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Abstract

This paper reports on an investigation which examined academic language in mathematics tests
for English language learners (ELLs). The investigation is part of a broader project, Math
Pathways and Pitfalls (MPP) .We investigated whether MPP tests intended to assess
mathematical content knowledge and tests intended to assess mathematics academic language
differ in their mathematical academic language load (ALL). To achieve this goal, we developed a
conceptual framework on mathematical academic language and a rubric for coding academic
language in mathematics test items. Our conceptual framework identifies five academic language
dimensions: symbolic; lexical; analytical; visual; and register. Two independent coders coded the
items according to a double blind review procedure. These coders coded the items in sequences
determined randomly with the intent to control for the effects of fatigue and practice. From this
coding, we were able to determine whether the coding categories were understood consistently
by independent coders and to identify any statistically significant differences in ALL between
the items that assess mathematics content knowledge and those that assess mathematical
academic language. We found that MPP effectively generated items that differed on their
emphasis of academic language. Content knowledge (CL) items and mathematical language
(ML) items were distinguishable by the frequency of types of their ALLs. The ALL of ML items
was significantly greater than the ALL of CK items.



Academic language has been defined as the language used in “professional books,
characterized by specific linguistic features associated with academic disciplines” (Scarcella,
2003, p. 9). It includes both the register of a discipline—which is defined in terms of the
meanings underlying the grammar and words that are specific to a given discipline within a
specific context (Halliday, 1978)—and the ways in which language is used to socialize within
the context of a discipline, for example, to build an argument, formulate a problem, express
disagreement, or discuss a topic (see Solano-Flores, in press; Solano-Flores & Trumbull, 2008).

The role that academic language plays in effectively supporting ELLs to achieve
academically cannot be overestimated. It is well known that developing basic communication
and conversational skills in a second language is very different from developing the vocabulary,
expressions, and discursive forms that are specific to a discipline in that language (Cummins,
1981). Also, it is well known that the time needed to develop the academic language needed to
understand and learn the content of that discipline and succeed academically may take between
five and seven years of schooling (Hakuta, 2000).

Given the complex role of communication skills as an agent for learning, attending to the
characteristics of academic language is especially relevant to ensuring effective mathematics
instruction. For example, classroom mathematical conversations involve both communicating to
learn mathematics and learning to communicate mathematically (Brenner, 1998; Khisty, 1995;
Lampert & Cobb, 2003; Webb, 1991). Unfortunately, while current mathematics standards
documents (e.g., National Council of Teachers of Mathematics, 2000) recognize communication
as critical to organizing and consolidating mathematical thinking, they are silent about the
relation of communication and academic language in ELL instruction. Yet, formally addressing

academic language is necessary if ELLs are to benefit from mathematics instruction.



While it is recognized that the language of testing has characteristics that are not shared with
typical classroom discussion or daily conversation (Abedi & Lord, 2001), available literature that
addresses the conceptual underpinnings of academic language (e.g., Bailey & Butler, 2003;
Scarcella, 2003) pays considerably more attention to academic language in the context of
teaching than in the context of testing. However, we know that

...performing well on a standardized test requires ELLs to know more than the content
area assessed by the test or the language in which it is administered. It also requires from
them the use of the register of that discipline and the register of tests. This combined
register is defined by the activity in which individuals are engaged at a given time (e.g.,
taking a test). Among other things, this register differs from other registers on features
such as semantics (e.g., root has different meanings in colloquial language and in
mathematics); word frequency (e.g., ion is mostly restricted to the content of science);
idiomatic expressions (e.g., the phrase None of the above is used almost exclusively in
multiple-choice tests); notation (e.g., A divided by B is represented as A/B); conventions
(e.g., uppercase letters are used to denote variables); syntactical structures (e.g., the
structure of multiple choice items in which an incomplete sentence [the stem] is followed
by several phrases [the options]); and ways of building arguments (e.g., Let A be an

integer number). (Solano-Flores, 2006, p. 2363).

In this paper, we address the need for effective approaches to examining the linguistic
features of test items (Solano-Flores, 2008). We report on an investigation that examined the
linguistic features of items used to evaluate the impact of Math Pathways and Pitfalls, a

mathematics curriculum developed by WestEd with the purpose of providing English language



learners (ELLs) with support for strengthening their understanding of difficult mathematical
concepts and improving their capacity to use mathematics academic language (Clarke, 2007a, b,
c). These tests covered mathematics content knowledge (CK) and mathematics academic
language (ML).

For the purposes of this investigation, academic language was defined as the set of terms,
syntactical structures, discursive styles, notation conventions, forms of graphic representation,
and ways of asking questions and obtaining student responses in mathematics tests.

Critical to our investigation are two concepts. The first is, academic language constituent
(ALC)—a discernible academic language feature that requires the test taker to know
representation or usage conventions in order to access the content of the item. The second
concept is academic language load (ALL)—the number of ALCs identified in an item.

We asked, How are the CK and ML test items different, in terms of their academic language
constituents? To answer this question, we developed a system for coding the ALCs of the items.
Then, we compared the CK and ML items in two ways. First, to determine whether the structure
of the academic language demands of the items varied across content and grade, we examined
the proportional frequencies of the observed ALCs belonging to each of the five categories.
Second, we computed academic language load (ALL)—defined as the number of academic
language constituents observed in an item—and performed a series of analyses of variance
(ANOVA) to examine if any ALL differences observed in items of different content and grade

were statistically significant.



Methods
Test Materials

The tests covered two content areas in two grades: Grade 4-mathematics content knowledge
(CK) (35 items); Grade 4-mathematics academic language (ML) (32 items); Grade 5-CK (35
items); and Grade 5 ML (30 items).

We coded a total of 132 items from four tests used in Math Pathways and Pitfalls from the
2006 school year. These tests were given to students before and after implementation of the MPP
curriculum. For each of the two grades (4 and 5), one test intended to assess CK and the other
test intended to assess ML. Table 1 shows the number of items for each test.

Table 1. Number of test items by test and grade.

Test Grade4  Grade 5 Total
Mathematics content knowledge (CK) 35 35 70
Mathematics academic language (ML) 32 30 62
Total 67 65 132

Categories of Academic Language Constituents

To compare the linguistic features of CK and ML test items, we examined each MPP test
items and identified the different ALCs present. Next, as Table 2 shows, we grouped those ALCs
into five categories: (1) symbolic, (2) lexical, (3) analytical, (4) visual, and (5) register. While
these categories are mutually exclusive, several ALCs from one or more categories may be
present in the same item.

Symbolic ALCs are notational conventions used in mathematics to express variables,

magnitude, precision, proportion, units, operations, and relationships. This category includes



symbols commonly used in mathematics such as the operational signs (+, - ), as well as
representing fractions (%5).

Lexical ALCs are everyday language terms also used in mathematics. As with science terms
(see Osborne and Wellington, 2001), the meaning of terms in the context of mathematics may be
similar to or different from their everyday meaning. Terms of a given register found in both
everyday life and within the context of a discipline may have the same meaning or different
meanings.

Analytical ALCs are specific to the field of mathematics and refer to mathematical concepts.
This category includes aspects of the specific way of speaking about mathematics. Students must
be able to master various expressions and syntactical structures in order to successfully
communicate as mathematicians.

Visual ALCs are non-textual representations of shapes, position, and mathematical ideas
involving relationships such as functions and proportions.

Finally, the register category of ALCs refers to the wide variety of testing register and
mathematical discourse, including the terms, syntax, and discursive structures that are specific to
mathematics in tests. This category includes cloze questions, question phrases, and noun phrases.
Coding Procedures

Two coders were trained to identify the academic language constituents shown in Table 2.
Then, they were asked to independently and dichotomously code the presence or absence of each
ALC in all 132 MPP items. The sequence in which the items were given to the coders was
randomly assigned with the intent to control for the effects of fatigue or practice. To ensure that
the coding decisions were not influenced by the coder’s knowledge of the origin of the items,

any information on grade or content was concealed.



Altogether, the coders made a total of 670 positive coding decisions (i.e., they coded a given
ALC as present in one of the items). Of these 670 positive coding decisions, 144 were discrepant
coding decisions in which one of the two coders coded the presence of an ALC and the other did
not. Thus, the proportion of discrepant coding decisions relative to the total of coding decisions
gives an inter-coder agreement of .785, which is sufficiently high to support the use of data based
on independent coding.

In spite of the reasonably high inter-grader coefficient of .785, the coders were asked to
discuss and resolve their discrepancies and produce a compiled version of their coding. This
allowed us to document the origin of the discrepancies and assess the factors that hamper the
coding of academic language used in tests. In all cases, the origins of the discrepancies were
minor differences in the ways in which the coders interpreted some ALCs.

After the coding discrepancies were resolved, there were 607 positive coding decisions
distributed across 132 items. This version of the coding was used in our analyses.

Structure of the Academic Language Demands Across Tests

An analysis of the relative frequencies of the different types of ALCs observed in the tests
allows examination of the structure of the linguistic demands posed by the items from the four
tests. Table 2 and Figure 1 show the percentages of ALC categories observed by test and grade.
Consistent differences in the relative frequencies of ALC categories can be observed between
CK and ML items. Whereas lexical, analytical, and register ALCs were more frequent among
ML items than CK items, symbolic and visual ALCs were more frequent among CK items than
ML items. These differences are, in general, consistent across grades and appear to indicate that

CK and ML items were constructed based on different sets of academic language properties.



Table 2. Percentage of ALCs observed by test, grade, and ALC category.

Category
. Number of . . . . .
Grade  Test items . Symbolic Lexical Analytical Visual Register
observations

A CK (n=35) 141 46.81 12.77 19.15 14.89 6.38
ML (n=32) 171 26.32 29.24 22.81 5.26 16.37

5 CK (n=35) 141 60.99 12.77 5.67 14.18 6.38
ML (n=30) 154 31.17 29.87 18.18 3.90 16.88

70.00

60.00 -

50.00 -

40.00 -

H Math, Grade 4
30.00 -+

W Math, Grad 5

20.00 -+ Language, Grade 4

10.00 - MW Language, Grade 5

0.00 -

Symbolic| Lexical |Analytical| Visual | Register

Academic Language Category: Percentages

Figure 1. Percentage of ALCs observed by test, grade and ALC category.
Academic Language Load

We constructed a measure of the frequency of academic language features observed in the
items, academic language load (ALL), which we define as the number of ALCs observed in an
item. We computed the ALL for each item and performed an analysis of variance (ANOVA) to
examine if any ALL differences observed between CK and ML items were statistically

significant.



Table 3. Mean academic language load measures on the mathematics content knowledge (CK)

and mathematics academic language (ML) tests by grade.

Grade  Test items n Mean s.d.
CK 35 4.03 1.071
: ML 32 5.34 1.450
CK 35 4.03 1.403
i ML 30 5.13 1.665

Table 3 shows the mean ALL measures obtained for items from the four tests. The table
shows that mean ALLs are higher for ML items than CK items in both the Grade 4 and Grade 5
tests. A factorial, test x grade ANOVA revealed statistically significant differences due to test
and no statistically significant differences due to the grade or the interaction of test and grade
(p=.000; eta squared=.164). ML items had a significantly greater academic load than CK items.

In summary, the CK and ML items have different sets of linguistic features. Whereas,
proportionally, CK items have more ALCs belonging to the symbolic and visual categories than
the ML items, the ML items have more ALCs belonging to the lexical, analytical, and register
categories. This pattern is consistent across the tests used in Grade 4 and Grade 5. Also, ML
items had a greater ALL than CK items; these differences were statistically significant.

Summary and Conclusions

This document reports on an investigation that examined the linguistic features of test items
used to evaluate the impact of Math Pathways and Pitfalls, a mathematics curriculum developed
by WestEd with the purpose of providing English language learners with support for
strengthening their understanding of difficult mathematical concepts and improving their

capacity to use mathematics academic language.
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We investigated how the linguistic features of those items were related to the performance of
Grade 4 and Grade 5 students who participated in MPP or who received other forms of
instruction. These students were given a mathematics content knowledge (CK) test and a
mathematics academic language (ML) test before and after instruction. The Grade 4-CK, Grade
4-ML, Grade 5-CK, and Grade 5-ML tests had, respectively, 35, 32, 35, and 30 items.

We examined the features of all the items and developed a system for coding academic
language constituents (features). Next, for each item, we coded the academic language
constituents (ALCs) observed and compared CK and ML items in two ways. First, we examined
the proportional distribution of the ALCs coded across the five academic language categories for
each test. Second, we measured the academic language load (ALL) of the items by counting the
number of ALCs observed in them. Also, we performed an analysis of variance (ANOVA) to
examine if any ALL differences observed in the items of different content and grade were
statistically significant.

We found that CK and ML items are distinguishable by the sets of their predominant ALCs.
We observed that, proportionally, the CK items had more ALCs belonging to the symbolic and
visual categories than the ML items; in contrast, the ML items had more ALCs belonging to the
lexical, analytical, and register and discourse categories. This pattern was consistent across the
tests used in Grade 4 and Grade 5.

We also computed academic language load, ALL, which we defined as the number of ALCs
identified in the items. We observed that ML items had a greater AL than CK items. A series of
ANOVAs showed that these differences were statistically significant. MPP effectively generated
items that differed on their emphasis of academic language. CK and ML items are

distinguishable by the frequency of types of their ALCs. The ALL of ML items is significantly
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greater than the ALL of CK items. Also, the pattern of magnitude of correlations between ALL
and the items’ difficulties are different for CK and ML items.

Our results show that it is possible to develop approaches for effectively assessing the
linguistic characteristics of test items according to measurable properties. We hope that this
approach will be used in the future by test developers and researchers as part of efforts to

examine objectively the linguistic properties of items in the testing of ELLs.
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