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Abstract: A university’s statistics literacy course was redesigned to give its biggest clientele (pre-
service elementary and middle school teachers) -content and pedagogy to improve their learning
and make their future teaching more effective in a geographic region with a significant proportion
of ELL students. The research-informed redesign made the course more accessible and useful and
yielded insights about the distinctive ways in which ELL-responsive pedagogy plays out in the
statistics classroom, a context that had received little specific attention (compared to the
mathematics classroom) despite its rapidly growing importance in curricular and societal trends.

Redesigning a statistics literacy course to help prepare pre-service teachers
to teach (statistics to) English language learners

Background

The Nature of Statistics

Statistics is a domain that uses mathematics, but is its own science, not a branch of
mathematics (Moore, 1988; Cobb & Moore, 1997). And statistics education has established (apart
from mathematics education) its own organizations, conferences, and journals as well. Lesser and
Winsor (2009, p. 6) review deep differences such as “observational and experimental data have
very different interpretations but use the same mathematical models of statistical theory” and
“different foundational conceptions of probability or inference play out in teaching and research
today (in a way that does not occur in mathematics).” It is often not sufficiently recognized how
data are “numbers with a context” (Cobb & Moore, 1997), the context of a question can determine
the type of variable (Lesser, 2013a), and how context affects qualitative features of quantitative
analysis (Gephart, Jr., 1988; Huberty, 2000) and interpretation of p-values (Betensky, 2019) or
correlations (Akoglu, 2018). As ELL researchers know, context is also crucial in deducing the
meaning of words and in motivating student learning, so it is natural and important to explore
ELLs in statistics.

When redesign of this course began, there was much research literature on teaching
mathematics to ELLs, but virtually none specifically in statistics courses before Lesser and Winsor
(2009). Thus, there was a need for careful investigation without just assuming that dynamics and
findings from math contexts would all transfer. And even when tools could transfer, thoughtful
reflection was needed to identify the best examples and counterparts. With deep motivation and
empathy (Lesser, 2015), these years of exploration were greatly helped by working with a bilingual
colleague (who had experience teaching math to ELLs and doing scholarship in this area) and later
having regular meetings and trainings with a cohort of faculty colleagues in the LEAP-UP grant



(see Acknowledgments). After describing the context for the redesign, the chapter will share the
strategies that proved to be useful in that context and that can also help inform instructional and
curricular decisions by instructors in other settings.

Context for the Course

The course was redesigned at The University of Texas at El Paso (UTEP), an R1 university
on the US-México border, and about 5% of its students commute from México. UTEP’s student
population is about 50% first-generation, and — like the region — is about 80% Hispanic.

The multi-section course the author redesigned, coordinates, and often teaches is a
statistical literacy course required for some majors (e.g., BA in applied learning and development,
BA/BS in psychology) and is an option to satisfy requirements in other programs (BSW in social
work, pre-health professions undergraduate certificate). The redesigned course selected Jessica
Utts’ Seeing through Statistics, a textbook which develops a concept with examples, numbers, and
words, before any formulas. This sequence makes chapters less daunting and more likely to
actually be read by students. Also, the sequence nicely parallels the common ELL-friendly
technique of using informal language before academic vocabulary and syntax.

During its redesign, the course became part of the University Core Curriculum, which
necessitated meeting these (slightly-paraphrased) domain-specific educational objectives specified
by the Texas Higher Education Coordinating Board: (1) apply statistical methods to modeling and
real-world situations, (2) represent and evaluate information in multiple ways, (3) expand
reasoning skills to develop convincing arguments, (4) use appropriate technology to enhance
understanding, solve problems and judge reasonableness of results, (5) interpret models and draw
inferences from them, (6) recognize the limitations of models, and (7) recognize evolving and
interdisciplinary nature of the discipline. While this course (by being housed in a department of
mathematical sciences rather than in a college of education) is officially viewed as a content (not
pedagogy) class, pedagogy was nevertheless modeled and pedagogical content knowledge
incorporated as the content was taught.

Audience

The audience for this chapter is instructors assigned to teach (or prepare students to teach)
statistics, though the instructors may have minimal statistics experience or coursework. Indeed,
statistics may be the subject most often taught by someone without work experience or a degree
in it.

The audience of the course includes students who are or were English language learners
(ELLs). When the redesign began, some 80% of course enrollees were pre-service teachers, almost
all of whom end up teaching in this geographic region, a region where a high percentage of
schoolchildren are ELLSs, thus yielding a “closed loop” to amplify impact of the course. While this



chapter focuses on the teacher candidates (TCs), we note that the pedagogical strategies were
appreciated by all students in the class.

Many TC-oriented additions to the course were made, including adopting the textbook
mentioned earlier, and making connections to children’s literature (e.g., Smith, 2002), national
content standards (e.g., NCTM (2000), Franklin et al. (2007)), state content and English language
proficiency standards, state teacher certification tests, pedagogical content articles (e.g., from
Statistics Teacher Network or Teaching Statistics), technology, manipulatives (e.g., a quincunx as
well as varied dice, spinners, cards, coins, etc.), and a data collection project (Lesser, 2008). In
some semesters, students were also offered (as an alternative to the data project requirement) an
option to write a statistics K-12 data-based lesson plan (accommodating learners at each level of
Texas’ English language proficiency standards, following chapter 74.4 of the Texas
Administrative Code) or write a reflection paper on a 20-hour service learning experience arranged
in a local public school setting (Lesser, 2008). Frequent asides (“Here’s a strategy when you teach
this topic...”) were made to build TCs’ capacity to teach while discreetly consolidating their own
knowledge as well. Rationale for pedagogical choices was frequently shared, such as giving and
discussing a quiz based on a study (Brown & Ryoo, 2008) on using the everyday-language-first
strategy on mostly Latinx fifth-graders.

Strategies Used and Modeled

Word-Level Strategies

One word-level strategy is to call attention to words (see bottom row of Table 1) that have the
same pronunciation but different spellings, as well as words that may have only slightly different
spelling and pronunciations. Irazabal (2018) describes motivation and strategies for helping ELLs
with correct pronunciation and the northeast quadrant of Table 1 lists homograph words often
encountered in statistics, where syllabic stress aligns with the part of speech being used. The
northwest quadrant illustrates lexical ambiguity where the same word has different meanings in
different registers (even between statistics and mathematics) and everyday language can interfere
when meaning is different. This is the most challenging situation for students and requires the most
explicit attention and discussion.

Table 1: Words with similar pronunciation and/or spelling

Same pronunciation (but different | Different pronunciation
meaning among registers)
Same bias, correlation, discrimination, | accent depends on part of speech: affect,
spelling | median, normal, parameter, power, | aggregate, approximate, attribute,
random, range, significant, skew, | compound, contrast, coordinate, decrease,
variation (Kaplan, Fisher, & Rogness, | estimate, increase, record, reject, subject,
2009; Lesser 2010b; Lesser & | survey (Lesser etal., 2013, p. 10)

Winsor, 2009; Wagler & Lesser,
2011)




Different | discrete/discreet; causal/casual;
spelling | compliment/complement median/medium (see Table 1 of Lesser &
(Lesser & Winsor, 2009) Winsor, 2009)

While it is not unusual to encounter words whose meaning varies among contexts, it is much less
recognized that a word or a symbol can have more than one meaning within the same context, such
as within the same statistics textbook (Lesser & Winsor, 2009). For example, bias can refer either
to an individual’s personal prejudice or a measurement process’ systematic error. The symbol N
may denote population size in one chapter and a normal distribution in another. The Greek letter
B may denote a Type II error probability in one chapter and a regression slope coefficient in
another. The symbol m may in one chapter denote an unknown population proportion (between 0
and 1) and in another chapter be the mathematical constant (3.14159....) in the normal distribution
pdf.

A common word-level technique is to recognize words that are cognates. Spanish statistical
terms at http://isi.cbs.nl/glossary/bloksp00.htm indeed include many cognates such as: bias,
bloque, causalidad, coeficiente de correlacion, condicional, control, dispersion, distribucion
normal, error, extrapolacion, hipétesis nula, independencia, mediana, moda, multivariable,
percentil, precision, probabilidad, regresion lineal, residual, tabla de contingencia, tendencia
central, unimodal, variable predictiva, and variancia. Another role cognates can play is that a
Spanish-speaking ELL is more likely than a monolingual native English speaker to infer the
meaning of words that are much less common in the everyday English register than are their
Spanish cognates in the everyday Spanish register (Lesser, Wagler, Esquinca, & Valenzuela,
2013). For example, the common everyday Spanish word confundido helps recognize the less
common English word confounded as confused or “all mixed up,” which supports the statistical
meaning: if X and Z are confounded in predicting Y, we can’t separate out what effects on Y are
due to X and what are due to Z. Making connections such as these not only modeled helping ELL
students, but also demonstrated to all students how knowing another language is a resource and an
asset.

There are resources with varying levels of word-level support teachers can offer during
class. Teachers who want to give students access to an English-Spanish glossary of mathematics
terms that includes definition and illustration of each concept can keep on hand a book such as
COMAP (2004). Before starting an exam, students were explicitly told they could quietly approach
and ask risk-free about wording, with the instructor happy to answer any question as long as it was
not the essential point being tested. After a student mentioned during an exam that she could
answer a question if she simply could be given the Arabic word for a particular statistics term, the
instructor was inspired to give students access to a website (http://isi.cbs.nl/glossary) of terms in
29 languages, thus offering (without giving away definitions) ELLS easier access to content they
may have learned in their first language.

Specific resources were incorporated into the syllabus and/or learning management system to
facilitate content connections from other languages. Students were introduced to collections of
applets (e.g., http://nlvm.usu.edu/es/nav or http://eduteka.icesi.edu.co/mi/) to explore graphical
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representations, regression models and probability concepts in (or toggle between English and)
another language. Interestingly, Viera (2019) found that while ELLs who used such resources
found them helpful, there are also ELLs who avoided such resources so they would feel more ready
for future material (and tests) in English. Well-known ELL tools for learning vocabulary are in
Lesser (2011a), such as a word square illustrated for the statistical mean.

Phrase-Level Strategies

Statistics also includes distinctive language patterns (e.g., the distinctive double negative
of “fail to reject the null”) and idiomatic intact phrases (e.g., “in the long run”) that need to be
made explicit to students. A classroom practice of colleague Amy Wagler was adopted, using
quotation marks to signal such phrases (Lesser & Winsor, 2009) which may not yield to word-by-
word translation, such as: sum of squares, regression to the mean, in the long run, etc.

Table 2 gives examples of many ways that can be used — at least initially — to keep idiomatic or
less intuitive phrasing from making concepts inaccessible. Uncited entries are not original but
lack a clear best citation. Many of these phrasings may especially help culturally and linguistically
diverse learners use their everyday English to make a bridge to academic language.

Table 2: (Initial) alternatives to statistics textbook phrasing

Common textbook language | Alternative wording

sampling distribution of x

histogram of sample means

histogram quantitative bar graph (Rumsey, 2009)
Z transformation change to standardized units

Type | error false alarm

Type Il error missed detection

margin of error

margin of variability (Rumsey, 2009)

confidence coefficient

number of standard errors

expected value

average(mean) value [of a random variable]

in the long run

long-term proportion (Sullivan, 2010);
in the long term (Lesser, Wagler, & Salazar, 2016)

longest run of heads

largest number of consecutive heads
(Lesser, Wagler, & Salazar, 2016)

unimodal,
distribution

right-skewed

a hill with a long tail to the right [or a drawing or gesture]
(Lesser & Winsor, 2009)

run an experiment

conduct/do an experiment

disjoint; mutually exclusive

nonoverlapping

P(A or B)

P(A or B or both) (Rumsey, 2009)

And yet, it is important to note that informal language can have pitfalls, such as how students
may unduly fixate on a histogram’s “bumpiness” when instructors use the word “spread” instead
of “variability” (Kaplan, Rogness, & Fisher, 2012). Also, using the word “average” (or “center”)
is ultimately insufficient because we don’t know whether it denotes, for example, the median or
mean. (Not to mention that the math register has several means: arithmetic, geometric, and
harmonic, etc.)



Lesser, Wagler and Salazar (2016) identified helpful instances where Spanish adds much clarity
to idiomatic English phrases in probability. For example, each of the four words in the common
textbook phrase in the long run is one of the 1000 most common English words and yet the
meaning of this intact phrase is idiomatic. But the Spanish phrase en el largo plazo translates to in
the long term, which is clearer than in the long run. Also, the Spanish phrase el mayor nimero de
caras sucesivas translates to “the largest number of successive [or consecutive] heads,” which is
clearer than the commonly used idiomatic phrase longest run. Once again, this demonstrated to
all students how Spanish is a resource.

Sentence/Paragraph-Level Strategies

The course redesign included identifying specific language patterns in statistics that
require attention to structures, not just individual words. For example, consider- sentences that use
conjunctions. The elegant solution of Fernandes, Anhalt and Civil (2009) of deleting “if” from a
mathematics word problem to avoid the everyday connotation of “if” as “implausible” turned out
to transfer well to the frequent “if” phrases in statistics (e.g., “if a sample is random”, “if a
distribution is normal”, “if variables (or events) are independent”, “if a p-value exceeds .05”, etc.),
changing “If events A and B are disjoint, find the probability that...” to “Events A and B are
disjoint. Find....”. Another example of a challenging conjunction is “or” because it is usually
“exclusive” (i.e., excluding overlap) in its everyday use (and even in some mathematical scenarios,
such as specifying the solution set for |x| > 5 or for x? = 4), but inclusive in mathematical set theory
and probability.

Well-known ELL tools for generating sentences such as a sentence frame were applied to
the definition of a z-score and to the reporting of the result of a hypothesis test (Wagler & Lesser,
2011). Students were shown and encouraged to explore online resources that supported language
development, such as a grammar parser http://www.statlit.org/GC/T2/SLRSV.aspx (Burnham &
Schield, 2005) to get feedback on their sentences attempting to express the correct part-to-whole
relationship when given tables or graphs.

Conceptual understanding was also assessed and -developed by giving students occasional
short writing assignments. A particularly illuminating example happened when students were
asked to name the explanatory and response variables in (and discuss the ethics of) a disguised
baby experiment (Begley, 2009) where “scientists dressed newborns in gender-neutral clothes and
misled adults about their sex” and had adults describe the baby’s emotional state. Many students
stated “babies” as the explanatory variable instead of something like “stated gender of baby”,
which led to developing an assessment on identifying variables. And noticing that students often
treated “males” and “females” as two quantitative variables instead of as two possible values of a
single categorical variable (“gender”), a metacognitive question was developed (“When you ask
the first person in your sample the associated question, what will you write down on your
datasheet?”) that students could ask themselves to determine if a given variable was categorical or
measurement (Lesser, 2013a). Another example of a writing assignment used related to how the



media depicts correlation or causation
(http://jfmueller.faculty.noctrl.edu/100/correlation_or_causation.htm).

A helpful way to promote and model discourse was the adoption of the See-Think-Wonder
thinking routine (which could be viewed as a kind of sentence starter) to improve (and make more
visible) students’ statistical thinking, as illustrated in Pfannkuch, Regan, Wild and Horton (2010).
And Lesser and Kephart (2011) illustrate in a statistics context the role of discourse features such
as varying participation structures and having the instructor positioned as a facilitator and co-
learner.

In addition to these strategies used in front of students, there were also strategies identified for
use behind the scenes to make instructional materials and assessments more accessible for all
students, especially ELLs. Instructors can improve how to improve readability by increasing
lexical simplicity (e.g., using more common words), grammatical simplicity, cohesion, and
narrativity and to assess that improvement using readily available tools such as LexTutor, Coh-
Metrix, and Microsoft Word (Lesser & Wagler, 2016).

Culturally Relevant Context

An instructor needs to explicitly ensure and not just assume that students have the background to
understand the real-world context for a statistical example. For example, it was unrealistic in
hindsight to expect students from a high-poverty desert community to relate to a skiing context
and not every ELL student even recognized the word ski (Lesser & Winsor, 2009).

With other examples, ELLs or immigrants may recognize the context but not realize how it
differs in the US. For example, statistics textbooks often use the judicial analogy where the null
hypothesis is “innocent unless proven guilty”, a stance which is not consistently implemented in
some countries, and ELLs had a different response pattern (p = 0.006) to that part of the analogy
(Lesser, 2010b). Also, instructors need to mention explicitly the traits and associated language of
classroom probability manipulatives (e.g., dice, cards, coins). For example, an ELL college student
did not recognize tails as the name of a side of a (US) coin (Lesser & Winsor, 2009).

Other potential cultural pitfalls include assuming students are comfortable with US contexts
involving sports, gambling, stock market, or polls about topics that are taboo in highly conservative
cultures (Abdelbasit, 2010). But culturally relevant pedagogy is not just about avoiding pitfalls —
it is also a resource that can be used mindfully to engage and connect with students. For example,
the class enjoyed rich discussions that connected content to examples from Latinx culture, such as
Toma Todo (Lesser, 2010c) and la loteria (Lesser, 2013b). And the presentation of data collection
projects during the last few class meetings is always a huge highlight because each team is
presenting on a question and context that they chose as meaningful to them. (This is one of several
reasons why the redesign replaced an in-class exam with a project.)

Thinking Like a Statistician

An important part of preparing TCs with knowledge and experiences goes beyond content
topics to include attention to the process and practices of doing statistics so that they experience



on some scale what it means to talk, write, think, and act like a statistician._Some of this is
motivated by process standards. Franklin et al. (2007) gives a framework for statistical problem
solving as an “investigative process” with the components of question formulation, data collection
and analysis, and interpretation of results. Recommendations of the GAISE College Report ASA
Revision Committee (2016) include: “integrate real data with a context and purpose” and “use
technology to explore concepts and analyze data.” The data collection project is a good example
of how these recommendations were implemented.

While Texas is not a Common Core state, the course objectives supported Core
mathematical practices to reason quantitatively, critique reasoning of others (e.g., critiquing how
statistics is presented by advertisers, activists, journalists, etc.), use appropriate tools strategically
(the course included a session in a computer lab to learn how to do use Excel and Minitab for their
data collection projects, etc.), and attend to precision (e.g., margin of error concept, labeling units
and axes of a graph). Specific activities and interventions (e.g., Lesser, 2018) were often explicitly
aligned to Common Core. That said, statistics educators have identified areas where the Common
Core needs further development. For example, the thoughtful analysis by Groth (2019) of the
Common Core Math Standards recommends that, in the absence of explicit learning activities for
grades 4-5, teachers of those grades will need to help students question their natural tendencies to
focus extensively on the mode when summarizing data.

Like many states, Texas has its own College and Career Readiness Standards, and the
redesigned course covers the standards for probabilistic reasoning (by supplementing the course
textbook with more development of sample space) and statistical reasoning (by implementing the
data collection project, etc.).

A pedagogy that included open-endedness and spontaneity was cultivated to help address
the critique (of science education, but applicable to many statistics courses) by Willis (1995, p. 1):
“Hands-on experiences have typically been limited to ‘cookbook labs’ with outcomes known in
advance, not real investigations. In most classrooms, science has been presented as an inert body
of knowledge to be assimilated, rather than a process of inquiry and a way to make sense of our
world.” The instructor would therefore often “think out loud” with new or atypical scenarios and
give students the opportunity to explore and discuss problems that had more open-endedness than
typical mathematics exercises, such as the scenarios of average class size and Simpson’s paradox
in Lesser and Kephart (2011). Also, anonymous data collection demonstrations occurred in class
that required judgment to interpret, such as when the variable “hours of sleep per week” yielded
outlier values such as 7 or 20. The class also experienced probability experiments with
asymmetrical objects such as rounded-back thumbtacks (Lesser, 2018) whose probabilities did not
follow the usual uniform sample space.

Another way to support more authentic engagement “as a statistician” is to offer sustained
engagement with a real-world context (Brown, 2019), rather than the typical mathematics-style
serving of simplified word problems with one task each. One take-home assignment for the most
recent semester’s students was to read about the Flint, Michigan water crisis and go through a
progression of tasks and questions involving numerical and graphical representations of data as



well as conceptual foundations (Loux & Gibson, 2019). The author also shared examples of his
own past work as a state agency statistician by discussing statistical and nonstatistical issues that
arose in the application of Census data to the state’s decennial redistricting process (Rubel,
Driskill, & Lesser, 2012).

The most important and sustained way students experienced thinking like a statistician is
when they did the data collection project. On a small scale, students had to follow all the basic
steps of research, starting by submitting a proposal (as human subjects researchers must do with
an IRB) in which they specified details, including: research question/topic they those, nature and
source of data to be collected, mode of collection, exact wording of questions, and mechanism to
ensure anonymity or confidentiality. —The explicit process forced many students to fully
understand, for example, how hard random selection of participants is to implement when there is
no obvious sampling frame. The instructor gave feedback on the proposal and then checked one
of three categories: project approved as written, project approved if a specified change is made,
or re-submission of proposal to address major specified concerns. The design of this assessment
was informed by literature such as Short and Pigeon (1998), Halvorsen and Moore (2005), and
Roberts (1992). This aspect is arguably one of the most important in the course in light of the
observation by Joiner (1988, p. 53): “Most people who teach statistics have never practiced
statistics. And even those who have practiced statistics seldom use it in their own lives. Most
students get advanced degrees without ever having designed, carried out, and analyzed an
experiment or something of importance to them. Thus few teachers and fewer students know what
it is like to gather and analyze useful data.” Students also were encouraged to attend an on-campus
research symposium in which undergraduate or graduate students presented their research in a
gallery session of posters that TCs could browse and discuss statistical elements that they
recognized. In a reflection, one TC wrote: “I could definitely see myself presenting one of those
posters sometime in my near educational future. My dream is to become an early childhood
bilingual educator. | would really like to have the opportunity to research techniques, methods,
activities, anything and everything that would prepare my bilingual students to succeed and to find
different methods that would work better in my children’s learning abilities.”

Strategically timed to support the data analysis portion of the project, the course added a
technology lab day where students met in a classroom where they could all readily access
computers and used Excel and Minitab to experience a guided exploration of all major topics of
the course, including being able to produce camera-ready numerical and graphical summaries of
data. It should be noted, however, that the emphasis on these fairly user-friendly packages is an
intentional deviation from what real-world statisticians do because the latter are more likely to use
the more powerful packages SAS or R which would not at all be user-friendly enough for a
terminal course for non-majors.

Near the end of one semester early in the redesign period, students in two author-taught
sections were given an anonymous Likert survey to assess what aspects of the course gave them
insight into “how statisticians work or think.” The 57 respondents (representing a 86.4% response
rate) gave highest ratings to connections to the field of education, use of technology, and in-class



data collection and lowest (but still quite positive) ratings to the textbook itself and the instructor’s
sharing of his past experiences as a statistician. In hindsight, this is not surprising because the TCs
are being most responsive to the most immediate aspects. To the overall statement “This course
would have been better if it had not included to above-mentioned ways to explore ‘how statisticians
work or think” and just stuck to lecturing/practicing basic math content.”, over 90% expressed
some level of disagreement (with 71.9% of respondents strongly disagreeing).

Other Strategies

The usefulness of mnemonics in second-language vocabulary learning (e.g., Cohen, 1987)
inspired creation, incorporation, and assessment of mnemonics in statistics to help recall certain
facts or procedures, and free up students’ cognitive resources for more higher-order thinking
(Mocko, Lesser, Wagler, & Francis, 2017). Some mnemonics are letter/language-based while
others are perhaps even more ELL-friendly by being visual in nature. Conceptual analogies
(Lesser, 2016) were also incorporated, as well as concrete models such as representing the median
with a lesser-known pulley-and-loop model (Lesser, Wagler, & Abormegah, 2014).

For many major course topics, interactive statistics songs (Lesser et al., 2019) were
incorporated for which students could enter inputs (in response to prompts) and then hear the
completed song with their inputs. The medium is ELL-friendly because students can pause, rewind
and replay them. Lyrics are delivered slower than speech and are more predictable and memorable
due to cues of rhyme and rhythm and the use of direct conversational sentence structure with less
jargon than textbook prose. And the pre-song questions are culturally inclusive by offering
background on the real-world context or culture of the vignette. For example, where part of the
prompts for the song “Central Limit Theorem” refers to a roulette wheel, there is a button that can
be clicked on to obtain a definition and image. And the song “Hypothesis on Trial” makes sure
the user realizes what a criminal trial’s presupposition of the defendant is in the US and offers a
clickable hint for anyone unsure of the meaning of “convict” or “acquit”. Completed songs were
also used to intervene against misconceptions (Lesser, 2018).

The course also used ABCD classroom voting cards (http://bit.ly/USCOTS2019L esser; Lesser
2011b) as a low-stakes way to encourage any student who may not seem readily able or willing to
contribute to real-time in-class discussion. Also, the integration of diversity, ethics, gender equity,
and social justice examples into the course (Lesser, 2007, 2008, 2010a) parallels the moral mandate
to make content accessible and assessment fair for all students (Deygers, 2019).

Final Thoughts

While this chapter focuses on Spanish (since it’s the first language of roughly 80% of US K-12
students who are ELLS), other languages can also be a resource in statistics, and this is yet another
example of how this chapter’s concepts can be applied to a other cultural and linguistic
environments. For example, the mean’s conceptual interpretation as a “fair share” or “leveling
value” is reflected in the Arabic origin of the word average (from the context of sharing the
expense of damages to shipped cargo) and also in the Malay language, as in this exercise (COMAP,
2009, p. 177):


http://bit.ly/USCOTS2019Lesser

In Malay, the expression for the mean is sama rata, which roughly translates as “same level”. To
understand this cultural and conceptual connection ... make stacks with 3, 7, and 8 chips.
Redistribute chips among the stacks until they are at the same level and explain how this relates to
the mean.”

Lesser and Winsor (2009, p. 8) note: “Navigating the academic language of statistics is
challenging also for students whose first language is English (Garaway, 1994; Nolan, 2002; Ortiz,
Cariizares, Batanero, & Serrano, 2002; Rangecroft, 2002).” Indeed, survey research by Lesser et
al. (2013, p. 17) found “ELLs and non-ELLs sometimes perceive or encounter statistical language
the same way.” And so, this chapter’s pedagogical strategies help not only ELL students navigate
the terrain of statistics, but (not unlike how many able-bodied individuals find curb cuts or closed
captions helpful) all students.
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