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Abstract

The population of Spanish-speaking English Language Learner (ELL) students has been
growing rapidly in the past 20 years. It has been estimated that by the year 2018, 1 out of 4
students in grades K-12 will be an ELL. There is a large body of research about assessment of
Spanish-speaking ELL students in mathematics; however, there is little that focuses on statistics
only. Statistics courses are frequently confused and/or classified under mathematics courses.
However, students taking an introductory statistic course are required to know a new set of
concepts, words and vocabulary that are not always used in mathematics courses. Statistics is not
focused on numbers or formulas but rather a more complex set of words, such as mean, median,
standard deviation, range, variance, among others.

In introductory statistics courses students are often asked to provide a written response
and/ or choose from multiple choice answers, both of which require a deep understanding of
statistical terminology. This study is focused on understanding the thought process students
utilize to answer questions about measures of center and variation and analyzes the possible
nature of difficulties English Language Learner students encounter when dealing with concepts
about measures of center and variation that are commonly encountered in introductory level
statistics courses. The approach of this study was to perform a triangulation of quantitative and
qualitative data about the responses of Spanish-speaking ELL and those who are not ELLs (non-
ELL) students about measures of center and variation. This is an appropriate focus since all
students entering an introductory statistics course will encounter and utilize these new concepts
and terminologies. A survey consisting of ten questions was constructed during the Fall 2011 and
Spring 2012 semesters. The questions, about measures of center and variation, are presented at a

variety of complexity levels and were classified as direct, context-heavy and graphical. The
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study analyzes not only the final selection of answers provided by students, but also the
explanation students provided on how and why they came up with their answers for each specific
question.

The analysis indicated that ELL students have a harder time answering context-heavy
questions correctly, that both populations of students seem to perform well when it comes to
direct questions, and that graphical questions seem to benefit ELL students. These results were
consistent with those findings from the qualitative part of the data. From the triangulation we
can say that there is some evidence to say that Spanish-speaking ELL students have greater
difficulty answering context-heavy questions correctly even if these involve terms that are
usually known by them in a simpler context. We can also say that both ELL and non-ELL seems
to perform better when questions are asked in a direct way and finally, there is some evidence to
say that the usage of graphical representations may be beneficial to ELL students. There is also
some evidence to say that scaffolding difficulty on the questions presented on an assessment may

play an important role on students’ performance.
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Chapter 1: Introduction

The Census Bureau estimates that approximately 5.5 million students in the United States
are English language learners (ELLs) and 80% of these students speak Spanish (Cardenas-
Hagan, 2010). This is of great interest especially in the United States Southwest border region
and since Texas has the second largest ELL population after the state of California. There is a
large body of research studies that have been conducted about assessment of ELLs in subjects
such as reading, writing, and mathematics; however, little research has been conducted on ELLs
in statistics with the exception of Lesser & Winsor 2009, Lesser, Wagler, Esquinca &
Valenzuela 2013, Wagler, Lesser, Gonzalez & Leal 2015, Lesser & Wagler 2016, and Lesser,
Wagler & Salazar 2016. Due to the lexical ambiguity of many statistics terms, statistics is a
challenging course not only for English language learners and especially for those whose first
language is English (Lavy & Mashiach-Eizenberg, 2009; Kaplan, Fisher & Rogness, 2009;
Lesser & Winsor, 2009; Kaplan, Fisher & Rogness, 2010; Kaplan, Rogness & Fisher, 2012). It
is essential for statistics instructors to be able to communicate effectively with all students, ELL
or non-ELL, and it should be acknowledged that ELL students must become adapted to new
customs, culture, and a new language, while trying to learn a new material in a course.

Lesser and Winsor (2009) illustrated how some ELLs have difficulties understanding the
language and concepts utilized in introductory statistics classes. Due to the No Child Left
Behind Act of 2001, the inclusion of limited English proficient students and the provision of
reasonable accommodations were mandated (Abedi, 2009; Menken, 2010). Therefore, there is a
need for research about ELLs learning concepts frequently encountered in an introductory

statistics course, such as measures of center and variation.



The intention of this study is to investigate how ELL status relates to student-generated
responses about measures of center and variation commonly used in the statistics classroom. We
not only want to investigate further whether there is an association between ELL status and how
the student responds to the question, but the focus of this study is to identify the nature of
confusion and difficulties ELL students may encounter in learning concepts on measures of
center and variation. We want to investigate whether language plays a major role in students’
assimilation of concepts commonly encountered in introductory statistics courses. We also want
to make a side-by-side comparison via a triangulation of quantitative and qualitative data
collected on student reasoning about measures of center and variation to analyze the performance

of ELL vs Non-ELL students in the statistics classroom.



Chapter 2: ELLs in the Mathematical Sciences

The population of ELLs in the United States has been growing rapidly in the past few
years. According to Goldenberg (2008), the population of ELLs in K-12 public schools grew
from 1 out of 20 in 1990 to 1 out of 9 only fifteen years later. With this fast growth, he argues
that 1 out of 4 K-12 students in the United States will be an English Language learner by the year
2018. Even though not all of this population will attend college, there is a still a growing
population of ELLs in college. Just in Texas, which has the second highest population of ELLs
(832,000 ELL students compared to California with 1.1 million ELL students), about 46% of
Asian ELLs, 26% of Black ELLs and 15% of Hispanic ELLs enroll in a 4-year public college
(Flores, Batalova, and Fix, 2012, p. 17).

Navigating academic language is an essential skill when taking college courses. If an
ELL is more familiar with the everyday usage of English, it is very likely that he or she will
struggle to understand the higher-level academic language used in college-level coursework.
According to Cummins (1992), there are two proficiencies acquired when someone learns a new
language: Basic Interpersonal Communicative Skills (BICS) and Cognitive Academic Language
Proficiency (CALP). BICS are required for everyday communication such as reading, writing
and listening, whereas CALP skills are necessary for an academic context. The later the person
tries to learn a new language the harder it would be to acquire the necessary CALP skills to
succeed in school since the academic registers are already built in their own language and being
able to distinguish between BICS and CALP vocabulary becomes increasingly difficult. Lesser
and Winsor (2009) state that “the challenge ELLs face is that the academic meaning of a term
may be the same as the everyday meaning, dilJerent from everyday meaning, or not have an

everyday counterpart at all” (p. 8). For the purpose of this research we would make the argument



for the need to assess ELL students in statistics focusing on the largest population of ELLs,
native Spanish speakers.

Reading technical academic text is difficult for any student. According to August (2005),
“Skilled readers can tolerate a small proportion of unknown words in a text without disruption of
comprehension and can even infer the meanings of those words from sufficiently rich contexts”
(p. 50). On the other hand, for ELLs the proportion of unknown words is longer and reading
skills are likely less developed, thus making comprehension more difficult. In addition, context-
heavy questions (questions that ask statistical concepts embedded in a data context) can
complicate understanding of basic statistical concepts rather than aid them even though context
is essential for developing statistical reasoning skills. If the reader is not skilled enough, a
familiar concept may be misunderstood if it is presented in a different and/ or more complicated
context.

Diane August also argues that ELLs are more likely to be diagnosed as learning disabled
than non-ELLs. However, their poor performance might be due to their lack of English
vocabulary rather than a learning disability. The poor performance may also be due to the lack of
academic registers (deficiency in CALP), something that can be present not only in ELL but also
in non-ELL students. In the context of statistics instruction, students may struggle more due to
language rather than lack of understanding and be less inclined to study statistics further or be
labelled as a low-achieving student. This study makes an effort to separate to what degree
language proficiency affects how students respond to and understand a set of questions regarding

measures of center and variation.



Chapter 3: Analysis

3.1 Student Population and Setting

The research participants were enrolled in a large research university or regional
community college system in the Southwestern United States. In the region, approximately 80%
of the student population at this university as well as the city population are Hispanic, and about
5% of the student population consists of Mexican nationals. This population is a good target for
this type of research due to the large population of Spanish speakers. The majority of the

students surveyed at this stage of the study were approximately between 17-22 years of age.

For the purpose of collecting the qualitative part of the data the targets were bilingual
students in English and Spanish taking an introductory-level statistics course during the Fall
2015 semester. This time students were exclusively chosen from a large research university
located in the Southwest region of the United States. Students from a local community college
were not targets at this stage of the study, though they are reasonably very similar with regard to
demographics to the students selected since the community college system is a feeder school for
the research university. Two types of courses are common in undergraduate statistics. One type,
a statistical literacy course, emphasizes understanding statistical results in research in the media
and deemphasizes formulas and computation. In contrast, a statistical practitioner course trains
students to use statistical analysis and produce statistical results. Students taking literacy and
practitioner courses were contacted via email and once students showed interest in the survey,

they were contacted by the investigator to take part in an interview.



3.2 Methods

For the quantitative data collection, the survey was administered during the Fall 2011 and
Spring 2012 semesters. There was an option to take the survey as a paper-based or an online
version. Either version took no more than 10 minutes to administer. The survey was not
mandatory, and students had the option to withdraw at any time. The survey was administered
around 2/3 of the way into Fall 2011 semester and at the highway point of the Spring 2012 to
ensure that the teacher had covered the topic references in the survey.

For the qualitative data collection, the first five questions of the survey were answered
online by students and the remaining ten questions were answered during the interview that was
videotaped and audiotaped. These interviews were videotaped in order to capture not only the
verbal responses given by the students but their movements and gestures as well. The audiotape
was utilized mainly as a backup in case the audio on the videotape was not clear enough .This
data was collected during the months of November and December of the Fall 2015 semester, by
this point students had covered most of the material needed for the questions. The five students
interviewed were from 18 to 25 years old. Three out of five students identified themselves as
ELL students and were classified as so based on a set of three questions as described below. Note
that, for the purpose of the final analysis, one of the interview transcripts was removed from the
analysis due to lack of explanation about the thought process behind the answers provided. When
students was asked about the reason why she picked her answers she indicated that she was
guessing or that she really did not know why she selected that choice. Students also indicated on
several occasions that she had a lack of knowledge for statistical terms and that she was “bad” in
statistics. The investigator encouraged the students to unpack about her reasoning behind her

choices but student responses were the same. The student did not want to add any additional



comments and investigator did not want to cause a discomfort on the student asking for
additional information. Of the four students interviewed, three indicated that their first language
was Spanish. All of these students answered 8 or above to question 5 of the survey (Proficiency
with English Language) and the time these students indicated was spent speaking Spanish during
the month prior to the interview ranged from thirty to eighty percent of the time. One out of the
4 students interviewed indicated that his first language was English and his answer for question 5
of the survey was a 10, the maximum level in English proficiency and the percentage of Spanish-
speaking time during the previous month was only 10%. Students 1 and 2 were students selected
from a practitioner course and students 3 and 4 were selected from a literacy course. Students 1
and 2 were from the same course; however, they were not from the same class. They were taking
the class from a different instructor on different days and times. Students 3 and 4, on the other

hand, were selected from the same literacy class period.

Students were classified as ELL or non-ELL based on their answers to questions 3, 4 and
5. Questions 3 asked about the student’s first spoken language; question 4 asked what percentage
of time the student had spoken Spanish in the previous month; and question 5 (Interagency
Language Roundtable (ILR) and American Council on the Teaching of Foreign Languages
(ACTFL) scales respectively from 0-10). A principal components model was estimated using
these three measures of language use. This resulted in a set of principal component scores that
weighted each measure using the following formula: Score = 0.609 x First Language +
0.628 * % time speaking Spanish + 0.484 x ACTFL rating. The resulting scores were
plotted and a division is noticeable around the scores less than or equal to approximately 30,
which is also very near the median principal component score. This cut-off of 30 provided an

operational definition for classifying the students as being ELL or non-ELL and is used in the



remainder of the analysis. Through this approach 128 students were classified as ELL and 219
were classified as non-ELL. Similarly, the three ELL students in the qualitative phase of the

study who self-identified as ELLs were also classified as ELL using this method.

The ten questions that were given to the students during the interviews and quantitative
survey were classified into 3 categories: 1) context heavy, 2) direct and 3) graphical. The
classification of questions was straightforward. Questions were classified by two investigators
that worked in the classification independently and then compared their results with 100%
agreement. Context-heavy questions are those that may lead to multiple interpretations due to
the context. Students may answer in one way or another depending on their interpretation of the
context. Direct question are usually short questions that are easy to interpret and that do not lead
to multiple interpretations: for example, questions that ask for definitions. Graphical questions
may be context-heavy or direct, but they are characterized by the aid of a graphical
representation to help in the interpretation of the questions. Below, Table 3.1 gives an overall

timeline for the quantitative and qualitative stages of this study.



Table 3.1: Procedure and Time Frame for the Study

Procedure

Time Frame

Selection of Questions

Fall 2011

Quantitative Data Collection

Fall 2011-Spring 2012

Quantitative Data Analysis

September 2015

Qualitative Data Collection

November-December 2015

Classification of Questions

December 2015

Qualitative Data Analysis

January-March 2016

Triangulation of results

March-April 2016

3.3 Analysis of Quantitative Data.

The questions included in the scale were about measures of center and variation.
Questions 6, 7 and 8 were about measures of center, questions 9, 11, 12, 13, and 15 were about
measures of variation and questions number 10 included both. However, they differed with
respect to how the questions were asked. Some questions were heavy in context and included a
more complicated sentence structure, some questions were asked directly and the sentence
structure was simple. Some of the context-heavy questions presented to students with a word
problem where students had to be able to identify the concepts given within context. Other
questions, classified as direct questions, asked straightforward definitions. For example, question
13 was classified as direct: this questions simply asked students to define average. Similarly,
questions 14 and 15 asked students to define the words range and spread. Another classification

was graphical questions (Appendix A). These were the questions that utilized some sort of



graphical representation to explain the questions. Examples of graphical questions include 10, 11
and 12 (Appendix A). Following the classification, it was of interest to investigate if there was an
association between ELL status and the response pattern using a Pearson’s Chi-squared test. The
results of this analysis are listed on Table 3.2 where p-values are adjusted for multiplicity using a

false discovery rate method (Benjamini and Hochberg, 1995).

We used alpha of 0.10 as our significance level. This level of significance is commonly
used in behavioral studies where human responses are being measured. Questions 6, 7 and 8
were classified as context-heavy; we can see that question 6 showed a significant difference in
the association between ELL status and response pattern. A p-value of 0.0170 and an adjusted p-
value of 0.0830 were obtained. Question 8 also showed significance, the adjusted p-value of
0.0900 is fairly close to the adjusted p-value obtained from questions number 6. However, even
when question 7 was classified under the same category, this question did not show significance.
We can see in the table below that a p-value of 0.1800 and an adjusted p-value of 0.2500 were
obtained from this question.

Questions 10, 11 and 12 were categorized as graphical questions. We obtained non-
significant results from both of these questions p-values of 0.3500 and 0.1600 were obtained
respectively. After the adjusted p-value was calculated the values became ever more non-
significant. On the other hand, question 12, which was also categorized as graphical, showed a
significant result. This means that for this questions ELL status seem to affect the way students
responded to the questions. A p-value of 0.0280 was first obtained and after adjusting for
multiplicity a borderline value of 0.090 was obtained.

Finally, questions 9, 13, 14 and 15 were categorized as direct questions. For this type of

question, only question 9 showed significance a p-value of 0.015 and an adjusted p-value of

10



0.083 were obtained. This questions was classified as direct; however, it deferred from questions

13, 14 and 15 where students were asked for definitions. Questions 13 and 14 were highly non-

significant; indicate that ELL status does not really affect students’ responses for these questions

specifically. From question 13 a p-value of 1.000 was obtained. Question 15 also presented a

non-significant association between ELL status and response pattern with p-value and adjusted

p-value of 0.104 and 0.520, respectively.

Table 3.2: Association between ELL status and Response Pattern

P-value
Question Question Type Terminology Used P-value Decision
adjusted
6 Context Average, mean 0.0170  0.0830 Significant
Distribution, skewed, mean,
7 Context 0.1800  0.2500 Non-significant
median
8 Context Median, distribution 0.0358  0.0900 Significant
9 Direct Range 0.0150  0.0830 Significant
10 Graphical Center, spread, distribution ~ 0.3500  0.4400 Non-Significant
11 Graphical Range 0.1600  0.2500 Non-significant
12 Graphical Variability 0.0280  0.0900 Significant
13 Direct Range 1.0000  1.0000 Non-significant
14 Direct Average 0.5100  0.5700 Non-Significant
15 Direct Spread 0.1040  0.5200 Non-Significant

11



After investigating association between ELL status and response pattern, a comparison
of the correct response percentages between ELL and non-ELL groups using a 2-sample test for
equality of proportions with continuity correction was conducted. The sample proportions for
each response option are shown in Table 3.3 and the results comparing the proportion correct are

shown in Table 3.4.

Table 3.3: Students” Answers in Percentages (%) by Answer Choice

Question ELL Non ELL
a b c d |e|[f|lg]|h| a b c d |e|f|lg]lh
Q6 27.8130.9(294|11.9 19.41479(21.2|11.5
Q7 28.633.3(38.1 20.1134.6(453
Q8 11.0124.4(53.5]|11.0 6.5 [359]51.2] 6.5
Q9 11.2( 7.2 [12.0|69.6 85 (38|61 (817
Q10 (21.4]27.0122.2|29.4 18.128.8(27.4]25.6
Q11 18.5(45.2|18.5|17.7 18.2(53.7|154]12.6
Q12 |159|34.1|33.3|16.7 10.8 ({29.731.627.8
Q13 4.0 (7941 4.0 (103]1.6(0.8 6.1 [79.7] 5775 (05(0.5
Q14 24 (58456 (248|08[1.6(6.4 3.7 |62.6] 5.6 |22.0(2.3|1.4|23
Q15 ([51.2] 6.4 |128.8| 4.0 |0.8]1.6(2.4(4.8(39.7| 4.2 |435( 19 |19]|1.4(2.8(4.7

*Note: Boldfaced type signifies the correct answer.

We noticed that some of the questions regardless of being direct, context-heavy or
graphical deal with the same or similar concepts. Below we can see an explanation of questions
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that were grouped together according to the terminology they made reference to. For example, if
several questions deal with the concept of range, those questions were grouped together for the
purpose of discussion.
Terminology: Range

Questions 9, 11, and 13 refer to the range. Question 9 gives a list of numbers and students
are asked to find the range of the given list of numbers. Question 11 presents a histogram and
asks students to agree or disagree with a given statement. Finally, question 13 asks for the
definition of the term statistical term range. Question 9 was answered correctly by 69. 6% of the
ELL population and by 81.7% of the Non-ELL population. There seems to be no significant
source of confusion for this question. There is no significant difference between the percentages
of correctness for this answer as shown on the table. Question 11 was answered correctly by
nearly 50% of both populations. 45.5% of ELL students and 53.7% of Non-ELL students
answered this question correctly. Lastly, question 13 was answered correctly by a high
percentage of students from both ELL and Non-ELL populations, around 79% of students
respectively. Even though there is not an evident source of confusion for this question, around
10% of ELL and 7% of Non-ELL of students who answered this question incorrectly chose
option D (the size of the data set).
Terminology: Mean

Questions 6 and 14 talk about the mean or average. For question 6 there was a significant
difference in correct response percentage favoring non-ELL students. Only 30.9% of ELL
students compared to a 47.9% of Non-ELL students responded correctly to question 6. The

incorrect answer that was chosen the most by both populations was option C. Option C states
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that the most common number of children per household is 2.2. Both, ELL and Non-ELL
students had a similar pattern response for question 14.
Terminology: Mean and Median

Questions 7 and 8 refer to concepts of mean and median. The correct response percentage
is considerably low for both questions. For question 7 most students from both populations chose
option C. There seems to be confusion between the definitions of mean and median. About 38%
of ELL and 45% Non-ELL opted for option C which is not enough information to tell which is
which. Question 8 presents a very high percentage of students who chose option C. This question
talks about giving extra points to students. Five more points were given to 10 students. Most
students choose the option that states that the median of the new score distribution will be higher
than the original score distribution.

Terminology: Mean, Median and IQR (Interquartile Range)

Question 10 refers to measures for describing center and spread for a given distribution
shown in a (histogram). The correct answer to this question is option B. Then median and IQR
are the two measures that will most appropriately describe the center and spread of the given
distribution. However, most students from the ELL population chose option D Mean and
Standard deviation. Most students taking introductory level statistics courses are highly familiar
with the terms mean and standard deviation. Among Non-ELL students, option B was the most
popular.

Terminology: Variability

Question 12 covers the concept of variability. On this question, students are asked to

select the best measure to summarize the variability on a given data set. The correct answer for

this question is option D since the interquartile range is the best measure to use to summarize the
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variability on a data set because it’s resistannce to outliers. This question had the lowest
percentage of correct response by both ELL and non-ELL students. Only 16.7 % of ELL and
27.8 % of non-ELL responded correctly to this question. Options B and C were the most popular
wrong options among both populations.

Terminology: Spread

Lastly, question 15 had 51.2% of ELL students choosing option A. Option A states that
the correct definition of the term spread is to scatter, distribute, disperse, go apart or separate.
On the other hand, non-ELL students had a 43.5% of correct response, but option A was the most
popular answer after the correct answer which is option C. One reason for such confusion may
be the association of the word spread to its everyday usage. If we think about the non-academic
setting the word spread can have a different meaning and option A seems to fit some of those
meanings.

In conclusion, we can say that there are some differences in the way ELL and non-ELL
responded to some of the questions. We have questions where that difference is not statistically
significant and some questions where the difference is statistically significant. However, it is
complex to assess whether those differences are due to ELL status of the students or rather due to
the difficulties in the assimilation of the statistical terms learned in an introductory level statistics
class.

Table 3.4, compares the percentage of correct response between ELL and non-ELL. P-
value was obtained using a proportion test. For the most part, in most of the questions there is not
a significant difference; some questions have higher significance than others. Question 13 is of

special interest since both the p-value and the adjusted p-value are practically one.
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Table 3.4: Percentage of Correct Responses between ELL and Non-ELL

Question Ql;e;sl‘;ieon ELL Non-ELL P-value :(;j‘:;lttz Decision
6 Context 30.9 479 0.0031 0.0310 Difference
7 Context 333 34.6 0.9100 1.0000 No difference
8 Context 24.4 35.9 0.0360 0.0900 Difference
9 Direct 69.6 81.7 0.0150 0.0770 Difference
10 Graphical 22.2 274 0.3500 0.5000 No difference
11 Graphical 45.2 53.7 0.1600 0.2600 No difference
12 Graphical 16.7 27.8 0.0280 0.0900 Difference
13 Direct 79.4 79.7 1.0000 1.0000 No difference
14 Direct 58.4 62.6 0.5100 0.6400 No difference
15 Direct 28.8 43.5 0.0100 0.1040 No difference

3.4 Analysis of Qualitative Data.

Context-heavy questions

Questions 6, 7 and 8 were classified as context-heavy. Question 6 presented students
with a word problem where students were given the sample mean in the context of the problem
and based on that students had to pick the correct choice out of four possibilities. For this
particular question, students 2 and 3 provided a fully correct answer. That means, they were able
to correctly express their thought process behind their answer. See Figure 3.2 for an example.
Student 2 indicated that his first language was English and that he spent only 10% of his non-

academic time speaking Spanish outside of class. Student number 3 indicated that her first
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language was Spanish; however, she indicated that she spent only 30% of her time speaking
Spanish. She rated herself a 10 in question 5 of the survey (proficiency self-assessment)
indicating that she had the highest proficiency level in the English Language. On the other hand,
students 1 and 4 answered the question incorrectly. Student number 1 was unable to explain her
thought process in a clear way. (See excerpt in Figure 3.1). Similarly, student number 4 had a
clear context confusion on question 6. (See Appendix D4). We illustrate this confusion with

statistical reasoning in context with Interviewee 1:

I1: Ok

Ok?

Ok, so which one do you think is the answer? A, B, C or D?

I1: [after a pause] probably A.

Probably A? So, you think that is a: half the household in the time have more than 2 children?
Can you tell me a little bit about why you picked that answer?

I1: mmm because if there is more than 2 then...I don’t know that would compensate for the
average and if the other half of the households have only one... I don’t know it makes sense to

me for the average without making any math. (Appendix D1-lines 5-13)

Figure 3.1: Excerpt from Interview 11

In contrast, Interviewee 2 did not experience confusion due to context:
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12: You want me to give you an answer what it means?

Yeah, I want you to like which one do you think is the answer for the question.

[Student takes a few more seconds to look at the paper].

12: T would say B.

You would say B, so how did you come up with that answer? Or what makes you think that
would be the answer for this question?

12: because they divided the total amount of children by 50

Aha

12: and then there are an average of 2.2 children in the town.

Ok, ok good. (Appendix D2-lines 3-12)

Figure 3.2: Excerpt from Interview 12

Question 7 talked about the concepts of mean and median as measures of center. Students
were asked to determine which quantity was the mean and which quantity was the median for the
top 1% of individual incomes. Contrary to question 6, this question was not only answered
correctly or incorrectly but there were also responses not clearly correct or incorrect. Recall that
the “between” classification was assigned when students were able to pick the correct choice but
it was unclear how they got to that answer. During the interview processes, a great deal of
confusion between the terms mean and median was evident. Examples of this can be seen on the
Appendix (See Appendix D1-lines 21-23 D3-lines 31-33, 40, 43, 48-49, 55, D4-lines 21-23.
There were also other issues related to question 7, for example, there was confusion of the usage
of the term “measures” in statistics. This can be viewed in detail in Appendix D2-line 15.

Question 8 presented students with the concept of median. For the most part, students

were able to understand the question and therefore, were able to correctly explain the thought
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process behind their answer. The major problem that was detected here was the lack of academic
terminology to express the students’ ideas (i.e., Deficiencies in CALP). For the most part,
students were able to explain the thought process behind their answer but the lack of proper
academic register was clear. There was also a minor issue regarding confusion of academic
terms. (Mean and median confusion) but this was not consistent with all the students. Examples
of these are found in: Appendix D1-lines 29, 32, 38-39, D2-lines 29, 37, D3-lines 37and D4-lines
28-30. But, for the most part, students provided clearer answers for question 8 than the other two
questions that were classified as context-heavy.
Direct questions

Questions 9, 13, 14 and 15 were classified as direct questions. Question 9 presented
students with a short data set of ten numbers, then students were asked to calculate the range of
the given data set. Students from a practitioner course responded correctly to this question. They
explained that the question was straightforward since they have learned the definition of range in
class. Students from this class seemed to have a clear register for the statistical term range. There
was no statistical term confusion about the concept and there was no confusion between
academic and everyday registers presented by the students in a literacy course. However, an
interesting finding was that students from a more basic statistics level course were lacking the
concept of range. Students 3 and 4 were not only unable to answer to the question but were not
able to remember the statistical definition of range even after a several hints were given by the
interviewer. (See Appendix D3, lines 38-49 and D4, lines 35-43). The following excerpts in

Figures 3.3 and 3.4 illustrate when this happened.
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Ok. Could you go ahead and read question 9?

[Silence, student reading the question]

13: [nervous smile] I forgot about range.

[Pause]

So, is there a confusion there with the word range?

13: yeah, I forgot how to calculate range.

Ok, so you don’t remember the process how to calculate range of a data set?

13: yeah.

So, which one would you think is the answer? Like, how do you... Do you remember if there is
any... like, the process when they give you a data set? Like, numbers?

I3: Oh my God, I am trying to remember. Cause, I remember, mean, median, mode... range is

the one I am trying to remember but I can’t.

Figure 3.3: Excerpt from Interview I3

After students 3 and 4 were given the definition of range they had no trouble recognizing
the correct answer, but this was a clear case of deficiency in their cognitive academic language
proficiency. It can be argued that this is due to academic maturity rather than level of English
proficiency. Question 13 asked students to define the term range. After the investigator

explained this concept to students 3 and 4, they were able to identify the correct response.
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Ok. Ok, next question 9.

[Silence, student reading the question. ]

14: T honestly don’t know, because I don’t know what range is.

Ok, so ah, you don’t know... ah, you don’t remember the definition of range?

14: T don’t.

Ok, so whenever you have a data set, for example like the data set that you have here. [Pointing
at the paper] that they give you like a set of numbers, do you remember the range is the
difference between which number and which number?

14: The first and the last?

Figure 3.4: Excerpt from Interview 14

After students 3 and 4 were given the definition of range they had no trouble recognizing
the correct answer, but this was a clear case of deficiency in their cognitive academic language
proficiency. It can be argued that this is due to academic maturity rather than level of English
proficiency. Question 13 asked students to define the term range. After the investigator
explained this concept to students 3 and 4, they were able to identify the correct response.

All students answered these two questions correctly and had no issues explaining their
choice. Students that originally responded correctly to question 9 were able to make a connection
between question 9 and question 13. Students who originally were lacking knowledge of the
term range were able to retain the information provided and were also able to make a connection
between question 9 and question 13. Question 14 was also answered correctly by all students.
When students were asked why they picked that answer, all indicated that the definition of

average was mean as they have learned in class. Some students went further in their explanation
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and said that the mean was the “average of the data”. Below we can see excerpts from interviews

3 and 4 to illustrate this connection.

Question 13.

[Student is reading the question]

13: B?

So, do you see any relationship between this question and any other questions?
13: ah, yes, you were asking about range in [flipped the pages] number 9.
Number 9, ok. So, your answer will be B?

I3: Yeah.

So the difference between the highest and the lowest number in the data set.
13: yeah.

Ok, question 14.

[Student reading the question]

13: B.

Ok, so B, average is defined as mean, so ok. What makes you think that’s the answer for this
question?

I3: Just knowing the definition of mean, median and mode.

So, it’s a definition that you learned in class that you remembered

I13: yeah.

Ok. (Appendix D3, lines 97-114)

Figure 3.5: Excerpt from Interview 13
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Ok, ok number 13.

14: Oh, well. [Silence students reading question]

This one is B. The difference between the highest and lowest values.

Ok, so do you see any relationship between this question and any other questions?
14: oh yeah. The number 9.

Number 9. Ok, number 14.

[Silence, students reading the question]

14: Average is, | am guessing mean, B. because usually they use it like what is the average mean
of something, something.

Ok, so you pick this answer because if more related to...

14: the class.

Is more related to the statistical meaning of the word.

14: yes. (Appendix D4, lines 88-100)

Figure 3.6: Excerpt from Interview 14

Question 15 was also classified under the direct questions category. However, this
question represented a challenge for most students. Three out of the four students interviewed
were able to come up with the correct answer, but their explanation was weak and vague. Most
students tended to go with choices that had more statistical terms. None of the students
considered E Butter, jam dip as a possible answer. Most students were undecided between

options A, B, C, D and J.

Graphical questions
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Questions 10, 11 and 12 were categorized as graphical questions. Question 10 was
answered correctly by three out of the four students. The 3 out of the 4 students who answered
this question correctly indicated that their first language was Spanish and the percentage of time
spent speaking Spanish ranged from 30% to 80% of the time. The student who answered this
question incorrectly indicated that his first language was English and he had spent only 10% of
the time speaking Spanish during the previous month. (Question 4 on the survey). Question 10
asked students to find which two measures would be most appropriate to describe center and
spread for the distribution given. A graphical representation of the distribution was provided. It
can be argued that the lack of understanding of the statistical usage of the term “measures” may
have led student number 2 to the wrong answer. Once again, this is an example of confusion
between academic and everyday registers. For the most part, the other three students were able to
explain the thought processes that led them to their final choice. A minor graphical confusion
was expressed by one of the students, but after clarification the student was able to pick the
correct answer. See Appendix D1 for more details.

Questions 11 and 12 presented no specific patterns. Question 11 was answered correctly
by 2 students 1 and 4, incorrectly by students 3 and “in between” by student 2. Question 12 was
answered incorrectly by student 1, correctly by students 2 and 4 and “in between” by student 3.
Even students who responded correctly or “in between” to question 11 presented a few problems
with their Cognitive Academic Proficiency (CALP); for the most part these students were able to
understand the question but their explanations were lacking the appropriate academic terms (See
Appendix D1 and D2). Student 1 answered question 12 incorrectly. Student 1 indicated that she
was unfamiliar with some of the terminology used in the context of the question; she also

indicated that she was trying to guess the answer based on the terms that were familiar and/ or
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make sense to her (See Appendix DI lines 85, 88). A portion of the interview transcript of an
ELL (Interviewee 1) illustrates how language background does not tend to affect their
understanding of graphics-based questions but lack of knowledge about the associated statistical

vocabulary did affect the response (Appendix D1, lines 81-89).

Ok. Now, the last page. Could you read question number 12?

[Silence: student reading the question].

I1: I think Standard deviation, because it’s based on all the information. So, letter B.

letter B. So letter B says the standard deviation; because it’s based on all the information on the
data set. So, why do you think this is the answer?

I1: mmm I was going to say because the other ones did not really make sense to me?

Ok, so the other ones are not really familiar? They don’t... ok...

11: aha.

Figure 3.7: Excerpt from Interview I1

Now, a portion of interviewee 2’s transcript (a Non-ELL student) illustrates how a
student with a strong command of the statistical register responded to this graphics-based
question (Appendix D2, lines 64-67). Table 3.5 below, shows a summary of the individual

findings from the qualitative data analysis.

Ok, ok. On the next page, you have question 12 it also refers to the graph.
12: [student looks at the paper] Ok.
[Silence: student reading the question].

12: [student flipped paper twice] It probably be D, just because it’s more resistant to outliers.

Figure 3.8: Excerpt from Interview 12
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Table 3.5: Summary of Individual Finding from Qualitative data Analysis

Student # 1 |Practitioner | ELL Student # 2 |Practitioner | Non-ELL

Q6* | W/W | e Deficiency in Cognitive Academic Q6* | C | e Academic and everyday register
Q7* | W Language Proficiency (CALP): student | Q7* | C confusion: Student had difficulty
Q8* | C had trouble explaining thought process | Q8* | C disassociating the academic and
QY |cC using the appropriate academic QY |cC everyday meanings of the word
Q10% | C terminology Q0% | W “measures”
Qu*|C e Statistical concept confusion: student | Q11 | B | o  Deficiency in Cognitive Academic
Q2% | W had a confusion between the terms Q12* | C Proficiency (CALP): Student had some
Q13" | C mean and median Q13" | C difficulty explaining his ideas using the
Q14" | C e Misconception of concept due to Q14" | C correct academic terminology.
Q15" | B context. Student had difficulty Q15" | B

recognizing terms she indicated she

was familiar with due to the context

they were presented in.

® Role of context: Student seemed to
have difficulty with context-heavy
questions.
Student # 3 |Literacy | ELL Students # 4 | Literacy | Non-ELL

Q6* | W/C | e Deficiency in CALP: Student had Q6* | W | e Confusion between academic and
Q7* |W trouble explaining her thought process | Q7* | B everyday registers: difficulty
Q8* | B using the appropriate terminology. Q8* | C disassociating the academic and
QY | W Student expressed she lacked the QY | W everyday meaning of variability.
Q10% | C register for Range. Q10% | C | e Deficiency in CALP: Lack of registers
QII* | W e Role of context: Student seemed to QlI*| C for concepts such as: outliers and range.
Q12* | B have trouble with context heavy QI2% | C | e Role of context: Student showed some
Q13" | C questions. Q13" | C difficulty with context heavy questions.
QI4" | C e Confusion about “intact” statistical Q4" | C |, Multi-modal representations: Student
Q15" | W phases: Students had trouble making Q15" | B indicated her preference for an auditory

the connection between spelled out representation of the questions.

words and their Acronyms. ®  Misconception of concept due to

e  Statistical concept confusion: There context
was a clear confusion between the
terms mean and median.
e  Transfer between academic registers:

confusion between the mathematical

meaning of center and the statistical

meaning of center of a data set.

*=context heavy, &=graphical, and #=direct question types; W=wrong, C=correct and B="in

between”
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Chapter 4: Discussion

4.1 Qualitative Data Discussion

Context-heavy questions

When comparing ELL to non-ELL students the following was noticed: Non-ELL students
performed better in the context-heavy category than ELL students. This result is in accordance to
the quantitative results. Questions 6, 7 and 8 were classified as context-heavy. Especially in the
case of question 6, ELL students had a greater difficulty answering this question correctly.
Context-heavy questions were particularly challenging for ELL students because of their
complicated structure. Questions 6 was particularly challenging for ELL students because some
of the terms utilized in the questions had more than one possible interpretation. For example,
when students read the “most common number of children” they interpreted most common as the
number that repeats the most. ELL students indicated that they were familiar with computing the
sample mean of a data set; however, once this concept was taken out of the context of a formula,
students had trouble recognizing it. This was a clear confusion between academic and everyday
registers due to context. Some statistical terms created confusion arose on question 7. Some
students were confused between the terms mean and median. For the most part students were
able to recognize which terms were being addressed in this question and were able to pick the
correct answer. However, it was clear that for ELL students this was a more challenging task.
Both of the ELL students interviewed either read the questions twice or wanted to revisit these

questions at the end of the interview.

Question 8§ also showed some every day and academic register confusion. The word

“adding” confused some of the students. For the most part students were able to pick the correct
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answer after reading the question carefully. For the most part students were able to recognize that
the term adding here does not relate to the term adding in mathematics which means to make it
higher or increasing something. Some students corrected themselves on the spot after picking the
option of the distribution being higher than.

The main two issues detected for this type of questions was a deficiency in CALP
(Cognitive Academic Language Proficiency) and the constant confusion between academic and
everyday registers. There were also some instances where students had confusion between
statistical registers such as mean and median, but for the most past when this type of confusion
arose students were able to correct themselves within a few seconds or after they revisited the

question.
Graphical questions

In the case of graphical questions ELL students performed slightly better than their Non-
ELL peers. A very similar result was obtained with the reanalysis of the quantitative data. Recall
that questions 10, 11, and 12 were classified as graphical questions. According to Table 3.3,
there was no significant difference between ELL and Non-ELL percent correct for questions 10
and 11 and there was a significant difference between ELL and Non-ELL percent correct for
question 12. This difference favored ELL students. For the category of direct questions, both
populations’ responses were very similar. All students responded correctly to questions 13 and
14 regardless of ELL status. These results backup the findings for the quantitative data; Tables
3.2 and 3.4 adjusted p-valuse for the chi-square test and the proportion test are very high, making
the difference in responses highly non-significant.

Question 9 presented approximately the same pattern of responses for both ELL and Non-

ELL; this finding also agrees with our finding for the quantitative part of the data. However,

28



there was evidence that indicates that students taking a practitioners’ course performed better on
these questions. Students taking a literacy course indicated that they were unfamiliar with the

term “range” and perhaps this concept is not emphasized in the statistical literacy course.

Ok. Ok, next question 9.

[Silence, student reading the question. ]

14: T honestly don’t know, because I don’t know what range is.

Ok, so ah, you don’t know... ah, you don’t remember the definition of range?

14: T don’t.

Ok, so whenever you have a data set, for example like the data set that you have here. [Pointing
at the paper] that they give you like a set of numbers, do you remember the range is the
difference between which number and which number?

14: The first and the last? (Appendix D4, lines 35-43)

Figure 4.1: Excerpt from Interview 14

Could you read question 9?

[student reading the question]. [Pointing at the paper].

I1: I think its D.

D, ok so 30? So, how did you come up with that answer?

I1: mmm it was asking me the range so I just ah, the difference between 62 and 32.

(Appendix D1, lines 42-46)

Figure 4.2: Excerpt from Interview 11
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Non-ELL students had slightly better explanations for question 15, for the qualitative
part of the data. According to our previous finding on the quantitative data, there is not a
significant difference in the proportion correct for ELL and Non-ELL students on this specific
question. The following are portions of a Non-ELL and ELL students with regard to their
responses to questions 15. Both had the correct response; however, their explanation was

different.

Ok, could you please read the last question 15?

[Silence: student readying the question].

I1: I think C.

Ok. Range or difference between two points as in point spread?

I1: aha

So, can you tell me a little bit about why did you pick that answer?

I1: mmm I picked it because... I actually I do have trouble with this meaning in my class
[student smiles] with this work, but I don’t know it seem like... the other ones... I know it’s not
butter or spreadsheet [student points at the paper]... I don’t know it seems like the closest that I

can figure out. (Appendix D1, lines 98-107)

Figure 4.3: Excerpt from Interview 11

Ok. The last one number 15.
[Silence: student reading the question].
12: spread would be C. Range is just like this difference of denotes this numbers. (Appendix D2,

Lines 86-88)

Figure 4.4: Excerpt from Interview 12
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Graphical questions

Students were presented with three graphical questions: questions 10, 11 and 12.
According to our findings using the qualitative part of the data (interviews), ELL students had
more reasonable explanations than Non-ELL students for these questions. According to our
results from the quantitative data, the difference in the proportion correct for question 10 is not
significant. Question 11 had a very similar pattern response from both ELL and Non-ELL
students. This backs up the findings from the quantitative data analysis where it was found that
there was not a significant difference in the percentage of correct response between ELL and

Non-ELL.

Finally, question 12 presented students with the concept of variability; for this specific
question it was clear that Non-ELL students could better describe variability than their ELL
peers in the qualitative study results. This is in accordance with our finding from the quantitative
data where we can see that there is in fact a difference in the percentage of correct response
between ELL and Non-ELL students

Direct questions

Direct questions appeared to provide little difficulty to both populations of students. ELL
and non-ELL students performed considerably well when asked questions that were very simple
in context, not only those questions with a simpler context but also those questions whose
multiple choice answers were short and direct as well. For the most part, ELL and non- ELL
students were able to perform well on these questions; however, the presence of confusion
between academic and every day registers was detected in both ELL and non-ELL students. ELL
students as well as non-ELL students had an easier time understanding these types of questions,

and therefore their explanation on how and why they chose their answer was clear; however, the
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lack of academic terminology was evident. There was also a persistent confusion between the
terms mean and median among ELLs. Most direct questions were easy for most students;
however, question 15, which was classified as direct, represented a challenge for some students.
The students tended to provide explanations that were “in between” or wrong for this question.
Three out of the four students interviewed were able to come up with the correct answer, but
their explanation was weak and vague. Some students picked the correct choice but they
indicated that they were guessing or they were picking that option over the others because the
others did not make statistical sense to them. More than one student was confused between
several choices. Two of the students indicated that they had trouble understanding that concept in
their classes. Over all, this question was confusing for all students. (See Appendix D1-lines 104-
107, D2- line 88, D3-lines117, 120-121,123-124,126 and D4- lines 102-103,106,108) and

warrants further consideration as to the reason why.

4.2 Individual Question Discussion

In this section we will focus on the discussion of those questions that were flagged with a
significant difference. See tables 3.2 and 3.3.

Question 6 (Sample mean in the context)

For these questions students were asked to select which of the statements was true given
that the average number of children per household was 2.2. It is also given in the context of the
questions that the total number of children in the town was divided by 50. It was specified in the
question that 50 was the number of households in the town. If we look at the correct percentage
for ELL students vs Non-ELL students we can see that 30.9 % of ELL responded correctly to
this question versus 47.9 % of correct response from their Non-ELL peers. This is then, a

significant difference in the correct response percentage indicating that ELL’s had a harder time
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answering this question correctly. Interviews provided some valuable insight on why this may be
an issue for ELL students. During the process of the interview ELL students seemed to have a
harder time understanding sample mean within the context of the question. Some students
indicated that they were familiar with the definition of mean (or average) but indicated that the
question was very confusing. If we look at table 3.4 we can see that student 1 and student 3 who
were classified as ELL answered this questions incorrectly. Students were given the opportunity
to revisit any of the questions at any time and students 1 and 3 went back to question 6 at the end
of the interview. Student 1 was unable to answer this question correctly after the second attempt.
Student 3, on the other hand, responded correctly on the second try. Question 6 was particularly
challenging for ELL students due to the context. ELL students had a harder time than Non-ELL
students making the connection between the formulaic forms of the sample mean and the usage
of this same concept within context. ELL students indicated that this question did not really
make sense to them because they could not explain where 2.2 children came from. Students were
trying to rationalize the fact that 2.2 was not a whole number. Both of the ELL students chose
option A most of the households in the town have more than 2 children. The reason behind this
answer according to ELL students interviewed was that 2.2 could not represent the number of
children. ELL students used the term “compensate” in several occasions to explain that 2.2 was
not a possible number. Students indicated that the idea behind this number was that if some
houses had 1 child and other houses had 3 for example, then 2.2 would “compensate” for the
lack of one child in one house and the excess of one child in the other house. Also, there is some
evidence to think that the word average created a source of confusion: some students may have
confused the everyday meaning of the word average with its statistical meaning which is defined

as mean. The word average has a different meaning in everyday usage. For example, it can mean
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common, not extraordinary, standard, and not outstanding. The association of the word average
and its meaning outside of the statistical context was a probable source of confusion. This shows
that ELL students have a harder time answering context-heavy questions correctly than their
non-ELL peers.

Question 8 (Finding Median after adding 5 point to the top scores)

This question asked students what would happen to the median of a data set if 5 extra
points were to be awarded to the 10 students with higher test scores. If we look at the
quantitative analysis we can see that there is a significant difference in the responses between
ELL and non-ELL. Only 24.4 % of ELL students responded correctly to this questions versus
35.9% of non-ELL. During the interviews, for the most part ELL students were able to respond
correctly to this item. However, ELL students had a harder time explaining the reasoning behind
their choice. There was an apparent lack of academic terminology in their explanation as well as
confusion between academic and every day registers. For example, Student 3 was confused
about whether the new score would be the same or higher. The fact of “adding” 5 points was
confusing. There was a clear confusion between the statistical meaning of adding 5 points and
the everyday register for the word “adding” which means to make it bigger or to make something
go higher. Student 3 was able to pick the correct answer to this questions but the explanation for
it remained ambiguous. On the other hand, non-ELL students were able to explain how the
median is not affected by adding points to the last observations. Some deficiency in CALP was
detected but for the most part students were able to express the correct idea using everyday
language. The results from the quantitative analysis may explain why most ELL students chose
the incorrect option (quantitative data) C higher than. There is a clear confusion between

everyday registers and academic register and perhaps a deficiency in CALPS.
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Question 9 (Finding the range of a list of numbers)

Question 9 asked students to determine the range of a given data set. According to table
03 there is a significant difference in the responses of ELL versus Non-ELL. After performing
the reanalysis of the quantitative data we can see that the correct response percentage of ELL is
69.6% versus 81.7% for non-ELL students. Question 9 was classified as a direct question. The
concept of range is presented in a direct and clean way. During the process of the interviews an
interesting finding was discovered. Students taking a practitioner’s course had no trouble
answering these questions correctly. Students taking this type of course were able to answer
these questions regardless of their ELL status. Students 1 and 3 were able to explain the thought
process behind their choice and had no trouble expressing their ideas using the correct academic
terminology. On the other hand, students taking a literacy course were unfamiliar with the
definition of “rage;” therefore, they were unable to answer the questions. Both students in
literacy courses were unable to answer this question correctly regardless of their ELL status.
Students 3 and 4 indicated that they were unfamiliar with the concept and were unable to give a
correct response even after a brief explanation of it. This shows how the lack of academic
registers may lead to a poor performance during assessment. It may also lead us to think that
academic maturity may be a confounding factor in measuring students’ performance while
answering assessment about measures of center and variation.
Question 12 (Variability of a data set)

For this particular question, students were asked to identify the best measure to
summarize the variability in a data set. From the quantitative data analysis we can see that the
proportion correct for ELL’s versus non-ELL is 16.7% versus 27.8 % respectively. Options B

and C were the most popular incorrect choices for both ELL and non-ELL. Option B indicates
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that the standard deviation is the best measure to summarize the variability on a data set because
it contains all the information of the data set. Option ¢ indicates that the standard deviation is the
proper measure to use because it’s the most commonly used to summarize variability. After
analyzing the qualitative part of the data we gained some insight on why ELL students seemed to
have a harder time answering this particular question correctly.

ELL students had a hard time understanding the meaning of variability. Both ELL
students seemed to lack the proper academic register for the word “variability;” there was a clear
confusion between academic and everyday registers as well. One of the ELL students indicated
her confusion between the word “variability” and the word “variety”. Given this confusion ELL
students tend to pick the answer that contains familiar words or concepts commonly used in
class. Both students 1 and 3 opted for options containing the term “standard deviation” in the
answer. When they were asked about their choice they indicated that it was the term they were
more familiar with and therefore, the one that made more statistical sense to them. Non-ELL
students also showed some difficulty with this question, Student 2 indicated his confusion about
the meaning of the word “measures” statistically speaking. There was a clear confusion between
academic and everyday register of the word measures. For this particular question ELL students
also had a hard time switching from spelled out words to their acronyms. ELL students seemed
to have a clear concept of what IQR was but had a harder time understanding this concept when
the spelt-out word is used. Perhaps, it may be a possibility that they did not choose correctly

because they had a hard time making the connection between IQR and interquartile range.

36



4.3 Conclusions

From the triangulation of qualitative and quantitative data, we can conclude that there is
some evidence to say that ELL students have a harder time answering context-heavy questions
correctly. It was found that ELL students have a harder time making the transition from
formulaic to contextual settings for some of the concepts. In addition to this, there is some
evidence to say that ELL students experience more difficulty making the connection between
fully spelled out terms and their acronyms. There was a clear confusion between IQR and

Interquartile Range. ELL students indicated that they knew what IQR stands for but were unsure

when IQR was presented as Interquartile Range. The directly worded questions provided

approximately the same level of difficulty for ELLs and non-ELLs. This result is consistent with

previous research in mathematics education (Monarez, 2012).

Limitations.

The following describe the limitations associated with this study:

e We had a lower response rate than expected. Students were contacted via email. Some
students did not respond after completing the first 5 questions on the survey. Therefore, we
had fewer candidates to choose from for the final interviews.

e One interview had to be eliminated from the final qualitative analysis. Student number 4 was
eliminated from the final analysis. The interview was rather short due to the fact that for the
majority of the question this student did not provide an explanation for the choices made.
Student indicated on several occasion that she was guessing or just picking the answers at
random. When asked to expand on the topic the student responded that she did not know

what else to say and did not really know much about the concepts. The investigator did not
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want to elaborate more on this and respected the student’s decision to not add more to the
interview.

Students were told at all times during the interview that they were allowed to ask questions
and ask for full or partial translation of any of the questions. However, even when it was
evident that students had a hard time understanding a concept, students did not ask to be
provided with a full or partial translation.

For the last three interviews there was a space limitation. The last three interviews were held
during the last week of school before finals. Previous interviews were held during the month
of November and the time and location was fixed and agreed on beforehand. For the last
three interviews the investigator and students had to switch locations due to the fact that
study rooms at the library were full. A study room at the library had been originally reserved
for this purpose but due to the busy week of finals groups of 3 or more people were given
priority. This may have caused some discomfort for the students.

Order of the questions: Some students indicated that the very first question on the survey was
confusing and hard to read. This may have caused a block for students to correctly answer

the rest of the questions on the survey.

Recommendations for Teaching

From the triangulation of quantitative and qualitative data there is some evidence of a

significant difference (for some items) between the responses of ELL versus Non-ELL students

on measures of center and variation. The qualitative part of the data provided valuable insight on

some latent issues students from both populations may experience when dealing with concepts

about measures of center and variations commonly encountered in an introductory-level statistics

course. From the triangulation it can be argued that ELL students have a harder time correctly
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answering context-heavy questions. It can also be said that ELL students have a harder time
making the connection between acronyms and formulaic form and their spelled-out counterparts.
There is as well some evidence to say that ELL students may benefit from the usage of graphics.
It was also evident that both ELL and non-ELL students had a much better performance on direct
questions. Simple structured questions had a higher probability of being responded correctly by
both populations. Overall, the questions that showed a higher difference in the correct response
percentage were those questions classified as context-heavy questions. Question 6 was of
particular interest since both ELL students expressed their discomfort when they encountered
this as the first question on the survey. This may lead us to think that the order in which
questions are presented on a survey may have an influence on a student’s performance. We may
need to consider this while creating assessment not only for ELL but also for non-ELL students
in the future. Table 4.1 provides teaching recommendations supported by the findings of this

study.
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Table 4.1 Recommendations for Teaching

Teaching Recommendation | Question Evidence
Use vocabulary activities 6,8 There is evidence of confusion between academic
(Lesser & Winsor, 2009) terms (mean and median) and also between the

academic and everyday registers of the words.

Introduce new idea 6 There evidence of confusion of the term sample
conceptually first so that ELLs mean when this was taken out of context. ELL
do not focus on procedural indicated that they know the formula for sample
knowledge. mean, had a hard time identifying the sample
Context to formulaic. mean within a heavy context.
Make sure students acquire the | 9 Students in literacy courses presented the lack of
appropriate knowledge of this register. “Range” was an unknown term for
terms commonly used in an students taking a literacy course. Deficiency in
introductory statistics course. CALPS.
Emphasize the difference 12 Students seemed to be confusing the everyday
between every day and meaning of the words variability and measures
academic registers. with their academic meaning.
Make acronyms explicit 12 ELL students seemed to have a hard time

IQR= Interquartile Range

matching the spelled out words with their

acronyms, specifically in the case of IQR
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Appendix A-Flyer
i tudy I ist;
\“tewlew Study In Statistj. S

e Ifyou are a Spanish-speaking student enrolled in a statistics course
at UTEP for the Fall 2015 semester.

e You would like to participate in an interview study that could help
us better understand how to teach measures of center and variation
concepts in introductory statistics courses more effectively to
students.

e Conducted by a graduate student researcher able to listen and
speak in English and Spanish.

e In our analysis reporting, we will not use your name or any other
information that could identify you.

e The interview will take only 10 to 15 minutes of your time and a
possible very brief email or phone follow-up later to clarify
anything that was not clear.

¢ In appreciation for your time, you will be rewarded with a $10
Visa gift card.

If you are interested contact Lorena Galvan to schedule an interview:
lgalvan3(@miners.utep.edu or at (915)-740-3063

44



Appendix B- Survey

1. What year in school are you? a) freshman b) sophomore c¢)junior d) senior e)
graduate student

2. What is your age?
3. What is your first language spoken? a) English b) Spanish c¢) other:

4. Estimate what percentage of time in the past month you spoke Spanish. Give a number
between 0 and 100%

5. Using the (0-10) scale below, give the number that best describes your proficiency with
the English language

Level Description

10 Able to speak like an educated native speaker

9 Able to speak with a great deal of fluency, grammatical accuracy, precision
of vocabulary and idiomaticity

8 Able to speak the language with sufficient structural accuracy and
vocabulary to participate effectively in most formal or informal
conversations

7 Able to satisfy most work requirements and show some ability to

communicate on concrete topics

Able to satisfy routine social demands and limited work requirements

Able to satisfy most survival needs and limited social demands

Able to satisfy most survival needs and some limited social demands

Able to satisfy most survival needs and minimum courtesy requirements

Able to satisfy immediate need with learned utterances

Able to operate in only a very limited capacity

Ol = || WKl &

Unable to function in English

6. The school committee of a small town wanted to determine the average number of children
per household in their town. They divided the total number of children in the town by 50, the
total number of households. Which of the following statements must be true if the average
children per household is 2.2 children?
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Half the households in the town have more than 2 children.

®

b. There are a total of 110 children in the town.
c. The most common number of children in a household is 2.2.
d. None of the above.

7. The distribution of the top 1% of individual incomes in the US is strongly skewed to the
right. In 1997, the two measures of center for the top 1% of individual incomes were
$330,000 and $675,000. Which number represents the mean income of the top1% and which
number represents the median income of the top 1%? Choose the best answer.

e. $330,000 is the mean and $675,000 is the median.
f. $330,000 is the median and $675,000 is the mean.
g. Not enough information to tell which is which.

8. You give a test to 100 students and determine the median score. After grading the test,
you realize that the 10 students with the highest scores did exceptionally well. You
decide to award these 10 students a bonus of 5 more points. The median of the new score
distribution will be that of the original score distribution.

a. lower than
b. equal to
c. higher than

d. depending on skewness, higher or lower than

9. Find the range of the following list: 31, 36, 48, 50, 50, 53, 54, 56, 60, and 62.

a. 62
b. 5

c. 10
d. 30

10. A test to measure aggressive tendencies was given to a group of teenage boys who were
members of a street gang. The test is scored from 10 to 60, with a high score indicating
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more aggression. The histogram represents the results for these 28 boys. Which two
measures would be most appropriate to describe center and spread for this distribution?

T

w b
|

Fraquency

aggress

a. Range and mean

b. Mean and median

c. Median and IQR

d. Mean and standard deviation

Items 11 and 12 refer to the following situation:

This is a distribution of how much money was spent per week for a random sample of college

students.

80 —
70—
60 —
50—
40—
30—
20—

Frequency

10—

[ 1

20

40 B0
Food Costs Per Week

(=u]

140

11. The range for this distribution is $132.50. Indicate your agreement or disagreement with
the following statement: The range is not a useful summary of the variability of this data

set.

a. Agree, it is too vague.

b. Agree, it is too easily influenced by outliers.

c. Agree, it does not use information on the center of the data.
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d.

Disagree, a range of $132.50 is a good measure of variability because students are
apt to spend any amount of money between $0 and $132.50.

12. What is the best measure to use to summarize the variability of this data set?

e IS

o

Range, because it tells you the overall spread of the data.
Standard deviation, because it is based on all the information in the data set.
Standard deviation, because it is the most commonly used measure of variability.

Interquartile range, because it is resistant to outliers.

13. Range is defined as:

o

o

e

d.

jar]

The set of all output values produced by a function.

The difference between the highest value and the lowest value in a set.
The numbered place in the list of ordered values.

The size of a data set.

The distance a charged particle travels before stopping.

The set of notes a musical instrument can play, or that are used in a piece of
music.

14. Average is defined as:

a.

g.

Ordinary, Normal, typical, mediocre, not extraordinary, common, neither
outstanding nor poor, standard

Mean
Median or in the middle

Overall summary on something, general value that represents most of the data,
overall outcome

Mode, most common number
Majority

A value we can use to compare one person’s performance to the group

15. Spread is defined as:

48



To scatter distribute, disperse; to go apart or separate; to extend over a larger
space

To distribute in a thin layer, smear or cover evenly

Range or difference between two numbers as in point spread
Extend, open out as in spread his wings

Butter, jam dip

Spreadsheet

A large group

Graph
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Appendix C- Informed Consent Form

University of Texas at El Paso (UTEP) Institutional Review Board
Informed Consent Form for Research Involving Human Subjects

Protocol Title: Analysis of ELL student response about measures of center and
variation for ELL and non-ELL students.

Principal Investigator: Lorena Galvan and Amy Wagler

UTEP: Mathematical Sciences Department

1. Introduction

You are being asked to take part voluntarily in the research project described below.
Before agreeing to take part in this research study, it is important that you read the
consent form that describes the study. Please ask the study researcher or the study
staff to explain any words or information that you do not clearly understand.

2. Why is this study being done?

You have been asked to take part in a research study about how communication and
language affect learning in statistics in an introductory statistics class. The main
purpose of this study is to understand better what strengths and difficulties bilingual
students have with language and learning measures of center and variation in an
introductory statistics course. You are being asked to be in the study because you are
currently registered in an introductory statistics class and you are bilingual in English
and Spanish. If you decided to participate in this study, your involvement will last about
approximately 10-15 minutes.

3. What is involved in the study?

If you agree to take part in this study, you will be interviewed in an office on the UTEP
campus by an interviewer who is bilingual. The interview will last about 10-15.Prior to
the interview you will be handed a short survey containing 5 questions. During the
interview process questions on measures of center and variation will be asked. The
interview will be videotaped and audiotaped for analyzing purposes, but will be kept
confidential (see #13).

4. What are the risks and discomforts of the study?
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There are no known risks associated with this research. However, there might be a
minimal discomfort due to the recording of videotape and audiotape.

5. What will happen if I am injured in this study?

The University of Texas at El Paso and its affiliates do not offer to pay for or cover the
cost of medical treatment for research related illness or injury. No funds have been set
aside to pay or reimburse you in the event of such injury or iliness. You will not give up
any of your legal rights by signing this consent form. You should report any such injury
to Lorena Galvan at (915-740-3063) or lgalvan3@miners.utep.edu and to the UTEP
Institutional Review Board (IRB) at (915-747-8841) or irb.orsp@utep.edu .

6. Are there benefits to taking part in this study?

There will be a monetary compensation in the form of a $10 Visa Gift Card for your
participating on the study. Furthermore, you may gain a further understanding of
measures of center and variation concepts. This research may assist us in gaining
significant data as to how accommodations made for English language learners may aid
their comprehension in an introductory statistics course, and this may be useful to
students taught in the future.

7. What other options are there?

You have the option not to take part in this study. There will be no penalties involved if
you choose not to take part in this study.

8. Who is paying for this study?

This study does not receive funding from any association.

9. What are my costs?

There are no costs to you beyond the time you spend in the interview

11. What if | want to withdraw or am asked to withdraw from this study?

Taking part in this study is voluntary. You have the right to choose not to take part in this
study. If you do not take part in the study, there will be no penalty.
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If you choose to take part, you have the right to stop at any time. However, we encourage
you to talk to a member of the research group so that they know why you are leaving the
study. If there are any new findings during the study that may affect whether you want to
continue to take part, you will be told about them.

12. Who do I call if I have questions or problems?

You may ask any questions you have now. If you have questions later, you may contact Dr.
Wagler at (915-747-6847; awagler2(@utep.edu). If you have questions or concerns about
your participation as a research subject, please contact the UTEP Institutional Review
Board (IRB) at (915-747-8841) or irb.orsp@utep.edu.

13. What about confidentiality?

1. Your part in this study is confidential. You will not be addressed by or asked your name
at any time throughout the interview and, in any case, a pseudonym will be used for the
interview transcripts. No footage would ever be shown or shared with anyone outside the
research team unless the excerpt has your face blurred out or not visible. The raw
videotaped interviews will be kept in a locked file cabinet in a locked office and seen only
by the investigator and the research advisors. Interview transcripts will not use your name
or any identifying information.
2. Every effort will be made to keep your information confidential. Your personal information
may be disclosed if required by law. Organizations that may inspect and/or copy your
research records for quality assurance and data analysis include, but are not necessarily
limited to:

. The sponsor or an agent for the sponsor

. Department of Health and Human Services

. UTEP Institutional Review Board

The results of this research study may be presented at professional meetings or in
publications, but only in a way that does not reveal your identity.

14. Authorization Statement

| have read each page of this paper about the study (or it was read to me). | know that
being in this study is voluntary and | choose to be in this study. | know | can stop being
in this study without penalty. | will get a copy of this consent form now and can get
information on results of the study later if | wish.
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Participant Name:

Date:

Participant Signature;

Time:

Consent form explained/witnessed by:

Printed name:

Date: Time:
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Appendix D1- Interview Transcript |11

Ok, we are going to go ahead and start the interview. If you please can read question 6.

I1: out load?

No, you can just read it to yourself.

[Silence: students taking time to read the question].

I1: Ok

Ok?

Ok, so which one do you think is the answer? A, B, C or D?

I1: [after a pause] probably A.

Probably A? So, you think that is a: half the household in the time have more than 2 children?
Can you tell me a little bit about why you picked that answer?

I1: mmm because if there is more than 2 then...I don’t know that would compensate for the
average and if the other half of the households have only one... I don’t know it makes sense to
me for the average without making any math.

Ok, ok now could you read question 7 now?

[Silence, students taking time to read the question. Students points at the paper while reading.
Interviewer taking notes].

I1: ok, I think the answer is letter A.

Ok, letter A, so the first one is the mean and 675,000 is the median.

I1: aha

Ok, so can you tell me a little bit about how did you came up with that answer?

I1: mm because it says that its skewed to the right, so then, I picture in the graph, because of the
values I would say it says 330,000 is lower than the other number.. I don’t know... I think it is
what it is.

Ok, ok. Do you have any question regarding this question? Something that you don’t understand
in the context of the question?

I1: mmm... [Pause] I don’t know, I think I get the idea.

Me: ok, Ok. Could you please read now question 8?

[Student reading the question].

I1: ok, It could be higher, letter C.

Letter C? So, ah, so how did you like...how did you come up with the answer that it will be
higher or why do you think I will be higher?

I1: No, wait, I am changing it! Its equal to...[student laughs]

It’s equal? So, your answer is?

I1: it is B.

Ok, B.

I1: yes, B.

Ok, so why did you change your answer?
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I1: I don’t know, I was thinking about mean, but then I was like ok median once I looked at it
twice. Like, Ok I doesn’t matter... all those changes.

Oh ok, so at the beginning you were thinking about mean... oh ok, ok.

I1: [saying yes with her head and smiling].

Could you read question 9?

[student reading the question]. [Pointing at the paper].

I1: I think its D.

D, ok so 30? So, how did you come up with that answer?

I1: mmm it was asking me the range so I just ah, the difference between 62 and 32.

Ok, there is one the back question 10.

[Student flipping the paper to see the next answer. Student flipped the paper and reads the
question].

I1: mmm... I am not sure about this one.

Ok. Is there anything that you have question about? Anything on the question that is not clear?
[Student makes a pause and read the question again]. [Points at the paper].

I1: like a... like in the graph the values on the x-axis... like I don’t... [Confusion face]

Ok, the values on the x-axis these ones right here? [Shows the paper to the student]

I1: yes, aha.

These ones stand for aggression.

I1: oh that’s why I was looking at the values between 10 and 60.

I think this one is... Do you see the small point it goes from 12.5 to 47. 5 yeah.

I1: ok... [Pause] to describe center is talking about the center of the graph. [Pause] so... |
think... Is letter C.

Letter C?

I1: aha

So, why did you pick letter C?

I1: because... if I look at the center of the graph... I mean is not telling me the mean or the range
but equal to more like the median, just because I mean is like the medium value and then IQR
because I think of the values and that makes more sense to me.

Ah, ok. Now, this graph right here will be for questions 11 and 12

I1: ah ok.

Could you please read question 11?

[student takes time to read the question].

I1: ah, I think B

Oh ok, B?

I1: aha, it is too easily influenced by outliers.

Ok, ok. Something that you want to add on this question? So, how did you... your reasoning
behind your answer?

[student looks at the paper again].

I1: because it seems...I don’t know. Because it says more students they spend up to 80.
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Ok.

I1: like, adding on people that spend a lot more that may not be like the focus, what you are
trying to figure out... I mean, what they graph is for I guess.

Ok. Now, the last page. Could you read question 127

[Silence: student reading the question].

I1: I think Standard deviation, because it’s based on all the information. So, letter B.

Letter B. So letter B says the standard deviation; because it’s based on all the information on the
data set. So, why do you think this is the answer?

I1: mmm I was going to say because the other ones did not really make sense to me?

Ok, so the other ones are not really familiar? They don’t... ok...

I1: aha.

Could you please read number 13?

[Silence: student reading the question].

I1: I think its letter B. The difference between the highest and the lowest value.

Ok, ok, could you please read number 14?

[Silence: student reading the question].

I1: oh, ah, I would say B. yeah.

Letter B, ok. Why did you pick that answer that average is define as mean?

I1: mmm because... I think that is the meaning of mean that the mean is the average of all data
set.

Ok, could you please read the last question 15?

[Silence: student readying the question].

I1: I think C.

Ok. Range or difference between two points as in point spread?

I1: aha

So, can you tell me a little bit about why did you pick that answer?

I1: mmm I picked it because... I actually I do have trouble with this meaning in my class
[student smiles] with this work, but I don’t know it seem like... the other ones... I know it’s not
butter or spreadsheet [student points at the paper]... I don’t know it seems like the closest that |
can figure out.

Ok, ok. That is it. Thank you so much, than you so much for your time.

[Shake hands with student interview stands up].

Do you have any questions?

I1: mmm no...

Any question that you would like to read again.

[Interviewer sits down again since student is flipping through the papers again].

I1: mm maybe, just the first one.

Me: Ok.

I1: Just because I remember it was the first one and I was kind of... [Student laughs] nervous.
Ok, you can go ahead and read it again.
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[Silence: Student is reading the question].

I1: Ok, ok I think my answer is still the same.

Ok, so what was your answer for number 6? It was?

I1: it was A

A, so half the household in the town have more than 2 children. Ok, can you tell me again why
that was your answer?

I1: oh, why did I pick that one?

Aha...

I1: mmm, well, because... I don’t know... I find it hard to believe others. The exact same
number, like 110 children in town or because if they divided the number of children by 50
houses like, that would say that there is specifically 2? Like, 2 children? Two childs maybe? I
don’t know... I still think is A.

You still think is A?... ok.

[Student was shaking her head saying yes].

Ok, thank you so much for you time again and I am going to go ahead and turn off the camera.
[Interviewer thank the students and they shake hands].

End...
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Appendix D2- Interview Transcript 12

Ok, so we are going to go ahead and start with the questions. Can you read question 67
[Student reading the question. Paper on the table].

12: You want me to give you an answer what it means?

Yeah, I want you to like which one do you think is the answer for the question.

[Student takes a few more seconds to look at the paper].

12: T would say B.

You would say B, so how did you come up with that answer? Or what makes you think that
would be the answer for this question?

12: because they divided the total amount of children by 50

Aha

12: and then there are an average of 2.2 children in the town.

Ok, ok good.

Can you go ahead and read question 7 for me?

[Student reading the question].

12: What does it mean by the two measures? [Student pointing at the paper]

The two measures of center... kind of like the two things that they give your for information you
know to kind of have some information about the 1 percent. The top 1 percent.

12: Ok.

[Student looks at the paper for a few more seconds and makes some hand gestures of
calculation].

12: T probably say it was going to be B, just because it says it skewed right, so the median should
be lower than the skew will be.

Ok, so your answer will be B, what was it that you say because it’s skewed to the...

12: because it says it is skewed to the right so that means that the answer should be, I mean the
median should be lower than what the actual mean is.

What the mean is...[shaking head in agreement]. Ok.

Ok, so next one is number 8.

[Silence: subject reading the question].

12: Wo, I think It would be B, because the median cannot really change just because the outliers
they scores were getting higher.

Oh, ok so, you think that it would be ah...

12: equal to...

Equal to, so the mean will remain the same.

12: [student says yes shaking his head, but a few second later he corrects]

12: no, no the median

I mean, the median, so you said that it was because?

12: just because the scores were higher does not mean that the total was affected I guess.

Ah ok, ok. Can you go ahead and read question 9 please?
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[Silence: student reading the question].

12: number 9 would be ah D.

Number 9 will be D, ah, 30.So how did you came up with that answer?

12: subtract 32 from 62.

Ok, so you subtract the...

12: The highest and lowest.

The highest and lowest, ok.

Ok, on the other side you have question 10.

[Both interviewer and subject flipped pages]

And that would be refereeing to the graph.

12: this one right here? (Student pointing at the paper)

[Silence: student reading the question].

12: I think the answer for 10 will be B, mean and median.

Mean and median. Ok, so, why do you think it would be mean and median?

12: WO, so the mean would show how much is the same if it high it will show that there is more
aggression in the in the boys and median will be I guess depending on the data if its high then it
will lean more towards them being more aggressive.

Ok, now the next two questions are going to be refereeing to this graph right here [interviewer
showing her paper to the student]

Can you go ahead and read umber 11?

12: ok.

[Silence: student reading the question].

12: T put it on B since the outlier because since the outlier is a lot greater and it’s very little.
Ok, so your answer will be that you agree, because it’s easily influenced by outliers?

12: yeah.

Ok, ok. On the next page, you have question 12 it also refers to the graph.

12: [student looks at the paper] Ok.

[Silence: student reading the question].

12: [student flipped paper twice] It probably be D, just because it’s more resistant to outliers.
Ok, ok good. Can you go ahead and read question 13?

[Silence: students reading the question].

12: 13 would be B.

So how did you, how did you came up with that answer? Do you see any relationship between
this question and any other question that you have previously answered?

12: yeah, it will be ah, number 11 (pointing at the paper) because it’s asking for the highest and
lowest values.

Ok, so your answer for 13 would be... B right?

12: aha

The difference between the highest and the lowest values in a set, that is what defines the range
right?
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12: aha.

Ok. Can you go ahead and read question 14?

[Silence: student reading the question].

12: average I mean 14 would be B, the mean.

So B for mean. Ok. So, why do you think B is the answer for this question?
12: because, ah I think mean is the... You get all the data you add it up and you divide it by how
many set there are. That is the same thing for the mean.

Ok. The last one number 15.
[Silence: student reading the question].

12: spread would be C. Range is just like this difference of denotes this numbers.
Ok, ok. Do you have any additional comments on any of the questions? Any questions that you

want to go back and read it again? Or...
12: No [confident laugh].

Ok, ok. Thank you so much for your time and I appreciate it ok. [Shake hands with subject]

12: Thank you.

End...
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Appendix D3- Interview Transcript 13

Ok, we are going to go ahead and start the interview. Could you please ah, ready question 6?
I3: Just to myself right? I don’t have to read it out loud or anything?

Yeah, just to yourself.

[Silence, student is reading the question]

13: mmm, C?

C? Ah, so, C would be the most common number of children in a household is 2.2. So, why do
you think that is the answer? Why did you pick that one instead of the other ones?

13: Because of the last statement where it says ah, if the average children per household are 2.2
children, so that is the average so that is about how many children are in the household...2.2.
Ok, ok

13: [Nervous smile]

Is there anything in the question that is confusing?

13:Ah, where it says they divided the total number of children in the town by 50

Oh ok.

I13: I did not really get where they get that 50 from, that’s what confuses me.

Oh ok,

13: Oh, the total number of households is that 50? I really just don’t know where they got that
number from? 507 Is that the number of households?

Ah, yeah.

13: Ah, Ok.

Yeabh, it’s going to the total number

13: Ok.

Ok, so your final answer for 6 will be... which one again?

13: C

C? Ok.

Could you go ahead and read question 7 please?

[Silence, student reading the question]

13: T will say A.

Ok. So, what makes you pick that answer over the other ones?

I3: ah, because it says that the center of the 1% was 330,000 to 675 so, if you actually do it the
center is the mean, so, it will be the 330 and then the median the 675.

Ok. Question 8.

[Student readying the question]

13: B.

B? So, Do you think that the new score would... the new distribution would remain equal to?
I3: yeah, because it is distributed to the same amount of students.

Ok. Could you go ahead and read question 9?

[Silence, student reading the question]
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13: [nervous smile] I forgot about range.

[Pause]

So, is there a confusing there with the word range?

13: yeah, I forgot how to calculate range.

Ok, so you don’t remember the process how to calculate range of a data set?

13: yeah.

So, which one would you think is the answer? Like, how do you... Do you remember if there is
any... like, the process when they give you a data set? Like, numbers?

I3: Oh my God, I am trying to remember. Cause, I remember, mean, median, mode... range is
the one [ am trying to remember but [ can’t.

[Students is looking at the paper again.]

[Pause]

Do you want me to clarify a little bit about the range?

I3: [Nervous laugh] yeah!

Ok, so basically the range when they give you a set of numbers is going to be the difference...
I3: between each number?

Is going to be the difference between the largest... [Pause to see if the student remembers]

13: Oh, [students still looks confuse]

And the smallest observation right?

13:0h, that’s right. [Nervous laugh]

So, based on that which one is going to be you’re a...

13: Ah, D.

D?

I3: Aha.

Ok. So, for this question you had... ah, is not really some concept that is very familiar so far.
[Students says yes with her head]

Ok, on the other side you have question 10 and is going to be related to the graph.

[Student reading the question]

13: T would say D, not wait hold on! C.

Cc?

I3: yeah.

Ok, so what makes you pick mean and IQR?

I3: So, to find the center you would need to find the mean and then the spread there is an
equation for IQR and then it helps you because you use the standard deviation and the mean for
that.

Ok, good.

The next two questions, questions 11 and 12 are going to be related to this graph right here
[pointing at the paper]

[Student reading the next question]

13: I would say A.
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A?

[Students says yes with her head]

Ok, so you agree with the statement and then you think that it’s too vague right?

13: yeah, like you can’t... you won’t be able to find much with just the range, because like you
said it is just the biggest number and the smallest number subtracted.

Ok. Could you go ahead and read question 12?

[Student reading the question]

I3: the interquartile range is that to get the range of 4 part is that what it is? Or for D?

What do you mean?

13: Is that where you get the range form that...

Is the same as the IQR, yeah.

[Student smiles in a content way]

It is just the letter instead of spelling out the whole word.

13: ok, I go with D.

Ok, you go with D. Can you tell me a little bit about why you picked D?

I3: just because you get all the numbers to get the IQR so it will be better for you to understand
where you get all those numbers.

Question 13.

[Student is reading the question]

13: B?

So, do you see any relationship between this question and any other questions?

I3: ah, yes, you were asking about range in [flipped the pages] number 9.

Number 9, ok. So, your answer will be B?

I3: Yeah.

So the difference between the highest and the lowest number in the data set.

13: yeah.

Ok, question 14.

[Student reading the question]

I3: B.

Ok, so B, average is defined as mean, so ok. What makes you think that’s the answer for this
question?

I3: Just knowing the definition of mean, median and mode.

So, it’s a definition that you learned in class that you remembered

13: yeah.

Ok.

Question 15, the last one.

[Student reading the question]

I3: I wanna say H is a graph. [Confused look]

H? Spread is defined as a... as a graph? So, what makes you think that this is the answer for this
question?
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I3: just reading the other definition... I don’t know, it doesn’t click. I am trying to remember
when we use the word spread in Statistics.

Ok, so any of the other options seem like a reasonable answer? Other than a...

13: I would say C. I am between H and C.

Ok, so you are between H and C. Ok, so if you.., which one do you thinks is.

I3: or G, I don’t know there’s a lot of answers [nervous laugh] I think I am gonna go with G
now. Spread of a large. Spread of a large group.

Ok.

13: because it’s picking from... yeah, I think G.

Ok, so you are going to pick G. Ok.

Ok, so for this question you had more than one option that made sense to the definition of spread.
[Student shakes her head saying yes]

Ok, but if you had to think specifically statistics or in the context of your class so that would be
ah, your answer will be ah...

13: G.

Ah, G. Ok, do you have any further questions? Or any question that you want to go back and
read again? Or maybe...

13: I wanna go back to 6.

You want to go back to 6? Ok.

[Student reading question 6 again]

I3: yeah, I am going to change it to B, not that I know what that number 50 stands for.

Ok, so, for number 6 what was your previous answer?

I3: It was C.

Ok, it was C and then you are going to change it that to B right. Ok, so what make decided that
you are going to change your answer for number 6?

I3: just finally understanding just clicking in my head what that number 50 stands for.

Ok.

13: Because I just didn’t know where that was coming from.

Ok, so letter B will be there is a total of 110 children in the town.

I3: yeah, because they do it by 50 and that how... [Talking very low]

Ok, any other question that you want to maybe read again?

I3: yeah, I am just going to read 7 again now.

[Student reading question 7 again]

I3: T am going to change it from A to B instead.

Ok, so your previous answer was A right? So now you are changing from A to B. then what
made you decided to change from A to B?

13: just because I remember we went, we were going over the definition of mean and median ah,
no I am sorry it was today. [Speaking low tone. ] No, I am going to stick to A.

You are going to stick to A. Ok.

13: yeah, and then the other ones. That’s it.

64



159  That’s it. Ok. Do you have any overall questions? Or any comments?

160  13: no, just need to study for my statistics final more. [Content laugh]I realized that.
161 Ok, thank you so much for your time. I am going to turn off the camera.

162 13: ok.

163

164

165 End...

166
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Appendix D4- Interview Transcript 14

You may start, go ahead with number 6.

14: Ok.

[Silence: student reading the question]

I4: 1 think it’s A, because, they already gave us... [Pause] ok, hold on. [Pause] because the
average is 2.2 so then would it be more than 2 in each house? I am guessing.

So, which one do you think is the answer? Which one did you say is the answer?

14: A.

A, half the household in the town have more than 2 children.

So, why did you think that this is the most reasonable one out of the 4 options?

14: Just, it says that ah, mmm, the average children per household are 2.2 children so I am
guessing there are more than 2 in each one.

Ok, so that would be A. Your answer will be A for that one? Right?

I4: Yes.

Ok, so can you go ahead and read question 7.

14: Ok. [Student read the question out loud, Student indicated that it was easier for her to read the
questions out loud]

14: 1 guess is B.

You guessing is B. Ah...

I4: Because, those incomes... I think like the overall... ah, I don’t know.

Ok, so for example A and B are very similar. What makes you pick B over A?

14: because I think that ah, the median is 33 ah, 33 and 30 thousand. I don’t know why. I am just
guessing that is the median.

Ok.

14: but I don’t know why.

Ok, ah, can you read question 8? You can just read it to yourself and then tell me which one you
think it’s the answer.

[Silence, student reading the question]

14: 1 guess its B I am guessing, because it does not say ah, like, he is going to award the 10
students but it does not say where the 5 points are gone. Or are they gone to their grade?
Because, there is only 10 so I am guessing it is not going to go that much high because not all of
them got high scores out of a 100.

Ok, so you mean he is just given those 5 points to only 10 students?

14: Yeah, so not everyone is getting it, so not all the scores go high.

Ok, so you think it will remain equal to?

I4: Yes.

Ok. Ok, next question 9.

[Silence, student reading the question.

14: T honestly don’t know, because I don’t know what range is.
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Ok, so ah, you don’t know... ah, you don’t remember the definition of range?

[4: I don’t.

Ok, so whenever you have a data set, for example like the data set that you have here. [Pointing
at the paper] that they give you like a set of numbers, do you remember the range is the
difference between which number and which number?

14: The first and the last?

Yes, so that means it will be the difference between the largest and the smallest?

14: Yeah.

Ok, so based on that which one would be your answer?

14: [silence, students looked at the question again] 30 D.

Ok. So, this concept range is it something that do you remember seen it in class? Or is it
something that you don’t remember?

14: 1 don’t remember. I remember seeing median, mean and all those but I don’t remember range
that why I couldn’t recall it.

Ok. Ok, on the next page there will be question 10 and question 10 it will refer to the graph.

14: Do you want me to read it out loud?

You can just read it to yourself, but if you need to read it out loud you can read it out loud.
[Silence, student reading the question]

14: 1 think I am going to go with C, because we did histograms and he [instructor] told us that I
think IQR is the formula if I am, if I am remember it right.

Ok.

14: And we used it for it.

So, you used that formula for the IQR?

Yeah. So I am guessing it will be C because it is a histogram and I recall.

Ok, the next two questions questions 11 and 12 they will refer to this graph right here[showing
paper to student]

[Silence, student reading question]

14: 1 think I am going to go with... ok, I am confused between C and D, but I don’t know if it is.
Is there any concept of any word that you don’t understand in the question? Anything that is not
clear?

14: Maybe variability like the variety of it? Or what is the meaning of like?

No, it’s how much it varies what is the variation in the data.

14: Ok.

14: And then the answer what is outliers?

Outliers mean when you have very extreme observations, when you have for example, when you
have a data set where for example, students in the freshmen year and then most of the people are
between a certain ages and there are some very extreme observations for example you have
people form 18, 20, 19, 25 and then you have people in the 40’s or 50’s it will be an observation
that is very far apart from the most of the data.
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14: Ok, so I will go with B, because the data 140 dollars is far from the data. I guess that makes
more sense.

Ok so B is you agree with the statement it’s so easily influenced by outliers.

I4: Yes.

Ok, number 12.

[Silence, students reading]

14: 1 think its D as well, because the resistance to outliers refers to that too though.

Which one?

14:D

D? Ok, the interquartile range because it is resistant to outliers?

14: Aha.

Ok, ok number 13.

14: Oh, well. [Silence students reading question]

This one is B. The difference between the highest and lowest values.

Ok, so do you see any relationship between this question and any other questions?

14: oh yeah. The number 9.

Number 9. Ok, number 14.

[Silence, students reading the question]

14: Average is, I am guessing mean, B. because usually they use it like what is the average mean
of something, something.

Ok, so you pick this answer because if more related to...

14: the class.

Is more related to the statistical meaning of the word.

14: yes.

Ok, the last one number 15.

14: T am going to go with C, because, I mean, all the other ones beside probably, probably like F
or something are related to statistics.

Ok, so C right? Spread is defined as range or difference two numbers as a point in spread. Ok,
and you said that you picked C over the other ones because?

[14: because it is more statistical or...statistics related

Statistics related.

14: T don’t think that they would like butter, Jam... I don’t think.

Ok, do you have any questions? Any questions that you want to go back and read again? Or any
over all questions?

14: ah, no. I mean I learned from it because I did not know what range was or stuff like that or
outliers.

Ok. Ok.

[4: Thank you.

14: is that all?
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117 Yeah, if you don’t want to go back to read any questions or if you don’t have any questions any
118  comments.

119  I4: well, no just that.

120 Then, thank you so much for your time I appreciate it.

121

122 End...

123
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Appendix E- R code

setwd("C:\\Users\\lorena\\Documents\THESIS MATERIALS")
dat=read.csv("survey data2.csv",header=T,sep=",")

head(dat)

table(dat[,3])

library(xtable)

print(xtable((table(dat$Q1)/length(dat$Q1))*100), type="latex", file="output.tex")
print(xtable(table(dat$Q2)), type="latex", file="output.tex")

hist(dat$Q2)

table(dat$Q3)

table(dat$Q4)

#question 4 is the percentage of time spent speaking spanish the last month.
hist(dat$Q4,breaks=c(0,20,40,60,80,100),col=blues9)

table(dat$Q5)

cor.e=cor(dat[,c(3,4,5)],use="pairwise")
pc.ell=princomp(cor.e,321)
summary(pc.ell)

eigen(cor.e)

#principal components analysis. Combination of q3,q4,q5 to create a new creteria for ell or non-
ell

pc.scores=.609*dat[,3]+.628*dat[,4]-.484*dat[,5]

head(pc.scores)

summary(pc.scores)

hist(pc.scores)

dat$scores=pc.scores

table(dat[,3][25<dat$scores&dat$scores<=30])

table(dat[,3],dat[,4])

nonELL 1=ifelse(dat$Q3==1&dat$Q5==10,1,0)
nonELL2=ifelse(dat$Q5==10,1,0)

#this is the criteria we are going to use to categorize as ell or non ell
nonELL3=ifelse(dat$scores<=30,"non_ELL","ELL")
table(nonELL3)

nELL=128

non=219

prop.table(table(dat$Q6,nonELL3),margin=2)

70



res=prop.table(table(dat$Q6,nonELL3),margin=2)
write.table(res, file = "tempres.csv")

prop.table(table(dat$Q7,nonELL3),margin=2)
prop.table(table(dat$Q8,nonELL3),margin=2)
prop.table(table(dat$Q9,nonELL3),margin=2)
rprop.table(table(dat$Q10,nonELL3),margin=2)
prop.table(table(dat$Q11,nonELL3),margin=2)
rprop.table(table(dat$Q12,nonELL3),margin=2)
prop.table(table(dat$Q13,nonELL3),margin=2)
prop.table(table(dat$Q14,nonELL3),margin=2)
prop.table(table(dat$Q15,nonELL3),margin=2)
dat$Q6c=ifelse(dat$Q6==2,0,1)
dat$Q7c=ifelse(dat$Q7==2,0,1)
dat$Q8c=ifelse(dat$Q8==2,0,1)
dat$Q9c=ifelse(dat$Q9==4,0,1)
dat$Q10c=ifelse(dat$Q10==3,0,1)

dat$Q1 1c=ifelse(dat$Q11==2,0,1)
dat$Q12c=ifelse(dat$Q12==4,0,1)
dat$Q13c=ifelse(dat$Q13==2,0,1)
dat$Ql4c=ifelse(dat$Q14==2,0,1)
dat$Q15c=ifelse(dat$Q15==3,0,1)
items=dat[,6:15]

head(items)

#is there an association between ell status and response pattern
chisq.test(table(nonELL3,dat$Q6))
chisq.test(table(nonELL3,dat$Q7))
chisq.test(table(nonELL3,dat$Q8))
chisq.test(table(nonELL3,dat$Q9))
chisq.test(table(nonELL3,dat$Q10))
chisq.test(table(nonELL3,dat$Q11))
chisq.test(table(nonELL3,dat$Q12))
chisq.test(table(nonELL3,dat$Q13))
chisq.test(table(nonELL3,dat$Q14))
chisq.test(table(nonELL3,dat$Q15)

#difference in proportion correct or not for items 6-15
prop.test(table(nonELL3,dat$Q6c))
prop.test(table(nonELL3,dat$Q7c))
prop.test(table(nonELL3,dat$Q8c¢))
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prop.test(table(nonELL3,dat$Q9c¢))

prop.test(table(nonELL3,dat$Q10c))

prop.test(table(nonELL3,dat$Q11c))

prop.test(table(nonELL3,dat$Q12c))

prop.test(table(nonELL3,dat$Q13c))

prop.test(table(nonELL3,dat$Q14c))

write.table(prop.test(table(nonELL3,dat$Q15¢)))

#run the p-values from the above analyses through p.adjust

p.vslues.chisq=c()

p.values.prop=c()

p.adjust(p.values.chisq,method="sidak")

p.adjust(p.values.prop,method="sidak")

write.table()

#adjusted p-values
p.values.chisq=c(0.01667,0.1771,0.03581,0.01535,0.348,0.1594,0.02763,1,0.5139,0.0522)
p.values.prop=c(0.003075,0.9079,0.03581,0.01535,0.348,0.1594,0.02763,1,0.5139,0.05222)
data.frame(pval.csq=p.values.chisq,pval.cs.adj=p.adjust(p.values.chisq,method="fdr"),
pval.prop=p.values.prop,pval.prop.adj=p.adjust(p.values.prop,method="fdr"))
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Appendix F-Code of Qualitative Responses

Theme

Student #/Page Number/Line in Transcript

Confusion between
academic and
everyday registers

Student # 1/Page Number:4/Line in Transcript:
Student # 2/Page Number:1/Line in Transcript:
Student # 3/Page Number:2/Line in Transcript:
Student # 3/Page Number:5/Line in Transcript:
Student # 4/Page Number:1/Line in Transcript:
Student # 4/Page Number:3/Line in Transcript:
Student # 4/Page Number:1/Line in Transcript:
Student # 1/Page Number:1/Line in Transcript:

104-107
15

37
120-121
19
66,68
4-5
10-11

Confusion about
“Intact” statistical
phrases

Student # 2/Page Number:2/Line in Transcript:
Student # 3/Page Number:2/Line in Transcript:
Student # 4/Page Number:1/Line in Transcript:
Student # 4/Page Number:1/Line in Transcript:
Student # 4/Page Number:3/Line in Transcript:

53-55
87,89
4-5
21-22
71

Deficiencies in
CALP (Cognitive
Academic Language
Proficiency)

Student # 1/Page Number:3/Line in Transcript:
Student # 1/Page Number:1/Line in Transcript:
Student # 1/Page Number:3/Line in Transcript:
Student # 1/Page Number:4/Line in Transcript:
Student # 2/Page Number:1/Line in Transcript:
Student # 2/Page Number:2/Line in Transcript:
Student # 2/Page Number:2/Line in Transcript:
Student # 2/Page Number:3/Line in Transcript:
Student # 3/Page Number:2/Line in Transcript:
Student # 3/Page Number:2/Line in Transcript:
Student # 3/Page Number:3/Line in Transcript:
Student # 3/Page Number:5/Line in Transcript:

83,86

21-23

79-80
104-107

15

29,37

61

88

37
40,43,48-49,55
83-85
117,120-121

Student # 3/ Page Number:5/ Line in Transcript:123-125,126

Student # 4/Page Number:1/Line in Transcript:
Student # 4/Page Number:2/Line in Transcript:
Student # 4/Page Number:3/Line in Transcript:
Student # 4/Page Number:1/Line in Transcript:
Student #4 /Page Number:3/Line in Transcript:
Student #4 /Page Number:4/Line in Transcript:

28-30
37,39,43,50-51
71

15-16

95-96
102-103,106,108

Role of Context

Student # 1/Page Number:1/Line in Transcript:
Student # 1/Page Number:5/Line in Transcript:
Student # 2/Page Number:2/Line in Transcript:
Student # 3/Page Number:1/Line in Transcript:

11-13
126-129
53-55
9-10,16,18-19
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Student # 3/Page Number:5/Line in Transcript:
Student # 4/Page Number:4/Line in Transcript:

125-126
102-103,106

Graphics Confusion

Student # 1/Page Number:1/Line in Transcript:
Student # 1/Page Number:2/Line in Transcript:
Student # 3/Page Number:5/Line in Transcript:

21-23
53,57,59-60
117

Student
Practices/Beliefs

Student # 1/Page Number:1/Line in Transcript:
Student # 1/Page Number:3/Line in Transcript:
Student # 1/Page Number:5/Line in Transcript:
Student # 3/Page Number:5/Line in Transcript:
Student # 4/Page Number:2/Line in Transcript:
Student # 4/Page Number:4/Line in Transcript:

11-13

86

126-129
120-121,123,125-126
54

102-103,106,108

Statistical Concept
Confusion

Student # 1/Page Number:1/Line in Transcript:
Student # 1/Page Number:2/Line in Transcript:
Student # 1/Page Number:3/Line in Transcript:
Student # 1/Page Number:4/Line in Transcript:
Student # 2/Page Number:2/Line in Transcript:
Student # 3/Page Number:2/Line in Transcript:
Student #3 /Page Number:3/Line in Transcript:
Student # 3/Page Number:5/Line in Transcript:
Student # 4/Page Number:1/Line in Transcript:
Student # 4/Page Number:2/Line in Transcript:

21-23

29,32,38-39

83

104-107

53-55
31-32,40,43,48-49,55
72-74

156-157

21-23

37,50-51

Transfer between
Academic Registers
(stats vs other
academic field)

Student # 1/Page Number:2/Line in Transcript:
Student # 1/Page Number:4/Line in Transcript:
Student # 2/Page Number:1/Line in Transcript:
Student # 3/Page Number:1/Line in Transcript:
Student #3 /Page Number:2/Line in Transcript:
Student #3 /Page Number:3/Line in Transcript:
Student # 4/Page Number:1/Line in Transcript:

32,38-39
104-107

15
9-10,14,16,18-19
37

72-74

4-5,10-11

Student Background

Student # 3/Page Number:1/Line in Transcript:
Student # 4/Page Number:1/Line in Transcript:
Student # 1/Page Number:4/Line in Transcript:

3
15-16
104-107

Multi-modal
Representation

Student # 4/Page Number:1/Line in Transcript:
Student # 4/Page Number:2/Line in Transcript:

15-16
54

Misinterpretation of
concepts due to
context

Student # 1/Page Number:1/Line in Transcript:
Student # 1/Page Number:5/Line in Transcript:
Student # 2/Page Number:2/Line in Transcript:
Student #3 /Page Number:1/Line in Transcript:
Student # 3/Page Number:2/Line in Transcript:
Student # 3/Page Number:3/Line in Transcript:
Student #4 /Page Number:1/Line in Transcript:

11-13

126-129

53-55
9-10,14,16,18-19
31-32

83-85

4-5,10-11
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Timing or order of
questions

Student # 1/Page Number:4/Line in Transcript: 114,116
Student #3 /Page Number:5/Line in Transcript: 137
Student #3 /Page Number:6/Line in Transcript: 151
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