUAGE DIFFICULTIES

36

Data Collection and Procedure
Test Analysis. In order to analyze the tests, two assessments were chosen. June
examinations were specifically selected due to the high stakes nature of June graduation, and
the need for students to pass the examination in order to receive a Regents diploma. The years,
however, were randomly chosen. Both assessments were easily accessible online.
The content of the two exams were similar, although not identical. This is due to the
change in standards during the transfer of assessments. The Common Core Curriculum is more
rigorous than the Performance Indicators, covering fewer topics more in depth. Both
examinations contain four parts: one multiple choice section and three constructed-response
sections. The Algebra I (Common Core) Assessment contains six fewer multiple choice
questions, and overall four more constructed-response questions. The multiple choice section
of the Algebra I (Common Core) Assessment totals 48 credits, while the Integrated Algebra
Examination totals 60 credits. The constructed-response sections however, total 38 credits on
the Algebra I (Common Core) Assessment while only totaling 27 credits on the Integrated
Algebra Examination. While these differences are quite significant per section, the total
number of test items and credits on each assessment are similar: the Algebra I (Common Core)
Assessment contains 37 test items and is worth a total of 86 credits and the Integrated Algebra
Examination contains 39 test items and is worth a total of 87 credits (NYSED 2008; NYSED
2015a).
The linguistic difficulty of the assessments was determined by a simple tally method.
The Checklist of Linguistic Features was used with both assessments, and the number of each
item was compared and put into a comprehensible chart (Shaftel, Belton-Kocher, Glasnapp, &
Poggio, 2006). All linguistic features were counted in the question and answer choices only,
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and did not include any directions for the sections. Directions were not included in this
research study due to the fact that proctors read the directions aloud to the students. The
definitions for each category are as follows:
Total words: The total number of words in each assessment, including both
mathematics questions and multiple choice answers.
Words > 6 letters: The total number of individual words that are more than six letters
in length.
Sentences: Starts with a capital letter and ending in a form of punctuation (period,
exclamation mark, question mark).
Prepositions: A word that together with a noun indicate location in space or time.
Relative pronouns: That, which, who, whom, or whose
Ambiguous words: Words which have several possible meanings, free of context.
Homophones: Words that sound the same but have different meanings and possibly
different spellings.
Passive voice: A sentence in which the direct object of the sentence is placed where the
subject would be located in an active voiced sentence, usually contains the word “by”.
Clauses: A subject and verb- either dependent or independent.
Complex verbs: Verbs that contain 3 or more words.
Infinitives: A verb which is preceded by the word “to”.
Pronouns: A word that substitutes a noun or noun clause.
Difficult math vocabulary: Words that appear in the Tier 3 Domain-Specific Terms:
Mathematics.
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Conditionals: A sentence with a clause (usually beginning with “if”) which reflects a
condition and a clause reflecting a result of that condition.
Comparatives: A sentence that compares two things, either equal or unequal.
Cultural references: Any reference to culture in the United States, past or current.
Readability was also determined, using the Flesch-Kincaid Index and the FleschKincaid Reading Ease equations. These formulas were chosen due to their reliability and
accessibility (Brown, 2010). Average words per sentence, average syllables per word, number
of words, number of syllables, and number of sentences were all counted in order to calculate
the reading grade level and the level of difficulty of the text. The formulas used can be found in
Appendices A and B.
Interviews. After gaining permission from the high school principal of School A,
individual teacher interviews were conducted with each of the participants. Consent forms (see
Appendix D) were signed prior to the interview verifying confidentiality and anonymity of the
participants. Participants chose the location and time of the interviews. Both Participant A and
Participant B chose their own classrooms as the setting for the interviews. Participant A chose
to do the interview after school hours, starting at 3:15 p.m. and lasting until 3:37 p.m.
Participant B preferred to meet before school hours, starting at 7:05 a.m. and lasting until 7:16
a.m. Guiding questions were provided, although the interviewer asked follow-up questions
freely. These interviews were not audio-recorded, but rather, the interviewer took notes during
the interviews. These notes were destroyed following the analysis of the data. Guiding
questions for these interviews can be found in Appendix E. Questions were formulated based
on what the researcher wanted to know about the teachers’ past and current experiences. The
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purpose of the interviews were to gain insight on the teachers’ perspectives of the Algebra I
(Common Core) Assessment.
Data Analysis
For the first part of this study, the researcher collected data from two assessments: the
June 2008 Integrated Algebra Examination and the June 2015 Algebra I (Common Core)
Assessment. The researcher then used the Checklist of Linguistic Features (found in Appendix
C) and tallied the number of times each feature appeared in each assessment. This was done
simply with a printed out copy of the examinations and a highlighter.
For the second part of the study, the researcher took detailed notes during each of the
interviews. Then, the researcher assessed each question, thematically organizing the
information. The information was matched with themes found in previous literature in order to
make connections and highlight any patterns found.
Validity considerations
The linguistic features chosen to be analyzed in this study came from a previous
research study and were found to cause difficulties on other mathematics assessments (Shaftl et
al., 2006). The interview questions used in this study were developed by the researcher based
on changes and challenges with the new Common Core, specifically relating to ELLs. These
questions would verify if teachers see language is an influential factor in ELL performance in
Algebra. The questions were based on what the researcher found to be relevant after her own
experience with the Mathematics Common Core as well as what she found in previous
research. Questions were not language-specific, and therefore could be used in districts with
multiple home languages.
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Results
The purpose of this research study was to investigate the linguistic difficulty of the
Algebra I Common Core Assessment in comparison to the previously used Integrated Algebra
Examination as well as to gain the perspectives of current teachers regarding these
examinations. By collecting data on the linguistic features of each assessment it helped
determine which assessment would cause difficulties for ELLs in terms of language.
Readability was also calculated for each assessment, using both the Flesh-Kincaid Reading
Ease Formula to gather the reading difficulty and the Flesh-Kincaid Index to gather the
approximate U.S grade level. In addition, this research study aimed to address the perspectives
of current Algebra teachers on the effect that the examination has on their ELL population,
differences between the two examinations, and challenges they face in terms of their ELLs.
Teacher interviews allowed the researcher to gain insights on how the Algebra I (Common
Core) Assessments are affecting classrooms. The research was guided by the following
questions: How does the NYS Algebra I (Common Core) Assessment compare to the
previously administered NYS Integrated Algebra Examination in terms of linguistic difficulty
and readability? What are high school mathematics teachers’ views on the differences between
the two assessments in terms of English Language Learner performance?
Comparison of Linguistic Features Results
After careful comparison of the linguistic features found in both assessments, the
following results were concluded:
1. The Algebra I (Common Core) Assessment contains more words, words more than
six letters, sentences, prepositions, relative pronouns, ambiguous words,
homophones, passive voice, clauses, infinitives, pronouns, difficult mathematics
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vocabulary, conditionals and comparatives. The Integrated Algebra Examination
contains more complex verbs and cultural references.
2. The Algebra I (Common Core) Assessment is written in a way that is easier to read
than the Integrated Algebra Examination.
3. The Algebra I (Common Core) Assessment is written at a lower grade level than the
Integrated Algebra Examination.
These results are all legitimate based on analysis of the linguistic features found in the two
assessments.
Result 1: The Algebra I (Common Core) Assessment contains more words, words more than six
letters, sentences, prepositions, relative pronouns, ambiguous words, homophones, passive
voice, clauses, infinitives, pronouns, difficult mathematics vocabulary, conditionals and
comparatives. The Integrated Algebra Examination contains more complex verbs and cultural
references.
Linguistic difficulties were tallied using a chart from a previous study (See Appendix
C) (Shaftl et al., 2006). When counted, the difficult linguistic features seem much more
prominent in the Algebra I (Common Core) Assessment. The Algebra I (Common Core)
Assessment contained more difficult linguistic features in fourteen of the sixteen categories.
The Integrated Algebra Assessment, however, contained five more complex verbs and one
more cultural reference than the Algebra I Assessment. A summary of this is shown in Table 4
below.
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Table 5
Summary of Linguistic Features Found in Each Examination
____________________________________________________________________________
Feature
Integrated Algebra
Algebra I
Difference
____________________________________________________________________________
Total Words
1,372
1,494
122
Words > 6 Letters
258
324
66
Sentences
109
113
4
Prepositions
25
33
8
Relative Pronouns
5
11
6
Ambiguous Words
61
77
16
Homophones
178
211
27
Passive Voice
8
15
7
Clauses
133
154
21
Complex Verbs
15
10
5
Infinitives
19
22
3
Pronouns
24
74
50
Difficult Math Vocabulary
221
262
41
Conditionals
3
6
3
Comparatives
4
7
3
Cultural References
19
18
1
____________________________________________________________________________
Note. _____ indicates which examination contained more of each linguistic feature.
Result 2: The Algebra I (Common Core) Assessment is written in a way that is easier to read
than the Integrated Algebra Examination.
The Flesch-Kincaid Reading Ease indicated that the Algebra I (Common Core)
Assessment was written in a way that was easier to read than the Integrated Algebra
Examination. This formula uses the average number of words per sentence and the average
number of syllables per word in order to determine readability. The Algebra I (Common Core)
Assessment averaged 13.22 words per sentence and 1.45 syllables per word. The Integrated
Algebra Examination, however, averaged 12.59 words per sentence and 1.75 syllables per
word. Once the formula is calculated, a number is determined between 0 and 100: Very
Confusing to Very Easy. The lower the number, the more difficult the text is to read. The final
calculations determined the Algebra I (Common Core) Assessment to be a 70.40, which is a
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“Fairly Easy” level of reading on the scale. The Integrated Algebra Examination was
calculated at a 46.10, equaling a “Difficult” level of reading on the scale. These calculations
are shown in the Figures 5 and 6 below, and summarized in Table 5

206.835 − 1.015

!"!#$ !"#$%
!"!#$ !"##$%#&!
− 84.6
=
!"!#$ !"#$"#%"!
!"!#$ !"#$%

206.835 − 1.015

1,494
2,172
− 84.6
=
113
1,494

206.835 − 1.015 13.2212389 − 84.6 1.45381526 =
206.35 − 13.4195575 − 122.992771 =
193.415442 − 122.992771 =
70.4226715
≈ 70.40
Figure 5: Calculation of Flesh-Kincaid Reading Ease for Algebra I (Common Core)

206.835 − 1.015

!"!#$ !"#$%
!"!"# !"##$%#&!
− 84.6
=
!"!#$ !"#$"#%"!
!"!#$ !"#$%

206.835 − 1.015

1,372
2,399
− 84.6
=
109
1,372

206.835 − 1.015 12.5871560 − 84.6 1.74854227 =
206.835 − 12.7759633 − 147.926676 =
194.059037 − 147.926676 =
46.1323607
≈ 46.10
Figure 6: Calculation of Flesh-Kincaid Reading Ease for Integrated Algebra
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Table 6
Summary of Flesh-Kincaid Reading Ease Results
____________________________________________________________________________
“Readability Test”
Output
Algebra I
Integrated Algebra
____________________________________________________________________________
Flesh-Kincaid
90-100: Very Easy
70.40
46.10
Reading Ease
80-89: Easy
70-79: Fairly Easy
60-69: Standard
50-59: Fairly Difficult
30-49: Difficult
0-29: Very Confusing
____________________________________________________________________________

Result 3: The Algebra I (Common Core) Assessment is written at a lower grade level than the
Integrated Algebra Examination.
The Flesch-Kincaid Index calculates the U.S grade level of a text. For example, if after
calculating the formula the answer was 3, it would indicate that the text is written at a third
grade level. If it was a 3.5, it would indicate that the text level would be that of a third grader
who has completed about half of the school year. According to the researcher’s calculations
using this formula, the Integrated Algebra Assessment is written at a much higher grade level
than the Algebra I (Common Core) Assessment. The Integrated Algebra Examination is written
at almost a tenth grade level and the Algebra I (Common Core) Assessment is written between
a sixth and seventh grade level. These calculations are shown in the figures and a summary of
the results are shown in the figures below.
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!"!#$ !"#$%
!"!#$ !"##$%#&!
+ 11.8
− 15.59 =
!"!#$ !"#$"#%"!
!"!#$ !"#$%
0.39

1,494
2,172
+ 11.8
− 15.59 =
113
1,494

0.39 13.2212389 + 11.8 1.45381526 =
5.15628317 + 17.1550201 − 15.59 =
6.72130324
≈ 6.72
Figure 7: Calculation of Flesch-Kincaid Index for Algebra I (Common Core)

0.39

!"!#$ !"#$%
!"!#$ !"##$%#&!
+ 11.8
− 15.59 =
!"!#$ !"#$"#%"!
!"!#$ !"#$%
0.39

1,372
2,399
+ 11.8
− 15.59 =
109
1,372

0.39 12.5871560 + 11.8 1.74854227 =
4.90899084 + 20.6327988 − 15.59 =
9.95178964
≈ 9.95
Figure 8: Calculation of Flesch-Kincaid Index for Integrated Algebra

Table 7
Summary of Flesch-Kincaid Index Results
____________________________________________________________________________
“Readability Test”
Output
Algebra I
Integrated Algebra
____________________________________________________________________________
Flesh-Kincaid
U.S Grade
6.72
9.95
Index
Level
____________________________________________________________________________
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Interview Results
Two teachers were interviewed in this research study: an Algebra teacher and a high
school English as a New Language teacher. These two teachers had very different perspectives,
and therefore conclusive results could not be determined. Their perspectives, however, are very
interesting and are summarized in the tables below.
The population of ELLs. While the mathematics teacher interviewed did not have an
abundance of ELLs in his mathematics classes, “[he] generally [has] a couple of ELLs in [his]
classes every year.” Although information such as proficiency levels is not necessarily shared
with the teachers, he mentioned ELLs being able to do the mathematical computations but
struggling with reading. The ENL teacher gave a more detailed account of the ELLs in the high
school, stating that there are nine ELL students: two in 12th grade, two in 11th grade, and five in
9th grade. These students come from a variety of backgrounds and speak Spanish or Urdu as
their home language. English proficiency levels vary from Emerging to Commanding.
Table 8
The Population of ELLs
____________________________________________________________________________
Participant
Summary of Statement
____________________________________________________________________________
Participant A

In general I have a couple ELLs in my classes every
year. They tend to struggle with reading word problems
and figuring out what to do, but once they know they
can do the computations. I have seen a huge increase in
ELLs over the past 12 years. There used to be 2 per graduating
class. Now there’s 15 per class.

Participant B

There are nine ELLs in the high school, five of which are 9th
graders. They range from Emerging to Commanding, and
speak Spanish or Urdu. I can’t really comment on my
experience with past populations, but I know that statistics
show an increase of ELLs, so I can safely assume that the
pattern would be the same for this school.

____________________________________________________________________________
Note. Some questions were asked with follow up questions. The researcher wrote a summary of the participant’s
statements.

AN ANALYSIS OF LANGUAGE DIFFICULTIES

47

Teacher experience. The mathematics teacher interviewed was a veteran teacher, who
has been teaching for over twelve years. This participant was chosen due to their experience
with both assessments. The ENL teacher is in her second year of teaching, and therefore does
not have prior experience with the Integrated Algebra Assessment. However, she has worked
with the Common Core Assessment, and has experience working with the Common Core
Mathematics Modules in the elementary grades.
Table 9
Teacher Experiences
____________________________________________________________________________
Participant
Summary of Statement
____________________________________________________________________________
Participant A
I have been teaching algebra for 12 years. I
started with the Math A Examination, then
worked with the Integrated Algebra Assessment,
and now we have the Common Core.
Participant B

This is my second year teaching, so I have not had
any experience with the Integrated Algebra
Examination, but this is my second year working
with the Common Core Mathematics
Assessments.
____________________________________________________________________________
Note. Some questions were asked with follow up questions. The researcher wrote a summary of the participant’s
statements.

ELLs difficulties in mathematics. The two teachers interviewed had two very
different perspectives of the Common Core in terms of their 9th grade students. Participant A
believed that the reading level was definitely a challenge for the ELLs in his class, as well as
for many other native English speaking students: “Throughout [his] twelve years of teaching
[he has] found a steady increase in the language demands as mathematics assessments have
evolved.” The Common Core has been no exception. He adds, “First there was the Math A,
which was focused on math. Then we went into the Integrated Algebra which was more
reading based, and now we have the Common Core, which is all reading.”
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Participant B, however, found that the Algebra I Assessment has not posed a problem
with her students. She finds that with extra help in mathematics during ENL classes and with
the use of pictures, her students have an exceptional pass rate. She also credits this success to
the numerical focus of algebra. Overall, Participant B’s ELLs have the highest grades in
mathematics. She elaborated, “They definitely struggle more in subjects such as science and
history.” Her students spend a lot of time throughout the year focusing on separating the
mathematics from the language, which helps them on the assessment.
Participant B, who had some experience working in the elementary grades last year,
added her input on the Common Core Mathematics Modules. Although she has not
experienced working with them at the high school level, she found that the elementary modules
are much too difficult for students. The students are taught different strategies, but are then
required to use one or another. Many times they do not have the freedom to choose what
strategy works best for them.
Table 10
ELLs Difficulties in Mathematics
_________________________________________________________________________
Participant
Summary of Statement
_________________________________________________________________________
Participant A
I definitely find reading level to be a challenge.
Even native English speakers struggle with
reading comprehension and the complex
questions. I see a little difference, but ELLs have
always struggled. The reading level has definitely
jumped with the Common Core though.
Participant B

My students don’t seem to have a problem with
the Common Core Assessments, but I did notice
issues with the way Common Core Mathematics
is taught in elementary grades.
________________________________________________________________________
Note. Some questions were asked with follow up questions. The researcher wrote a summary of the participant’s
statements.
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Ways to help ELLs overcome challenges. Both Participant A and Participant B
agreed that the easiest way to help struggling students in mathematics is to break it down for
them. According to these teachers, it is important to simplify word problems and separate the
mathematics from the language. Participant B explains that she uses “…a lot of pictures and
visuals to help ELLs grasp what is being asked.”
Table 11
Ways to Help ELLs Overcome Challenges
_________________________________________________________________________
Participant
Summary of Statement
_________________________________________________________________________
Participant A
It’s important to break it down for them. Focus on
the actual math and work backwards. We spend a
lot of time in class going over how questions will
be asked on the test and doing sample problems.
Participant B

You need to separate the math from the language.
Pictures and other visuals help ELLs because the
vocabulary is not always there.
________________________________________________________________________
Note. Some questions were asked with follow up questions. The researcher wrote a summary of the participant’s
statements.
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Discussion
The purpose of this study was to compare the linguistic features of two New York State
Mathematics Assessments. The researcher chose linguistic features based on a previous
research study. These features were chosen at the recommendation of classroom teachers and
are very likely to cause difficulties with students, especially ELLs. The researcher also
calculated readability of the two assessments using trusted formulas. These formulas calculated
the reading ease and the U.S grade level of the assessments. Lastly, the researcher conducted
interviews with Algebra teachers who have been working in the field for many years, therefore
exposing them to working with both assessments. The interviews aimed to address their
perspectives on the most recent change in assessment: transitioning from the Integrated
Algebra Assessment to the Algebra I (Common Core) Assessment.
Linguistic Features and Readability
The results of this study have indicated that overall there are more linguistic difficulties
on the Algebra I (Common Core) Assessment. This was fairly expected, due to the purpose of
the Common Core being to increase rigor (Cobb & Jackson, 2011; Porter et al., 2011; Schmidt
& Burroughs, 2013). Increasing the number of clauses and prepositions within the text, as well
as difficult mathematics vocabulary is sure to increase the rigor. The Algebra I Assessment
contains not only more words than the previous assessment, but also longer words. These
longer words cause difficulties for students, since blending sounds of longer words becomes
more challenging.
One surprising result that came from this study was the outcome of the readability tests.
After tallying the linguistic features and seeing the Algebra I Assessment had more of the
majority of linguistic difficulties, I thought that it would be more difficult to read, and be
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written at a much higher grade level. However, I found the opposite to be true. The Integrated
Algebra Examination was both more difficult to read (“Difficult” opposed to the Algebra 1’s
“Fairly Easy”) and written at a higher grade level (grade 9.95 opposed to Algebra I’s 6.72).
These results are significantly different. This could be due to the fact that although there are
more words in the Algebra I (Common Core) Assessment, there are also more sentences,
which in turn decreases the average number of words per sentence.
Despite readability, the Algebra I (Common Core) Assessments are still causing
difficulties for some mathematics teachers and students. This could be due to many factors,
including the number of difficult linguistic features present in the assessment, the curriculum
itself, or possibly even the rigid modules and the way the curriculum is taught. The Algebra I
(Common Core) Assessment had a higher number of difficult linguistic features in almost all
categories. It contained 66 more words that were more than six letters. According to Abedi et
al. (2001), these words are more morphologically complex, causing reading difficulties for
students. Abedi et al. (2001) also notes in previous research that prepositions, passive voice,
conditionals, and comparatives all complicate sentences as well. The complication of these
sentences due to these structures supports the idea that ELLs, among other students, struggle
with the Algebra I (Common Core) Assessment. Difficult mathematics vocabulary also
complicates the Common Core Assessment. These words may be familiar to students, but not
in a mathematics context (Adoniou & Qing, 2014; Jarret, 1999; Quinnell & Carter, 2011). The
complicated and possibly unfamiliar structures, which appear more on the Integrated Algebra
Examination, justify the struggles that teachers find their students are having. The Integrated
Algebra Assessment also contains a much lower percentage of items relating to geometry and
measurement, instead adding items regarding functions. Functions were not previously tested
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in ninth grade. It is possible that functions are a more difficult subject than geometry and
measurement. This new subject may also be a reason students are struggling more with this
examination than the previous Integrated Algebra examination. Teachers are also teaching a
different way with the Common Core, as modules are provided for teachers to follow. All of
these factors could affect the difficulty of the assessment.
Interviews
The results from Participant A’s interview align more with my hypothesis. Being a
teacher myself, I have noticed language hindering mathematics abilities for ELLs even at the
earlier levels. In my opinion, the Common Core is rigorous and difficult, and provides
difficulties for our ELLs. This may be due to the linguistic features and the mathematics
vocabulary used in the questions of this assessment. Participant B had similar views in terms of
elementary Common Core Mathematics, but has had a different experience working with
higher level mathematics. She argued that the nature of the Algebra I (Common Core)
Assessment is numeric, and therefore does not affect her students as much as other
mathematics topics may. These differences in opinion may also be due to the teachers’
classroom experiences. The Algebra I teacher, for example, has a classroom of around 25
students at a time. All of these students have different needs and meeting the needs of these
students may add to the teacher’s challenges. The ENL teacher, however, works with smaller
groups of students.
Limitations of The Study
The researcher interviewed one Algebra I teacher and one ENL teacher for this study.
This is a very small number of participants. The researcher had the opportunity to interview a
second Algebra I teacher from the district, but due to scheduling conflict, she was unable to be
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interviewed. The researcher considers this to be a limitation because more participants may
have allowed for more conclusions to be determined from the interviews.
The ENL teacher who was interviewed was the only ENL teacher in the high school for
the district, and did not have any previous experience with the Integrated Algebra Assessment.
The researcher included this interview in order to incorporate an ENL teacher’s perspective,
but considers it a limitation that the participant could only discuss one of the assessments
studied.
Implications for Teaching
The overall purpose of this study was to compare the difficult linguistic features of two
mathematics assessments and analyze how they corresponded to teachers’ perceptions of the
assessments. This study specifically looked at the language used on the Algebra I
Examinations in comparison with the previously administered Integrated Algebra
Examinations. Based on the result of the data collection, three implications were developed.
Implication #1: Practice reading texts with difficult linguistic features needs to be implemented
in all mathematics classrooms.
Although the Algebra I (Common Core) Assessment is easier to read according to the
Flesch-Kincaid Reading Ease and the Flesch-Kincaid Index, it still contains many difficult
linguistic features. While students may practice these structures in their English classes, they
also need to be taught in the context of mathematics. Familiarizing students with these in a
mathematical context may increase their ability to read and interpret this rigorous language on
the mathematics assessment. Released test questions may even be used in classes in order to
practice.
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Implication #2: Separating mathematics and language needs to be explicitly taught to students.
The interview with both Participant A and Participant B confirmed that the best way to
help students overcome challenges with the Algebra I (Common Core) Assessment is to
separate the language from the mathematics, and focus on what the question is actually asking.
The students who struggle the most on the assessments are most likely the students who have
difficulty with the separation. By explicitly teaching strategies to separate mathematics from
language, and practicing them often in class, these struggling students may perform better on
the assessments.
Implication #3: Collaboration and the sharing of effective strategies among teachers is crucial
to the success of students.
In this study, Participant A found that his students had great difficulty navigating the
language on the assessments and deciphering what exactly the question was asking. Participant
B, however, stated that her students did not seem to have a problem with the assessment due to
various strategies that she discussed. It is important that teachers share effective strategies with
each other. The Common Core is still fairly new to students, parents, and teachers alike. In
order to benefit the students, teachers must share strategies that work so that other teachers
may implement them into their own classrooms.
Suggestions for Future Research
This study serves as an initial comparison of the Integrated Algebra Examination and
the Algebra I (Common Core) Assessment while considering perspectives of current teachers.
Many aspects of this research could be strengthened in order to improve the results and
conclusions of this study. For one, more assessments could be used in the comparison. If two
or more Integrated Algebra Examinations were compared with the same number of Algebra I
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(Common Core) Assessments, it could strengthen the reliability of the study. Averages could
be found from each assessment. For example, one could compare the average number of words
used in three different Integrated Algebra Examinations with the average number of words
used in three different Algebra I (Common Core) Assessments.
Another way this study could be strengthened would be to include more participants in
the interviews. Gathering more information about the perspectives of many different Algebra I
teachers would allow the researcher to draw more definite conclusions. More perspectives from
ENL teachers would also be helpful in future research.
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Appendix A
Flesch-Kincaid Reading Index Formula
The following formula will determine the reading grade level. The inputs for this equation are
the average words per sentence and average syllables per word (Brown, 2010).

0.39

!"!#$ !"#$%
!"!#$ !"##$%#&!
+ 11.8
− 15.59
!"!#$ !"#$"#%"!
!"!#$ !"#$%
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Appendix B
Flesch-Kincaid Reading Ease Formula
This formula will determine difficulty of the text based on the following levels: 90-100: Very
easy; 80-89: Easy; 70-79: Fairly Easy; 60-69: Standard; 50-59: Fairly Difficult;
30-49: Difficult; 0-29: Very Confusing. The inputs for this equation are the total number of
words, syllables, and sentences (Brown, 2010).

206.35 − 1.105

!"!#$ !"#$%
!"!#$ !"##$%#&!
− 84.6
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Appendix C
Checklist of Linguistic Features (Shaftl et al., 2006)

Count the instances of each of these in each test:
______ Total words
______ Words > six letters
______ Sentences
______ Prepositions
______ Relative pronouns
______ Ambiguous words
______ Homophones
______ Passive voice
______ Clauses
______ Complex verbs
______ Infinitives
______ Pronouns
______ Difficult math vocabulary
______ Conditionals
______ Comparatives
______ Cultural references
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Appendix D
Interview Consent Forms for Participants
Dear Educator:
My name is Amy Spoth and I am a graduate student at SUNY Fredonia working on my
Masters of Science in Education in the Teaching English to Speakers of Other Languages
(TESOL) Program. I am beginning the research for my Master’s Thesis. The purpose of my
study is to analyze the language used on the Algebra I (Common Core) Assessment, in
comparison to the language used on the previously administered Integrated Algebra Exams. In
addition to analyzing linguistic features and readability of the two assessments, I also want to
gain insight on the perspectives that mathematics teachers have on this subject.
You are invited to participate in an interview with me, which will last about 25-45 minutes.
The interview questions will be about your experiences with the two exams, English Language
Learners (ELLs), and the challenges your ELLs face in terms of mathematics. The interview
will take place at a time and place that is convenient for you. All information will be kept
confidential. I will be taking notes during the interview, but all notes will be discarded at the
conclusion of my research study. A pseudonym will be used to maintain your anonymity.
Participation in this interview is completely voluntary and you may withdraw at any time with
no penalty from the study. At any time during the interview, you have the right to stop it
simply by saying so. If you choose to participate in this interview, please sign below. By
signing, you are confirming that you are at least eighteen years old, are aware of the voluntary
aspect of this survey, and are willing to participate. If you prefer not to participate, you do not
have to sign.
I, __________________________, do hereby consent to participate in this research study and
will allow the researcher to take notes during the interview. I acknowledge that I am 18 years
of age or older. I understand that participation is voluntary; therefore, I have the right to
withdraw at any time and with no penalty. I understand that all information gathered through
the interview will be coded, securely kept, and remain confidential.
_______________________________________ _________________________
Signature of Participant

Date

Amy Spoth, TESOL graduate student, SUNY Fredonia
Phone: (716) 601-5596 Email: spot5092@fredonia.edu
Dr. Sovicheth Boun, Visiting Assistant Professor, SUNY Fredonia
Phone: (716) 673-4988 Email: sovicheth.boun@fredonia.edu
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Appendix E
Interview Guiding Questions
Position _____________________________

School_______________________

Teacher Interview Questions:
1. Can you tell me a little bit about the ELL population that you work with? How
many ELLs are you working with this year in your algebra classes? What are their
grade levels? What are their English proficiency levels? What are their home
languages?

2. What is your experience working with the Algebra I Common Core Assessments
versus the previously used Integrated Algebra Regents Examinations?

3. What, if any, challenges do you see with the Common Core in relation to your ELL
students?

4. How do you help these students overcome these challenges?

5. Do you see a difference between the Common Core Assessments and the previous
Regents Examinations? How are these differences reflected in ELL performance on
the assessments?
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CITI Certificate

68

