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Abstract

Prior research suggests that linguistic complexity may impede mathematics word problem
solving by English Learners, but results have been inconsistent. The present study employed
an experimental design to investigate the effects of linguistic complexity and mathematics
difficulty on word problem solving by middle school English Learners. Results were
consistent with predictions from Cognitive Load Theory: Performance was poorer for word
problems written in more complex language compared to the same problems in easier text,
and the weakest performance was observed for problems that were both linguistically and
mathematically challenging. A Confirmatory Factor Analysis suggested a model including a
latent factor, hypothesized to be working memory, provided a good fit to the data.
Additionally, linguistic complexity had a significant influence on students’ perceptions of the
mathematical difficulty of the problems. The results are consistent with recent suggestions
that English Learners’ lower performance in math reflects the additional cognitive demands
associated with text comprehension.
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1. English Learners and mathematics achievement

The population of the United States has become more diverse in recent decades, and the
challenges of educating students who are learning English have become increasingly apparent
(Callahan, 2005; Capps, Fix, Murray, Ost, Passel & Herwantoro, 2005; Villalba, Akos, Keeter
& Ames, 2007). Much research has focused on the factors that contribute to the differences
between English Learners and English Primary students in reading achievement (August &
Shanahan, 2008; Batalova, Fix & Murray, 2007). There has also been growing awareness of
the gap between English Learners and English Primary students in mathematics achievement.
Recent research indicates that English Learners are less likely than English primary students
to score well on math achievement tests, to succeed in algebra, and to achieve passing scores
on mathematics exams that are required for high school graduation in many of the United
States (National Center for Education Statistics, 2005; National Clearinghouse for English
Language Acquisition, 2007). In the United States, resources for schools are now increasingly
dependent on students’ achievement test performance. Similar challenges are being faced in
other nations with large proportions of students who are not yet proficient in the language of
instruction (Hinkel, 2005). Thus, it is becoming critically important to understand more fully
the nature of the challenges that are faced by students who are not yet proficient in English as
they solve mathematics problems (Abedi, 2004; Capps et al., 2007; Rivera, Collum & Shafer
Willner, 2006).

1.1 Theoretical perspectives

English Learners’ mathematical performance is a multi-faceted issue, including challenges
related to receiving instruction in a non-primary language and the relatively low rate of math
teachers who have received training in working with English Learners (Coates, 2006). In
addition, research must consider the possible confounding of students’ language status with
variations in socioeconomic status and other demographic factors. Multiple theoretical
perspectives have been adopted in research on English Learners, including
sociocultural-oriented analyses of the classroom context and a more cognitively-oriented
theoretical framework.

1.1.1 Classroom influences on math learning by English Learners

Some researchers have analyzed how the classroom context experienced by English Learners
can impede or support mathematics learning. Cuevas (1984) noted that many English
Learners are confronted with the need not only to master a new language but also to learn the
distinct features of academic discourse. That is, learning English as it is used in an
instructional context is likely to be considerably more demanding than acquiring basic
conversational proficiency. In the specific case of mathematics learning, students must come
to understand the mathematics “register,” meaning the types of language used to convey
mathematical concepts as well as the mathematics-specific meanings for words that may be
familiar in other contexts (e.g., “table”’) (Enyedy, Rubel, Castellon, Mukhopadhyay, Esmonde
& Secada, 2008; Moschkovitch, 2002, 2005).

Other researchers have noted that math instruction can sometimes rely on prior knowledge
that may not always be shared by English Learners. For example, a student who is not
familiar with American sports may not understand a problem about football scores or baseball
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averages. These analyses make clear the need to ensure that teachers consider English
Learners’ experiences and take care to clarify forms of expression that may be confusing or
ambiguous to a student who is learning English (Janzen, 2008). In addition, this theoretical
perspective holds that it is not appropriate for math teachers to view English Learners as
being “deficient” but rather to identify the strengths of their prior knowledge and experiences
that can be integrated into the examples used in the classroom (Freeman & Crawford, 2008;
Rodriguez, 2009; Secada, 1996).

1.1.2 English Learners’ performance on mathematics achievement tests

Other researchers have focused more specifically on investigating why English Learners
perform less well than English Primary students on math achievement tests. Recent studies
have demonstrated that reading proficiency in English is a significant predictor of
mathematics test performance by English Learners (Beal, Adams & Cohen, 2010; Guglielmi,
2008). In particular, the characteristics of math test items that are especially challenging for
English Learners have been the subject of investigation (Echevarria, Powers & Short, 2006;
Sireci & Khalig, 2002; Solano-Flores, 2008). Martiniello (2008) identified a set of test
items from a state math achievement test that were known to be challenging for English
Learners, relative to English primary students with similar overall proficiency in math. She
then worked with a small sample of English Learners as they attempted the items. The
results pointed to several item characteristics that impeded the English Learners, including
the use of low-frequency vocabulary terms (e.g., “spinner”) as well as words that were
ambiguous in meaning, such as “one” (which could be a pronoun or reference to the number)
and “change” (a difference, or money received in a financial transaction). Other test items
referred to concepts and examples that would not necessarily be familiar to English Learners
from other cultures, such as coin-operated laundry equipment or a “spelling bee” competition.

Although the linguistic complexity of math test items seems generally linked with poorer
performance by English Learners, the reason for this effect is not yet entirely clear. Some
findings suggest that the nature of the difficulty experienced by English Learners when
solving math problems is actually more general or diffuse than an occasional issue with
unfamiliar vocabulary. For example, Martiniello (2008) found that the overall length of the
word problem, rather than the inclusion of unfamiliar vocabulary, was most consistently
associated with poor problem solving for English Learners. ~Similarly, Wolf and Leon (2009)
reported that the overall amount of academic vocabulary in word problem items was most
predictive of item difficulty for English Learners. A meta-analysis of studies looking at the
impact of various vocabulary-related accommodations in testing, including bilingual
dictionaries, glossary definitions, dual language tests, and simplified English found
surprisingly little evidence that such word-level accommodations consistently led to better
performance for English Learners (Kieffer, Lesaux, Rivera & Francis, 2009).

1.1.3 Cognitive Load Theory

An alternative view was proposed by Campbell, Adams and Davis (2007) who noted that the
challenge for English Learners in math problem solving goes beyond not understanding
particular key words in the problems. These authors drew upon Cognitive Load Theory
(CLT) to suggest that English Learners perform less well because they face additional overall
cognitive demands during problem solving while working in a non-primary language.
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Cognitive Load Theory holds that performance on complex cognitive tasks depends on
whether the amount of information presented to the user equals or exceeds the availability of
working memory; when working memory capacity is exceeded, the probability of errors will
increase (Ashcraft, Donely, Halas & Vakali, 1992; Kalyuga, Ayres, Chandler & Sweller, 2003;
Paas, Renkl & Sweller, 2003; Renkl & Atkinson, 2003; Royer, Tronsky, Chan, Jackson &
Merchant, 1999; Swanson, Cooney & Brock, 1993; Sweller, 1994; Sweller & Chandler,
1994). Thus, if students must devote significant cognitive resources to text comprehension,
fewer working memory resources will be available for mathematical problem solving,
including identifying the appropriate math operation, forming the problem representation,
performing computations and checking progress towards the solution. In the case of English
Learners, the need to allocate cognitive resources to understanding a problem presented in a
non primary language would reduce the resources available for math problem solving and in
turn increase the probability of errors.

Consistent with the predictions of CLT, several studies of word problem solving by English
Primary students have shown improved performance when simplified language is used,
(Adams & Hitch, 1995; De Corte, Verschaffel & De Win, 1985; Fayol, Abdi & Gombert,
1987; Kintsch & Greeno, 1985). However, Davis-Dorsey, Ross & Morrison (1999) reported
no benefits to students’ problem solving when the language of the word problem was
simplified.

In the case of English Learners, Abedi and Lord (2001) compared English Learners’
performance on math test items in their original format and in versions revised with
simplified language. Consistent with the predictions of CLT, English Learners performed
better with the simplified language versions of the problems. However, the difference was
actually quite slight in absolute terms (on average, the difference was equivalent to a fraction
of an item on a test that included 10 problems) (Kieffer et al., 2009). Additionally, as noted
earlier, the meta analysis of accommodations in testing showed little consistent benefit for
English Learners associated with the use of simplified language (Kieffer et al., 2009).
However, there have actually been relatively few studies investigating this issue. Shaftel,
Belton-Kocher, Glasnapp and Poggio (2006) pointed to the need for additional investigation
into the performance of English Learners on word problems that involve the same
computational operations while varying in the complexity of the language.

1.1.4 Predictions from CLT regarding linguistic complexity and mathematics difficulty

One prediction suggested by Cognitive Load Theory is that the English Learners should
perform less well on hard-text problems relative to easy-text problems. This comparison was
included in the present study to provide a needed replication of the results of Abedi and Lord

(2001) as suggested by Shaftel et al. (2006).

A second prediction is that English Learners’ problem solving performance should decline as
the overall demands on working memory increase from multiple sources, including the
demands of the mathematics operation required for the solution. More specifically, the
poorest problem solving performance should be observed for word problems that are both
linguistically complex and mathematically challenging. Although this prediction seems
straightforward, there is surprisingly little prior research in which both the linguistic

4 www.macrothink.org/ije



ISSN 1948-5476

\ MacrOthi“k International Journal of Education
A Institute ™ 2010, Vol. 2, No. 2: E6

complexity and the mathematical difficulty of the items have been varied independently.
Studies of test items associated with disproportionately weak performance by English
Learners have found that these items tend to involve both complex language and relatively
difficult mathematics (e.g., probability), making it difficult to evaluate the contributions of
each factor (Martiniello, 2008). In one study, researchers found that linguistically complex
language had a negative effect on English Learners’ performance only for relatively easy
items, but not on the more difficult problems (Wolf & Leon, 2009). However, results were
not reported separately for math and science items, making interpretation difficult. Because
there has been only limited prior work in this area, both easy and difficult math word
problems were included in the present study.

1.1.5 Goals of the study

The present study was conducted to address the need for a direct comparison of the
performance of English Learners on math word problems that were constructed to vary
systematically in both linguistic complexity and math difficulty. Math difficulty was
crossed with linguistic complexity, meaning that each English Learner saw
easy-math-easy-text problems, easy-math-hard-text problems, hard-math-easy-text problems,
and hard-math-hard-text problems. Problem versions were counter balanced across students
to ensure that differences in problem solving performance related to linguistic complexity or
math difficulty were not due to the specific content of a particular item. The study design
allowed us to evaluate two predictions based on CLT: First, performance should be poorer for
word problems with more complex language relative to performance on problems with the
same mathematical content and less complex language. Second, performance should decline
on problems involving both complex language and more challenging math operations.

Multiple measures of problem solving were integrated into the task, with the objective of
capturing indices of students’ understanding of the problem (ability to identify the appropriate
math operation) as distinct from their ability to solve the problem (perform the calculations
correctly). In addition, students were asked to assess the demands of the problem in terms
of its linguistic challenges (rating how easy it was to understand what the problem was asking)
and mathematical challenges (rating how difficult it was to solve the problem). This
procedure was suggested by Montague and Applegate (2000) who investigated the link
between the perception of problem difficulty and problem solving performance by students
with learning disabilities.

2. Study Method
2.1 Study participants

The initial study sample included 41 middle school (Grade 6 and 7) English Learners.
Students were recruited from three middle schools in Tucson, Arizona. Students were eligible
for participation in the study if they were identified by the district as an English Learner, were
enrolled in the state-mandated English instruction period, and received written parental
consent to participate. Forty students spoke Spanish as their primary language, and Chinese
was the primary language for the other student.

2.2 Study materials

The study materials included paper booklets printed with eight math word problems: two
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easy-math-easy-English, two easy-math-hard-English, two hard-math-easy-English, and two
hard-math-hard-English problems. The easy math problems involved single-digit addition
and simple multiplication. The difficult math problems involved multi-digit multiplication
and division. The word problems focused on factual information about rare and endangered
animals such as the Giant Panda, Great White Shark, California Condor, and others. One
word problem was printed on each page, and included a small color picture of the animal.
The picture did not include information that could have been used to solve the math problem.

Each word problem was prepared in an easy-English and a hard-English version, with the two
versions appearing in different booklets. For example, an easy math problem would appear
in the easy-English version in one booklet, and the hard-English version in the second
booklet. The text complexity was altered by changing the vocabulary and grammatical
structure of the problem, while holding the overall word count constant. ~ The difficulty of
the word problem text was evaluated automatically by the REAP readability assessment
software developed at Carnegie Mellon University < http://reap.cs.cmu.edu >. REAP
considers both vocabulary frequency and grammatical complexity in its calculations of text
difficulty, and has been established to be more effective than other readability metrics for
relatively short texts (such as math word problems) (Heilman et al., 2008). The word problem
texts were processed by REAP via its online portal, which returned an average readability of
Grade 3 for the easy-English problems, and an average readability of Grade 8 for the
hard-English problems. Examples are included in Appendix A.

2.3 Study procedure

Each student was individually interviewed by one of two researchers, in a session that lasted
about 30 minutes. Interviews were conducted in an empty classroom or office area near the
student’s classroom. Interviews were conducted in English.

When meeting with the student, the interviewer introduced the word problem booklet and
explained that math problems could be difficult because the math was hard, because the
English was difficult to understand, or for both reasons, and that the session goal was to
review the math problems in the booklet and discuss the relative difficulty of the problems.
The student was explicitly told that some problems were easy but others were quite
challenging, that he or she was not necessarily expected to be able to solve them all without
help, and that the interviewer would help the student find the solution if necessary. This
procedure was adopted from prior research on comprehension monitoring, in which students
are enlisted to assist the researcher by pointing out difficulties with understanding
instructional materials (Markman, 1979). This approach is intended to ensure that students
feel comfortable with describing any problems in comprehension.

On each problem, the interviewer read the word problem text out loud as the student followed
along in the text. The interviewer then asked the student to indicate the math operation that
the problem involved, e.g., addition, subtraction, multiplication, division, or something else?
The student’s initial answer was noted at the top of the page. If the student mentioned an
incorrect operation, the interviewer then referred to the key area of the problem and explained
the correct operation. A colored pen was used to mark the key area (e.g., a key word such as
“double” or “average”) in the problem text, which provided a record that a hint had been
provided for that problem. If the student did not agree or said that he or she did not
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understand, the interviewer continued by repeating and expanding the hint, again using a
colored pen. For example, on a problem involving conversion from inches to feet the
interviewer drew a picture to illustrate one foot and then marked off the foot into inches to
show that the answer had to involve multiplication rather than division or some other
operation. The interviewer then noted the correct operation at the top of the page.

Next, the interviewer asked the student to rate the difficulty of the words (meaning how easy
it was to understand what the problem was asking) and the math (meaning how easy he or she
thought it would be to solve the problem). The student used a highlighter to make his or her
rating on a 5-part Likert-type rating scale printed below the problem text.

The student was then asked to solve the problem, working in pencil in an area below the
problem text. If the student did not solve the problem correctly, the interviewer provided
assistance, including helping the student set up the equation if necessary and pointing out
computation errors or misplaced decimals. The interviewer referred to a worked solution in
order to detect errors as the student worked, and used a colored pen to mark the error
locations.

At the end of the interview, the student was asked to look back at the eight word problems in
the booklet and indicate the one that he or she thought was most difficult.

2.4 Scoring

On each problem, the student received a score of 0 or 1 indicating whether the correct math
operation had been identified. The number of hints provided by the interviewer for that
problem was recorded (based on the notations made in colored pen) along with the number of
unfamiliar vocabulary items that the student highlighted in the problem. Hints provided in
the context of identifying the correct operation and setting up the right equation were
considered errors of interpretation, whereas hints provided as the student solved the problem
were to address errors of computation. A score of 0 or 1 was also recorded to indicate if the
student solved the problem without assistance correctly or not.

Students also made two ratings of each problem: one for the perceived difficulty of the math
operation, and the other for the perceived difficulty of the problem text. Ratings ranged
from 1 (“very easy”) to 5 (“very hard”).

Each student completed eight problems, two each for easy-math-easy-English,
easy-math-hard-English, hard-math-easy-English, and hard-math-hard-English. Scores and
ratings were averaged across the two problems in each of these four categories for each
student.

3. Results

3.1 Descriptive statistics for English Learners’ problem solving performance

Mean scores for the math problem solving results (probability of identifying the correct
operation for the problem, the number of hints per problem, and the number of computation
errors per problem) are shown in Table 1. As may be seen in Table 1, students’ scores were

generally best for the easy-text-easy-math problems, and poorest for the hard-text-hard-math
problems.
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Table 1. English Learners’ math problem solving

Math Difficulty Correct Interviewer Computational
Operation Hints Errors
Easy Text Easy Math 0.82 (.27) 0.46 (.47) 1.82 (.74)
Hard Math 0.57 (.40) 0.83 (.63) 1.87 (.87)
Hard Text Easy Math 0.73 (.30) 0.72 (.55) 2.41 (.85)
Hard Math 0.44 (.36) 1.16 (.81) 2.60 (1.01)

Mean scores per problem for probability of identifying the correct operation, number of hints
provided by the interviewer, and number of computational errors. Standard deviations in parentheses.

We conducted two-way repeated measures analyses of variance with text complexity (easy,
hard) and math difficulty (easy, hard) as the repeated factors for each of the three dependent
variables. For correct identification of the required math operation on the problem, the
ANOVA showed a significant main effect for math difficulty, F(1,37) = 21.79, p < 0.001, n> =
0.353. Students were more likely to identify the correct operation on problems that involved
easy math. The main effect associated with text difficulty was also significant, but at a
smaller value, F(1,37) = 4.83, p = 0.034, n* = 0.108. No significant interaction between
factors was observed, F(1,37) = 0.067, p = 0.796, n* = 0.002.

For the number of hints provided by the interviewer as the student solved the problem, the
ANOVA results indicated that there was a significant main effect associated with math
difficulty, F(1,37) = 20.07, p < 0.001, n2 = 0.334. The main effect associated with text
difficulty was also significant F(1,37) = 14.62, p < 0.001, n* = 0.268. No significant
interaction between the factors was observed, F(1,37) =0.18, p = 0.67, n2 =0.005.

The results for the number of computational errors made by the students are reported next.
When a computational error was detected during the problem solving process, the interviewer
noted the error and helped the student to correct it before proceeding. Thus, students could
make more than one error on a problem, but the errors were independent. The ANOVA
indicated that there was a significant main effect for math difficulty, F(1,37) = 46.63, p <
0.001, = 0.538. Not surprisingly, students made more errors on problems that involved
more challenging math operations. There was also a statistically significant, albeit smaller,
main effect associated with the text difficulty of the problems, F(1,37) = 4.14, p = 0.049, n* =
0.094. In addition, there was a significant interaction between math difficulty and text
difficulty, F(1,37) = 4.85, p = 0.034, 0> = 0.108. When students worked on difficult math
problems they made more computational errors when the problems were written in complex
language than they did on the same problems written in relatively easy language. Recall
that these errors included only computation mistakes, as errors regarding the identification of
the correct math operation and setting up the appropriate equation had already been corrected
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by the interviewer.

To summarize: English Learners generally performed best when they solved word problems
written in relatively easy text that involved simple arithmetic operations. Their ability to
identify the type of operation that the problem required was negatively affected by both the
difficulty of the text and the difficulty of the math operation. With regard to computational
errors made as the student actually solved the problem, the poorest performance was
observed for problems with challenging text and difficult math. The overall pattern of
performance was consistent with the predictions of CLT regarding demands on working
memory.

3.2 Descriptive statistics for students’ ratings of problem text and math difficulty

In addition to solving the problems, the students were asked to evaluate each problem in
terms of its apparent difficulty with regard to understanding the text, and performing the
computations. Students used a 5 point Likert-type rating score to record their ratings after
solving each problem. Mean ratings are shown in Table 2.

Table 2. Students’ ratings of math problem text and mathematical difficulty

Math Difficulty Math Rating Text Rating
Easy Text Easy Math 1.37 (.55) 1.82 (.74)

Hard Math 2.10 (1.04) 1.87 (.87)
Hard Text Easy Math 1.37 (.54) 2.41 (.85)

Hard Math 2.54 (.89) 2.60 (1.01)

Mean student rating per problem for math difficulty and text difficulty. Ratings ranged from 1 (“very
easy”) to 5 (“very hard”). Standard deviations in parentheses.

Ratings for how easy it was to understand the problem were analyzed in a two way repeated
measures ANOVA with text difficulty and math difficulty as the repeated factors. There was a
main effect associated with text difficulty, F(1,37) = 41.51, p < 0.001, n* = 0.509, but no
other factors were significant. Thus, students rated problems written in more challenging
text as harder to understand, but math difficulty did not influence their ratings.

Ratings for how difficult the problem was to solve were analyzed in another ANOVA.
There was a main effect of math difficulty, F(1,37) = 71.42, p < 0.001, n* = 0.641. Not
surprisingly, when the math problem involved relatively challenging mathematics (e.g., multi
digit division), students rated it as more difficult to solve than problems involving basic
addition. Interestingly, the analysis also revealed a main effect associated with text
difficulty, F(1,37) = 6.64, p= 0.014, n2 = 0.142. This indicates that when the problem
was written in linguistically complex text, students perceived it to be mathematically more
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challenging than when the same problem was written in simple text. There was also a
significant interaction, F(1,37) = 6.01, p = 0.019, n* = 0.131. Not surprisingly, students
rated problems with both challenging math and complex language as most difficult.

To summarize: The main effects in these analysis indicated that English Learners could
clearly distinguish the sources of difficulty in a problem (text vs. math difficulty). The results
also revealed that students’ impressions of the mathematical difficulty of the problem were
influenced by the complexity of the text: Problems written in harder text appeared to be more
difficult to solve than the same problems presented in easier text. Text difficulty also
influenced students’ choice of the most difficult problem in the booklet: 53% of the sample
chose a hard-math-hard-English problem, 11% chose an easy-math-hard-English problem,
and 36% chose a hard-math-easy-English problem. No student selected an
easy-math-easy-English problem as the most difficult.

3.3 Correlations among dependent variables

Correlations between the dependent variables are shown in Table 3. First, we note that
students’ ratings of the math difficulty of the problems are strongly correlated with the
number of computational errors made on the problems (r = 0.514, p < 0.01). Math difficulty
and text difficulty ratings were correlated, (r = 0.481, p < 0.01), which is consistent with the
finding that linguistic complexity affects students’ perception of the mathematical difficulty
of the problem. The correct operation identification variable correlates negatively at a
medium level with the math difficulty rating variable (r = -0.345, p < 0.01), but only at a
small negative level with the text difficulty rating (r = -0.235, p < 0.01). Because the math
difficulty rating is influenced by the text difficulty, we cannot conclude for certain whether
math or text difficulty has the most influence on students’ ability to identify the correct math
operation.

Table 3. Correlations between dependent variables

Operation Hints Errors Text Rating | Math Rating
Operation 1 0.433%* -0.181* -0.235%* -0.345%*
Hints 1 -0.644** 0.444%* 0.534%*
Errors 1 0.164 0.514%**
Text Rating 1 0.481**
Math Rating 1

Correlation matrix between observed variables for correct operation identification, number of hints,
errors, text rating and math rating. Note: (**) p < 0.01 two-tailed test, (*) p < 0.05 two-tailed test.

Finally, we see that there are medium and large level correlation effects between the number
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of hints required by the students and the other four variables investigated. More hints were
needed if the student could not easily identify the requirements of the problem. The
correlations were positive for math and text difficulty ratings and the number of
computational errors made on the problems.

3.4 Confirmatory factor analysis (CFA)

The results are generally consistent with the predictions of CLT, but no direct measure of
working memory during problem solving performance was included in the study. To
determine if a model based on working memory as a latent variable would be a reasonable
interpretation of the results, a confirmatory factor analysis was conducted using AMOS
package included with SPSS (version 16.0). The principal component analysis performed on
the variables indicated in Table 3 revealed the existence of only one significant eigenvalue
2.64 responsible for 53% of total variance; thus, the Kaiser-Guttman rule would suggest a
unidimensional latent structure. The eigenvalues corresponding to the other four components
were smaller than 1 and they were neglected (Kaiser, 1960). Model 1 has two levels and
contains the latent variable hypothesized to be “Working Memory.” The latent variable is
affected by text and math difficulties and is considered to control the observed variables
“Math difficulty rating” and “Number of computational errors.” In contrast, Model 2
considers that all 4 observed variables are directly controlled by the text and math difficulty
levels of the problems.

.00

nglish Leve Math Level

Working
Memory
English Difficulty Rating Math Difficulty Rating Num Comput Errors Correct Op ID

1 1
.16 11
(&) (&)

Figure 1. Model 1 with Working Memory as a latent variable. CMIN/df = 1.74, GFI = 0.98,
TLI=0.96, CFI=0.99, RMSEA = 0.067.

In Figures 1 and 2 we show the two models that have been compared: Model 1 has two levels
and contains the latent variable called “Working Memory”, which is affected by
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English/Math level difficulties and is considered to control the observed variables “Math
difficulty rating” and “Number of computational errors”. In contrast, Model 2 considers that
all 4 observed variables are directly controlled by the English/Math level difficulties.

.00
ngshLeve

Y

English Difficulty Rating Math Difficulty Rating Num Comput Errors Correct Op ID

1 1
22 A1
€ (&)

Figure 2. Model 2 in which English and Math difficulty levels have direct influence on all the
observed variables CMIN/df = 5.89, GFI = 0.95, TLI = 0.73, CFI = 0.88, RMSEA = 0.17.

Because many fit statistics are possible for the model evaluation, we based our decision on
recommendations made by Hu and Bentler (1999). For the chi-square statistics (CMIN) we
report the chi-square difference between the observed data and the specified model. This
value is influenced by the number of degree of freedom (df), so we also report the value of
chi-square divided by the number of degrees of freedom (CMIN/df) with a value less than 2
indicating a good fit. Next we report the Goodness of Fit Index (GFI), the Tucker—Lewis
coefficient (TLI), and the Bentler Comparative Fit Index (CFI). Following Hu and Bentler
(1999) a value larger than 0.9 for these 3 fit indexes is considered a good fit and a value
larger than 0.95 an excellent fit. We also report the root mean square error of approximation
(RMSEA) for which a value less than 0.05 is considered a good fit and a value less than 0.8 is
considered a reasonable fit (Browne & Cudeck, 1992). A value of RMSEA larger than 0.1 is
an indicator of a poor fit. Finally, the Akaike’s Information Criterion (AIC), which is a
function of both model complexity and goodness of fit will be used for a direct comparison of
the models (the lower the score the better the model). The values for these indexes are
shown in Table 4.
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Table 4. Comparative fit indexes for two proposed models

CMIN | Df CMIN/df | GFI TLI CFI RMSEA | AIC
Model 1 | 10.42 |6 1.74 0.98 0.96 0.99 0.067 54.43
Model 2 | 3532 |6 5.89 0.95 0.73 0.88 0.17 79

Model 1 represents working memory as a latent factor; Model 2 assumes text and math difficulty
influence observed variables directly.

Model 1, which considers the effects of both text and math difficulty on the hypothesized
working memory latent variable, meets the criteria for a very good fit of the experimental
data. The value of CMIN/df = 1.74 is less than 2 and corresponds to a value of p = 0.11 and
so the null hypothesis (which verifies the accuracy of the suggested model) can not be
rejected. The 3 fit indexes considered (GFI, TLI and CFI) are all higher than 0.95 and the
value of RMSEA = 0.067 indicates a reasonable fit. Finally, the AIC value (54.43) indicates
that overall this model performs better than the Model 2. In contrast, the second model,
which does not consider the hypothesized effects of working memory overload, does not
meet all the criteria for a good fit of the experimental data. The value of CMIN/df = 5.89, p <
0.001 leads to the rejection of the null hypothesis, while the values of two of the fit indexes
(TLI and CFI) are below the cut-off value of 0.9. Similarly, the value of RMSEA = 0.17
indicates a poor fit of the data. Thus, the results support the interpretation that students’
problem solving performance was related to a latent factor, hypothesized to be working
memory, that was influenced by the primary manipulations in the experiment (linguistic
complexity and math difficulty of the word problems).

4. Conclusion
4.1 Summary of results in relation to predictions of Cognitive Load Theory

The study was designed to provide an experimental comparison of how linguistic complexity
influenced English Learners’ problem solving on items that involved easy or challenging
mathematics. Hypotheses suggested by Cognitive Load Theory were that students should
perform less well on word problems written with complex language relative to the same
problems written in easier language, and that performance should be weakest on problems
involving both complex language and difficult mathematics. Middle school English
Learners were presented with word problems constructed to vary in math operation (very
easy or relatively challenging) and in the readability of the text (Grade 3 or Grade 8 average
readability).

Consistent with the first hypothesis, the results showed that the English Learners in the study
performed well when the math problems involved easy operations such as simple addition
and multiplication; they solved over 90% of these items correctly. In contrast, their
performance declined when they were asked to solve word problems that involved more
challenging mathematics operations (multi-digit multiplication and division). Students
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solved only about half of these problems correctly. Prior research that had found only
modest or inconsistent effects of linguistic complexity but the language factor had been
confounded with the difficulty of the mathematics operation. The experimental design of the
present study allowed us to document clearly that when the text is relatively difficult to
understand due to higher grammatical complexity and more advanced vocabulary, English
Learners were less successful in problem solving than when the text is written in simplified
English, even though the actual math operation was the same. The negative impact of
difficult text was apparent in multiple measures of problem solving, including students’
ability to identify the appropriate math operation for the problem as well as their ability to
perform the correct computations. Students required more help and made more errors on
problems written in challenging English than similar problems expressed in easy English text,
even when the actual difficulty of the mathematics was held constant.

Results also provided support for the second hypothesis: Students showed the poorest
performance on problems that involved both complex text and relatively difficult
mathematics. Although this result is not particularly surprising, the additive impact of the
language and mathematics factors had not previously been demonstrated. In addition, the
study design allowed us to investigate the impact of linguistic complexity on students’
perceptions of the mathematics of the problem, meaning how difficult it would be to solve.
Students were asked to provide independent ratings of the linguistic complexity and the
mathematical difficulty of each problem. Their ratings varied appropriately, suggesting that
students were sensitive to the variations in the problem characteristics.

The findings are generally consistent with the analysis of Campbell et al. (2007) who pointed
to the additional cognitive demands faced by English Learners when solving math problems
in a non-primary language. However, the conclusions are limited because there was no direct
assessment of the students’ actual working memory capacity or the impact of the problem
characteristics on working memory. The results of the confirmatory factor analysis pointed to
the influence of one latent factor on performance, but we cannot be sure that the latent factor
actually represents students’ working memory. Additional research will be needed to
investigate more directly how the cognitive demands of understanding a math problem
interact with the processes required to solve it.

4.2 Broader implications of the findings

The present study also revealed that linguistic complexity interacts with math difficulty to
influence English Learners’ perception of the problems. More specifically, math problems
written in complex language were rated as mathematically more difficult to solve than the
same problems written in simpler language. These results raise the possibility that when
English Learners are asked to solve math problems that are difficult to understand because of
the text, they may become discouraged because the problem appears harder than it actually is.
This result may help to inform related research on English Learners’ mathematics
self-concept. Some prior work indicates that the relation between prior math performance and
math self-concept is stronger for Hispanic students than White students (Stevens, Olivarez,
Lan & Tallent-Runnels, 2004). Although it was not reported how many of the Hispanic
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students in the Stevens et al. study were English Learners, the present findings suggest that
struggling to solve math problems that appear to be difficult because of the text
characteristics may influence English Learners’ belief that they can do well in math.

The present findings raise an additional concern related to the validity of tests administered to
English Learners. If the language complexity of the problem interferes with English Learners’
ability to make an accurate assessment of its mathematical difficulty, their performance on
achievement tests may be negatively affected. Students might even avoid attempting
problems that they could have solved. Also, if the language of the problem affects students’
ability to identify the operation needed to solve it and increases the probability that they will
make computation errors then the item is assessing more than students’ mathematical
proficiency. Thus, the present results add to other research suggesting that language
complexity may undermine the validity of test items designed to assess mathematical
problem solving when used with English Learners (Abedi, 2004; Kieffer et al., 2009;
Solano-Flores, 2008). Additional research is needed to investigate these issues.
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1. Example of Easy math, easy English problem (Word count: 44; Readability: Grade 4)

The Snow Leopard has a very long tail. It wraps its tail around its face to keep warm. Its
tail and its body are the same length. If its tail is 2 feet long, how many feet long is the
Snow Leopard in all?

2. Example of Easy math, hard English problem (Word count: 42, Readability: Grade 9)

The Snow Leopard has an unusually long tail, which it often uses to shield its face for
warmth. Its tail and body are equivalent in length. If its tail is 2 feet long, what is the total
length of the Snow Leopard?

3. Example of Hard math, easy English problem (Word count: 40, Readability: Grade 3)

There are no Wild Horses living in the wild any more. But there are 2,100 Wild Horses
living in zoos. There are 175 zoos around the world that have Wild Horses. How many
horses does each zoo have on average?

4. Example of Hard math, hard English problem (Word count: 41, Readability: Grade 10)

The Wild Horse species has been extinct in the wild for several decades. However, there are
2,100 Wild Horses in captivity in zoos. If 175 zoos have Wild Horses in their collections,
what is the average number of horses per zoo?
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