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results, p<0.05, for questions #5 (checking answers), #6 (drawing a picture or sketch), #7
(personal rating of basic algebra equation solution ability), #10 (use of correct geometric

shape), and #12 (experience with AWP).
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Chapter 5: Discussion

Formal Research Questions Addressed

Mathematical literacy (ML) is a valued characteristic of individuals in a modern,
global society. Commerce, industry, finance, banking, construction, and education are
several key areas of human enterprise where the need for the consumer to be
mathematically literate is paramount. ML is defined broadly in the International Life
Skills Survey (ILSS) (2000) as “an aggregate of skills, knowledge, beliefs, dispositions,
habits of mind, communication capabilities, and problem solving skills that people need
in order to engage effectively in quantitative situations arising in life and work” (p. 12).
As stated in Principles and Standards for School Mathematics, “Solving problems is not
only a goal of learning mathematics but also a major means of doing so. . . . By learning
problem solving in mathematics, students should acquire ways of thinking, habits of
persistence and curiosity, and confidence in unfamiliar situations™ (NCTM, 2000, p. 52).
The researcher has 45 years of experience in learning and teaching mathematics and has
found in those years numerous examples of students struggling to solve problems of all
types. AWP solutions were observed to be the most difficult for students, as borne out
through the researcher’s extensive teaching experiences in secondary school and college
algebra courses. The current research is the culmination of 45 years of wondering why
students cannot solve AWPs. AWPs were defined within this study as a problem
statement consisting of one or more sentences having some known or unknown values,
with explicitly or implicitly stated relationships between the values.

The primary analyses focused upon determining the degree to which the
participant’s performance in several preliminary tasks associated with AWP solution

impacted the final result—the student obtaining the correct solution to the AWP. The
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researcher suggested eight factors believed to affect student AWP solution performance,
and three of these were the focus of the research. The three factors investigated within
the research were: a) ability to identify written clues indicative of mathematical
operations, b) ability to recognize relational statements between component parts of
written text, and c) ability to translate written text into mathematical equations. Data on
student performance in preliminary task assessments and complete AWP solution were
collected through researcher-prepared instruments. Spearman’s Rank-Order Correlation
values were calculated for the pairwise comparisons of the following: a) OA and CS, b)
RA and CS, and c¢) TA and CS, to address the primary research questions.

The first question related to identification of the operations either implied or
explicitly stated in the AWP context, in order to compose one or more appropriate
equations. The results were that 30.0% of all comparisons between the participant’s
performance in identifying mathematical operations and obtaining a correct AWP
solution were significant at the p<0.05 level. The interpretation is that, of the three
current research questions, the ability of the participant to properly identify mathematical
operations is the most important indicator of eventual success at correctly solving an
AWP. Pape (2004) referred to student difficulties in interpreting operations based upon
the use of consistent or inconsistent language in the AWP context, resulting in reversal
errors (opposite operation used) and mathematical errors (misunderstanding of an
operation). Although the current research did not specifically investigate the frequency
of such errors, research participant performance on Form C for operations identification
was 63.75% correct responses (mean=15.3 out of 24) and 38.10% correct responses for
the pilot study data. The operations were limited to addition, subtraction, multiplication,

and division. A typical algebra textbook contains an explanation of a word or phrase
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indicative of mathematical operations, and Smith, Charles, Dossey, Keedy, and Bittenger
(1990) concluded that students have a weakness in conceptual understanding of some
operations; Alibadi et al. (2009) called for an increased focus upon operation sense,
especially in the early grades. The students involved in the current research were in
Grades 9 through 11. Sowder (1988) documented middle school student difficulties in
identifying which operations should be used. The researcher concluded, based on
evidence of previous studies and this research, that increased emphasis should be placed
upon the teaching and practice of identifying operations as they are referenced in AWP
statements at all grade levels where the student encounters such tasks.

The second question related to recognition of relational statements either implied
or explicitly stated in the AWP context in order to compose one or more appropriate
equations. The results were that 17.2% of all comparisons between the participant’s
performance in recognizing relations and obtaining a correct AWP solution were
significant at the p<0.05 level. Substantial research has concluded that students
encounter difficulty in identifying and comprehending implied or explicitly stated
relations and correctly representing relations in algebraic symbolism (Loftus, 1972; Polya
1957; Reed, 1987; Sternberg, 1985; Yerushalmy, 2006). Carraher (2006), in a study with
fourth graders, determined that the students were able to understand relations between the
processes expressed in story problems, a precursor to formal AWP. The researchers
questioned how and why that early-onset skill at recognizing relations was lost and what
instructional interventions might have taken place to prolong the knowledge and
performance. Moseley and Brenner (2008) determined that 37% of university
engineering students could not write a proper equation to represent and solve the

statement “There are six times as many students as professors at this university” (p. 6).
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This researcher did not explicitly investigate the occurrences of specific types of such
relational recognition errors, such as errors of commission (Hall et al., 1989) and problem
representation errors (Moseley & Brenner, 2008). Future research would supplement the
existing knowledge along these lines of inquiry. Research participant performance on
Form D for recognizing relations was 38.57% correct responses (mean=2.7 out of 7) and
57.83% correct responses for the pilot study data. The rank-order correlations for
recognizing relations were significant in 17.2% of all comparisons and the rank-order
correlations for identifying operations were significant in 30.0% of all comparisons. The
smaller value of 17.2% suggested that, of the three research questions, student ability to
recognize and represent relations is the second most important indicator of eventual
success at correctly solving an AWP.

The third question related to translation of AWP text into equations, which would
be solved using learned manipulative algebraic skills. The results were that 5.7% of all
rank-order comparisons between the student’s performance in translation of text into
equations and obtaining a correct AWP solution were significant at the p<0.05 level. The
correlation value of 5.7%, when interpreted in reference to the earlier values of 30.0% for
operations identification and 17.2% for recognizing relations, suggested that, of the three
research questions, student ability to translate text into equations was the least important
indicator of eventual success at correctly solving an AWP. No less than two-dozen
references addressed the topic of translation of AWP text into symbolic algebraic form,
specifically equations. Polya (1957), Kane (1970), and Mathews (1997) suggested that
the student must first understand the verbal [written] version, a task that is complicated
by the mixture of English language and mathematical language, in order to perform the

very difficult task of translating from a written representation to a symbolic
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representation. The studies referenced also suggested that the acquisition of the student’s
spoken or written language follows naturally with physical and intellectual growth;
whereas, the mathematical language of symbolism and meanings does not develop
without significant learning opportunities. Students typically have had years of natural
language learning but experience an intense focus upon mathematical language (i.e.,
algebraic symbolism) for a few years during secondary school grades. Wollman (1983),
Bernardo (1994), and Clement (1982) concluded that several types of errors commonly
occur during the translation phase. A reversal error is the most common—the student
tries to make the order of the algebraic symbolism match the word order in the text. A
second common error is made when strictly following the syntactical structure of the text
while ignoring the semantic meanings of the words relative to a mathematical context.
Both errors were determined to be critically detrimental to the success of students in
quantitative science courses and mathematics courses in secondary school and college.
Clement (1982), Bernardo (1994), and Travis (1981) determined that students fail to
recall the proper meanings of algebraic symbols, thus they use them incorrectly when
translating text; this foundational misunderstanding provided for at least seven various
types of errors associated with the translation phase. The seeming incongruity of the
volume of research on the topic of translation and the research results from this study
prompt the researcher to suggest that a more precise definition of translation be
developed. The research efforts in this study did not attempt to identify the frequency of
occurrence of the many types of translation-related errors. Research participant
performance on Form E for translating text into equations was 81.25% correct responses
(mean=6.5 out of 8) and 86.81% correct responses for the pilot study data. The higher

percentage was likely due to the simple structure of the assessment questions. For Form
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E the student read a single sentence and selected the corresponding equation from a list of
choices. On Forms C and D, the student had to read multiple sentences and respond with
correct choices, thereby making the task more difficult.

In summary of the three research questions, it is suggested that all three tasks—
operations identification, recognizing relations, and actual translation of text into
equations—are essential to the solution of an AWP. More research is warranted to better
differentiate between the three tasks and to more fully understand the cognitive demands
of each task in order to create instructional materials for student learning and practice in
AWP solution procedures.

Discussion of ANOVA Results

The second part of the current research addressed the potential differences
between genders, ethnicity groups, grade levels, and courses in the overall ability to
correctly solve a selection of AWPs, as measured by the variable CS, the mean score for
four AWP solution efforts. A one-way ANOVA procedure was employed to analyze
participant data. Four separate analyses were performed, one for each of the following
comparisons: 1) female-male, 2) African American-Caucasian-Hispanic, 3) Algebra I-
Algebra I1-PreCalculus, and 4) 9th-10th-11th graders.

The results indicated no significant differences between gender in the ability to
correctly solve AWPs at 0=0.05 level of significance. Fennema (1981) concluded that
females outperformed males in numeration skills at earlier ages but typically fall behind
in performance in higher-level mathematics classes. The current research does not
support that conclusion with respect to the solution of AWPs. Data in Tables F1, F2, F3,
and F4 (Appendix F) indicated that female and males differed by no more than 0.1 on the

OA, RA, and TA means and by only 0.02 on the CS means. Females (N=10) and males
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(N=11) were nearly equally represented in the PAWPS subgroup, with mean CS scores of
1.18 for females and 1.20 for males. Additionally, in the Spearman Rank-Order
Correlation comparisons, females were included in 15 of the 66 (22.73%) significant
cases; whereas, males were included in only 4 of the 66 (6.06%) significant cases, as
determined from data in Tables 8, E1, E2, and E3 (see Appendix E). Halpern, as cited in
Rathus (2010), indicated that females surpass males in verbal ability throughout their
lives, possibly accounting for improved scores on AWP tasks. Current research data on
reading comprehension scores for females and males extracted from Form F results
indicated equal means of 1.32 on a scale of 0-3. The purported female advantage may be
negated by the overall difficulty of the AWP solution task.

The results indicated no significant differences between ethnicity groups in the
ability to correctly solve AWPs at a=0.05 level of significance. Despite the non-
significant hypothesis results, African-American and Hispanic students have
opportunities and challenges for growth in the task of learning to solve AWPs, as their
subgroup means were lower than the ALL means for each of the OA, RA, and CS
measures as seen in Tables F1, F2, F3, and F4 (Appendix F). The TA mean for the
African-American subgroup was also lower than the ALL mean. The means for the
Caucasian subgroup were equal to or higher than the ALL means for each of the four
measures. Bernardo (1999) found, “Students were better at comprehending the problem
text when it was written in the student’s first and most proficient language” (p. 10).
Abedi and Lord (2001) concluded, “English language learners [ELL] scored significantly
lower than proficient speakers of English . . . and modifying the linguistic structure in
math problems can affect student performance” (p. 231). Research data for the reading

comprehension component of the AWP solutions indicated mean scores of 1.23 for
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African-American, 1.34 for Caucasian, and 1.46 for Hispanic subgroups, out of a possible
0-3. Table A2 indicates the Flesch-Kincaid Grade Level Readability Scale (FKR) values
for the seven AWP used in the data collection, and all of the AWP had an FKR value
below 9.2. The potential issue of language-related difficulties was not addressed within
the scope of the current research.

The results indicated a significant difference between grade-level groups in the
ability to correctly solve AWPs at a=0.05 level of significance. The post-hoc Tukey
HSD tests revealed significant differences for the 9th-10th grade comparison and the 9th-
11th grade comparison, but no significant differences for the 10th-11th grade
comparison. Given the significant results, 9th grade students have opportunities and
challenges for growth in the task of learning to solve AWPs, as their subgroup means
were lower than the ALL means for each of the OA, RA, TA, and CS measures as seen in
Tables F1, F2, F3, and F4 (Appendix F). The means for the 10th and 11th grade
subgroups were higher than the ALL means for each of the four measures. Rasmussen
and Marrongelle (2006), Yerushalmy (2006), and Weaver (1992) concluded that the
ability of the student to successfully solve an AWP was directly impacted by the level of
experience and degree of exposure that the student had in solving similar problems, and
students will consequently develop knowledge appropriate to solving AWPSs over time.
Data from Form B, question #12, was used to calculate the mean number of previous
classes in which the participant had been exposed to AWP instruction. The means were
2.04 years, 2.89 years, and 3.21 years for the 9th, 10th, and 11th grade participant
subgroups, respectively. Students having had more experiences with AWPs are expected
to be better at solving them.

Finally, the results indicated a significant difference between the course enrollees
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in the ability to correctly solve AWPs, p<0.05. The post-hoc Tukey HSD tests revealed
significant differences for the Algebra | and Pre-Calculus course comparison and the
Algebra Il and Pre-Calculus course comparison but no significant differences for the
Algebra I and Algebra Il course comparison. Given the significant hypothesis results,
Algebra I course students have opportunities and challenges for growth in the task of
learning to solve AWPSs, as their subgroup means were lower than the ALL means for
each of the OA, RA, TA, and CS measures as seen in Tables F1, F2, F3, and F4
(Appendix F). The means for the Algebra Il course subgroup were higher than the ALL
means for each of the three preliminary assessment measures but lower than the CS
value. Similar comments regarding experience are relevant to the rationale for course
level differences but are not repeated here. The data collection was scheduled during the
school calendar to follow the conclusion of the teaching of the chapter material for AWP
solution procedures, and participants in the Algebra | classes had within the prior week
completed study of AWPs. The textbook material included discussion of similar AWPs
as were used in the research data collection, but participant AWP solution performance
was poor to marginal, prompting a concern on the part of the researcher regarding the
degree of emphasis being placed on the instruction of AWPs. Vernooy (1997)
commented,
Some students are going their entire grade school and high school careers without
being required to learn to do word problems. Even their teachers tell them that
‘story problems are just too hard,” or ‘that nobody can do word problems,’ and
skip over the material. (p. 6)
In summary of the ANOVA procedures, non-significant results were found for both

gender and ethnicity comparisons, and statistically significant results were determined for
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both grade-level and course enrollment.
Discussion of the Characteristics of a Proficient AWP Solver

The selection of a participant to be designated as a proficient AWP solver
(PAWPS) was based on two criteria: first, the participant’s CS score must be in the top
20% of the complete participant group (N=163) and second, the participant must have
used algebra processes in the solution of at least two of the four AWPs completed. Only
32 participants satisfied both criteria. Prior commentary has dealt with the advantage of
experience as a factor determining potential AWP solving success. The data in Table 6
indicated that females and males were fairly equally represented among the PAWPS
subgroup and in relative proportion to the ALL group for gender composition. African-
American students were under-represented, Hispanic students were fairly equally-
represented, and Caucasian students were over-represented, as compared to the ALL
group composition. Ninth graders were under-represented, 10th graders were over-
represented, and 11th graders were over-represented, in comparison to the ALL group.
Algebra | students comprised the same subgroup as 9th graders, having a decrease.
Algebra 11 students were slightly lower and Pre-calculus students were over-represented,
as compared to the ALL group.

A second aspect of the PAWPS groups was determined from the performance
values for the three assessments on Forms C, D, and E, as well as the AWP correct
solution mean, CS. The PAWPS subgroup scored higher than the ALL group on all four
measurements, OA, RA, TA, and CS, as indicated in Table 7. In particular, the
coefficient of variation (CVV=SD/M) for the PAWPS subgroup is lower than the
comparable ALL measure. The boxplots in Figure 2 provided a visual of the differences

between the ALL and PAWPS groups. For the OA and RA measures, the PAWPS upper
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75% exceed the lower 50% of the ALL group. The difference was not as dramatic for the
TA measure, with the PAWPS upper 75% exceeding approximately 40% of the ALL
group. The most dramatic result is shown in the CS boxplots, as 100% of the PAWPS
group scored higher than nearly 80% of the ALL group.

The third discussion topic concerned the strategies utilized by the PAWPS
subgroup to solve the AWPs. Specifically, the researcher considered whether the effort
was exclusively algebra-based (ALG), a mixture of algebra and trial-and-error (TeA),
entirely trial-and-error (TE), or no effort (NE) extended to solve the AWP. In addition,
the researcher noted whether or not the participant obtained a correct solution to the
AWP. Table 8 provided data on the CS score as related to the strategy employed and the
correct/incorrect solution status indicated as a Y or N. As prescribed in the criteria for
PAWPS selection, the student had to attempt an algebra-based solution for at least two of
the four AWPs attempted. The data indicated the use of algebra or TeA strategy in
exactly 50.0% of the 128 attempts. A correct solution was obtained in 70.2% of those
attempts. Although a reading of the seven selected AWPs suggested that a TE solution
strategy would probably be satisfactory, close examination of the solution efforts of 163
participants on four separate AWPs (4x163=652 AWP) indicated that the initial steps
toward a TeA or TE solution quickly deteriorated into guessing at the solution.
Examination of the data in Table 8 indicated that as reliance upon an algebra-based
strategy lessened, then the likelihood of a higher CS value diminished. Calculations
based on data for algebra or TeA solutions compared to TE or NE solutions provided that
the algebra and TeA mean CS score was 1.27, compared to 1.11 for the TE or NE values.
The values for CS were based on a 0-2 scale.

Table 9 demonstrated the differences between the ALL and PAWPS groups for
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AWP solution strategy and Y or N correct solution as referenced by the actual problem
being solved. The last column indicated that PAWPS students had a higher percentage of
correct solutions and a lower percentage of incorrect solutions than the ALL group over
all types of AWPs. The summary values showed correct solutions by the PAWPS group
in 60.16% of all AWPs attempted and only 39.84% incorrect solutions. PAWPS were
nearly three times as likely to obtain a correct solution (60.16/22.24=2.71) and obtained
an incorrect solution in only one-half of their attempts (39.84/77.76=1.95).

In summary, the PAWPS subgroup outperformed the ALL group in nearly every
comparison, yet the PAWPS subgroup was a suitable cross-section of the complete
participant group.

Discussion of Participant Mathematical Learning Style Comparisons

The results of the ANOVA procedures indicated significant differences in CS
values for the comparisons between PAWPS and non-PAWPS, between grade levels, and
between course enrollments. The final discussion topic examined the participant
responses on Form B, Mathematical Learning Style Survey (MLSS), in order to
determine any experiences or strategies that positively impacted the AWP solution
performance of the significantly different groups. Tables G1, G2, and G3 (Appendix G)
provided data on the responses of the participants, separated by subgroup identifier, for
the 17 questions on the MLSS. The results of the chi-square Test of Independence
conducted for the three comparisons were previously mentioned. Responses deemed
relevant to the differences between the non-PAWPS and PAWPS groups were from
questions #5, #6, #7, #8, #10, #12, #13, and #14. For #5, 65.6% of PAWPS indicated
they always or frequently checked the answer they obtained to determine the correctness

of the proposed solution, but only 41.2% of non-PAWPS reported the same. For #6,
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46.9% of PAWPS reported they always or frequently draw a sketch or picture when
solving an AWP, but only 20.6% of non-PAWPS reported the same. For #7, 93.75% of
PAWPS students rated their basic equation solving ability as a 4 or 5 (0-5 scale), but only
69.47% of non-PAWPS students provided similar ratings. For #8, 90.63% of PAWPS
reported the use of a formula as always or frequently, but only 64.89% of non-PAWPS
reported similar responses. The importance of the formula use is that the formula
becomes the pattern for the creation for the equation used to solve the AWP. Without the
formula as a pattern, the student is guessing at the appropriate relationship between the
static or dynamic quantities in the problem statement. Nathan et al. (1992) and Travis
(1981) concluded that the ability to access relevant long-term memory, such as
previously-worked problems, action schemata, and problem representation was crucial to
the overall success in solving an AWP. Students are required to recall formulas for
distance, concentrations, perimeter, area, etc. as AWPs are attempted. For #10, 90.63%
of the PAWPS students always or frequently selected the appropriate geometric sketch
when necessary, but only 76.34% of the non-PAWPS students reported the same.
Battista (1990) suggested that spatial visualization is an important factor in geometry
achievement and geometric problem solving for both males and females, but the genders
did not differ in their use of geometric problem-solving strategies. This is supported by
the inclusion of nearly equal percentages of males and females in the PAWPS subgroup.
For #12, 68.75% of PAWPS reported that their currently enrolled course was the third or
fourth time where AWPs were taught or discussed, but only 41.22% of non-PAWPS
reported similar responses. For #13, 84.38% of PAWPS reported that they always or
frequently used a chart or table to help solve an AWP, but only 55.73% of the non-

PAWPS reported the same responses. For #14, 68.75% of PAWPS reported that they
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find it very easy or easy to identify the relationships between different parts of the AWP,
but only 51.91% of the non-PAWPS reported the same. The responses were recorded in
Table 10.

Responses which were deemed relevant to the differences between the grade-level
groups were from questions #5, #6, #7, #10, #12, and #13. The ANOVA procedures
conducted on the grade levels indicated equality of 10th and 11th, with 9th being less
than both 10th and 11th. Table 10 provided supplemental evidence for the ANOVA
results as it was noted that all percentages for 9th graders were less than the percentages
for 10th and 11th graders.

Responses deemed relevant to the differences between students enrolled in
different courses were from questions #5, #6, #7, #10, and #12. The ANOVA procedures
conducted on the course enrollees indicated equality of Algebra | and Algebra I1, with
both Algebra | and Algebra Il being less than Pre-Calculus. Table 10 provided
supplemental evidence for the ANOVA results as it is seen that all percentages for
Algebra | are less than the percentages for Pre-Calculus. For # 7, solving basic algebra
equations and #10, correct geometry shape, Algebra Il was higher than Pre-Calculus but
lower for the remaining comparisons. The issue was possibly confounded by the

existence of both 10th and 11th graders in the Algebra Il course.
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Table 10

Comparison of Subgroup MLSS Responses, Indicated as Percents

Question PAWPS vs 9" vs 10" vs 11th Alg I vs Alg Il vs
Non PAWPS PreCalc

#5 Always or Frequently  65.6 41.2 36.3 63.2 286 36.3 73.0 61.1
check answers

#6 Always or Frequently  46.9 20.6 11.8 579 452 1138 54.1 55.6
draw picture or sketch

#7 Rate ability to solve 93.8 69.5 70.6 947 738 706 919 833
basis alg egs (4 or 5)

#8 Always or Frequently  90.6 64.9 na na na na na na
use a formula with AWP

#10 Always or frequently  90.6 76.3 68.6 947 976 68.6 97.6 94.4
select correct geom shape

#12 Years of experience  68.8 41.2 23.5 842 857 235 81.0 100.0
with AWP (3 or 4)

#13 Always or Frequently 84.4 55.7 55.9 737 691 na na na
use table or chart

#14 Very easy oreasy to  68.8 51.9 na na na na na na
identify relationships in
AWP

Contributions to the Literature

The primary contribution of this research to the existing literature is the
determination of two preliminary tasks, operations identification and recognition of
relationships, which must be proficiently performed by the AWP solver within the overall
translation phase. The research results suggested that both operations identification and
recognition of relations were more highly and significantly correlated to overall AWP
solution success than the basic translation task.

Secondly, the lack of significant correlations based on gender or ethnicity
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supports the notion that all students are equally capable of success at solving AWPs,
given appropriate instruction and practice. Thirdly, characteristics and strategies that
separate proficient and non-proficient AWP solvers were identified. The researcher
suggests identifying and implementing modifications to AWP solving instruction in
Algebra I and Algebra Il with the goal of developing similar problem-solving
characteristics in mathematics students.
Limitations

All 9th-grade Algebra | classroom teachers had covered at least one chapter on
AWP solution methods prior to the research data collection. A primary limitation of the
current research relates to the variety of AWPs studied during the actual classroom
instruction. The classroom teachers completed an informal questionnaire to determine
which of the seven AWPs had actually been taught within the chapter, and several
teachers indicated a likelihood that their students would not be familiar with each and
every specific AWP used for data collection. This fact may account for some lower
estimates of AWP solving ability within the Algebra I/9th grade group. As indicated
previously, Algebra Il and Pre-Calculus participants performed better than Algebra |
participants, having had more experience with AWPs. Secondly, participant subgroups
from neighboring states were not utilized due to time constraints and school supervisory
personnel refusal to allow participation. Thirdly, beyond the three represented ethnic
groups, there were no participants of other major ethnic groups.
Delimitations

The design of this study did limit the participant base to South Carolina public
high school students in one school district, for voluntary and involuntary reasons, as

indicated above. Although Algebra I instruction does occur for some advanced students
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as early as eighth grade, the research included only those participants within senior high
school mathematics classrooms from 9th grade and beyond. Participants in Calculus
classrooms were not included due to the lack of similar AWP content within that course,
per researcher teaching experience. Also, there was no effort to include exceptionally
low-level mathematics ability participants, due to perceived deficiencies in basic
mathematics ability, such as reading comprehension and computational proficiency. The
reduction of the number of AWP types used in the research study from 15 to seven was
done to eliminate the AWPs that had implied references to operations and relations.
These two items were an essential piece of the data collection instruments and analyses;
hence AWP without explicit references to operations and/or relations were not used.
Considerations for Future Research

The researcher encourages future studies by interested parties. One area for
further study would be to investigate AWP solving proficiency for the other eight AWPs
listed in Table A1, which were not used in the current study. Data on student ability to
effectively handle implicit references within AWP context may further emphasize the
efforts of the Common Core State Standards for English Language Arts. The current
research suggests that additional work needs to be done in order to better prepare students
for the tasks of understanding and handling written narratives within mathematical
contexts. A second area for research could extend the current research to other major
ethnic groups; interesting comparisons might be made between student proficiency for

Factors 2, 4, and 6 for AWPs expressed in their native languages.
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Problem Label  Problem Type and Statement Source
Geometry Problem: Bluman
The perimeter of a rectangle is 52 inches. If the length (2005, p.
RECTANGLE s 10 inches less than twice the width, find its 245)
dimensions.
Sterling
SUM Number Problems: The sum of four consecutive odd (2008, p.
numbers is 64. What are the numbers? 163)
Number Problems: The product of two integers is 48,  Sterling
INTEGER and one of the integers is two less than the other. What (2008, p.
are the two integers? 156)
Age Problems: A woman is 6 years older than 5 times ~ Vernooy
AGE her house’s age. The sum of the owner’s age and the (1997, p.
house’s age is 48 years. How old is the house? 103)
Coin Problem: Jenny’s coin purse contains 28 coins, all ~ Vernooy
COIN nickels and quarters. The value of the coins is $2.40. (1997, p.
How many of each kind does she have? 16)
Rate, Time and Distance Problems: A jet plane Original
traveled with the wind for 240 miles, then turned problem
around and flew against the wind for 192 miles. The
WIND two parts of the trip took an equal amount of time. The
speed of the jet in still air is 360 mph. What is the
speed of the wind?
Rate, Time and Distance Problems: Bob McGorkle left Vernooy
for a bicycle trip at 8:00AM, cycling at 12mph. Penny (1997, p.
DISTANCE Jarkle followed Bob 30 minutes later, leaving from the ~ 22)
same point, and caught up with him at 10:30AM. How
fast was Penny going?
Multi-digit Integer Problems: The sum of the digits of ~ Vernooy
a two-digit number is 11. If the digits are reversed, the (1997, p.
MULTI new number will be 45 less than the original. What is 19)

the number?
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Solution to AREA Problem
(0)
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Form C

Mathematical Operation Identification

Directions: The following questions ask you to identify the mathematical operations
which would be used to write an equation to solve an algebra word problem. Read each
question statement carefully. Circle the word(s) or phrase(s) in the statement which help
you decide and write the symbol for the operation below the words. DO NOT try to
solve the problem.

1. One number is 5 times larger than another number. Their sum is 60.

What are the two numbers?

2. Josey worked a total of 39 hours in 1 week. She worked half as many overtime

hours as she worked regular hours. How many overtime hours did she work?

3. After 7 weeks at the exercise club, Nancy could lift 70 pounds. This is 10 pounds
more than twice what she could lift before joining the club. How much could Nancy

lift before joining the club?

4. Alice lives 57 miles from Grandma’s house, and Rex lives 83 miles from Grandma’s
house. How many fewer miles from Grandma does Alice live than Rex?

5. Two numbers are in a ratio of 4 to 7. The sum of the two numbers is 220. Find the
numbers.

6. One side of a triangle is half the length of the longest side. The third side is 9 inches

less than the longest side. The perimeter of the triangle is 196 inches. How long is

each side?

7. A piece of pipe is 26 feet long. The pipe must be cut so that one piece is 6 feet shorter

than the other. What are the lengths of the two pieces after it is cut?
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Form D
Recognizing Relational Statements

Directions: The following questions require you to identify sentences of the algebra
word problem which indicate relationships between persons or objects mentioned in the
problem. You are to select the most appropriate mathematical expression or equation
which represents a relational statement. Write the portion of the word problem which
matches your choice, next to your response. Read each question statement carefully. DO
NOT work the problem.

1. Michael is 3 years older than his brother Nick. In two years, he will be twice as old as
Nick. How old is Nick? (pg 33, SWP)

a M+3=N
b) M+2=2N
c) M=N+3

d M+2=2N+2

2. Three consecutive odd integers add up to 759. What are the integers? (pg 50, SWP)
a) X+ (x+1) + (x+2) =759

b) x + (x+2) + (x+4) =759

c) X(x+1)(x+2)=759

d 7+5+9=x

3. A dairy store sold a total of 80 ice cream sandwiches and ice cream bars. If the
sandwiches cost $0.69 each and the bars cost $0.75 each and the store made $58.08, find
the number of each sold. (pg 112, MWPd)

a) S=0.69
b) 0.69S + 0.75B = 80

c) 0.69S +0.75B =58.08
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4. The length of a rectangle is 5 feet more than the width. The perimeter of the rectangle
is 58 feet. Find the width of the rectangle. (p538, ACS TB, #141)
a) W=L+5
b) L+W =58
c) LW =58

d) L=W+5

5. Peg walks 10 miles in the same time that Mae walks 6 miles. If Peg walks 1 mile per
hour less than twice Mae’s rate, what is the rate at which Peg walks? (p541, ASC TB,
#177)

a) P+10=M-6
b) P=2M -1
c) M=P-10

d) M=2P +1

6. Judy has $20,000 to invest. She plans to invest part at 5% in Bank A, with the
remainder invested at 6% in Bank B. Find the amount invested at each rate if the total
annual interest income is $1060. (p539, ACS TB, #158)

a) A + B = 1060.
b) 20000 = 0.05A + 0.06B

c) A+ B =20000

7. The perimeter of a triangle is 70 centimeters. Two sides (A and B) of the triangle
have the same length. The third side (C) is 7 centimeters longer than either of the equal
sides. Find the length of the equal sides of the triangle. (p539, ACS TB, #151)

a) A+B-C=70
by A+B+7=C

c) C=A+7
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Form E
Translating Written Text into Mathematical Sentences

Read each of the following written statements to decide and select which of the responses
is the most correct matching mathematical sentence. DO NOT solve the problem.

1. The sum of a number and 7 is 76.
a) N=7+76
b) n+7=76

C) Nn—-76=7

2. If twice a number is decreased by 3 the result is 25.
a) x-3=25

b) x+3=25

c) 2x-3=25

d) 2x/3=25

3. The quotient of a number and 7 is 6.
a) nf[7T=6
b) Tn=6
c) nl6=7

d) 7/n=6

4. Twice a number is 3 times the sum of the number and 7.
a) 2Xx+3=x+7
b) 2x =3(x +7)

c) 3x+7=2x
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5. 18 minus a number is equal to the number times 4.
a) n—18=4n

b) 18 —n=4n

d) 4n=18n

6. The difference between 10 and a number is 7.
a) x-10=7

b) 10-x=7

c) 10x=7

d) 10/x=7

7. If twice a number is added to 40, the result is the number decreased by 7.
a) 2n+40-7=0

b) 40 +2n=2n-7

c) 40+2n=n-7

d) n/2+40=7-n

8. 30% of the sum of a number and 8 is 5.
a) 0.30n+8=5

b) 0.30 (n+8)=10.30(5)

c) 0.30(n+8=5)

d) 0.30(n+8)=5
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Form F

Student AWP Solutions

Directions: You will be given four randomly chosen AWP to solve. You are to use a
separate sheet of Form F for each problem. Prepare a complete solution for each
problem. Show each solution on a separate answer sheet.
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Appendix D

Form G: Student AWP Solution Scoring Rubric
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Form G
Student AWP Solution Scoring Rubric

Directions: The rubric design is based on the eight student factors that are suggested in
the current study as being essential to complete AWP solutions. Each participant solution
effort will be scored using the rubric below. Note: Not every AWP has identical steps,
but there are some commonalities. Scoring emphasis will be on completeness and
correctness of the solution effort and on the existence of steps and procedures relevant to
the three factors identified as research goals. The rubric score should reflect the extent to
which the prepared solution evidences the student’s ability, as measured by the eight
factors. A four point Likert-type scale is used:

0 = no effort or no evidence of use of the factor in the solution process

1 = minimal effort or evidence of use, but with significant errors or misuse
2 = definite evidence of factor use, but with minor errors

3 = definite evidence of factor use, properly applied within correct solution

Student Ability Factor Participant AWP Solution Scoring

Rectangle Area Integer Age Coin Costs Sum

1: Reading
Comprehension

2: ldentifying Operation
Clues

3: Use of Sketch

4: Recognizing
Relational Statements

5: Formula Selection

6: Translation of Text to
Equation

7: Equation Solving

8: Check Solution

Trial and Error OR
Algebra Solution

Correct Solution
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Appendix E
Table E1: Rank-order Correlations for 2-Variable Participant Subgroups
Table E2: Rank-order Correlations for 3-Variable Participant Subgroups

Table E3: Rank-order Correlations for 4-Variable Participant Subgroups



Table E1

Rank-order Correlations for 2-Variable Participant Subgroups
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Participant Scores being Analyzed, Rank-order Correlation Coefs

Operations Recognizing Relations Translating Text &
Identification & Correct & Correct Solutions Correct Solutions
Subgroups N Solutions (RA & CS) (TA&CS)
(OA & CS)
F A 27 0.651** 0.130 0.231
F C 59 0.379** 0.397** 0.196
F H 6 0.092 0.575 0.220
M A 19 0.295 -0.144 0.189
M C 45 0.344* 0.291 0.153
M H 7 0.397 0.039 -0.546
F N/O 52 0.400** 0.302* 0.108
F T 10 0.470 0.303 0.264
F E 30 0.489** 0.334 0.182
M N/O 50 0.330* 0.068 0.106
M T 9 0.254 0.645 -0.582
M E 12 0.406 -0.083 0.611*
F S 31 0.498** 0.234 0.333
F P 9 -0.215 -0.155 0.064
M S 12 0.219 0.523 -0.512
M P 9 0.579 -0.570 0.585
A N/O 36 0.540** -0.078 0.108
A E 9 0.279 0.093 0.452
c N/0 54 0.270* 0.381** 0.154
c T 18 0.294 0.409 -0.229
c E 32 0.382* 0.277 0.262
H N/O 12 0.279 0.075 -0.185
A S 9 0.398 0.302 0.599
c S 33 0.332 0.313 -0.021
c P 17 0.195 -0.290 0.297
S T 19 0.366 0.482* -0.140
S E 24 0.357 0.021 0.179
P E 18 0.216 -0.294 0.307
p<0.01 6 (21.4) 2(7.1) 0
Cases (%)  p<0.05 4 (14.3) 2(7.1) 1(3.6)
NS 18 (64.3) 24 (85.8) 27 (96.4)

Note: Correlations significant at p<0.01 ** or 0.01< p < 0.05 *. The subgroup identifiers are F=Female,

M=Male, A=African American, C=Caucasian, H=Hispanic, N/O=9th grade/Algebra I, T=10th grade,

E=11th grade, S=Algebra Il, and P=Pre-Calculus. A 2-variable example would be “Female and Hispanic”,

denoted as FH.



Table E2

Rank-order Correlations for 3-Variable Participant Subgroups
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Participant Scores being Analyzed, Rank-order Correlation Coefs

Operations Recognizing Relations Translating Text &
Identification & Correct & Correct Solutions Correct Solutions
Subgroups N Solutions (RA&CS) (TA&CS)
(OA & CS)
F A NO 20 0.618 -0.109 -0.002
F A E 6 0.726 0.302 0.726
F C N/O 27 0.257 0.539* 0.125
F C T 9 0.321 0.057 0.201
F C E 23 0.404 0.293 0.103
FE H NO 5 0.229 0.395 0.645
M A N/O 16 0.449 -0.012 0.260
M C N/O 27 0.292 0.134 0.172
M C T 0.254 0.645 -0.582
M C E 0.579 -0.570 0.585
M H N/O 0.397 0.039 -0.546
FE A S 0.820* 0.470 0.826*
F C S 24 0.380 0.071 0.224
F C P -0.346 -0.132 0.065
M C S 0.254 0.645 -0.582
M C P 0.579 -0.570 0.585
F T S 10 0.470 0.303 0.264
F E S 21 0.448* 0.090 0.220
[= E P -0.215 -0.155 0.064
M T S 0.254 0.645 -0.582
M E P 0.579 -0.570 0.585
A E S 0.173 -0.057 0.423
c T S 18 0.294 0.409 -0.229
cC E S 15 0.343 -0.069 0.092
C E P 17 0.195 -0.290 0.297
E A NO 20 0.618 -0.109 -0.002
FE A E 6 0.726 0.302 0.726
[= C N/O 27 0.257 0.539 0.125
p<0.01 1(4.0) 1(4.0) 0
Cases (%) p<0.05 2(8.0) 0 1(4.0)
NS 22 (88.0) 24 (96.0) 24 (96.0)

Note: Correlations significant at p<0.01 ** or 0.01< p < 0.05 *. The subgroup identifiers are F=Female,
M=Male, A=African American, C=Caucasian, H=Hispanic, N/O=9th grade/Algebra I, T=10th grade,
E=11th grade, S=Algebra Il, and P=Pre-Calculus. A 3-variable example would be “Female, Caucasian and

Eleventh,” denoted as FCE.



Table E3

Rank-order Correlations for 4-Variable Participant Subgroups
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Participant Scores being Analyzed, Rank-order Correlation Coefs

Operations Identification Recognizing Translating Text &
& Correct Solutions Relations & Correct Correct Solutions
Subgroups N (OA & CS) Solutions (TA&CS)
(RA&CS)
F A E S 5 0.645 0.000 0.740
F C T S 9 0.321 0.057 0.201
F C E S 15 0.343 -0.069 0.092
F C E P 8 -0.346 -0.132 0.065
M C T S 9 0.254 0.645 -0.582
M C E P 9 0.579 -0.570 0.585
p<0.01 0 0 0
Cases (%)
p<0.05 0 0 0
NS 6 (100.0) 6 (100.0) 6 (100.0)
p<0.01 14 (20.0) 6 (8.6) 0
Total Cases (Pct)  p<0.05 7 (10.0) 6 (8.6) 4 (5.7)
NS 49 (70.0) 58 (82.8) 66 (94.3)

Note: Correlations significant at p<0.01 ** or 0.01< p < 0.05 *. The subgroup identifiers are F=Female,
M=Male, A=African American, C=Caucasian, H=Hispanic, N/O=9th grade/Algebra I, T=10th grade,
E=11th grade, S=Algebra Il, and P=Pre-Calculus. A 4-variable example would be “Male, Caucasian,
Tenth, and Algebra 11, denoted as MCTS.
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Appendix F
Table F1: Statistics for Mean Correct Score CS, on Form F, by Participant Subgroups

Table F2: Statistics for Total Number Correct OA, on Form C, by Participant Subgroups
Table F3: Statistics for Total Number Correct RA, on Form D, by Participant Subgroups

Table F4: Statistics for Total Number Correct TA, on Form E, by Participant Subgroups



Table F1

Statistics for Mean Correct Score CS, on Form F, by Participant Subgroups
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Subgroup N Pct Mean S.D.  Min 1st Med 3" Max
Quartile Quartile
ALL 163 100.0 0.44 0.46 0 0.50 2.00
Female 92 56.4 0.42 0.44 0 0 0.50 0.50 1.50
Male 71 44.6 0.46 0.48 0 0 0.50 0.50 2.00
Afr Amer 46 28.2 0.32 0.35 0 0 0.25 0.50 1.50
Caucasian 104 63.8 0.49 0.50 0 0 0.50 0.94 2.00
Hispanic 13 8.0 0.42 0.33 0 0.13 0.50 0.50 1.00
Algebra | 102 62.6 0.34 0.38 0 0 0.25 0.50 1.50
Algebra 11 43 26.4 0.46 0.44 0 0.25 0.50 1.00 1.50
Pre-Calculus 18 11.0 0.94 0.56 0 0 1.00 1.00 2.00
oth grade 102 62.6 0.34 0.38 0 0 0.25 0.50 1.50
10th grade 19 11.6 0.63 0.50 0 0 0.50 0.50 1.50
11th grade 42 25.8 0.59 0.54 0 0.50 0.50 1.31 2.00




Table F2

Statistics for Total Number Correct OA, on Form C, by Participant Subgroups
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Subgroup N Pct Mean S.D. Min 1st Med 3rd Max
Quartile Quartile
ALL 163 100.0 15.3 4.97 0 14 16 19 24
Female 92 56.4 15.2 481 0 13.5 16 19 24
Male 71 44.6 15.3 5.20 0 135 16 19 22
Afr Amer 46 28.2 13.8 5.65 0 12 14 18 21
Caucasian 104 63.8 15.9 4.70 0 14 16 20 24
Hispanic 13 8.0 151 3.38 8 14 16 18 19
Algebra | 102 62.6 14.3 5.40 0 10 15.5 19 22
Algebra Il 43 26.4 16.1 3.76 3 14 16 18 22
Pre-Calculus 18 11.0 18.4 2.94 13 16 18 20 24
9th grade 102 62.6 14.3 5.40 0 10 15.5 19 22
10th grade 19 11.6 17.7 2.77 11 16 18 20 22
11th grade 42 25.8 16.4 3.98 3 14 16 20 24
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Table F3

Statistics for Total Number Correct RA, on Form D, by Participant Subgroups

Subgroup N Pct Mean S.D. Min 1st Med 3rd Max
Quartile Quartile

ALL 163 100.0 2.7 1.30 0 2 3 4 6
Female 92 56.4 2.7 1.32 0 2 3 4 6
Male 71 44.6 2.9 1.27 0 2 3 4 6
Afr Amer 46 28.2 25 1.39 0 2 2 4 6
Caucasian 104 63.8 2.9 1.26 0 2 3 4 6
Hispanic 13 8.0 24 1.12 0 2 2 3 4
Algebra 102 62.6 2.6 1.21 0 2 2 3 6
Algebra 1l 43 26.4 2.7 1.46 0 2 3 3 6
Pre-Calculus 18 11.0 3.8 0.94 2 4 4 4 5
9th grade 102 62.6 2.6 1.21 0 2 2 3 6
10th grade 19 11.6 3.3 1.38 1 25 3 4 6

11th grade 42 25.8 2.8 1.43 0 2 3 4 6
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Table F4

Statistics for Total Number Correct TA, on Form E, by Participant Subgroups

Subgroup N Pct Mean S.D. Min 1st Med 3rd Max
Quartile Quartile

ALL 163 100.0 6.5 1.41 2 6 7 8 8
Female 92 56.4 6.5 1.45 2 6 7 8 8
Male 71 44.6 6.5 1.36 2 6 7 8 8
Afr Amer 46 28.2 6.4 1.27 2 6 7 7 8
Caucasian 104 63.8 6.5 1.47 2 6 7 8 8
Hispanic 13 8.0 7.1 1.32 3 7 7 8 8
Algebra 102 62.6 6.4 1.44 2 5 7 7 8
Algebra Il 43 26.4 6.8 1.25 4 6 7 8 8
Pre-Calculus 18 11.0 7.0 1.46 2 7 7 8 8
9th grade 102 62.6 6.4 1.44 2 5 7 7 8
10th grade 19 11.6 7.1 1.22 4 6 8 8 8

11th grade 42 25.8 6.7 1.35 2 6 7 8 8
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Appendix G
Table G1: Distribution of PAWPS and Non-PAWPS Participant Responses on Form B
Table G2: Distribution of Grade-level Participant Responses on Form B

Table G3: Distribution of Course Participant Responses on Form B
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Table G1

Distribution of PAWPS and Non-PAWPS Participant Responses, Form B

Question Number and Statement Subgrps Response Level

0 1 2 3 4 5 6 7

PAWPS 2 10 | 20
1. | find algebra word problems to be (less, as, more) difficult to

solve than a regular equation problem Non- 12 40 | 79
PAWPS
PAWPS 1 | 13118
2. lread an algebra word problem (one, two, more than two) times
before trying to solve the problem. Non- 6 55 | 70
PAWPS

3. When I read an algebra word problem, | am (always, sometimes, PAWPS S 21

never) able to identify the right math operation referred to in the

bl Non- 9 117 | 4 1
problem. PAWPS
PAWPS 1 5 (15|10 | 1
4. Please rate your ability to correctly solve AWP, using the numbers
0,1,2,3,4,5 with O=very poor and 5=very good. Non- 2 4 |37 (63|22 3
PAWPS

PAWPS 8 13 9 2
5. | (always, frequently, sometimes, never) check my answers to

math problems to find out if they are correct. Non- 16 38 | 67 | 10
PAWPS

PAWPS 4 11 9 8
6. | (always, frequently, seldom, never) draw a picture or sketch

when trying to solve an algebra word problem. Non- 6 21 | 63 | 41
PAWPS
PAWPS 1 1 ]2 |10
7. Please rate your ability to correctly solve basic algebra equations,
using the numbers 0,1,2,3,4,5 with O=very poor and 5=very good. Non- 1 9 [ 30|65 26
PAWPS
8. | (always, frequently, seldom, never) use a formula when solving PAWPS 8 21 | 13
an algebra word problem.
Non- 19 66 | 41 | 5
PAWPS
9. Learning mathematics is easier for me when | can _ (select all that none a b c | ab | ac | bc | abc
apply)
PAWPS 4 8 11121 4 2

a. hear the words of the problem explained to me

b. see a picture, diagram, or sketch which illustrates the problem, c. Non- 26 | 27| 8 | 31| 8 |13 | 18
use objects to count, build, or manipulate. PAWPS
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a b c
Summary of #9 responses PAWPS 19 26 18
Non- 83 89 | 47
PAWPS
10. When an algebra word problem mentions a geometric shape- PAWPS 15 14 3
such as a circle, rectangle, or triangle, | (always, frequently, seldom,
never) select the correct shape. Non- 50 50 | 30
PAWPS
11. When reading and solving an algebra word problem, I find it PAWPS 1 21 8
(very easy, easy, difficult, very difficult) to write a correct equation to
use to solve the problem. Non- 4 58 62
PAWPS
PAWPS 5 5
12. My current math class is the (first, second, third, fourth) time that
| have been enrolled in a class where algebra word problems are
studied Non- 27 | 50
PAWPS
13. Using a table or chart to organize information (always, PAWPS 4 23 5
frequently, seldom, never) helps me solve an algebra word problem
Non- 17 56 | 48
PAWPS
14. When reading an algebra word problem, it is (very easy, easy, PAWPS 5 17 10
difficult, very difficult) for me to correctly identify the relationships
between different parts of the problem Non- 1 67 | 59
PAWPS
15. When learning how to solve an algebra word problem, teachers A B C
recommended which of the following helpful strategies? (check all
that apply) PAWPS | 17 | 29 | 26
____a.draw a picture, sketch, or diagram
b. read the problem more than once
Non- 63 12 10
___c. identify what values are known PAWPS 1)1
__d. choose a formula
___e. identify what you want to know
__ f. select a variable to represent the unknown value(s)
16. When trying to solve an algebra word problem, I (never, seldom, | PAWPS 7 13 | 12
often, always) use a trial-and-error method to calculate the number
answer(s). Non- 23 53 53
PAWPS
PAWPS 21 | 11
18. When solving an algebra word problem | use (one, two)
equations more often Non- 82 | 49

PAWPS




Table G2

Distribution of Participant Responses by Grade-level, Form B
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Question Number and Statement

Response Level

9" [10 [35]57
1. Ifind algebra word problems to be (less, as, more) difficult to solve than 100 6 3
a regular equation problem
117 | 4 9 | 29
9 5 | 41] 56
2. | read an algebra word problem (one, two, more than two) times before 100 7 2
trying to solve the problem.
110 2 2020
9" To9 893 |1
3. When I read an algebra word problem, | am (always, sometimes, never) 100 [ 2 G
able to identify the right math operation referred to in the problem.
17 |1 40 | 1
oM |1 4 [29]45|20]3
4. Please rate your ability to correctly solve AWP, using the numbers 100 1 2 113
0,1,2,3,4,5 with O=very poor and 5=very good.
1™ [ 1 9 [22]9 [1
9" I8 29|60 |5
5. I (always, frequently, sometimes, never) check my answers to math 100 [ 2 8 7
problems to find out if they are correct.
110 12|14]9 |7
oM |1 11 | 46 | 44
6. | (always, frequently, seldom, never) draw a picture or sketch when 00 2 9 7 1
trying to solve an algebra word problem.
1" |7 12194
o 1 |8 [21]57]15
7. Please rate your ability to correctly solve basic algebra equations, using 100 1 216
the numbers 0,1,2,3,4,5 with 0=very poor and 5=very good.
117 2 |9 [16]15
oM [15 |48 345
. 10™ | 4 132
8. | (always, frequently, seldom, never) use a formula when solving an
algebra word problem. -
11 8 26 | 8
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none |a | b |c ab | ac | bc | abc
9. Learning mathematics is easier for me when I can _ (select all that apply) om 251207 | 207 |10] 13
a. hear the words of the problem explained to me 10M 5 1 8 2 3
b. see a picture, diagram, or sketch which illustrates the problem, c. use
objects to count, build, or manipulate. 110 5 10 | 1 15 | 2 5 4
a b c
9" |65 |63]57
Summary of #9 responses 10 | 11 18 | 6
11" 29 [34]12
o 27 [43]31]3
10. When an algebra word problem mentions a geometric shape- such as a
circle, rectangle, or triangle, | (always, frequently, seldom, never) select the 10™ | 10 8 1
correct shape.
1™ 28 [13]2
o |4 49 [ 418
11. When reading and solving an algebra word problem, | find it (very easy,
easy, difficult, very difficult) to write a correct equation to use to solve the 10™ 9 10
problem.
17 |1 21|19 |1
om 30481212
12. My current math class is the (first, second, third, fourth) time that | have T
. . 10 3 15|11
been enrolled in a class where algebra word problems are studied
117 2 |4 1917
9" |9 481396
13. Using a table or chart to organize information (always, frequently, h
10 1 13|12 |3
seldom, never) helps me solve an algebra word problem
1" 11 [18]12]1
9" |2 52452 [1
14. When reading an algebra word problem, it is (very easy, easy, difficult,
very difficult) for me to correctly identify the relationships between different 10M | 2 9 8
parts of the problem
17 | 2 24|15 |1
. A B C D | E F
15. When learning how to solve an algebra word problem, teachers
recommended which of the following helpful strategies? (check all that
apply) o" |35 |91|76|50]65]| 70
___a.draw apicture, sketch, or diagram  ____b. read the problem more
thanonce __c. identify what values are known __d.choose a
formula ___e. identify what you want to know __ f. select a variable to 10" | 14 18|16 | 12 | 14 | 13

represent the unknown value(s)
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11" [ 31 |40 | 35|28 |31 |34
oM 123 [41]37]1

16. When trying to solve an algebra word problem, | (never, seldom, often, 100 13 8 8

always) use a trial-and-error method to calculate the number answer(s).
117 [ 4 17201

. _ on 60 | 12
18. When solving an algebra word problem I use (one, two) equations more
often 10" 145
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Table G3

Distribution of Participant Responses by Course, Form B

Question Number and Statement Response Level

Alg | 10 35 57

1. | find algebra word problems to be (less, as, more)

3 10 24
difficult to solve than a regular equation problem Alglt

PreC 1 5 12

Alg | 5 41 56
2. lread ar'1 algebra word Problem (one, two, more Alg 1l 19 24
than two) times before trying to solve the problem.

PreC 2 8 8

Alg | 9 89 3 1

3. When | read an algebra word problem, | am

(always, sometimes, never) able to identify the right Alg 1l 4 38 1
math operation referred to in the problem.

PreC 1 17
Alg | 1 4 29 45 20 3

4. Please rate your ability to correctly solve AWP,

using the numbers 0,1,2,3,4,5 with O=very poor and Alg 1l 1 1 9 24 8

5=very good.
PreC 4 9 4 1
Alg | 8 29 60 5
5. I (always, frequently, sometimes, never) check my
answers to math problems to find out if they are Alg Il 10 17 12 4

correct.

PreC 6 5 4 3

Alg | 1 11 46 44
6. | (always, frequently, seldom, never) draw a
picture or sketch when trying to solve an algebra word Alg 1l 6 14 19 4
problem.
PreC 3 7 7 1
Alg | 1 8 21 57 15

7. Please rate your ability to correctly solve basic

algebra equations, using the numbers 0,1,2,3,4,5 with Alg 1l 1 8 21 13
0=very poor and 5=very good.

PreC 1 2 7 8
8. | (always, frequently, seldom, never) use a formula Alg | 15 48 34 5
when solving an algebra word problem.
Alg 1l 10 25 8
PreC 2 7 7 2

9. Learning mathematics is easier for me when | can none a b c ab ac bc abc
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_ (select all that apply) Alg | 25 20 7 20 7 10 13
a. hear the words of the problem explained to me Alg 11 5 9 1 17 2 3 6
b. see a picture, diagram, or sketch which illustrates
the problem, c. use objects to count, build, PreC 6 1 5 2 1
or manipulate.
Summary of #9 responses a b c
Alg | 65 63 57
Alg 1l 30 35 12
PreC 7 17 6
10. When an algebra word problem mentions a Alg | 27 43 31 3
geometric shape- such as a circle, rectangle, or
triangle, | (always, frequently, seldom, never) select Alg Il 26 16 1
the correct shape.
PreC 12 5 1
11. When reading and solving an algebra word Alg | 4 49 41 8
problem, I find it (very easy, easy, difficult, very
difficult) to write a correct equation to use to solve the | Alg [ 24 18 1
problem.
PreC 1 6 11
Alg | 30 48 12 12
12. My current math class is the (first, second, third,
fourth) time that | have been enrolled in a class where | Alg Il 2 7 30 4
algebra word problems are studied
PreC 4 14
13. Using a table or chart to organize information Alg | 9 48 39 6
(always, frequently, seldom, never) helps me solve an
algebra word problem Alg Il 8 23 8 4
PreC 4 8 6
14. When reading an algebra word problem, it is Alg | 2 52 45 2 1
(very easy, easy, difficult, very difficult) for me to
correctly identify the relationships between different Alg Il 2 24 15 1
parts of the problem
PreC 2 8 8
15. When learning how to solve an algebra word A B c D E F
problem, teachers recommended which of the
following helpful strategies? (check all that apply) Alg | 35 91 76 50 65 70
___a.draw a picture, sketch, or diagram
b. read the problem more than once
Alg 1l 32 42 35 27 30 31

___c. identify what values are known

d. choose a formula
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__e.identify what you want to know PreC 13 16 16 12 15 16
__ f.select a variable to represent the unknown
value(s)
16. When trying to solve an algebra word problem, | Alg | 23 41 37 1
(never, seldom, often, always) use a trial-and-error
method to calculate the number answer(s). Alg Il 7 18 17 1
PreC 7 11
. Alg | 60 12
18. When solving an algebra word problem I use
one, two) equations more often
( ) e Alg Il 31 | 12




