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 The No Child Left Behind Act and National Council of Teachers of Mathematics’ 

Principles and Standards both had a significant impact on the format and content of the 

Texas Assessment of Knowledge and Skills (TAKS) math test. Content analysis of the 

2004 TAKS eighth grade math test identified the prevalence of linguistic complexity, 

mathematical rigor, and visual presentation factors and explored their relationship to 

student success on individual test items.  

 Variables to be studied were identified through a review of literature in the area of 

reading comprehension of math word problems. Sixteen variables of linguistic 

complexity that have been significantly correlated with student math test performance 

were selected. Four variables of visual presentation were identified and ten variables of 

mathematical rigor. An additional five variables of mathematical rigor emerged from 

preliminary study of the 2003 TAKS math test. 

 Of the 35 individual variables, only four reached a significant level of correlation 

with the percent of students correctly answering a given test item. The number of digits 

presented in the problem statement and number of known quantities both exhibited a 

significant positive correlation with the dependent variable. The number of times a 

student had to perform a multiplication operation had a significant negative correlation 

with the percent of correct responses, as did the total number of operations required. 



Stepwise regression of these four variables revealed total number of operations and 

known quantities to be the best combination of predictors of correct responses.   

 When grouped in categories by problem type and compared, items involving 

mathematical reasoning but no mathematical operations had a significantly higher 

percentage of correct responses than those requiring at least one operation. Further 

categorization revealed problems involving applications only (without computation) 

associated with the highest levels of correct responses, followed by those involving only 

computation. Items requiring both applications and computations had a significantly 

lower percent of correct responses. 
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CHAPTER I

INTRODUCTION

Passage of the No Child Left Behind (NCLB) legislation (Public Law 107-110)

cemented the reality of high-stakes testing nationwide, along with serious ramifications

for noncompliance with its guidelines. For districts, this means millions of dollars

directed to or taken from public schools based on evaluation of students’ reading, 

mathematics, and writing competencies. Because NCLB allows for school choice if a

student attends a campus that does not meet established criteria, scoring below the

standard could result in a loss of student enrollment and related loss of funds for

students who elect to attend other schools. For students, test performance can mean

the difference between promotion or retention at certain grade levels and ultimately for

some, awarding or denial of a diploma at the exit level. For schools, results of high-

stakes testing have come to be the penultimate indicator of quality especially in terms of

public perception by the community. With so much at stake, it is imperative that test

scores provide as accurate a representation as possible of students’ abilities in the 

subject areas they purport to assess.

While all subtests are of interest for these reasons, state-mandated, criterion-

referenced mathematics tests were the focus for this study. Since the publication of the

National Council of Teachers of Mathematics (NCTM) Standards, more and more state

tests have shifted their focus from a balance of computation and word problems to sole

reliance on narrative word problems as the measure of math ability. This trend has

caused many mathematics educators and researchers to speculate whether or not

some students’ scores on word problem-dominated mathematics tests arise more from
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issues of reading comprehension rather than a lack of computational abilities (Aaron,

1965; Abedi, Lord, & Hofstetter, 1998; Clements, 1980; De Corte, Verschaffel, & De

Win, 1985; Schell, 1982). Various studies have attributed a gap ranging from ten to

thirty percent in student performance scores on tests with problems presented in word

format versus comparable problems in numeric format (Carpenter, Corbitt, Kepner,

Linquist, & Reys, 1980; Cummins, Kintsch, Reusser, & Weimer, 1988; Saxe, 1988). In

such cases, students are labeled with a mathematics difficulty, when an unknown

amount of the difficulty may be in reading comprehension.

With so much dependent on standardized test results, an important question is

how much of students’ performance on mathematics tests is related to math ability and 

how much is related to reading? If districts, schools, teachers and children are to be

more and more defined by test scores, this is a compelling issue. This study focuses, in

particular on the criterion-referenced math assessment administered in Texas, the

Texas Assessment of Knowledge and Skills (TAKS).

Research Questions

The purpose of this study is to determine the prevalence of linguistic complexity,

mathematical rigor, and visual presentation factors in the spring 2004 version of the

TAKS eighth grade math test and to explore their relationship to student success on

individual test items. The specific questions under investigation were:

1) What is the correlation between the percentage of students correctly answering

an item and each of the following factors of linguistic complexity: total item

length, number of words, number of symbols, number of digits, difficult general

vocabulary, unfamiliar math vocabulary, verbal cues, distracting verbal cues,
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negations, compound sentences, complex sentences, nominals, and

nonessential clauses?

2) Does the presence of any of the following factors of linguistic complexity

represent a statistically significant difference, at the 0.05 level, in the percentage

of students correctly answering an item: extraneous information, incongruent

order of translation, or passive voice construction?

3) What is the correlation between the percentage of students correctly answering

an item and each of the following factors of mathematical rigor: total

mathematical operations, additions, subtractions, multiplications, divisions,

known quantities, extraneous quantities, wanted quantities, auxiliary quantities,

unit conversions, and definitions?

4) Does the presence of any of the following factors of mathematical rigor represent

a statistically significant difference, at the 0.05 level, in the percentage of

students correctly answering an item: constructions, conclusions, patterns, or

interpretations?

5) What is the correlation between the percentage of students correctly answering

an item and each of the following factors of visual presentation: presence and/or

size of tables, number of graphs, number of diagrams, and number of illustrations

contained in an item?

6) What combinations of linguistic complexity, mathematical rigor, and/or visual

presentation factors are indicators of student success on a particular item?
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Design

This study employed a content analysis of the eighth grade TAKS mathematics

test administered in spring of 2004. Individual examination of each test item (n = 50)

revealed the prevalence of certain linguistic, mathematical and visual presentation

factors that have been found in previous studies to contribute to overall complexity of

math word problems. Additional variables of mathematical rigor were included based on

preliminary evaluation of the TAKS math test administered in spring 2003. The

percentage of students answering each item correctly (the dependent variable) were

taken from data provided in the Item Analysis Summary Report (TEA, 2004).

After assigning values (based on frequency counts) to the continuous linguistic,

mathematical, and visual presentation variables, these were explored individually

through correlation with the percentage of students correctly answering each item.

Dichotomous linguistic and mathematical variables were explored through analysis of

variance (ANOVA) to determine if the presence or absence of these factors represented

a significant difference in the percentage of students correctly answering an item.

Findings of individual relationships through correlations and ANOVAs were

analyzed to identify those factors that appeared to be highly related to student success

on TAKS math items. Some variables were eliminated for non-contribution at this point.

Remaining variables were analyzed through multiple regression to determine which

combination of linguistic, mathematical, and visual presentation factors predicted

student success on a given item.
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Factors Influencing the Current TAKS Test

Some degree of familiarity with the federal NCLB Act, Principles and Standards

for School Mathematics from NCTM, and the evolution of school testing in Texas will

offer greater insight into the topic under investigation.

No Child Left Behind

Congress enacted the NCLB Act, Public Law 107-110, on January 8, 2001, with

the intent to “close the achievement gap with accountability, flexibility, and choice, so

that no child is left behind.”  The NCLB Act requires reporting of adequate yearly 

progress toward students meeting a set performance standard. Each state must

develop assessments to evaluate student achievement in specific content areas at

specified grade levels. Assessments developed must align with the state’s 

recommended curriculum. Individual districts or campuses that fail to achieve their goal

will fall under mandated sanctions for school improvement. These requirements as they

relate to testing in mathematics follow.

Grades tested. Through the 2004-2005 school year, every state must administer

assessments in mathematics at least once within each of the following intervals: grades

3-5, grades 6-9, and grades 10-12. Beginning in the 2005-2006 school year, states

must add assessments in mathematics in each of grades 3-8 and at least once in

grades 10-12.

Levels of achievement. Each state must define three levels of achievement:

advanced, proficient, and basic. These levels should serve as indicators of mastery on

grade-level academic content standards. A basic level of achievement, while not

considered passing, allows the state to track the progress of lower achieving students
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as they attain higher levels of achievement. Students not demonstrating at least a

proficient level may be denied promotion to the next grade or even graduation at the exit

level.

Texas compliance with NCLB. The TAKS includes a criterion-referenced

mathematics test to assess levels of student achievement in all grades 3–11. The test

aligns with the state’s recommended curriculum as detailed in the Texas Essential 

Knowledge and Skills (TEKS). Texas defines students performing at a proficient level as

having “met standard.” An advancedlevel of achievement is indicated as a

“commended performance.” 

The Texas Student Success Initiative outlines (among other things) procedures

for promotion requirements at certain grade levels for the TAKS test. While the exit level

test has always beena “diploma denial” test in Texas, passing the grade 3 TAKS 

became necessary for grade advancement in 2003. Beginning in 2005, a proficient

level on the fifth grade test will be required for promotion, and eighth grade will be

added as a high-stakes year in 2008.

NCTM’s Principles and Standards

The NCLB Act specifies when to test, but the identification of what to test

originates from another source. In 2000, NCTM published Principles and Standards for

School Mathematics, their vision of high quality mathematics education. While NCTM

opposes high-stakes testing, instead recommending multiple forms of assessment to

accurately represent student achievement, the principles have influenced the format of

many state mathematics curricular choices while the standards delineate concepts to

address when assessing a student’s mathematics ability. 
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Principles. The six NCTM principles describe ideal features of school and

classroom environments that facilitate excellence in mathematics education: equity,

curriculum, teaching, learning, assessment, and technology. Two of these six, learning

and assessment, are most germane to this investigation. The learning principle asserts

“students must learn mathematics with understanding, actively building new knowledge

from experience and prior knowledge” (NCTM, 2000, p.15). Useof contextual word

problems (i.e., problems that situate mathematical operations within a real world

context) facilitates this type of learning because problem situations potentially

encountered by students in their lives outside the classroom are considered to be more

engaging than the repetition of the same mathematical operation or computation

expressed solely in numeric form. Adherence to this principle (or at least its underlying

assumptions) has led to a dramatic increase in the number of math word problems

included in textbooks and on state mandated tests. By extension, the amount of verbal

information a learner must process to solve a math problem has also increased.

In keeping with the learning principle, the assessment principle describes

appropriate assessments as those that “focus on students’ understanding as well as 

their procedural skills” (NCTM, 2000, p.22). Tests utilizing contextual word problems, 

rather than strictly computational items, create opportunities whereby students can

demonstrate understanding of mathematical concepts beyond basic operational skills.

As found with NCLB, the assessment principle also stresses the importance of aligning

assessments to the curriculum.

Standards. The ten NCTM standards lay out a comprehensive foundation of

mathematical understandings and competencies all students must achieve in terms of
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both math content and math processes. The first five standards address content

students should learn: number and operations, algebra, geometry, measurement, and

data analysis and probability. The remaining five standards highlight processes students

should use when acquiring and applying content knowledge: problem solving, reasoning

and proof, communication, connections, and representation.

Texas alignment with Principles and Standards. The TEKS for mathematics

organizes the state curriculum mandates into six major strands. The first five strands

correspond with the NCTM content standards: 1) number, operation, and quantitative

reasoning; 2) patterns, relationships, and algebraic thinking; 3) geometry and spatial

reasoning; 4) measurement; and 5) probability and statistics. The sixth strand,

underlying processes and mathematical tools, encompasses the five NCTM process

standards. The six objectives of the TAKS mathematics test parallel the six strands

designated by the TEKS, following the assessment principle’s call for alignment of 

assessment with instruction. The TAKS also follows a contextual word problem format

as advocated by the learning principle.

Evolution of Testing in Texas

The when to test from NCLB and what to test from the NCTM Principles and

Standards together help shape how student testing takes place in Texas. But while

NCLB and NCTM’s Principles and Standards came to light near the turn of the 21st

century, high-stakes testing has been a part of the Texas education system for more

than twenty-five years. During that time, assessments used have changed in both

format and scoring.
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Changes in format. The Texas Assessment of Basic Skills (TABS) test was first

administered in 1979. The TABS test was designed to assess basic competences in

reading, writing, and mathematics of students in grades 3, 5, and 9. While students

were not denied graduation rights, those that did not pass at the ninth grade level had to

continue testing every school year until they achieved a passing score or graduated.

Scores were reported publicly and considered a measure of accountability in terms of

adequacy of instruction and student achievement. This was the first step towards high-

stakes testing in Texas.

The TABS test was replaced with the Texas Educational Assessment of Minimal

Skills (TEAMS) test during the 1985-86 school year. The test was administered in

grades 1, 3, 5, 7, 9, and 11. This was the first time a test was used as a tool for

“diploma denial” for failing students. Students in the class of 1987 became the first 

group required to pass the eleventh grade test in order to graduate.

The next revision occurred in 1990 with the introduction of the Texas

Assessment of Academic Skills (TAAS) test. This revision included a major format

change for mathematics. Up to this point math tests had stressed “basic” and then 

“minimal” skills. In 1990 the focus shifted to higher-order thinking and problem-solving

skills so that the TAAS test encompassed a broader range of Essential Elements (the

state-mandated curriculum).

Development of the TAKS test began in 1999. The TAAS test was last

administered in the spring of 2002, during the same semester field-testing of the TAKS

was conducted. Just as the TAAS aligned to the Texas Essential Elements, the TAKS

test aligns with the TEKS (the state-mandated curriculum that replaced the Essential
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Elements). Passing standards for the TAKS test were established in fall 2002 to comply

with NCLB legislation, and the first full administration of the TAKS occurred in spring

2003. The test includes reading and math assessments for all grades 3 through 11.

Writing is included at grades 4 and 7; science in grades 5, 10, and 11; and social

studies in grades 8, 10 and 11. Students must pass all four areas of the eleventh grade

assessment for diploma eligibility.

Changes in scoring. In the process of aligning passing standards with NCLB

mandates, a shift occurred in the scoring of state assessments in Texas. The TAAS

yielded a Texas Learning Index (TLI) score in each subject area, used to track students’ 

progress from grade to grade. A TLI of 70 or above indicated mastery of grade level

concepts. The TLI was computed from a scale score on the test and based on a

process of test equating from one year’s results to the next. For example, during one 

year’s administration a student might receive a TLI of 70 if he or she correctly answered 

35 out of 50 questions. The next year a TLI of 70 might be earned by correctly

answering only 33 out of 50 questions, if test equating identified the items as more

difficult than those from the previous year. Passing the TAKS test, by contrast, requires

correct answers on at least70% of items rather than a “floating” TLI value of 70. There 

is no adjustment to passing rates based on the perceived difficulty of test items.

A standard-setting plan to determine passing criteria for TAKS was initiated in

January of 2002, including standard-setting panels comprised of educators, parents,

and business and community leaders. An Early Indicator Summary Report (TEA, 2002)

compared the percentage of students meeting the minimum expectation at the current

standard (TLI=70) to the percentage that would have met the minimum expectation at
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the higher standard (70% correct). For the language arts tests in eighth grade, 94% of

students met the TLI standard in reading and 85% in writing. The expected results at

the higher percentage-based standard predicted a drop on both tests, with only 88%

passing reading and 76% for writing. Math scores were predicted to drop the most. If

the new standards were applied, the 92% of eighth grade students (n=269,525) who

were meeting the existing 2002 TAAS TLI expectation would drop to only 69% meeting

the new 2003 TAKS 70% standard.

To ease the transition, TEA adopted a phase-in model for the new standards of

minimum expectations. For 2003, “met standard” was established at no lower than 2 

standard errors of measurement (SEM) below the panel’s recommendation. For 2004, 

the level was established at no lower than 1 SEM below the panel’s recommendation. 

By the 2005 administration the proficient level, “met standard,” will be set at the panel’s 

original recommendation.

Drops in student scores. In the 2004 Summary Report (TEA), 66% of students

tested (n=286,223) were identified as having met the 2004 minimum expectation for

mathematics (1 SEM below the recommendation). Only 57% of students tested in

mathematics were performing at the level of the panel’s original recommendation, the 

established minimum for the next school year. In the same report, 89% were reported

as having met the minimum expectation for reading (again, 1 SEM below the

recommendation). Eighty-three percent of students tested in reading were already

performing at the panel’s recommendation, even though this would not be the imposed 

standard for another year. Based on the first two years of its administration, the
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mathematics test scores reflected the largest drop since transitioning from TAAS to

TAKS.

A number of sources potentially contribute to this drop in performance rates.

First, the TAKS stresses higher-level thinking and problem solving skills and aligns with

the state-curriculum that parallels the content and process standards from NCTM. This

increased mathematical rigor might be associated with a drop in math scores.

Additionally, higher standards for student performance, as outlined in the NCLB act,

represent another possible explanation of lower scores. The third possibility is most

pertinent to this study and can be illustrated through the nature of the change in math

problems from the TABS to the TAKS.

Change in problem type from the TABS to the TAKS. Paralleling the

recommended emphasis on mathematical thinking beyond basic levels of computation

as discussed above, test problem types also changed. The type of math problems on

the TABS test were of the following nature: “Use basic operations to solve: 

7.85+1.6+30.04”(Educational Service Center 20, 1997). The TEAMS test was a

combination of basic operation problems and simple word problems such as: “Find the 

area of a rectangle whose width is 3 and length is 5” (TEA, 1989). An example from a 

TAAS test shows a transition to an actual contextual word problem; however the

syntactic construction is uncomplicated with three simple sentences: “The fare for riding 

a taxi is a $2 fixed charge and $.10 per mile. The fare for a ride of d miles is $3.50.

Which equation could be used to find d?” (EducationalService Center 20, 1997). A

typical TAKS item looks like this: “The amount of an employee’s weekly pay, p,

including a bonus, can be represented by the inequality 6.00h + 100 < p < 6.50h + 125,
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where h represents the number of hours worked by the employee. If an employee

worked 25 hours, which of the following is a reasonable amount for that week’s pay?”  

(TEA, 2004). The first sentence is a complex sentence containing one independent and

two dependent clauses and the second sentence is also a complex sentence with one

independent and one dependent clause. These problems highlight the increase in

linguistic elements throughout the evolution of Texas mathematics testing. The

increased dependence on words to convey meaning in these problems may present a

confounding factor in terms of whether or not the TAKS mathematics test is a true

indicator of math ability.

While there is no existing hierarchy of linguistic complexity, the TAKS problem

presented above is clearly more linguistically challenging than the TABS problem.

Intuitively, increased dependence on semantic and syntactic information in terms of

understanding and answering an item could affect the students’ ability to select the 

correct answer to a mathematics test problem. Are the linguistic elements of the eighth

grade test appropriate to the assumed reading ability of an average eighth grader?

Certainly great attention is paid to the mathematical difficulty of items. (As stated

previously, these are completely aligned with the grade-level TEKS.) However,

according to the student assessment division at TEA (personal communication, Anne

Nappa, June 13, 2005), no readability formulas are applied in the test development

process of the math TAKS. Instead math and reading teachers, serving as reviewers

during test development, rely on their classroom experience to determine if a particular

item would be too difficult for students in their particular grade to read. Additionally,

instructors with expertise in Spanish review the items to look for potential words or
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phrases that may have a cultural misunderstanding. So while math content must align

with the TEKS and demonstrate grade-level appropriateness, there is no quantitative

measure of grade-level linguistic complexity as would be generated by, for example, a

readability formula. The determination of appropriate reading level is more qualitative,

considering the overall clarity of each test item.

Selection of the Eighth Grade Version of the Test

The TAKS math test is administered to all students in grades three through

eleven. Students must achieve a passing score on the test in grades 3, 5, and 8 in order

to advance to the next grade, and must pass the eleventh grade test in order to

graduate. While these are all high-stakes grade levels, the eighth grade TAKS math test

serves as the focus of this investigation. There are several reasons for selecting this

grade level for study.

First, students in eighth grade are more alike in terms of math learning (i.e.,

classes taken) than high school students who may have completed a varying number

and type of math classes by eleventh grade. Additionally, while eleventh graders use

graphing calculators during testing, eighth graders complete all problems without the

assistance of technology. Furthermore, unlike grades 3 and 5 where a Spanish

language version is available, all eighth grade students are assessed with the same

English version of the test.

Defining Categories

The three areas which may contribute to a student’s understanding and choice of 

correct solution for a math problem are the focus of this investigation. These are
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linguistic complexity, mathematical rigor, and visual presentation of test items. This

section provides a basic description of these categories.

Linguistic Complexity

A number of linguistic features contribute to the degree of difficulty a student

encounters when reading. Smith (1988) elaborates on three types of linguistic

complexity: surface complexity, systematic complexity, and interpretive complexity. All

three types may be present in a single sentence with varying interactions. A given

sentence can exhibit high levels of one type of complexity and low in the others, or high

across all three categories.

Surface complexity includes those elements that most easily distinguish

sentences from each other without grammatical interpretation. For example, sentence

length is an indicator of surface complexity; longer sentences have higher surface

complexity than shorter sentences. Systematic complexity encompasses rules of

grammar that produce certain syntactical features. Measures of this type of complexity

indicate sentence structure, use of clauses, and other issues of syntax; for example,

compound sentences have greater systematic complexity than simple sentences.

Interpretive complexity relates to the semantic structure of the sentence. Features such

as vocabulary and one-to-one correspondence of ideas relate to interpretive complexity.

Each feature of linguistic complexity makes an individual contribution to reading

difficulty, but these features cannot be “weighted” and combined into a single quantified 

measure of linguistic complexity (Smith, 1988). While a compound sentence is more

linguistically complex than a simple sentence, no clear determination can be made

regarding the complexity of a short compound sentence (low surface complexity, higher
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systematic complexity) as compared to a long simple sentence (high surface

complexity, lower systematic complexity). It is inappropriate to make determinations of

overall linguistic complexity by combining these features.

Mathematical Rigor

Solution of math word problems involves two types of mathematical skills:

applications and procedures. Students must first understand what mathematical

process to apply and then carry out that process. As with linguistic complexity, there is

no formula to rank order the mathematical rigor of word problems by combining

elements of application and computation. For example, knowledge that 4 + 4 = 8

precedes knowledge that 2 x 4 = 8, placing multiplication skills above addition skills in

terms of rigor. This hierarchy of difficulty, however, only becomes a factor after a

student has read the problem and selected the appropriate operation. A problem that

clearly states the use of multiplication may actually be an easier item than a problem

involving addition where other features make it more difficult for students to select

addition as the correct operation.

Visual Presentation

A final element to consider in assessing word problems is the presence of any

graphics accompanying the test items. Charts, tables, and diagrams can include verbal

information, numeric data, or sometimes both. Since elements of visual presentation

may contain linguistic or mathematical features they cannot be placed under either of

the previous categories and must be treated as a distinct factor in overall problem

complexity.
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Definitions of Terms

Terms used in this study are defined as follows:

A “word problem” is a mathematical problem expressed in one or more 

sentences. For example, “Find the product of 3 and 6.”

A “contextual word problem” is a mathematical problem, expressed in one or 

more sentences, situated in a real-word context. For example: “Stephanie 

charges $6 an hour for babysitting. How much did the Smiths pay her to babysit

their children for three hours?”

An “item”includes the problem statement, answer choices, and any graphics

(such as tables, charts, diagrams) for that item.

“Difficult general vocabulary”includes any non-mathematical words containing

more than three syllables.

“Unfamiliar math vocabulary” includes any mathematical words or expressions 

not found in either the TEKS for eighth grade math or at least six out of eight

state-adopted eighth grade math textbooks.

A“verbal cue”is a specific phrase used to indicate the necessary mathematical

operation in the problem. For example: “Dick has 1 apple and Jane has 2 more 

apples than Dick. How many apples does Jane have?” The verbal cue” more … 

than” indicates the answer is found through use of addition.

A “distracting verbal cue” is a specific phrase typically associated with a 

mathematical operation that is not the correct operation for the given problem.

For example: Consider the problem “Timmy has 1 apple and Tommy has 2 

apples. How many more apples does Tommy have than Timmy?” The verbal 
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cue “more … than,” which is typically associated with addition, is used in a 

problem that requires subtraction to solve.

“Extraneous information” is information contained in the problem statement or 

accompanying graphics that is not necessary in problem solution. For example:

In the problem statement “The chart below contains high and low temperatures 

for the past seven days. It has been hot for three days. Which day had the

greatest range of temperatures?” The sentence “It has been hot for three days” 

is extraneous information.

The “mathematics chart” is the two-page chart including formulas, conversions,

and rulers provided to students as part of the TAKS exam.

A“known quantity”is a numeric value given in the problem statement or

accompanying graphics that is needed in order to solve the problem.

An“extraneous quantity”is a numeric value given in the problem statement or

accompanying graphics that is not needed in problem solution. For example: In

the problem “George bought some books at agarage sale. The books were in

boxes marked 25¢, 50¢, 75¢, and $1. How much did he pay to purchase three

books from the 25¢ box and two books from the $1 box?” The quantities “50¢” 

and “75¢” are extraneous.

A“wanted quantity”is a numeric value representing part or all of the correct

answer. (A correct answer choice may contain more than one wanted quantity.)

An“auxiliary quantity”is a numeric value not included in the problem statement

but must be found before reaching the final solution. For example: In the problem
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“A rectangle is 3 inches wide and has a length that is twice the width. What is the 

area of the rectangle?” the length must first be calculated before finding the area.

A“table” is a collection of words, symbols, and/or numeric values contained

within a box of one or more cells.

A“graph”is a coordinate grid containing a pair of x-y axes.

A“diagram” is an illustration containing numerical data or text. These include 

items such as labeled pie charts, bar graphs, and geometric figures.

An“illustration”is an image without numerical data or text.

Limitations

The content analysis performed in this study involved a single administration of

the TAKS math test for a single grade-level, specifically the 2004 grade 8 version. For

this reason, results of this study cannot be generalized to other grade levels within the

same year of administration, nor can they be generalized to future test administrations.

Furthermore, this investigation incorporated elements of analysis from a number of

studies of mathematics word problems. The resulting content analysis method utilized

has not been validated in other sources.

Summary

In the current era of high-stakes testing, student performance results on

standardized tests are highly publicized and under constant scrutiny. With so much

dependent upon test results, the accuracy of what each test measures is clearly

important. The current test used to determine math proficiency in Texas consists

entirely of contextual word problems, many of which include graphics. With the

inclusion of these elements of linguistic complexity and visual presentation, the
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accuracy of TAKS as a measure of math performance only could be called into

question. This study examined how the frequency of individual factors of linguistic

complexity, mathematical rigor, and visual presentation correlated with the percentage

of students correctly responding to test items. The percentage of correct responses

were also analyzed for differences in performance based on the presence or absence of

certain linguistic and mathematical factors. Combinations of factors were explored as

indicators of student success on specific items.
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CHAPTER II

REVIEW OF RELATED LITERATURE

Previous research relating to reading abilities and student performance on

mathematical word problems were reviewed in preparation for this investigation. Studies

which have considered math word problem difficulty have focused on one or more of the

following language-related areas (Schimizzi, 1988): language, syntax, structure, and/or

readability. Language, syntax, and structure contribute to the linguistic complexity of the

problem. However, calculating how these linguistic features, when combined with

mathematical elements, affect overall text complexity has proven challenging. Issues

relating to the impact of visual presentation on problem solving will also be discussed.

Finally, because the test under investigation is a math assessment, factors associated

with the mathematical rigor of the problems were also examined.

Connections between Reading and Mathematics

Research has established there is indeed a connection between reading

comprehension and mathematics achievement (Aaron, 1965; Culyer, 1988; Draper,

1997; Gullat, 1986; Henrichs & Sisson, 1980; Riley & Pachtman, 1978; Schell, 1982).

Aiken (1972) reviewed eight investigations that yielded correlations between reading

ability and mathematics achievement ranging between .40 and .86. In a study of the

Ohio Ninth Grade Proficiency Test of Mathematics, Tack (1995) found strong

correlations between students passing both the math and reading portions of the exam

or failing both sections. She found that these statistics supported her hypothesis that

proficiency in reading affects and possibly determines performance on the mathematics

test.



22

Evaluating Linguistic Complexity

When considering how best to evaluate the linguistic complexity of text, defining

the factors that make text more or less difficult is the first step. A categorization scheme,

hierarchy, or formula would clearly be a helpful tool. In reading, such a tool exists. A

readability formula is often applied to reading books to yield a grade-equivalent score

which reflects the suggested grade level for which the text is appropriate. While simple

in terms of use, readability formulas are criticized due to their rather generic approach to

determining complexity. Most readability formulas incorporate some combination of

word length, interpreted as a measure of vocabulary difficulty, and sentence length,

which purportedly reflects text complexity (Dale & Chall, 1948; Flesch, 1948).

Such an approach lacks sensitivity to content specific vocabulary. Thus, applying

traditional readability formulas to math text can be particularly problematic (Aiken, 1972;

Kane, Byrne & Hater, 1974; Shorrocks-Taylor and Hargreaves, 1999). For example,

readability formulas would not account for words such as “and,” “only,” and “if” when 

combined as the phrase “if and only if.” Within mathematics, this phrase is considered 

technical terminology with a specific meaning. While the phrase would increase problem

solving difficulty if unknown to the reader, the presence of these words when measured

by a traditional readability formula would not increase the linguistic complexity score.

This can also be a problem when familiar words have multiple meanings in

mathematics, i.e., “square” could refer to a four-sided object or to a quantity raised to

the second power. Last, readability formulas do not provide a way to acknowledge math

symbols or visual elements of text such as charts and graphs. There is only one known

set of readability formulas created for use specifically with mathematical text.
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The Kane Readability Formulas

Based upon his interest in what factors contributed to the reading difficulty of

mathematics textbooks, Kane (1974) created his own readability formula. Applying his

formula to a mathematics textbook yields a readability score which (rather than

reflecting a grade equivalent) indicates relative complexity of text. Complexity is

determined by the use of unfamiliar math terminology, difficult general vocabulary, math

symbols, and measures of item length. Through individual correlations and multiple

regression, he created two formulas appropriate for use with middle school math texts.

Kane’s formula cannot be generalized to a math test because of the marked

difference in text passage length as opposed to test item length. Also, Kane’s formula 

was created based on correlation with measures of passage comprehension versus

correct problem solution, which is the issue on a mathematics test. However, his

findings clearly indicated that student knowledge of general vocabulary and

mathematics terminology impacted text comprehensibility and therefore are helpful

indicators of linguistic complexity of math materials.

Indeed, when assessing the predictive value of his variables, Kane found

unfamiliar math terminology and difficult general vocabulary to be the best predictors of

student comprehension of mathematics texts. Further attempts to refine his formula

showed that the number of difficult words per passage along with the combined number

of unfamiliar math terms and math symbols per passage also had a negative correlation

with student comprehension.
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Factors of Linguistic Complexity

Abedi, Lord, and Hofstetter (1998) and Abedi, Lord, and Plummer (1997)

investigated the role of language variables in student performance on the National

Assessment of Educational Progress (NAEP) math test. These studies were closely

examined as they have two significant parallels to this study of the Texas Assessment

of Knowledge and Skills (TAKS): both studies center on a multiple choice math

assessment presented in word problem format, and both studies involve eighth grade

student populations. A notable difference, however, is the emphasis in the NAEP

studies on students classified as Limited English Proficient (LEP). Only 31% of their

sample (n = 1394) was made up of native English speakers.

Abedi, Lord, and Hofstetter (1998) identified fourteen variables of linguistic

complexity from the existing body of research (included in the following discussions).

Their studies involved rewriting NAEP test items to remove or limit those linguistic

features noted to increase the reading complexity of the item. The result was the

creation of a modified version of the same 35 items on the original NAEP math test

under investigation. Three versions of the test were administered: the original English

version, an original Spanish version, and the modified English version. Eighth grade

students in southern California middle schools were randomly administered one of the

three test forms.

Despite the intended focus on LEP students, the study results indicate that the

language modifications made to the NAEP more strongly affected non-LEP students.

These students scored significantly higher (p< .01) on the modified English test items
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than they did on the original English test items. The authors conclude that language

clarification on math word problems may be beneficial to all students.

Other researchers have also linked the rewording of math word problems to an

increase in student performance (Cummins et al., 1988; Kiplinger, Haug, & Abedi,

2000). By rewording a verbal problem, the semantic relations can be made more explicit

without affecting the underlying semantic and mathematical structure (DeCorte,

Verschaffel, & DeWin, 1985). When problems are reworded, changes may be made to

any of the following features of linguistic complexity.

Surface Complexity

Item length. Average sentence length provides a measure of surface complexity

and can be used to predict difficulties students may encounter in comprehension

(Abedi, Lord, & Hofstetter, 1998). The importance of sentence length in determining the

complexity of a problem is also indicated by its inclusion in readability formulas (as

discussed above). In the case of word problems, a parallel may be drawn from sentence

length to item length. Lepik (1990) found a correlation between the number of words in

a problem and the time required by students to solve the problem. Another study of item

length found a significant correlation between length of prompt and the number of

correct responses (Jerman & Rees, 1972).

Systematic Complexity

Compound and complex sentences. Larsen, Parker, and Trenholme (1978)

investigated the impact of sentence complexity within word problems on the math

performance of forty-five eighth grade students enrolled in remedial math classes. They

defined levels of syntactic complexity that ranged from simple to compound to complex
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tocompound/complex. The “easy” form of the test used a sequence of two or three 

simple sentences followed by a question. The “moderate” form used a complex 

sentence as either one of the problem statements or the interrogative. The “hard” form 

of the test included a compound problem statement and a complex interrogative. The

vocabulary level, number and difficulty of computations, and verbal cues were all

controlled. The results of their study suggest that increased language complexity

significantly decreases (p<.001) the performance of low-achieving students on

mathematical word problems.

Nominals and non-essential clauses. Mathematical text often includes the

extension of simple sentences by adjectives, phrases or participles (Noonan, 1990).

Spanos, Rhodes, Dale, and Crandall (1988) identified noun phrases with several

modifiers as potential sources of difficulty in word problems. Long nominals are by

nature syntactically ambiguous, and can impair a student’s ability to interpret the 

information (Abedi, Lord, & Hofstetter, 1998). For example, a problem stating “the data 

in the chart from last week” does not allow for a clear understanding if the data is from 

last week or the chart is from last week.

Conditional clauses and initial adverbial clauses also contribute to the complexity

of word problem statements (Shorrocks-Taylor & Hargreaves, 1999). Spanos et al.

(1988) found that some students could more easily understand separate sentences,

rather than subordinate “if” clauses. Relative clauses can also be problematic as they

appear less often in spoken English than in written English. Again, limited exposure to

this format may cause students difficulty in processing the information (Abedi, Lord, &

Hofstetter, 1998).
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Passive voice. Passive verb constructions tend to be more difficult to process

than active constructions (Bever, 1970; Forster & Olbrei in Abedi, Lord, & Plummer,

1997). For example, “A sample of 25 was selected” is written in the passive voice 

whereas “He selected a sample of 25” is active. Passives tend to appear more often in

scientific writing, such as mathematics, than in conversation. Therefore, students may

have limited experience in understanding and processing information presented in

passive voice (Abedi, Lord, & Hofstetter, 1998).

Interpretive Complexity

Difficult general vocabulary and unfamiliar math terminology. “The precise role 

that language plays in any teaching and learning process is not fully understood, and

this is especially so in mathematics where vocabulary may have general as well as

mathematics-specific meanings and uses” (Shorrocks-Taylor & Hargreaves, 1999). The

comprehension of mathematical text requires an understanding of the English language,

as well as knowledge of the vocabulary and structure of mathematics (Abedi, Lord, &

Plummer, 1997).

Mathematical language can be problematic for readers because there are

varying degrees to which the vocabulary used in mathematics may overlap the more

familiar vocabulary of ordinary English (Shorrocks-Taylor & Hargreaves, 1999). Some of

the words used in mathematics text are the same as those in ordinary English but have

specific, distinct meanings within a mathematical context. For example, “product” and 

“odd” may be familiar English words, but their mathematical meaning is very different

from their everyday definitions. In other situations, the words found in mathematics text

are the same as those in ordinary English with similar, yet not identical, meanings.



28

Words such as “similar,” “average,” and “reflection” fall into this grouping. And then

there are words that are very subject-specific, such as “hypotenuse” or “coefficient,” that 

are likely only to be found within a mathematical context rather than ordinary English.

There is also an associated degree of ambiguity within the language of

mathematics (Shorrocks-Taylor & Hargreaves, 1999). Adjectives, such as “large,” may 

be applied to either a quantity or a figure with very different interpretations. The symbols

used in mathematics can also be somewhat ambiguous, having multiple English

translations for the same symbol: 12/3 can be read “12 divided by 3” or “3 into 12.”  

Confusion may also occur because some words used in mathematics are phonetically

similar to those in ordinary English, such as “sum” and “sun,” while others are 

phonetically identical, like “sum” and “some” (Shorrocks-Taylor & Hargreaves, 1999).

Verbal cues and distracting verbal cues. A number of researchers have

considered the role of particular words or phrases that may be present in a word

problem that indicate the mathematical operation that should be performed (Grauberg,

1998; Jerman & Rees, 1972; Linville, 1976; Nesher & Teubal, 1974). For example, the

term “sum” used in a problem is seen as a cue that an addition operation needs to be 

performed in order to reach the correct answer. Jerman and Rees included variables for

both verbal cues and “distractors,” which would be a verbal cue found in a problem 

when the associated operation is not the one desired (such as a problem using the word

“average” but involving multiplication rather than the expected division). Verbal cues

appeared to make a significant contribution in several of the prediction models explored

by Jerman and Rees as did the distractor variable. While they did not include verbal

cues as one of their own study variables, Larsen, Parker, & Trenholme (1978)



29

recognized the potential impact of the presence of verbal cues, and consequently

limited their test forms to only one verbal cue problem per test.

Extraneous information. Information contained in a problem statement that is not

necessary to the problem solution is considered extraneous. The presence of this

unnecessary information has been negatively correlated with student performance in a

number of studies (Carpenter, et.al., 1980; Cohen, 1981; Muth, 1984). Fewer correct

responses are given to items containing extraneous information.

Negations. Sentences with negations are more difficult to comprehend than

those stated in the affirmative (Mestre, 1988). Examples would include problems that

ask“why is this not a valid conclusion?” or “which of the following could never be true?” 

These types of problems may present a greater challenge to students in their problem

solving process as they either work the problem in the negative, or consider the problem

in the affirmative and then negate the answer. Additionally, a simple misread whereby

the negative is completely missed (as if the above examples were read “why is this a 

valid conclusion?” or “which of the following could be true?”) completely changes the

problem meaning.

Order of translation. A discrepancy between the order in which information is

presented in a problem statement and the order in which it is used in the solution to the

problem has been found to negatively impact student performance (Clement, Lochhead,

& Monk, 1981; Jerman & Rees, 1972; Mestre, 1988; Rosenthal & Resnick, 1971;

Spanos, Rhodes, Dale & Crandall, 1988). Rosenthal and Resnick found the order of the

problem statement to contribute significantly (p<.001) to the problem difficulty when the



30

sequence of information and the sequence of events did not coincide. The greatest

difficulty was found in reverse sequences.

Grauberg (1998) found that in addition to discrepancies between the “real” and 

mentioned order of events, the location of the unknown within the problem order can be

a source of difficulty for students. Problems that begin with the unknown are more

difficult than problems where the unknown appears at the end of the problem statement.

Similarly, an unknown quantity “hidden in the middle” of the problem order can also 

effect student performance.

Factors of Visual Presentation

A number of studies have found that students perform better on word problems

accompanied by graphics rather than a words-only presentation (Cohen, 1981;

Shorrocks-Taylor & Hargreaves, 1999; Threadgill-Sowder, 1982; Threadgill-Sowder,

Sowder, Moyer & Moyer, 1985). On the other hand, Filippatou and Pumfrey (1996)

found that for some students, usually slower readers or learning disabled, visual images

may be distracting. Visual material found in math problems include elements such as

tables, graphs, charts, figures, diagrams, or illustrations.

Factors of Mathematical Rigor

The presence of certain linguistic or visual presentation factors within a word

problem may contribute to the overall complexity of the item, but at its core it is a math

problem. Therefore, factors influencing the mathematical rigor of an item must be

considered alongside the non-mathematical elements. In describing the mathematical

features of word problems, Lepik (1990) summarizes that “the problem statement is 

nothing more than a presentation of particular quantities and a determination of their
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mathematical relations” (p. 84). In other words, the numbers or quantities involved and 

the operations applied to those quantities define the major categories of mathematical

variables.

Quantities

Lepik (1990) identified three categories of quantities that students encounter in

working math word problems: known, wanted, and auxiliary. Known quantities are those

included in the problem statement. Wanted quantities are the values asked for in the

problem statement and contained in the correct answer. Auxiliary quantities are those

quantities not given in the problem statement, but necessary to problem solution. Lepik

created a fourth quantity variable, combining the values for wanted and auxiliary

quantities into a new classification of unknown quantities. The total number of quantities

was also considered as a fifth quantity variable.

The following sample problem illustrates these classifications: “A leg of a right 

triangle is a = 4; the hypotenuse is c = 5. Find the area of the triangle.” The values for 

sides a and c are known quantities, while the wanted quantity is the area of the triangle.

Before the area can be calculated, however, the other leg of the triangle (b) must be

found using the Pythagorean Theorem. The value of b is an auxiliary quantity.

Lepik (1990) examined the correlation levels of each of these quantity variables

with two measures of student performance: the proportion correct and the average

solving-time. The number of auxiliary quantities and the number of unknown quantities

were each found to have a significant relationship (p<0.01) with the proportion correct

performance measure. For auxiliary quantities r = -0.544, and for unknown quantities r =

-0.549. The number of wanted quantities and the total number of quantities each had a
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significant relationship (p<0.01) with the measure of solving-time. For wanted quantities

r = 0.617, and for total number of quantities r = 0.509.

Operations

The other major mathematical category involves the operations applied to the

various types of quantities described above. Jerman and Rees (1972) explored the

roles of each of the separate operations (addition, subtraction, multiplication, and

division) and also the number of different operations required to reach the correct

solution. These variables, along with other mathematical and linguistic features, were

analyzed through stepwise regression to identify predictors of the percentage of correct

responses to a set of 68 math word problems.

Throughout their analysis Jerman and Rees refined their predictive model,

eliminating, combining, and adding new variables representing various features of the

operations required. For example, an “operations 2” was defined to include the 

previously assigned value of “operations” plus a weighted measure for the type of 

operation (4 for division, 2 for multiplication, and 1 for addition). Further refinements

included such steps as the creation of a variable (NOMC2) to count the number of times

regrouping was necessary in a multiplication problem. Throughout these restructurings,

some indication of the operations involved in problem solution appeared as a top factor

in predicting percent of correct responses.

Some studies have not considered operations as variables of interest to their

particular investigations, yet the actions of the researchers indicate their awareness of

the potential influence of operational variables. For example, Larsen, Parker, and

Trenholme (1978) investigated the effects of syntactic complexity on arithmetic
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performance. Their primary focus of study was on the sentence structure found in math

word problems (as described under linguistic factors above), but they attempted to

control the potential influence of operational variables by including problems that each

involved only one operation to solve. Even the difficulty of operations was considered as

only addition and subtraction were included but not multiplication or division.

The operations of multiplication and division take on a special role when a unit

conversion must be completed as either part of the solution or in order to match the

units of the calculated answer to the available answer choices. A conversion variable

was defined by Jerman and Rees (1972) to represent problems requiring a

transformation of units into an equivalent form, such as 12 inches = 1 foot. This

conversion variable made a significant contribution (p<.05) to five of the models for

predicting correct responses in their study.

Summary

Review of the available literature on factors related to student performance on

math word problems offers a number of variables to be considered. From these

sources, 16 variables of linguistic complexity, 4 variables of visual presentation, and 10

variables of mathematical rigor were selected. The following chapter provides

operational definitions for each of these variables as they were utilized in this study.



34

CHAPTER III

METHODOLOGY

The purpose of this study was to determine the prevalence of factors of linguistic

complexity, mathematical rigor, and visual presentation in the Spring 2004 version of

the Texas Assessment of Knowledge and Skills (TAKS) eighth grade math test and to

explore their relationship to student success on individual test items. This problem was

explored using correlational studies and multiple regression to determine which

combination of factors appeared to be the best indicator of student performance on the

test.

The specific questions being investigated were:

1) What is the correlation between the percentage of students correctly answering

an item and each of the following factors of linguistic complexity: total item

length, number of words, number of symbols, number of digits, difficult general

vocabulary, unfamiliar math vocabulary, verbal cues, distracting verbal cues,

negations, compound sentences, complex sentences, nominals, and

nonessential clauses?

2) Does the presence of any of the following factors of linguistic complexity in any

given problem result in a statistically significant difference at the p=0.05 level in

the percentage of students correctly answering an item: extraneous information,

incongruent order of translation, or passive voice construction?

3) What is the correlation between the percentage of students correctly answering

an item and each of the following factors of mathematical rigor: total

mathematical operations, additions, subtractions, multiplications, divisions,
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known quantities, extraneous quantities, wanted quantities, auxiliary quantities,

unit conversions, and definitions?

4) Does the presence of any of the following factors of mathematical rigor in any

given item result in a statistically significant difference at the p=0.05 level in the

percentage of students correctly answering an item: constructions, conclusions,

patterns, or interpretations?

5) What is the correlation between the percentage of students correctly answering

an item and each of the following factors of visual presentation: presence and/or

size of tables, number of graphs, number of diagrams, and number of illustrations

contained in an item?

6) What combinations of linguistic complexity, mathematical rigor, and/or visual

presentation factors are indicators of student success on a particular item?

Procedures

Calculating Variables of Linguistic Complexity

Surface complexity. The first reading of each item produced frequency counts for

variables associated with item length. Number of words and digits were directly

tabulated from the text. All mathematical symbols were circled and then counted to

avoid pairs of characters mistaken for separate symbols (such as a pair of parentheses

counting twice). Resulting values for words, digits, and symbols were added to create

total item length.

Interpretive complexity. The second reading of each test item focused on difficult

general vocabulary and negations. Any word longer than three syllables was highlighted
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and negations were underlined. Frequency of each of these occurrences was recorded

item by item.

During the next reading of the test all terms (single words or phrases) used with

specific mathematical meaning were marked. Highlighted terms were cross-referenced

with the familiar math terms list (see Appendix A), and only those not on the list

contributed to unfamiliar math terms. Similarly, all verbal cues (see Appendix B) were

circled throughout the test and then individually studied within the problem context to

determine which would be assigned to verbal cues and which would be classified as

distracting verbal cues. Yet another reading of test items identified pieces of extraneous

verbal information. All test items containing extraneous information (regardless of

amount) were recorded for this variable.

The final variable of interpretive complexity, order, involved a comparison of

problem statement to problem solution. A solution manual was created for all 50 items

(as detailed under mathematical variables) and each problem statement was translated

into the appropriate mathematical expression. Any items that contained incongruencies

between these two orders were recorded for this variable.

Systematic complexity. Three more readings of the test were completed to

calculate the final linguistic variables. One reading examined sentence structure to

calculate the frequency of compound and complex sentences. The next considered verb

usage to indicate whether any sentences within an item were written in passive voice.

Finally, use of clauses was tabulated in terms of nominals and non-essential clauses.
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Calculating Variables of Mathematical Rigor

Analysis of mathematical rigor is more involved than evaluation of linguistic

complexity of the test. All linguistic variables could be calculated from the test itself, or

the test in combination with another source (such as word lists). Mathematical variables

require consideration of material present in the test itself, and a review of the solution

process for each item of the test.

Before beginning mathematical analysis of test items, a step-by-step solution

was constructed for each problem (see Appendix C). Some problems offered more than

one path to the correct answer. In such cases, the method that aligned with the Texas

Education Agency (TEA) stated objective in the item analysis (TEA, 2004) was used for

calculation of variable values.

Operations. Using the solution manual, frequency of each individual operation

(addition, subtraction, multiplication, and division) was tabulated item by item. The sum

of these values produced the total number of operations.

Quantities. Returning to the test itself, the number of known quantities was

counted within each problem statement and the number of wanted quantities was found

in each correct answer choice. Comparison of the test with the solution manual

identified those quantities extraneous to solution and also any auxiliary quantities

needed in solution. The solution manual was used to identify any problems that involved

a unit conversion.

Applications. The solution manual also provided all information necessary to

calculate mathematical application variables. The number of definitions needed for
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problem solution was tabulated, and use of constructions, conclusions, patterns, and

interpretations were identified.

Calculating Variables of Visual Presentation

A final reading of test items supplied frequency counts for graphs, diagrams, and

illustrations. These were each given a frequency count of one each time they appeared

in an item. Because there were a variety of table sizes with widely varied amounts of

information, a distinction was made by counting the number of cells per table and using

that as the frequency count.

Analysis of Data

Values for the dependent variable, the percentage of correct responses, were

taken from the TAKS Item Analysis Report (TEA, 2004). 286, 223 eighth graders

participated in the spring 2004 TAKS math test and were represented in these response

rates. SPSS was used to calculate individual Pearson r values for each continuously

defined linguistic, mathematical, and visual presentation factor with percent of students

correctly responding to each item. Dichotomous variables were analyzed through

analysis of variance (ANOVA) to detect mean differences in correct responses. After

considering their individual contributions to the model, some variables were combined

into new factors while some were dropped from the analysis altogether. Factors found

through correlations or ANOVA to have strong relationships with percent of correct

responses were entered in a step-wise regression to determine which factors serve as

the greatest predictors of correct responses. The following chapter elaborates on these

results.
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Description of Analyzed Test

The 2004 eighth grade TAKS math test (TEA) includes a total of 50 word

problems, 49 of which are multiple-choice and one which can be answered using a

number grid. For the total 50-item test, 66% of students tested in Spring 2004 met the

established standard for passing. The Item Analysis Summary Report (TEA, 2004)

revealed the percentage of individual items answered correctly by students ranged from

29% to 92%.  The test includes a two page “Mathematics Chart” with formulas, 

conversion rates, and metric and customary rulers. Test items represent the six TAKS

objectives, which are aligned to the six major strands of the Texas Essential Knowledge

and Skills (TEKS) for eighth grade math. Ten problems test content reflecting the

numbers, operations, and quantitative reasoning strand; another ten problems test

content reflecting the patterns, relationships, and algebraic thinking strand. Seven

problems test content from the strand of geometry and spatial reasoning. Five problems

test content from the concepts and uses of measurement strand, and eight test content

from the probability and statistics strand. The remaining ten problems are based on the

final TEKS strand, mathematical processes and tools used in problem solving. The

problems are presented in random order, rather than grouped by objective.

Selection and Description of Linguistic Variables

As detailed in Chapter I, the presence of multiple factors of linguistic complexity

cannot be combined to yield a single definitive value for overall linguistic complexity of a

word problem. Therefore, based on extant research, specific linguistic factors were

selected in order to assess their individual relationships with and contribution to student

success. The linguistic factors selected are grouped by surface complexity, systematic
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complexity, and interpretive complexity. The procedure for creating a list of familiar math

terminology, used in calculating one of the linguistic variables, is also described in this

section.

Surface Complexity

Item length was included in this study for its relationship to correct responses rather

than as a predictor of time involved in problem solution, as the TAKS is not timed.

Variables concerning item length included the problem statement, answer choices, and

any verbal or numeric text within graphics (such as tables, charts, diagrams) for that

item. The identifying problem number and associated answer choice letters were not

counted as part of item length as these were constant across the entire test. Total item

length represented the sum of words, symbols, and digits in each item (paralleling word

tokens, math tokens, and alpha tokens from Kane’s readability formulas).

The number of words in an item was tabulated as a continuous variable.

Abbreviations counted as one word for each word represented;for example, “cm” would 

count as one word for “centimeter,” while “mph” would count as three words for “miles 

per hour.” Single letters could contribute to either the word count or symbol count (but 

not both) depending on usage. For example: a problem stating, “A circle is inscribed in a 

triangle,” would count each “a” as one word; however, a problem stating “A formula is 

given as a + 2” would count the first “a” as a word and the second “a” as a symbol.

Symbols were also represented by a continuous variable indicating the frequency

count of symbols found in an item. Symbols may be indicators of operations (such as +,

÷,√), place value (such as, and .), relationships (such as >, ≤, =), or unknown values 

(such as letters used as variables). Numbers that indicated a mathematical operation
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(like the “2” in x2) were counted as“symbols” rather than “digits.” Symbols utilizing more 

than one character to convey a single mathematical concept counted as a single

symbol, such as a set of ellipses “…” or a pair of parentheses “(  )”. Digits, the final 

variable associated with total item length, included a count of all digits within a number,

regardless of place value. For example: the problem “2 X 232,000” would have a total of 

7 digits whereas “23.45 + 45.61” would have a total of 8 digits.

Systematic Complexity

Because many test items contained more than one sentence, both passive and

active constructions could be used in the same item. A dichotomous variable for passive

voice was used to indicate whether any sentences in an item were written in passive

voice. Other variables of systematic complexity were represented by continuous

variables, tabulating the occurrence of each within a given item: compound sentences,

complex sentences, nominals, and nonessential clauses.

Interpretive Complexity

General difficult vocabulary and unfamiliar math terminology were considered

separately in this study (another convention adapted from Kane’s readability formulas) 

in an attempt to differentiate the impact of each on student success. The frequency of

each was represented by a continuous variable. In order to consider both positive and

negative effects of the presence of verbal cues, separate frequency counts of verbal

cues and distracting verbal cues were included as variables. Negations within test items

were also represented by a continuous variable.

Extraneous information was treated as a dichotomous variable in this study,

indicating the presence of any amount of extraneous information. Quantifying the
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degree of order discrepancies would be difficult, so for this investigation order was

considered dichotomous: either verbal and mathematical sequences coincided or they

did not.

List of Familiar Math Terminology

Again this study echoes Kane in that he separated math specific terminology

from difficult general vocabulary. As Kane’s list was created in the 1970s, it is no longer

considered an appropriate representation of working mathematics vocabulary of current

eighth graders in Texas.

The TEKS provided an initial reference for familiar math terms. As the TEKS

represent the state curriculum, it would seem logical that mathematical terms found in

the eighth grade TEKS would provide related terms. The list created from the TEKS,

however, contained major omissions. For example, the TEKS state that students should

be able to use the “Pythagorean Theorem,” but the terms “legs” and “hypotenuse” are 

not found in the objectives. In another instance, the TEKS state that students should

select appropriate “measures of central tendency,” but the terms “mean,” “median,” and 

“mode” are not included. In these cases, use of global terminology assumes student

familiarity with more specific vocabulary necessary in meeting the described

expectation.

Glossaries of eighth grade math textbooks were also reviewed for evidence of

common mathematics terms. There are currently eight English-language versions of

state-adopted textbooks for eighth grade mathematics; terms chosen as familiar were

those included in at least six out of eight books. Some of these terms overlapped with

terms found in the TEKS. A list of the final terms is included as Appendix A.
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Selection and Description of Mathematical Variables

As elaborated in Chapter II, previous research involving math word problems has

focused primarily on operations and quantities to which those operations were applied.

These two areas alone, however, cannot adequately represent mathematical complexity

found on tests such as TAKS, which measure higher level thinking skills. Many TAKS

math problems do not include any computational elements; instead, students must

make interpretations or draw logical conclusions. Such problems would receive values

of zero for operation variables which would misrepresent their rigor. Therefore, items on

the 2003 TAKS math test were examined in order to create a usable list of mathematical

features expected to emerge during content analysis of the 2004 TAKS.

Math Variables from Previous Research

Operations. In this study, the individual operations variables served as frequency

counts of total number of times each operation was performed in a problem’s solution. 

For example, if one problem involved three different values that must each be squared

and another problem involved a simple one-digit by one-digit product, they would not

receive the same count for multiplication. This procedure allowed for a clearer picture of

mathematic demands contained in each item. In order to reflect the complete number of

operations involved in the solution to a problem, a total operations variable was utilized.

This variable summed the number of individual operations performed in the solution to

each problem.

Quantities. For this investigation, the Lepik (1990) study factors of known

quantities, wanted quantities, and auxiliary quantities were utilized. Quantity variables

represent the number of quantities found in the problem, rather than size of those
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quantities. Relative size of quantities, in terms of place value, is indirectly measured

through the item length variable for digits (for example, “1000” is one quantity containing

4 digits). Two additional quantity variables were included to tabulate occurrences of

extraneous quantities in the problem statement and unit conversions necessary for

problem solution.

New Math Variables from the 2003 TAKS

Test composition. When the 2003 TAKS math test was administered, it included

a total of sixty items. Ten of these items were included only for field study purposes and

did not contribute to students’ scores. The version of the 2003 test released to the 

public by TEA included only the 50 items used in scoring. These items cover the same

six TAKS objectives as the 2004 version (as elaborated in Chapter I), and they are

represented in the same proportion on both tests. (For example, each test includes ten

problems from the numbers, operations and quantitative reasoning strand, etc.) The

released version of the 2003 test (TEA, 2003), like 2004, includes 49 problems

presented in multiple-choice format and one item with a number grid for student

responses. Additionally, the same mathematics chart is included in both tests.

Item review. Each problem on the 2003 test was read and the solution process

identified. Items solved using only basic operations and quantities, previously defined as

math variables, were removed from further analysis. The remaining thirty-two items

were read again and grouped according to type of mathematical thinking or processes

involved. All of these items involved application of some mathematical concept, but

three distinct categories emerged in terms of type of application involved: definitions,

constructions, and interpretations.
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Definitions. Eleven problems involved student knowledge of particular

mathematical terminology in order to reach the correct solution. For example, item #10

asks students to identify the image that represents reflection of a figure across the x-

axis. The only skill necessary to select the correct response is an understanding of

“reflection” and “x-axis.”  Item #34 provides another example of this type, asking 

students to select which of four given images shows a triangle with a vertex at

coordinates (-2, -4) and another vertex in the first quadrant. In this case, a working

knowledge of the definitions of “vertex,” “coordinates,” and “first quadrant” are actually 

the key to solving the problem. A mathematical rigor variable for“definitions” was added 

to the list of previously established math variables to count the frequency of this type of

concept application.

Constructions. Seven problems on the 2003 test required students to construct

some form of mathematical relationship such as a proportion or an equation during

solution. For example, item #2 presents information about the percent of certain colors

found within a bag of candy and the total number of pieces. Students are asked which

proportion could be used to find the number of yellow candies. Item #18 also involves

student construction of a relationship, asking students how to find the total number of

games a boy played based on his points scored and average number of points per

game. A dichotomous variable for “constructions” was added to the list of mathematical 

factors to represent the presence or absence of this type of application.

Interpretations. Fourteen problems on the 2003 test involved interpretation of

mathematical data or other information. This interpretation may involve evaluation of a

given conclusion or assessing information needed to make an appropriate conclusion.
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Some examples include item #4 regarding validity of a conclusion, item #5 considering if

a conclusion is reasonable, and item #41 asking forthe “best” conclusion. Problems of 

this type were represented under a new dichotomous mathematical variable

“conclusions” indicating the presence or absence of this application.

Interpretations may also include the extension of a pattern. This pattern may be

found in a sequence, such as item #29 that asks students to find the nth term of a

sequence. Other patterns are found within tables, as in item #12, or in visual

representations, as in item #20. The presence or absence of pattern extension in an

item was represented by a new dichotomous mathematical variable “patterns.”   

Two test items grouped under the broad heading of “interpretation” do not fall into 

either category of “conclusions” or “patterns.” Item #25 requires using a Venn Diagram 

to interpret a set of data, and item #50 requires interpretation of two-dimensional versus

three-dimensional views of a solid figure. Since a single occurrence does not warrant

inclusion of a new mathematical variable, these will not be classified separately.

However, in the interest of having some form of mathematical rigor represented in each

problem, the broad term “interpretation” remains as a variable for these and any other 

types of interpretation not included under “conclusions” or “patterns” that may appear on

the 2004 test.

Combinations of Math Variables

It is important to note that these new mathematical application variables defined

from the 2003 test may be found alone in an item or in conjunction with operation and

quantity variables already established. For example, item #17 asks students which

measure of central tendency changed most when a new point of data was entered into
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a set. Students must understand definitions of mean, median, and mode, and also be

able to calculate these for the particular data set. This type of problem would reflect

both the new variable “definitions” and previously included operations variables and 

would be counted in each of these categories.

While some problems only ask students to construct a relationship, some items

will also require students to then solve the proportion or equation in order to select a

correct response. For example, item #15 involves calculation of the original price of a

jacket given its sale price and percent off the original price. In order to reach the correct

solution, students must construct the relationship (in this case a proportion), and then

solve the proportion using multiplication and division.

In regards to interpretation, some problems may be answered by merely finding a

pattern, while others require an additional step of finding a particular item within the

pattern. For example, item #12 would contribute to “patterns” variable as a pattern must 

be determined within a given table of years and prices; however, in order to correctly

answer the question, three additions must be performed to extend the pattern and arrive

at the desired answer choice.

Selection and Description of Visual Presentation Variables

While the presence of graphic material has been found in many studies to be

correlated to measures of student performance, there are limited examples to help

delineate differing forms of visual presentations studied. A review of the 2003 TAKS

math test (noted above) for additional mathematical variables also helped clarify types

of graphics found to accompany test items. The following continuous variables of visual

presentation were included for this study: tables, graphs, diagrams, and illustrations.



48

Variables for graphs, diagrams, and illustrations tabulate the occurrence of these

features within each test item. In order to indicate the relative size of tables included in

an item, the variable for tables will count the number of cells contained in each table.

For example, an item that contained a single table with three rows and two columns

would count as six, while an item with two separate tables each four rows by two

columns would count as sixteen.
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CHAPTER IV

RESULTS

This study examined various factors of linguistic complexity, mathematical rigor,

and visual presentation of word problems on the 2004 Texas Assessment of Knowledge

and Skills (TAKS) eighth grade math test. A review of previous research identified thirty

variables for study in these categories. An additional five variables of mathematical rigor

emerged from a preliminary investigation of the 2003 eighth grade math TAKS. A total

of 35 variables were used in the analysis.

Individual examination of 50 test items produced values for each variable under

consideration (see Appendix D). Variables scored as zero across all items were

removed from further analysis. SPSS was used to calculate Pearson correlations and

analysis of variance (ANOVA) to explore individual relationships between each

independent variable and the percentage of correct responses. Individual variables with

significant relationships to the criterion were further analyzed through multiple

regression.

Individual Relationships

Linguistic Variables

Correlations. Two variables identified in previous research as potential sources of

linguistic complexity were not present among the TAKS items reviewed. This resulted in

the removal of the variables “nominals” and “nonessential clauses” from further 

analyses. The remaining linguistic factors included both dichotomous and continuous

variables. Correlations with the criterion variable were run for the eleven continuously

defined variables (words, symbols, digits, total length, difficult general vocabulary,
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unfamiliar math terminology, verbal cues, distracting verbal cues, negations, compound

sentences, complex sentences). Among the surface complexity variables only number

of digits contributing to item length had a significant Pearson r (p< 0.05), revealing a

positive correlation with the percentage of correct responses (see Table 1).

Table 1

Correlations Among Surface Complexity Variables and Percentage of Correct

Responses

Words Symbols Digits Length

Percent of
Correct
Responses

.232 -.087 .323* .271

*p<.05

Systematic complexity analyses continued using compound and complex

sentence structures as the only continuous variables of systematic complexity.

(Nominals and nonessential clauses were removed for non-occurrence.) Neither of

these independent variables reached significant correlation levels with the dependent

variable (see Table 2).

Table 2

Correlations Among Systematic Complexity Variables and Percentage of Correct

Responses

Compound Complex

Percent of Correct Responses .058 .211
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Of the interpretive complexity variables, five were continuous. None of these

reached significance when correlated with the percentage of correct responses (see

Table 3).

Table 3

Correlations Among Interpretive Complexity Variables and Percentage of Correct

Responses

Difficult
Vocabulary

Unfamiliar
Math Terms Verbal Cues

Distracting
Verbal Cues Negations

Percent of
Correct
Responses

.109 -.055 .039 .040 .005

Mean differences. The final three linguistic variables were defined dichotomously,

and were therefore examined for group differences rather than correlations. No

significant differences were found among the percentage of students correctly

responding to items based on presence of extraneous information (see Tables 4 and 5),

use of passive voice (see Tables 6 and 7), or incongruent order of translation (see

Tables 8 and 9).

Table 4

Percentage of Correct Responses Based on Extraneous Information

Mean N σ

No extraneous information 63.24 45 16.22

Some extraneous information 74.20 5 12.64

Total 64.34 50 16.14
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Table 5

ANOVA for Extraneous Information

df F η p

Between groups 1 2.122 .206 .152

Within groups 48

Total 49

Table 6

Percentage of Correct Responses Based on Passive Voice

Mean N σ

No passive constructions 68.88 17 16.16

At least one passive construction 62.00 33 15.86

Total 64.34 50 16.14

Table 7

ANOVA for Passive Voice

df F η p

Between groups 1 2.086 .204 .155

Within groups 48

Total 49
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Table 8

Percentage of Correct Responses Based on Order of Translation

Mean N σ

Same order of translation 63.92 37 17.24

Incongruent order of translation 65.54 13 13.02

Total 64.34 50 16.14

Table 9

ANOVA for Order of Translation

df F η p

Between groups 1 .095 .044 .759

Within groups 48

Total 49

Mathematical Variables

Correlations. One variable identified in previous research as a potential source of

mathematical complexity was not present among the TAKS items reviewed. For this

reason, “conversions” was eliminated from further investigation.  The remaining 

mathematical factors included both dichotomous and continuous variables. Correlations

of the continuous variables with the percentage of correct responses revealed two

significant correlations. Among the individual operation variables, only multiplication

reached significance (p<0.01), exhibiting a negative correlation with percentage of

students answering an item correctly (see Table 10). Total number of operations also
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had a significant level of negative correlation (p< 0.01) with the percentage of correct

responses (see Table 10).

Table 10

Correlations Among Operation Variables and Percentage of Correct Responses

Addition Subtraction Multiplication Division
Total

Operations

Percent of
Correct
Responses

-.207 -.199 -.412** -.217 -.458**

**p<.01

Among the quantity variables, known quantities exhibited a significant positive

correlation (p<0.05) with percentage of correct responses (see Table 11). No other

quantity variables correlated significantly with the dependent variable.

Table 11

Correlations Among Quantity Variables and Percentage of Correct Responses

Known Extraneous Wanted Auxiliary

Percent of
Correct
Responses

.334* .143 -.008 -.142

*p<.05

Four of the five application variables were dichotomous, leaving only definitions

to explore through correlation with the percent of correct responses. With a Pearson r of

-.040, there was not a significant correlation between definitions and the dependent

variable.
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Mean differences. The final four mathematical variables were defined

dichotomously. No significant differences were found among percentage of students

correctly responding to items based on use of constructions (see Tables 12 and 13),

conclusions (see Tables 14 and 15), patterns (see Tables 16 and 17), or interpretations

(see Tables 18 and 19).

Table 12

Percenage of Correct Responses Based on Constructions

Mean N σ

No constructions 64.51 39 16.80

At least one construction 63.73 11 14.25

Total 64.34 50 16.14

Table 13

ANOVA for Constructions

df F η p

Between groups 1 .020 .020 .888

Within groups 48

Total 49
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Table 14

Percentage of Correct Responses Based on Conclusions

Mean N σ

No conclusions 63.10 39 15.29

At least one conclusion 68.73 11 18.99

Total 64.34 50 16.14

Table 15

ANOVA for Conclusions

df F η p

Between groups 1 .1.043 .146 .312

Within groups 48

Total 49

Table 16

Percentage of Correct Responses Based on Patterns

Mean N σ

No patterns 64.64 47 16.11

At least one pattern 59.67 3 19.43

Total 64.34 50 16.14
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Table 17

ANOVA for Patterns

df F η p

Between groups 1 .264 .074 .610

Within groups 48

Total 49

Table 18

Percentage of Correct Responses Based on Interpretations

Mean N σ

No interpretations 64.16 49 16.25

At least one interpretation 73.00 1 N/A

Total 64.34 50 16.14

Table 19

ANOVA for Interpretations

df F η p

Between groups 1 .290 .077 .593

Within groups 48

Total 49

Visual Presentation Variables

No variables of visual presentation had significant correlations with the

percentage of students correctly responding to a given item (see Table 20).
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Table 20

Correlations Between Visual Presentation Variables and Percentage of Correct

Responses

Tables Graphs Diagrams Illustrations

Percent of
Correct
Responses

.253 .228 .018 .092

Combinations of Factors

Regression Model

The four variables found to be significantly correlated to the percentage of correct

responses (digits, multiplication, total operations, and known quantities) were entered

into a stepwise regression based on their significance levels. Among these predictors,

total number of operations was found to be the greatest single factor model for correct

responses (see Model 1 in Table 21), with an adjusted R2 value of .193.

Adding multiplication to the regression did not significantly increase the

explanatory power of the model (see Model 2 in table 21). Adding known quantities to

the regression with total operations (see Model 3 in Table 21) significantly increased the

model’s prediction of correct responses with an adjusted R2 of .269. The final step,

adding digits to the regression (see Model 4 in Table 14), increased the adjusted R2, but

contained only one significantβcoefficient.
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Table 21

Summary of Stepwise Regression Analysis for Variables Predicting Correct Responses

B SE B β R2 Δ R2

Model 1 .209 .193

(Constant) 69.848 2.567

Total Operations -2.930 .822 -.458**

Model 2 .237 .205

(Constant) 70.030 2.551

Total Operations -2.102 1.030 -.328*

Multiply -2.715 2.063 -.212

Model 3 .299 .269

(Constant) 64.729 3.216

Total Operations -2.779 .784 -.434**

Known Quantities 1.358 .555 .300*

Model 4 .339 .296

(Constant) 60.713 3.962

Total Operations -2.639 .774 -.412**

Known Quantities 1.125 .562 .249

Digits .213 .127 .209
*p<.05, **p<.01
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New Variables

Results found through exploration of the stated research questions brought

forward some issues not considered in the original study design. Identification of total

number of operations as the greatest single predictor of correct responses among these

variables fails to include a large number of TAKS items. Twenty-one items (42% of the

total) had a value of 0 for total number of operations, indicating that no mathematical

computations were necessary in problem solution. In order to take a closer look at what

might be happening with mathematical operations versus applications, a new variable,

“computation,” was created.

Computation. Computation was defined as having a value of 0 for items in which

total number of operations was zero or a value of 1 for all items in which total number of

operations was greater than or equal to one. Group differences between problems

involving no computation and those involving any form of computations were explored

through ANOVA.

The percentage of correct responses was significantly higher (p<0.001) in

problems that did not involve computations (see Tables 22 and 23). An average of 74%

of students correctly answered problems involving no computations, but performance

fell to only 57% correct on problems involving at least one mathematical operation.
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Table 22

Percentage of Correct Responses Based on Computation

Mean N σ

No operations 74.00 21 14.10

At least one operation 57.34 29 13.89

Total 64.34 50 16.14

Table 23

ANOVA for Computation

df F η p

Between groups 1 17.289** .515 .000

Within groups 48

Total 49
**p<.001

Problem type. Because some problems involve both computations and

applications, a categorical variable, “problem type,” was created to represent three 

types of test items: application only, computation only, and application with computation.

As in the computation variable above, “application only” problems were defined as those 

having a total operations value of 0. Items containing at least one operation were

separated into the other two types of problems. Items with at least one operation but

scores of zero across allfive applications were defined as “computation only.” Items 

requiring at least one operation with a score greater than or equal to one for any

application were defined as “application and computation.” 
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Group differences in the dependent variable based on problem type were

analyzed through ANOVA. Significant differences (p<.001) were found in the average

number of correct responses (see Tables 24 and 25). Problems involving both

application and computation proved to be most difficult, averaging just over 53% of

responses correct. Those problems involving only computation averaged around 62% of

students answering correctly. Those problems defined as application only, the higher-

order thinking and problem solving items, appeared to be the easiest for students, with

an average of 74% of responses being correct.

Table 24

Percentage of Correct Responses Based on Problem Type

Mean N σ

Application only 74.00 21 14.10

Computation only 62.15 13 14.99

Application and Computation 53.44 16 12.01

Total 64.34 50 16.14

Table 25

ANOVA for Problem Type

df F η p

Between groups 2 10.436** .555 .000

Within groups 47

Total 49
**p<.001
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These findings, along with results of the original research questions will be

discussed in the following chapter.
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CHAPTER V

DISCUSSION

The purpose of this study was to determine the prevalence of linguistic

complexity, mathematical rigor, and visual presentation factors in the spring 2004

version of the Texas Assessment of Knowledge and Skills (TAKS) eighth grade math

test and to explore their relationship to student success on individual test items. The

following discussion explores the study results, possible reasons for the findings,

implications, and directions for future study.

Individual Relationships

Linguistic Variables

Significant findings. Only one selected factor of linguistic complexity significantly

correlated with the criterion variable. Included among the linguistic variables as an

indicator of surface complexity, the number of digits in an item had a positive correlation

with the percentage of correct responses. Therefore, items containing larger numbers of

digits were more likely to be answered correctly. One potential explanation for this is

that numeric values are likely recognized readily by students as important elements in

math problems. Digits, being visually distinct from words, stand out in a problem by

mere scanning of the item and do not require close reading. Digits are also more

universally accessible than words, i.e., even poorer readers and students with limited

English proficiency may not recognize the word “five” but will understand the numeral

“5.”

A high number of digits in an item could indicate two things: that the quantities

included were large, or conversely, small quantities were used but more of them were
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given. A measure of the relative size and amount of quantities per item might clarify

more precisely the role of digits in predicting correct responses. However, because

digits were tabulated across entire items and quantity variables were limited to selected

portions of items (known and extraneous quantities in problem statements or graphics,

wanted quantities in answer choices, and auxiliary quantities in solution process); an

average number of digits per quantity could not be calculated. The possibility was

considered that higher occurrences of digits might be accompanied by lower word

frequencies, therefore requiring less reading to complete an item. However, no

significant correlations were found by examining the ratio of words to digits with

percentage of correct responses.

Non-significant findings. No other variables of linguistic complexity had a

significant relationship with the percentage of students correctly answering an item. As

these variables were all included based on significant findings in previous research, it

was surprising that none of them reached significance in this study. However, while the

studies that guided the selection of linguistic variables were chosen because they

focused on linguistic elements of mathematical word problems as they related to

student performance rates (one of the stated purposes of this investigation); there were

some important differences in samples used. This study attempted to bring together all

the linguistic elements previously studied with the intent of providing the most

comprehensive investigation of linguistic complexity. This study also utilized an existing

test, the eighth grade TAKS math test. Other studies included fewer linguistic elements

and, with one exception, the researchers crafted individual test items themselves. The

result of this combination of factors ensured that the linguistic elements under
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consideration would be included in as many of the test items as desired. For example,

Larsen, Parker, and Trenholme (1978) included pre-determined numbers of compound

sentences and complex sentences in their study of systematic complexity. The

frequency of linguistic factors contained in the TAKS items could not be predicted or

controlled.

The exception to studies using researcher-generated items were the Abedi, Lord,

and Hofstetter (1998) and Abedi, Lord, and Plummer (1997) studies which analyzed

linguistic elements of an existing test, the National Assessment of Educational Progress

(NAEP). However, they were able to manipulate items with regard to the features of

interest. Investigators rewrote the items for the express purpose of reducing the level of

linguistic complexity and compared subjects’ performance on the rewritten test to 

performance on the original test. These studies included more linguistic complexity

variables than any others, yet the features were not examined for their individual

contribution to complexity. So while the modified NAEP was significantly easier than the

original, they did not endeavor to determine which factors were more highly related to

student performance.

Mathematical Variables

Significant findings. Among the mathematical operation variables, two exhibited

significant negative correlations with the percentage of correct responses: multiplication

and total number of operations. Therefore, problems requiring more mathematical steps

to solution were more likely to be answered incorrectly. This does not indicate that

problems requiring more mathematical steps to solution are necessarily harder. It only

takes one faulty computation for an entire answer to be wrong, whether the error occurs
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in a single step or four separate mistakes are made. For every operation that must be

performed there is an additional opportunity for errors to be made. Declining

performance rates with increasing solution steps are consistent with previous research

(Jerman & Rees, 1972).

Addition, subtraction, multiplication, and division were all negatively correlated

with the dependent variable. Of these, multiplication yielded the only significant

correlation. This indicates that problems requiring multiplication were even more likely to

be answered incorrectly. It is inappropriate, however, to automatically conclude that

students make more errors when performing multiplications. Another possibility exists

that students did not correctly identify multiplication as the operation necessary for

problem solution. Consider a problem that is solved by multiplying 3 times 40. One

student might make an error in the place value of multiplication and incorrectly select 12

instead of 120 as the answer. On the same item another student may have believed

addition should be used to solve the problem and selected 43, a different (yet still

incorrect) answer choice.

Among the quantity variables, a significant positive correlation was found

between known quantities and the dependent variable. This relationship indicates that a

higher percentage of correct responses is found among problems that contain greater

numbers of quantities in the problem statement or accompanying graphics that must be

used in problem solution. The positive direction of the relationship is surprising, as it

seems more numbers to manipulate would increase the possibility of error and

decrease the percentage of correct responses (as seen with higher numbers of

operations). Explanation for this positive relationship parallels much of the rationale
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given for the relationship of digits to percentage of correct responses. Quantities are

visually distinct from words in the problem statement and can easily be identified by

students.

Non-significant findings. None of the application variables of mathematical rigor

had a significant relationship with the percentage of students correctly answering an

item. It is important to note that while every problem on the math TAKS involves the

application of some mathematical knowledge or skill, in this discussion, the term

“application” refers only to the five application variables defined in Chapter III 

(definitions, constructions, conclusions, interpretations and patterns). These were

defined specifically for use in this study and did not have any previously established

levels of correlation with student performance. They were included to reflect the

mathematical elements involved in problem solution for items not involving computation.

While none of the application variables reached significance individually, the rationale

for including these variables was supported by the findings when the applications were

considered for their collective contribution to percentage of correct responses (to be

discussed in a later section).

Non-occurring variables. Unit conversions were not necessary in the solution of

any test items. Since one entire page of the mathematics chart in the TAKS contains

conversion rates, it was surprising that no conversions were necessary for any

problem’s solution.

Visual Presentation Variables

Non-significant findings. Previous research has found a positive correlation

between visual representations of data and students’ comprehension of the material. 
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While none of the variables of visual presentation in this study were significantly

correlated to percentage of correct responses there were no negative correlations. The

inclusion of information in a visual presentation structure did not appear to impede

students’ ability to solve these problems correctly, so the findings neither supported nor

contradicted those from prior studies.

Combinations of Factors

Regression Model

Results of the regression analysis revealed that the two variables accounting for

the most variation among correct responses were mathematical factors (total operations

and known quantities) rather than linguistic or visual. While multiplication, another

mathematical factor, significantly correlated with the criterion variable, it did not improve

the predictive value of the regression model. This is most likely since multiplication

correlated highly (r=.611, p<.001) with the predictor total operations already included in

the model, potentially representing much of the same variation in the criterion.

While one linguistic variable, digits, significantly correlated with the percent of

correct responses, it did not exhibit the same predictive strength as the mathematical

variables. Since digits and quantities reveal two aspects of the numeric values in the

problem, perhaps a strong correlation between digits and known quantities (already in

the model) could account for the minimal contribution of digits to the regression model.

Correlation analysis, however, revealed a non-significant positive relationship (r=.254)

between the two predictors. The elimination of digits from the regression was based

therefore on its inability to contribute significantly to the model rather than its correlation

with another predictor variable.
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New Variables

Computation. The finding of total number of operations as the greatest single

predictor of correct responses among the study variables provides an incomplete

picture as to the nature of TAKS math items. Twenty-one items of the 50 evaluated had

a total number of operations equal to zero. Creation of a new variable, “computation,” 

allowed for categorization of test items as either involving mathematical operations or

not. When analyzed for group differences, problems involving no operations produced a

significantly higher percentage of correct responses. These non-computational items

were expected to be more challenging to students as they focus on higher-level thinking

rather than “the basics” of addition, subtraction, multiplication, or division. Since 

calculator use is not allowed on the eighth grade math TAKS, this may have hindered

students’ ability to perform accurate calculations by hand. In an analysis of national test 

data, The Brookings Institute (in Izumi, 2000) concluded that students who used

calculators every day scored lower on standardized tests than students who used the

devices less frequently.

Problem type. Since problems may include both operations and applications,

another variable was created to refine the groupings made under the computation

variable. Problem type retained the computation group of problems involving zero

operations, but divided the problems containing at least one operation into two new

groups (described in the previous chapter). Therefore, problem type identified items as

application only, computation only, or application and computation. Application-only

problems were associated with the highest levels of correct responses, followed by

computation only, and then the combination of application with computation. When two



71

features combine in a problem, it cannot be determined if wrong answers resulted from

faulty calculation of a properly created expression, or correct calculation of an improper

mathematical representation. This inability to discriminate among types of errors is

addressed in a later section.

Factors Limiting Findings

Issues of Sample Size

While the performances of more than 286,000 eighth graders were involved in

the analysis, these scores comprised an average percentage of students correctly

responding to each item (the dependent variable). The actual sample under

investigation was made up of the test items (n=50), not the students. Perhaps a test

with more items would have yielded different findings, however this was not considered

feasible for a variety of reasons.

Items from all grade levels of the 2004 math TAKS tests have been released. It

would be inappropriate, however, to increase sample size by adding problems from

grade levels other than the one selected for study. Differences in mathematical rigor are

expected based on the tests’ alignment with the appropriate grade-level Texas Essential

Knowledge and Skills (TEKS). While there are no formal criteria used by the Texas

Education Agency (TEA) to establish accurately the reading complexity of each grade

level of the test (as explained in Chapter I), some degree of difference in linguistic

complexity would be expected between grades three and eleven. Without guidelines to

clarify these differences in complexity at each grade level, the inclusion of test items

from grades other than eighth could not be adequately defended.



72

Low Occurrences of Study Variables

Further complicating issues of small sample size, several variables under

investigation occurred only in a limited number of problems. Previous studies were able

to find significant correlations between linguistic variables and student performance with

small sample sizes, but they relied on word problems written specifically to include

those features under investigation. Because this study used an existing test and

tabulated the frequency of linguistic features spontaneously (as opposed to

purposefully) included, the number of items containing the features under consideration

was not predictable.

Three variables (nominals, non-essential clauses, and conversions) were not

found in any test items and were consequently removed from analysis. Seven more

(interpretations, graphs, patterns, negations, illustrations, compound sentences, and

distracting verbal cues) were found in less than 10% of test items. Overall, a total of 23

predictor variables occurred in less than 30% of test items. None of these low-occurring

factors reached significance when correlated with the percentage of correct responses.

Perhaps with larger numbers of occurrences some of these variables might have been

found to significantly relate to the dependent variable.

The impact of numerous zero values (non-occurrence) on significance levels

warrants additional attention. For example, consider the relationship of general difficult

vocabulary with correct responses. Thirty-six of the 50 cases contain a value of zero for

difficult general vocabulary. It is tempting to say the zero values do not include the

factor of interest and should be excluded. However, the trap here lies in considering

values of zero, when the factor is “missing” from the problem, to be treated as “missing 
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values” in the statistical analysis. Missing values should be excluded from correlational

studies, but a missing value is one that could not be determined for a particular item. As

defined for the purposes of this study, when a particular linguistic feature is not found in

an item (as in a test item containing no words longer than three syllables) it receives a

score of zero. It is not that the vocabulary difficulty could not be determined–it was

determined, and it was determined to be zero. Perhaps a more telling analysis would

emerge if continuous variables were redefined dichotomously and group means could

be examined based on presence or absence of a particular factor of linguistic

complexity. However, there where issues related to power that precluded this for certain

variables. This is explained in more detail below.

When differences in group performance are studied, there are available formulas

to calculate sufficient sample size needed to detect a designated effect size. In order to

detect a difference of one standard deviation between two groups (in this case, items

containing a factor and those that do not), at a significance level ofα= .05 and a power

level of .80, each group must have 17 cases (Hinkle, Wiersma, & Jurs, 1998, Table

C.12). With 50 items under investigation, this would require at least 17, but no more

than 33, items containing non-zero values for the variable. If more than 33 items

included the factor, then there would be less than 17 in the non-occurring group.

Variables in this study that met sufficient sample size criterion for analysis of

group differences included: unfamiliar math terms, passive voice (already dichotomous),

division, and total operations (already significant). Unfamiliar math terms and division

were both redefined as dichotomous variables, but still failed to reach significance. A
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greater level of confidence accompanies this second finding of non-significance than the

original correlation analysis.

Problems of low occurring variables, such as described here, would be

minimized if a larger sample of test items could be studied. The accuracy of correlation

coefficients improves with increased sample size, and an increase in total number of

test items would allow for more variables explored through group differences to contain

a sufficient number of each type.

Accuracy of Dependent Variable

Correct responses to TAKS test items are not always indicative of a student’s 

math problem solving ability. There is no method to rule out correct answers selected by

guessing. Students may have chosen a correct answer choice through random

guessing, indicating nothing about their math problem solving ability. Some students

may have been able to eliminate one or two answer choices, demonstrating some level

of comprehension, but the final answer selection did not indicate full comprehension of

the problem. These discernments could only be made through examination of the

problem solving process of each student, not feasible with more than 286,000 students.

The Item Analysis Summary Report (TEA, 2004) indicates that forty-nine of the

50 test items were answered by 100% of the students; item 21 was answered by 99% of

students. Item 21 was the only problem not presented in multiple-choice format, instead

requiring students to fill in a numeric answer. The 100% response rate indicates that

even when unsure of an answer, students would guess among the available answer

choices. Other than NAEP, none of the studies cited in Chapter II utilized a multiple-

choice format. It is virtually impossible to guess the correct answer to an open-ended
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problem as opposed to the 1 in 4 chance at guessing the correct answer on the TAKS

math test. This is likely the reason that the only item not answered by all students on the

2004 math TAKS involved calculation of a correct answer rather than selection of the

correct answer from given choices.

Conversely, incorrect answers do not reveal the type of error made. Perhaps the

student correctly understood the problem but made an error in calculation; for example,

the student knew that three quantities were to be added, but made a mistake during this

addition. Another student, however, may have mistakenly determined the problem

should be solved by multiplying the three quantities. Simple mismarking of the answer

document, like answering item number two on the third line instead of second, may also

have introduced some error into the criterion variable.

Consideration of Special Populations

Studies surrounding the math NAEP (Abedi, Lord, & Hofstetter, 1998; Abedi,

Lord, & Plummer, 1997) intended to establish difficulties that students with limited

English proficiency (LEP) would encounter with certain linguistic complexity features,

yet they found the same difficulties applied to both LEP low-achieving students and low-

achieving students in general. This finding, along with the No Child Left Behind (NCLB)

mandate that all students in all subgroups must demonstrate grade-level proficiency by

the 2013-14 school year, shaped the decision to include all students in this analysis.

While greater problems could be anticipated for certain student groups, these difficulties

might apply universally and should first be considered within the entire student

population.
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By utilizing responses from all students taking the 2004 TAKS math test to

establish percentage of correct responses, the anticipated linguistic findings did not

materialize. Significant findings may have emerged by limiting investigation to special

populations of students. In addition to LEP students, bilingual or English as a second

language (ESL) students may have greater reading comprehension difficulties due to

characteristics of the English language that are not congruent with their first language.

Students identified for special education services may also experience more difficulties

with reading comprehension. These special student populations should be explored in

future studies.

Implications

At this point, no definitive conclusions can be made regarding the impact of

linguistic features on student responses. As additional versions of the TAKS tests are

released publicly, the study can be revised and extended to include more items and

thus increase the quantity of linguistic variables of interest. This would improve the

level of confidence with which findings could be regarded.

Focus on Mathematics Not Linguistics

Among those features studied on the 2004 eighth grade math TAKS, the

strongest relationships with the percentage of correct responses were mathematical

variables. Digits, the only linguistic factor to reach significance with the dependent

variable could arguably be classified as a mathematical feature: While it represents a

measure of surface complexity (item length), it relates only to the numeric values in the

item. Until more conclusive information is available regarding the impact of specific

linguistic features on test performance, teachers should not exclude attention to
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language factors in their instruction, however, a continued emphasis on the

mathematics involved is strongly suggested.

Teach the Basics with Meaning

The National Council of Teachers of Mathematics (NCTM) standards, the

alignment of the TEKS with TAKS and the NCLB legislation combined have created the

impetus for ensuring students are capable of solving contextualized word problems. In a

survey of mathematics teachers, Burian-Fitzgerald, McGrath, and Plisko (2003) found

that teachers reporting a higher degree of familiarity with NCTM standards and the

assessment specifications of their state were more likely to include problem-solving

activities in their instruction. In Texas, districts across the state provide numerous

inservice programs to educate their teachers about the expectations of the TAKS and

the related standards for mathematics.

With so much attention on problem solving and higher-level skills, an assumption

may be made that the basics are being covered at some earlier point and do not

warrant high levels of attention in the middle and upper grades. Consider the case of

multiplication, which was the largest negative correlation of the individual operations

with the dependent variable. While multiplication tables are drilled for memorization

around third grade, meaning is seldom attached to the operation. Student knowledge of

multiplication facts is typically assessed through reproducing the facts orally or in

writing, often in a timed setting. When multiplication facts are simply memorized rather

than connected to any mathematical understanding of what multiplication does, the

facts learned by rote will disappear without continued drilling.
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The gradual loss of these memorized facts, combined with increased calculator

use (which eliminates the need for factual recall), could result in a large number of

eighth grade students who are unable to perform basic multiplications by hand.

Students who learned multiplication with an associated meaning are better prepared to

perform multiplication in the eighth grade even if they have not drilled their “times 

tables” in the last four years of school.  Students that did not acquire multiplication skills

within a meaningful context may need continued drilling of facts into the eighth grade

and beyond if they are expected to use these facts on the TAKS test.

Future Directions

Complexity at Different Grade Levels

As mentioned earlier in this chapter and elaborated in the first, TEA does not

have established formal criteria to control the level of linguistic complexity found among

TAKS math items. While this study found only one linguistic feature related to student

success on the eighth grade test, consideration of other grade-level math tests with a

larger sample size could still reveal potential effects of additional linguistic features. For

example, are the test items across all grade levels constructed with the same level of

linguistic complexity? While the level and types of complexity found in the eighth grade

test were not significantly correlated to percentage of correct responses from eighth

graders, third grade items written with the same level of complexity might produce a

significant relationship between third graders’ performance and linguistic complexity. 

Contextual Problems in Textbooks

It became apparent during the creation of the familiar math terms list that there is

a significant lack of alignment among mathematical terminology used in the TEKS and
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that found in textbooks: Less than 14% of terms on the familiar list occurred in both the

TEKS and six out of eight textbooks. A similar incongruence may be found in the

verbiage and format of word problems on the TAKS versus those found in textbooks.

An abundance of “TAKS Preparation” materials are available to schools that can afford 

them. Other districts rely on teacher-created materials and state-adopted textbooks for

instruction. Textbooks adopted by TEA align with the TEKS and should cover the same

content found on the TAKS exam. The format in which the content is presented,

however, may not be congruent with that found in the contextual problems on the TAKS.

Are the linguistic and mathematical features found on the TAKS math test represented

in similar proportion in state-adopted math textbooks?

Special Populations

While no linguistic features emerged as indicators of student performance in this

investigation, the conversation is far from over. While findings were not as expected for

the general population of eighth grade students tested, examination of particular student

groups may still yield important results. Test data by student sub-groups is only

available from TEA by TAKS objective. Individual item responses for students within the

special populations must be obtained through the release of student scores from a

cooperating district. Districts with high percentages of ESL, LEP, or bilingual students

would make excellent candidates for extension of this study.

Emotional Influences on Performance

Another important factor, unrelated to math ability, can potentially impact student

performance on math assessments. A nationwide survey of teachers suggested that

test-related pressure is experienced by both students and teachers, especially in high-
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stakes states (Abrams, Pedulla, & Madaus, 2003). A number of individuals experience

anxiety in testing situations. These feelings of anxiety may certainly be heightened by

the high-stakes associated with TAKS performance. Measures of anxiety levels (self-

reported or assessed by interview or survey) may yield a significant relationship with the

percentage of correct responses. Special consideration may be given to anxiety levels

in grades 3, 5, 8, and 11 (the high-stakes years) in comparison to 4, 6, 7, 9, and 10.

Since teachers are held accountable for student performance results, their own anxiety

levels may inadvertently transfer to students. Undue pressure to achieve may be

perceived by students through teacher comments regarding expectations and promised

rewards or threatened consequences. The amount of time diverted from regular

instruction to focus on “TAKS preparation” may also signal the teacher’s apprehension 

level to students. A more complete picture of student anxiety levels may be revealed by

studying teacher behaviors related to TAKS preparation.

Problem Type

As discussed in an earlier section, sources of error in problems involving both

mathematical application and computation, such as constructing a proportion and then

solving for an unknown quantity in the proportion, are difficult to delineate. Perhaps a

student correctly set up the proportion but made a division error while solving. The only

way to distinguish this computation error from an error in the construction of the

proportion is by examination of the student’s problem solving process. This cannot be 

done within the multiple-choice format of the TAKS math test. The administration of

open-ended questions, written to contain both applications and computations, and study

of students’ work on these items may reveal the kinds of errors students are more likely 
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to make when solving problems. Another possibility would be to use test items from a

released version of the test, eliminate the answer choices, have students solve and

show their work and observe their process in that manner.

Calculator Use in Testing

The relative difficulty of problems involving computations as opposed to those

that do not require any mathematical operations highlights an issue addressed in the

selection of the eighth grade version of the test. Calculators are not allowed during

testing in grades three through eight, but are provided for all students testing in grades

nine through eleven. Future study should investigate whether computational problems

are still associated with fewer correct responses when calculators are used.

Issues surrounding calculator use, whether on homework or tests, have fueled

numerous debates among math educators. NCTM (2000) takes the following position:

… as judgments change about the facts or procedures that are essential in an 
increasingly technological world, conceptual understanding becomes even more
important. For example, most of the arithmetic and algebraic procedures long
viewed as the heart of the school mathematics curriculum can now be performed
with handheld calculators. Thus, more attention can be given to understanding
the number concepts and the modeling procedures used in solving problems” (p. 
20)

If a major goal of mathematics education is to increase conceptual understanding,

perhaps calculators should be allowed on all grade levels of the TAKS. Is it necessary

to know if students can accurately hand multiply a two-digit number by a three-digit

number, or is it more important that students can appropriately determine when to use

multiplication in a problem-solving situation? If calculator use improves performance on

computation items, this is a question that test developers need to consider.
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Conclusion

The purpose of this study was to determine the prevalence of linguistic

complexity, mathematical rigor, and visual presentation factors in the spring 2004

version of the TAKS eighth grade math test and to explore their relationship to student

success on individual test items. Overall, linguistic features appeared to have little or no

impact on students’ ability to select correct answers. The single linguistic factor related 

to student success was the number of digits found in the item. Math related factors

proved to be more telling predictors of correct responses on the eighth grade math

TAKS test.
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APPENDIX A

FAMILIAR MATH TERMINOLOGY
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For the purposes of this study, mathematical terms found on the Texas Assessment of
Knowledge and Skills (TAKS) math test that are not contained in this list will contribute
to the variable count of “Unfamiliar Math Vocabulary.”
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A coordinate plane  
absolute value  coordinates 
acute angle  corresponding angles 
acute triangle  corresponding parts 
add  cylinder  
algebraic equation  D
algebraic expression  data 
algebraic representation  data analysis 
algebraic thinking  decimals 
angle  dependent events 
approximate  diameter 
area  dilation 
B dimensions 
bar graph  Distributive Property 
base of a plane figure  divide 
base of a power  E
base of a space figure  enlargement 
box-and-whisker plot  equation  
C equilateral triangle 
circle graph   estimate 
circumference  estimation 
coefficient  evaluate  

event Commutative Property of
Addition


example 
experimental probability Commutative Property of

Multiplication


exponent 
complementary angles  expression 
compound events  F
conclusion  face of a space figure 
cone  factor 
congruent  formulas 
conjecture  fraction 
constant factor  function 
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G N
geometry  negative exponents 
graph  negative fractions 
greatest common factor  net  
guessing and checking  non-example 
H
histogram  

non-proportional
relationship



hypotenuse  number 
I number sense 
independent events  numerical relationship 
indirect measurement  O
inequality  obtuse angle 
inference  obtuse triangle 
integer   operation 
irrational number   opposite 
isosceles triangle  order of operations 
L ordered pair 

origin least common
denominator


P

least common multiple  parallelogram 
like terms  pattern 
linear  percent  
M perfect square 
manipulatives  perimeter  
mean  permutation 

perspective measure of central
tendency


points 

measurement  polygon 
median  positive fractions 
mental math  power 
mode  predict 
models  prediction 
multiple  prime number 
multiplication  prism  
multiply  probability (of an event)  
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problem-solving model  sampling 
problem-solving strategy  scale/scale factor 
problems  scalene triangle 
properties  scatterplot  
proportion  scientific notation  
proportional relationship  sequence  
proportionality  set of data 
pyramid   similar shapes 
Pythagorean Theorem   similarity 
Q simulate 
quadrant  slope 
quadrilateral  solids 
quantitative reasoning  solution  
R solve 
radius  spatial reasoning 
rate   square 
ratio  square root 
rational number   statistics 
ray  stem-and-leaf plot 
reasonableness  subtract 
reciprocals  supplementary angles 
rectangle  surface area  
reduction  T
reflection   table 
regular polygon  tangent 
relationships 
repeating decimal 

term/term of an
expression

 

representation  terminating decimal 
rhombus  tessellation 
right angle  theoretical probability 
right triangle  transformation  
rotation  translation  
rotational symmetry  trapezoid 
S tree diagram 
sample  trend 
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U
unit rate 
units 
V
validate 
validity 
variable 
Venn diagram 
verify 
Y
y-intercept 
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APPENDIX B

VERBAL CUES AND INDICATED OPERATIONS
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Addition may be indicated by
Added to
Increased by
More than
Sum of
Combined
Altogether, together
Both
In all
Total of
And

Subtraction may be indicated by
Subtracted from
Decreased by
Less than
Difference of
Remains
Minus
Fewer than
Left
“er” endings (longer, faster, heavier)

Multiplication may be indicated by
Multiplied by
Product
Times
Every
At this rate
By a factor of

Division may be indicated by
Divided by
Quotient of
Ratio of
Each
Per
Out of
Percent
Equally shared/split
Average

Equals may be indicated by
Is, are, was, were, will be
Gives
Yields
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APPENDIX C

SOLUTION MANUAL
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Solution Process Correct Answer

1) Subtract the given amount from Green’s 
land-speed record.

763.04–368.84 = 394.2

B) Cobb

2) Know definition of “center” and “radius” 
in order to find the correct point, and then
the definition of “coordinates”  in order to 
name it.

H) (-2, 2)

3) Know the definition of “scientific 
notation” in order to convert to the correct 
form.

C) 1.0 x 10-6

4) Select the graph that reflects:
Sugar should be just under half
Dietary Fiber and carbohydrates

should be about equal
Potassium and Sodium should

be about equal

G) (appropriate circle graph)

5)Find “area, rectangle” formula on the 
Mathematics Chart: A = l x w.

Substitute: 925 ft2 = (37 ft) w
Divide: 925 ft2 / 37 ft = w

25 ft = w

A) 25 ft

6) Construct equation that reflects:
Principal’s salary must be removed 

from the total
Average is the remaining total

divided by the number of teachers

J) s = (1,266,140–54,250)
37

7) Know the definition of “ordered pairs” 
and be able to locate them on a line.

A) (appropriate line graph)
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Solution Process Correct Answer

8) Evaluate the given conclusions to
identify the inappropriate statement.

Multiply: 1200 x .80 = 960
Subtract: 1200–960 = 240
Convert: 80% > 50% = ½
Convert: 20% = 1/5 not < 1/5

J) During winter less than 1/5 of the
students wear boots to school fewer than
two days a week.

9) Understand the definition of “similar” 
and recognize corresponding parts.

Recall the triangle ∡sum = 180°.

Add: 40 + 60 = 100

B) Subtract 100 from 180

10) Describe the given pattern in terms of
percent, other number, and result.

F) When the percent is doubled and the
other number is halved, the answer is 8.

11) Interpret the data in the scatterplot to
determine which of the given conclusions
is valid.

D) As Betsy increased the number of
minutes on the phone, the cost of the
phone calls increased.

12) Construct a comparison that reflects:
the individual item prices–chicken

sandwich ($2.49), medium fries
($1.29), and medium drink ($1.29)

the difference in price is found
through subtraction of the combo
cost ($4.69)

J) Subtract $4.69 from the sum

13) Use ruler from the Mathematics Chart
to measure dimensions in centimeters.

Find “lateral surface area, cylinder” 
formula on Mathematics Chart: S = 2 π r h.

Substitute: S = 2 (3.14) (1cm) (2cm)
Multiply (3): S = 12.56 cm2

D) 12.6 cm2
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Solution Process Correct Answer

14) Formula given: D = r t

Substitute: 26.1 miles = r (4.5 hr.)
Divide: 26.1 miles / 4.5 hr. = r

5.8 miles per hour = r

F) 5.8 mph

15) Know definitions of “scale factor” (to 
set up the ratio) and “dilate” (to determine 
direction of the ratio).

Scale factor: 3.0 / 1.2
Divide: 2.5

C) 2.5

16) Find the total amount spent.

Add: $1,099.99 + $99.99 = $1199.98

(OR estimate) $1100 + $100 = $1200

Find the amount for each payment.

Divide: $1200/18 months = $66.66/month

J) $67.00

17) Understand that the Pythagorean
Theorem is needed and find it on the
Mathematics Chart: a2 + b2 = c2

Substitute: (12)2 + (12)2 = c2

Multiply (2): 144 + 144 = c2

Add: 288 = c2

Square answer choices:

Multiply (4): (36)2 = 1296
(24)2 = 576
(17)2 = 289
(13)2 = 169

C) 17 ft
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Solution Process Correct Answer

18) Know definitions of “mode,” “median,” 
“mean,” and “range.” Calculate each to 
compare.

Mode: $650 appears twice, all others once

Median: arrange in order
$423, $436, $489, $500, $530, $650, $650

Select middle term $500

Mean:
423 + 436 + 489 + 500 + 530 + 650 + 650

7

Add (6) and divide $525.43

Range: Subtract $650–$423 = $227

F) Mode

19) Construct equation that reflects:
450 starting employees
goal of 900 employees (2 x 450)
8 more each month (8m)

D) 8m + 450 = 900

20) Know the definition of “scale factor” 
and make a conclusion regarding missing
information.

H) The scale factor used

21) Construct the proportional relationship:
16 / 24 = x / 3

Cross multiply:  16 • 3 = 24 • x
Multiply: 48 = 24x
Divide: 48 / 24 = x

OR Reduce 16 / 24 = 8 / 12 = 4 / 6 = 2 / 3
Divide(6)

2/3 = x/3

(Answer grid) 2
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Solution Process Correct Answer

22) Draw a conclusion that reflects:
the markings “┐” represent 

perpendicular lines, and have angle
measures of 90°

parallel sides of a rectangle are ≅
the Pythagorean Theorem

H) (appropriate diagram of rectangle)

23) Construct the appropriate proportion. A) 20 / 50 = x / 200

24) Construct proportion:
325 / 1300 = x / 2100

Cross multiply:   1300 x = 325 • 2100
Multiply: 1300x = 682500
Divide: x = 682500 / 1300

x = 525

OR Divide: $1300 / 325 ft2 = $4 per sq. ft.

Divide: $2100 / $4 per sq ft. = 525 ft2

F) 525 ft2

25) Convert fractions to decimals:

Problem

Divide (2) 2/3 = .67 and ¾ = .75

Answer choices

Divide (4) ½ = .5
3/5 = .6
5/7 = .71
7/8 = .875

C) 5/7

26) Draw a conclusion that reflects:
the amount of concrete represents

volume
volume is l x w x h
length and width are given, but not

height (thickness)

G) The thickness of the slab
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Solution Process Correct Answer

27) Know the definitions of “translated” in 
order to relocate the point and
“coordinates” to name the new point.

C) (1, 2)

28) Know the definition of “similar” and find 
the scale factor: 12 / 6

Scale factor reduces: 12 / 6 = 6 / 3 = 2 / 1
Divide (4)

Must understand that the scale factor is
linear, so ratio of areas will be 4 / 1.

Construct Proportion: 72 / x = 4 / 1
Cross Multiply: 4x = 72
Divide: x = 72 / 4

x = 18

OR Use area to find the width of STUV
                         A = l • w 
Substitute:       72 = 12 • w
Divide: 72 / 12 = w

6 = w

Must understand the definition of “similar” 
to construct proportion: 12 / 6 = 6 / x

Cross Multiply:            12 • x = 6 • 6
Multiply:                      12 • x = 36
Divide: x = 36 / 12

x = 3

Find area of LMNO      A = l • w
Substitute:                    A = 6 • 3 
Multiply: A = 18

H) 18 units2
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Solution Process Correct Answer

29) Find the price of white potatoes per
pound.

Divide: $4.25 / 5 pounds = $0.85 per lb.

Find the difference between red and white:
Subtract: $0.89–$0.85 = $0.04

Make the appropriate comparison:
white at $0.85 < red at $0.89

C) The cost per pound of white potatoes is
$0.04 less than the cost per pound of red
potatoes.

30) Know the definitions of “fair” and 
“probability” in order to find the probability 
of one coin landing on heads:

p(heads) = ½

Understand that the events are
independent in order to find p(4 heads).

Multiply (3):         ½ • ½ • ½ • ½ = 1/16

F) 1/16

31) Based on the knowledge:

The definition of “equilateral 
triangles” means all three angle 
measures are 60°

The definition of “rectangle” means 
all four angle measures are 90°

A straight angle = 180°

Make a conclusion that reflects:
The two large unshaded triangles

are also equilateral triangles with
the same height as the shaded
triangles

The two smaller 30-60-90 triangles
combine to make another
equilateral triangle of the same
height

D) The shaded area is equal to the
unshaded area of the rectangle.
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Solution Process Correct Answer

32) Interpret the pattern to find the
appropriate expression: each value
increases by 0.25 (involves 4 subtractions
or additions)

Convert: 0.25 = 25/100

Divide (2): 25/100 = 5/20 = 1/4

OR Try answer choices:
n–0.75 works only for the first term

(involves at least 1 subtraction to
eliminate)

n/4 works for all terms (involves 5
divisions to confirm)

4n doesn’t work for any terms 
(involves at least 1 multiplication to
eliminate)

n–1.5 only works for the second
term (involves at least 1 subtraction
to eliminate)

G) n/4

33) Find “surface area, cube” formula on 
the Mathematics Chart: S = 6s2

Substitute: S = 6 (2.5 ft)2

Square (Multiply): S = 6 (6.25 ft2)
Multiply: S = 37.5 ft2

D) 38 square feet

34) Construct an expression to represent
the total amount of money received

F) 1.75 + 5(2.80) + 3.50 + 0.75

35) Find the difference in high and low
temperature:

Subtract: 23–(-12) = 35

D) 35°F
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Solution Process Correct Answer

36) Based on the knowledge:
the definition of “similar”
that the order of points in naming

the trapezoids indicates the
corresponding parts (because figure
is rotated)

Construct the proportion: 12 / 14 = ? / 6
Cross multiply:                   12 • 6 = 14 • (?)
Multiply:                                   72 = 14 • (?)
Divide: 72 / 14 = ?

5.14 = ?

G) 5 1/7 centimeters

37) Construct an equation that recognizes
the per day rate.

Divide: $28 / 2 days = $14 per day

D) c = 30 • 14

38) Recognize that circumference is the
desired measurement and find formula on
the Mathematics Chart.

Formula:        C =  π d
Substitute: C = (3.14)(16 cm)
Multiply: C = 50.24 cm

Recognize that 2 full rotations are desired

Multiply (50.24 cm) (2) = 100.48 cm

G) 100.5 centimeters
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Solution Process Correct Answer

39) Create the pattern by substitution:

1st term: n (n–1) + 4 = 1 (1–1) + 4
Subtract: = 1 (0) + 4
Multiply: = 0 + 4
Add: = 4

(eliminates choice B)

2nd term: n (n–1) + 4 = 2 (2–1) + 4
Subtract: = 2 (1) + 4
Multiply: = 2 + 4
Add: = 6

(eliminates choice D)

3rd term: n (n–1) + 4 = 3 (3–1) + 4
Subtract: = 3 (2) + 4
Multiply: = 6 + 4
Add: = 10

(eliminates choice A, confirms choice C)

C)4, 6, 10, 16, 24, …

40) Find each portion of the total bill

Carlos: $15.00 (given)

Jackie:
Multiply: $44.60 x (1/4) = $11.15

Lester:
Multiply: $44.60 x (.20) = $8.92

Margie:
Set-up: $44.60–($15 + $11.15 + $8.92)
Add (2): $44.60–$35.07
Subtract: $9.53

Compare to find largest part of the bill:
$15.00 > $11.15 > $9.53 > $8.92

F) Carlos
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Solution Process Correct Answer

41) Know the definition “desired event” 
and recognize that 5 does not satisfy any
of the desired events:

By definition of “even”: 5 is not even

By definition of “less than”:  5 ≮4
By definition of “square root”: √9 = 3;  5 ≠ 3 

D) Spinning the number 5 is not a desired
event

42) Understand that squaring and square
roots are inverse operations.

Construct the inverse:
3 =√32 =√9    and   √9 is closest to √10

G)√10

43)Know the definition of “standard 
notation” and how to convert from scientific 
to standard notation.

C) 27,000,000°F

44) Make an interpretation based on
illustrations.

J) (appropriate illustration)

45) Make an interpretation using data in
the bar graph to determine the accuracy of
a given conclusion.

A) The scale for the number of packages
does not start at 0.

46) Draw a conclusion that reflects:
the area of the wall to be tiled is

found through multiplication (13
long x 14 high)

the number of tiles is found through
multiplication (12 boxes x 15 per
box)

H) Multiply 12 by 15 and then compare the
product with the product of 13 and 14
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Solution Process Correct Answer

47) Combine the weights to find the total.

6 2/3 + 4 ½ + 4

Find a common denominator.

Multiply (4): 2/3 = 4/6 and ½ = 3/6

Rewrite: 6 4/6 + 4 3/6 + 4
Add: 10 7/6 + 4
Divide & Add: 11 1/6 + 4
Add: 15 1/6

D) 15 1/6 oz

48) Find cost per pen.

Problem

Divide: $1.50 / 3 pens = $0.50 per pen

Answer choices

Divide (4): $2.50 / 4 pens = $0.63 per pen
$3.00 / 5 pens = $0.60 per pen
$3.50 / 7 pens = $0.50 per pen
$5.00 / 9 pens = $0.56 per pen

H) Smother Pen Company; 7-pen
packages for $3.50

49) Construct proportion: 1 / 10 = x / 725

Cross multiply:           10 • x = 725

Divide: x = 725 / 10
x = 72.5

C) 73

50) Must make an interpretation based on
data in the scatterplot as to the
relationship shown.

F) The number of households with cable
service increased over time.
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1 38 7 56 101 0 0 0 0 0 0 0 0 0 1 0 0
2 20 8 9 37 0 0 1 0 0 0 1 0 0 0 0 0
3 22 15 23 60 0 0 1 0 0 0 2 0 0 1 0 0
4 69 6 11 86 0 0 0 0 0 4 0 0 0 1 0 0
5 30 5 22 57 0 1 1 0 0 0 1 0 0 0 0 0
6 36 36 70 142 0 1 1 0 0 0 1 1 0 0 0 1
7 14 8 10 32 0 0 0 0 0 0 1 0 0 0 0 0
8 95 4 16 115 0 1 0 0 0 0 0 0 0 0 1 0
9 23 18 24 65 0 0 1 0 0 0 1 0 0 0 0 0

10 80 10 31 121 0 4 1 0 0 0 0 0 0 0 0 0
11 103 10 27 140 0 4 1 0 0 1 0 0 0 0 0 0
12 97 44 68 209 0 0 0 0 0 1 2 0 0 1 0 1
13 43 8 9 60 0 0 1 0 0 0 2 0 0 0 0 0
14 55 11 18 84 0 0 0 0 0 0 0 1 0 1 0 0
15 17 36 12 65 0 0 1 0 0 0 1 0 0 0 0 1
16 36 13 30 79 0 0 1 0 0 1 0 1 0 0 0 0
17 39 0 12 51 0 0 1 0 0 0 0 0 0 0 0 0
18 29 7 21 57 0 0 0 0 0 1 2 0 0 0 0 0
19 43 15 33 91 0 1 1 0 0 0 0 0 1 0 0 1
20 61 2 4 67 0 0 1 0 0 2 0 0 0 0 0 0
21 61 0 5 66 1 0 1 0 0 0 2 0 0 0 0 1
22 22 14 8 44 0 0 1 0 0 1 2 0 0 0 0 0
23 53 17 35 105 0 1 0 0 0 0 0 0 0 0 0 1
24 53 10 25 88 0 0 1 0 0 2 1 1 1 0 0 1
25 5 6 12 23 0 0 1 0 0 0 0 0 0 0 0 0
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26 59 2 9 70 0 1 1 0 0 1 2 0 0 0 0 0
27 16 14 10 40 0 1 1 0 0 0 0 0 0 0 0 0
28 23 28 13 64 0 1 1 0 0 0 1 0 0 0 0 0
29 96 8 16 120 0 1 1 0 0 0 1 1 0 0 0 1
30 17 4 8 29 0 0 1 0 0 0 1 0 0 0 0 0
31 64 3 6 73 0 0 1 0 0 0 1 0 0 0 0 0
32 24 15 25 64 0 0 1 0 0 0 1 0 0 0 0 0
33 33 3 13 49 0 0 1 0 0 0 1 0 0 0 0 0
34 59 39 64 162 0 1 0 0 0 1 0 1 1 0 0 1
35 31 9 12 52 1 0 1 0 0 1 0 1 0 0 0 1
36 18 22 17 57 0 0 1 0 0 0 0 0 0 0 0 0
37 44 15 23 82 0 0 0 0 0 0 0 0 0 0 0 1
38 27 4 18 49 0 0 1 0 0 0 0 0 0 0 0 0
39 25 30 33 88 0 1 0 0 0 0 0 0 0 0 0 0
40 53 6 12 71 1 0 1 0 0 0 1 0 0 0 0 0
41 78 0 12 90 0 0 1 0 0 0 4 0 0 0 1 0
42 24 4 8 36 0 0 0 0 0 0 0 0 0 0 0 0
43 23 14 34 71 0 0 0 0 0 1 1 0 0 0 0 0
44 20 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0
45 75 4 27 106 0 0 1 0 0 3 2 0 0 0 1 0
46 66 0 32 98 3 1 0 0 0 0 1 0 1 0 0 1
47 33 6 23 62 0 0 1 0 0 0 0 1 0 0 0 0
48 42 10 20 72 0 0 0 0 0 0 0 1 0 0 0 1
49 24 1 12 37 0 0 1 0 0 0 0 0 0 0 0 0
50 76 0 35 111 0 0 0 0 0 1 0 0 0 0 0 0
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Variables of Mathematical Rigor
Items #1–25

Operations Quantities Applications
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1 0 1 0 0 1 3 10 0 0 0 0 0 0 0 0
2 0 0 0 0 0 1 0 2 0 0 3 0 0 0 0
3 0 0 0 0 0 1 0 1 0 0 1 0 0 0 0
4 0 0 0 0 0 6 0 0 0 0 0 0 1 0 0
5 0 0 0 1 1 2 0 1 0 0 0 0 0 0 0
6 0 0 0 0 0 3 0 3 0 0 0 1 0 0 0
7 0 0 0 0 0 8 0 0 0 0 1 0 0 0 0
8 0 1 1 2 4 2 0 0 4 0 0 0 1 0 0
9 1 0 0 0 1 2 0 2 1 0 1 0 0 0 0

10 0 0 0 0 0 15 0 0 0 0 0 0 0 1 0
11 0 0 0 0 0 16 0 0 0 0 0 0 1 0 0
12 0 0 0 0 0 4 12 1 0 0 0 1 0 0 0
13 0 0 3 0 3 0 0 1 0 0 0 0 0 0 0
14 0 0 0 1 1 2 3 1 0 0 0 0 0 0 0
15 0 0 0 1 1 2 0 1 0 0 2 0 0 0 0
16 1 0 0 1 2 3 0 1 1 0 0 0 0 0 0
17 1 0 6 0 7 2 0 1 0 0 0 0 0 0 0
18 6 1 0 1 8 7 0 0 0 0 4 0 0 0 0
19 0 0 1 0 1 2 0 3 1 0 0 1 0 0 0
20 0 0 0 0 0 1 2 0 0 0 1 0 1 0 0
21 0 0 1 1 2 3 0 1 0 0 0 1 0 0 0
22 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
23 0 0 0 0 0 3 0 3 0 0 0 1 0 0 0
24 0 0 1 1 2 3 0 1 0 0 0 1 0 0 0
25 0 0 0 6 6 2 0 1 0 0 0 0 0 0 0
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Variables of Mathematical Rigor
Items #26–50

Operations Quantities Applications
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26 0 0 0 0 0 3 0 0 0 0 0 0 1 0 0
27 0 0 0 0 0 2 0 2 0 0 2 0 0 0 0
28 0 0 1 5 6 3 0 1 0 0 1 1 0 0 0
29 0 1 0 1 2 3 0 1 1 0 0 0 1 0 0
30 0 0 3 0 3 1 0 1 0 0 2 0 0 0 0
31 0 0 0 0 0 0 0 0 0 0 2 0 1 0 0
32 4 0 0 2 6 10 0 1 0 0 0 0 0 1 0
33 0 0 2 0 2 1 0 1 0 0 0 0 0 0 0
34 0 0 0 0 0 5 0 5 0 0 0 1 0 0 0
35 0 1 0 0 1 2 0 1 0 0 0 0 0 0 0
36 0 0 1 1 2 3 1 1 0 0 1 0 0 0 0
37 0 0 0 1 1 3 0 2 1 0 0 1 0 0 0
38 0 0 2 0 2 2 0 1 0 0 0 0 0 0 0
39 3 3 3 0 9 2 0 5 3 0 0 0 0 1 0
40 2 1 2 0 5 4 0 0 3 0 0 0 0 0 0
41 0 0 0 0 0 8 0 1 0 0 4 0 0 0 0
42 0 0 1 0 1 1 0 1 1 0 0 1 0 0 0
43 0 0 0 0 0 1 0 1 0 0 1 0 0 0 0
44 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
45 0 0 0 0 0 7 3 1 0 0 0 0 1 0 0
46 0 0 0 0 0 4 0 4 0 0 0 0 1 0 0
47 3 0 4 1 8 3 0 1 0 0 0 0 0 0 0
48 0 0 0 5 5 2 0 2 5 0 0 0 0 0 0
49 0 0 0 1 1 2 0 1 0 0 0 1 0 0 0
50 0 0 0 0 0 13 0 0 0 0 0 0 1 0 0
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Variables of Visual Presentation
Items #1–25

Item # Tables Graphs Diagrams Illustrations
1 21 0 0 0
2 0 1 0 0
3 0 0 0 0
4 14 0 4 0
5 0 0 1 0
6 0 0 0 0
7 10 4 0 0
8 0 0 0 0
9 0 0 2 0

10 0 0 0 0
11 0 0 1 0
12 5 0 0 3
13 0 0 0 1
14 0 0 0 0
15 0 0 2 0
16 0 0 0 0
17 0 0 1 0
18 0 0 0 0
19 0 0 0 0
20 0 0 1 0
21 0 0 0 0
22 0 0 4 0
23 0 0 0 0
24 0 0 0 0
25 0 0 0 0
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Variables of Visual Presentation
Items #26–50

Item # Tables Graphs Diagrams Illustrations
26 0 0 0 0
27 0 1 0 0
28 0 0 2 0
29 0 0 0 0
30 0 0 0 0
31 0 0 0 1
32 14 0 0 0
33 0 0 1 0
34 0 0 0 0
35 0 0 0 0
36 0 0 2 0
37 0 0 0 0
38 0 0 1 0
39 0 0 0 0
40 0 0 0 0
41 0 0 1 0
42 0 0 0 0
43 0 0 0 0
44 0 0 0 5
45 0 0 1 0
46 0 0 0 0
47 0 0 0 0
48 0 0 0 0
49 0 0 0 0
50 0 0 1 0
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