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ABSTRACT

The purpose of this report is twofold. First, thisreport describes African American

students’ approach to making meaning of mathematidaproblem solving. Second,
this paper describes my use of a graphic organizelo develop the mathematical
problem solving skills of African American high sclool students in Texas. | center
these aims on three concepts. First, | describe theterrelation of culture, meaning

making, and mathematical problem solving. Next, | eplain the theoretical concepts
that are related to developing the mathematical meang making skills of African

American students. | then discuss recent empiricalstudies regarding the
mathematical problem solving skills of African Ameiican students. The findings
from these studies and my research warrant severanplications for improving the

problem solving skills of African American students The most important

implication is to allow African American students © use their cultural norms for

learning to make meaning of their mathematical prolbem solving experiences.

Introduction

Mathematical problem solving is one of the mosttiadraspects of mathematics
(Flavell, 1976; Kilpatrick, Swafford, & Findell, 24 ; Swartz & Parks, 1994). O’'Connell
(2000) posited that problem solving helps studemtke sense of how mathematics can
be used in daily situations. Much research hasstiy&ted students’ mathematical
problem solving behavior (Garofalo & Lester, 198Gyouws & Cebulla, 2000;
Montague, 1992; Verschaffel, 1999). But few reskastudies have focused on the
problem solving skills of African American childrgiMalloy & Jones, 1998; Moyo;
2004). This report examines the discourse regardingan American children’s ability
to make meaning of and solve mathematical wordlprb. The report also describes
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strategies for developing African American studealslity to solve mathematical word
problems.

The rationale for this report is the focus on megmaking and problem solving-
two under researched aspects of African Americadestts’ mathematical experiences.
Researchers have indicated that many African Araerachildren struggle with mastering
mathematics (Fryer & Levitt, 2006). They attributese deficiencies to poor parental
support for and a poor attitude towards mathemabtsesponse, Black scholars have
developed the Algebra Project (Moses & Cobb, 2@0®) other interventions to address
these deficiencies. This report redefines the idsyialiscussing the role of meaning
making and problem solving in building African Anmeam success in math classrooms.

This report is organized into six sections. Thestfisection discusses the
relationship between mathematical problem solvind mmathematical meaning making.
Another dimension is the factors that influencedshis’ abilities to make meaning of
mathematical word problems. The second sectionritbeschow making meaning of
mathematical word problems is related to Lev Vyggts (1978) sociocultural theory
and Murrell’s (2002) African Pedagogy Theory. le third section, | use the information
from the first two sections to theorize why manyiédn American children experience
problems with making meaning of mathematical wordbfems. The fourth section
provides a brief summary of research regarding cAfri American children and
mathematical problem solving. In the fifth sectidbrdescribe my personal success with
developing 12 underachieving African American higgthool children’s mathematical
problem solving skills. In the sixth and final seat | offer recommendations for using
this report to develop African American childrem&thematical problem solving skills.

Mathematical Problem Solving & Mathematical MeaningMaking

Mathematical problem solving has been defined asathility to read, process,
and solve mathematical situations (Goldberg, 200@st mathematical problem solving
situations are relegated to imitation of procedufiesachers introduce the word problem
to students, and then provide them with linearstepsolving the problems. The students
are then expected to use these steps to develdpteos for the math problem. However,
this process often fails to provide students wiltte tability to develop personal
representation and understanding mathematical gmobkblving. In other words, students
have not received the opportunity to make personeaning of mathematical word
problem situations.

Mathematical meaning making is the ability to peadty construct meaning of
mathematical experiences. O’Connell (2000) reportedt students must enter a
mathematical meaning making space to solve mathesthatord problems. For minority
students, the entry into this space is mediatetbbyvariables: culture, choice, attitude,
and previous mathematical experiences.
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Culture affects this space because of mediatingwtbwels of the mathematical
word problem (Smagorinsky, 2001). For example, sgppa group of sixth grade
students are given the following sixth grade warabjem:

Two ponies and three elephants are racing
through a jungle. The ponies’ speed is twice as
fast as the elephants’ speed. If the ponies are
running at a speed of 20 miles an hour, what is

the elephants’ speed?

Many teachers would assume that sixth grade stadevie the cognitive skills to
solve this word problem. However, the students’nitbgn will be influenced by the
students’ cultural experiences with ponies and heafs. Some students may not have
any cultural experiences with or connections te¢hanimals. Consequently, they would
be less likely to process the purpose of the waablpm than students who have had
meaningful cultural experiences with these animilsaddition, they may be unable to
develop the meaning making resources needed te godword problem.

The other students would presumably have the @lltexperiences to make
meaning of and solve the word problem. But theoioh is to avoid the meaning making
space. In effect, the problem may have little ormeaning to the students. Another
reason is that they may be more consumed withelrents than solving a mathematical
word problem about ponies and elephants.

As another example, previous math experiencesenfle students’ decision to
enter the meaning making space for mathematicald wooblems (Martin, 2000).
Schoenfield (1989) argued that students’ previoashnexperiences are defined by the
culture of the mathematics classroom. This culisrgmprised of an emphasis on either
memorization or internalization. Memorization regsi students to recall a
predetermined set of steps and procedures to makseesof their mathematical
experiences.

As a result, students thrive on teacher questiamsh sas “Are there any
guestions?” and “Do you understand?” The reasonthat this inquiry creates
opportunities for students to place all of the nmegmmaking responsibilities on the
teacher. In response, the teacher models and egtee math concepts until the students
“get it” (Smagorinsky, 2001). Internalization prdes students with opportunities to
understand the relationship between meaning makimgy success in math. In this
context, students receive experiences on datactiolfe data representation, and pattern
investigation. This approach also expands studersis’of these skills to make meaning
of their mathematical experiences.

Thus, if students are trained to excel in mathuglomemorization, they will be
unable to make meaning of mathematical word problerhey are more likely process
practices than practice the process of inquiryJaation, and investigation. In addition,
their procedural orientation could prevent themnfronitially succeeding in math
classrooms that promote understanding.
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The other significant variable is attitude. Kilpek;, Swafford, and Findell (2001)

stated that students’ attitude about mathematieeanvestigated through the following
guestion:

Does the student view mathematics as the abdionstruct personal
meaning of numerical equations and symbols?

An affirmative response indicates that the studeattitude is tangential to the
meaning making significance of the mathematicabjenm solving space.

Overall, the interrelations of these variables detee the mathematical meaning
making behavior of students. In essence, studentt ohoose to use their written and
verbal skills to enter the mathematical meaning ingalspace. This decision is highly
affected by students’ attitudes towards math. Taitude towards math is an outgrowth
of their previous math experiences. This asselissupported by empirical findings on
the correlation between mathematical attitudes predious mathematical experiences
(Mayer, 2003). Another important variable is thdétual background of the students. As
indicated, students’ cultural experiences help tlilermake sense of the world-a world
that influences the culture of a mathematics ctassr

Theoretical Concepts
Vygotsky’s Sociocultural Theory

Lev Vygotsky (1978) defined learning as the usesadial and cultural order to
grasp the meaning of information. He believed #tradwledge acquisition is mediated
through interaction with other people. In other dgrstudents learn best whey they
interact with their classmates and teachers.

His theory rests on two notions. First, learnia@chieved through cultural tools
and signs. Cultural tools are objects that asdistients with accomplishing goals.
Cultural signs are symbols that represent sigmticaeaning to people. They evoke
previous thoughts, ideas, and feelings.

The second underpinning of Vygostky’s (1978) thesrianguage. Language is a
cultural signal and tool that communicates speeanguage provides a framework for
using external speech and internal speech to malemimg of situations. External speech
guides children towards making good decisions. rivale speech is the automatic
independent use of speech to engage in effectigsida making. Both of these tenets
are applicable to instruction.

In essence, math teachers model external speegbrdwding students with
instruction. They guide students on how to worlotigh mathematical problems. As
students experience this talk aloud experiencey thensfer verbal instruction into
internal speech. An example of internal speechasstlf-directed organization of teacher
instruction into problem solving behavior. Thisrtséion epitomizes Vygotsky's (1978)
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ultimate goal of self-regulatory achievement. Speally, students become self-regulated
individuals by using behavior-defining cultural isggand tools.

The third tenet is Vyzotsky's (1978) Zone or ProalnDevelopment. This
concept purports that learning is the space ofrpiisiliedevelopment between the learner’s
current knowledge and the knowledge developmenth fguided assistance. Teachers
bridge the gap between these points by guiding l6aner to a higher level of
understanding. Specifically, they scaffold instroiet create prompts for reflection, and
develop other meaning making activities. The unk@ipg of this framework is
co-participatory learning. Better stated, studgmasticipate in the guided practice to
grasp information.

Murrell’s African Pedagogy Theory

Vygotsky's (1978) theory provides a socioculturhd for developing strategies
to enhance African American children’s mathematpablem solving skills. His theory
promotes the African pedagogical theory needed ridertstand African American
culture’s place in the math classroom. Murrell’8@2) African Pedagogy Theory focuses
on a teaching-learning relationship that minimittes political and hegemonic barriers to
African American students’ achievement. This thepuyports that effective instruction
is comprised of three interrelated themes: thehiacthe student, and the activity.
Teachers involve African American children in thedationship by becoming familiar
with African American culture. They are required use this familiarity to design an
appropriate learning environment for these studelmsaddition, African American
students are able to learn from the teacher, stsgdend classroom activities. As a result,
teachers, African American students, and the legractivities become a joint pursuit of
academic achievement.

This theory and Vygotsky's (1978) theory both engib@ a sociocultural
relationship between students, teachers, and déneitgy environment. They acknowledge
that learning is situated in the social contextir@éracting with other people. Finally,
both theories support the notion of the relatiopdietween student achievement and the
culturally mediated learning experiences.

Both theories drive the development of this repdhey denote socialization’s
potential impact on African American students’ aigis to make meaning of and solve
mathematical word problems. In other words, a dismn of mathematical meaning
making and African American children’s problem sotybehavior should be centered on
the current cultural practices of the classroom.

African American Students and Mathematical ProblemSolving

Like other children, African American students ddyclearn the culture of the
classroom. They also quickly adjust to the teasheducational mannerisms and beliefs
(Murrell, 2002). Thus, African American childrerédsademic behavior is an outgrowth
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of the culture of the classroom. Research has atelicthat African American children
receive poor mathematical experiences in schoolp{D 1995, 2003; Ogbu, 1992).
They are also more likely to learn mathematics frioncertified teachers than any other
group of students (Darling-Hammond, 2000; Darlingatinond, Berry, & Thoreson, A.
2001). Their teachers are also more likely to Holder expectations for them than for
other groups of students. In due regard, most eir tmathematical experiences are
developed in classrooms that counter Vygotsky's7&%heory and Murrell's (2002)
African Pedagogy Theory.

Evidence to this effect can be seen in high teaehgyhasis on memorizing math
facts and procedures. As a result, many African Agae students begin to equate
mathematical thinking with the completion of worksts. They may rarely receive
authentic experiences on using meaning making lice snathematical word problems.
As they matriculate through school, these studarddess likely to use meaning making
to explore and solve math word problems. In thaliti@hal realm, they would
presumably validate their mathematical problem iaghby practicing word problem
procedures in textbooks.

Empirical Research

Two significant studies have defined the discoueggarding African American
children’s mathematical problem solving behavibtalloy and Jones (1998) investigated
the meaning making skills of 24 eighth grade Afnidamerican students. They used talk
aloud sessions to observe the students’ stratdggtimm use and verification skills. Their
research revealed several significant findings.

Consistent with African American cultural norms,eyh applied a holistic
approach to problem solving. Successful studenteled at using this approach to
navigate the orientation, organization, executiangd verification steps of problem
solving. They also reworked these strategy selestimtil reaching a final solution.

Unsuccessful students did not adjust their proldeiwing behaviors. But they did
use a variety of strategic pathways to reach amogpjate solution. A significant aspect
of these findings is that the students were higthraahievers. They also were enrolled in
pre-collegiate math enrichment programs.

Moyo (2004) studied the use of graphic organizerdgevelop eight ninth grade
African American students’ problem solving skillShe developed a Kuringa paper
(Swahili for “Show Off”) to assist them in mathencal meaning making. She studied
the students’ use of the graphic organizer thrawglreys, audio recorded transcriptions,
and semi-structured interviews. She found thatre¢abdstacles influenced the students’
use of the Kuringa paper. They were previous matotes, poor math histories, and
reliance on memorized math skills.

The students’ success with the graphic organizex rekated to assistance from
Moyo (2004). Overall, the students used the “regmestion” section of the Kuringa
paper to make meaning of problem solving. Baseldi®findings, Moyo concluded that
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graphic organizers should become an organizatitmal and normative practice in
mathematical classrooms. The following “Kupangajéut section describes my use of
Moyo’s (2004) and Malloy and Jones’ (1998) reseatchdevelop underachieving
African American secondary students’ mathematicabjem solving skills.

The Kupanga Project
Research Design

| used a qualitative case study research desigronduct the Kupanga Project
(Merriam, 1998). A case study is used to provideepth detail about units of analysis
such as programs, events, and individuals. Follgwims design, | used a questionnaire,
observations, and test results to gain in-depthildabout African American students’
meaning making approaches to mathematical problelving. | also used this data
supply to determine how graphic organizers impadted students’ meaning making
paths to problem solving solutions.

The Program Initiative

In the spring of 2007, | developed a 12-week progréo improve the
mathematical problem solving skills of 12 underaginig African American high school
students. The group consisted of give boys and nsegiels. They attended a
predominantly African American high school in Haust Texas.

The students were chosen from three classroomsr Haehers nominated them
for the program because of their low grades in eratitics. In addition, the students
were indifferent toward mathematics. Whereas mostthe students excelled in
mathematical computation, all of them struggled hwgolving mathematical word
problems. Two boys were identified as being belrgwmioblems.

The significance of this population lies in the eash on underachieving
students. Deci and Ryan (1985) theorized that wathéeving students have the same
intellectual ability as high achieving studentseyhust fail to display the interest in and
motivation to becoming achievers. In some instantesse students can be extrinsically
motivated to pursue achievement.

Like Malloy and Jones’ (1998) and Moyo’s (2004)dstats, the students in my
Kupanga project are capable learners of mathemdtlngke the other students, the
Kupanga project students have chosen not to aclaetresir mathematical potential. An
external influence, | sought to use a learning todicilitate the students’ fulfillment of
mathematical problem solving potential.

| used two strategies to accomplish this goal.tFirsadministered a pretest
(Appendix A) to the students to analyze their matagcal problem solving skills. | used
the results to tailor the Kupanga paper’s (Apperiglxuse to the skills of the students.
The “Kupanga” paper was specifically designed tdp hthe students with making
meaning of and solving mathematical word probldnise “Kupanga” to define the
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project and paper, because this term is Swahili@wganization”. In addition, the major
focus of the “Kupanga” paper and program was amarmpgd approach to mathematical
word problems.

The “Kupanga Paper” is comprised of four componemsl six steps. The
components are Sequentialization, Picturizationlc@ation, and Validation. Listed
below is a description of components and steps.

1. Sequentialization-Sequentializing the essentiahelds of the paper. This step helps
children to identify the key elements needed toestthe word problem.

Sequentialization Steps:

A. ldentify and write the sentence that describe®ttezall purpose of the word
problem.

B. Identify and write the sentences that describdabes of the word problem.

C. Identify and write the sentences that describertfeemation needed to solve the
word problem.

2. Picturization-Use of words and symbols to transfesaential elements into the “Big
Picture” for solving word problems. At this stagiee students are expected to create
a visual representation of the problem. Representtnclude drawings, sketches,
diagrams, graphs, and equations. This section showshe student translated words
into visual meaning.

Picturization Step:
A. Transform the third sequentialization step iataisual representation of the problem.

3. Calculation-The use of computational math skillgl @nitical thinking skills to find
the solution to the math problem. This step provisieidents with the opportunity to
solve the word problem.

Calculation Step:
A. Use the picturization step and first and thiebjgentialization steps to develop a
computational strategy for solving the word problem

4. Validation-The use of reflective thinking topgwrt the solution to the word problem.
In particular, students are required to justify theturizations and calculations of the
word problem.

Validation Step:
A. Use the previous components and steps to wnitdianale that supports the solution
to the problem.

These steps provide students with a concrete apprto organizing their steps
for mathematical problem solving. Students alscob®e more skilled at documenting
and analyzing the thought process of their orgaiozaTo support this developmental



MACK T. HINES IlI

transition, | inform teachers to replace “Show yoWork” with “Show your
organization.”

| used the latter phrase as the motto for the pragDuring the first three weeks
of the program, | explained and modeled the usaefKupanga” paper. After modeling
the use of the paper, the students used the tsult@ word problems that reflected the
NCTM'’s (2000) goals on mathematical problem solvihthen used the Kupanga paper
to engage the students in discussion on the sagliestion, picturization, calcucation,
and validation of their answers. For the remaimirge weeks, | did not explain the use of
the “Kupanga” paper. Instead, | provided the stiglemith one mathematical word
problem (Appendix B). The word problems were modedéter sample word problems
from the Texas Education Association website.

During the first 45 minutes of the remaining sessjdhe students independently
used the “Kupanga” paper to solve the word probl&¥hile working on the word
problem, they used a tape recorder to describe tisei of each “Kupanga” paper step.
During the remaining 45 minutes of the sessionsthdents worked in 4-member groups
to discuss their approaches to solving the wordlpra. The following norms were used
to govern individual and group work:

1. No grades or rules were given to students.

2. Students were not given roles in their groups. TWeke directed to discuss their use
of the Kupanga paper to make sense of and solwedhe: problem.

3. Students could move freely in the classroom.

4. Students were required to use the Kupanga pasaite the word problems.

5. Students were encouraged to share their ideagytkgland solutions to their word
problems.

| used these norms to provide the students withtaral, stress-free environment
for solving the word problems. The structure woindrease the probability of the
students sharing their ideas and feelings aboutvtird problems and solutions.

| strengthened these norms by serving as a fdolliaf the sessions. Consistent
with Vygotsky’s (1978) Zone of Proximal Developmeheory, | scaffolded instruction
and created prompts for reflection. | sometimesae$ed their attention on the purpose
of the Kupanga paper and word problems.

Results
Observational Results

During the first four sessions, the students steajgvith using the Kupanga
paper and other resources to master the word pnsbler addition, many students did
not believe in their ability to be effective mathatinal problem solvers. One student, in
particular, would continuously say, “You have to &dorn problem solver in math.”
Other students expressed hopelessness by makifgltveing statements:
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“This is too hard! | just can’t do it!”
“I can’t do this. This is way out of my league!”
“I can’t understand this problem!”

However, | did not explain the problems for thedstots. Instead, | used probing
guestions and other Socratic methods of teachingdwoect their attention to the word
problems. | also used these techniques to help thetarstand the Kupanga paper’s role
in developing their problem solving skills.

The purpose of this approach was twofold. Firstidn't want to assume the
pedantic role of just explaining the problem anduson to the students. Instead, |
wanted them to use their knowledge and skills ti&engersonal meaning of the word
problems and Kupanga paper. Second, | wanted doifsthe students either didn’t
understand the word problems or CHOSE not to utaleisthe word problems. In many
instances, the students chose not to understandvtind problems. As a result, |
continued to redirect their meaning making skidis @ising the Kupanga paper and think
aloud protocols to solve the word problems.

Consequently, the students approached the remaisesgions with more
confidence for solving the word problems. | obsdriieat they began to focus more on
how to use the Kupanga Paper, think aloud protp@oid group sessions to solve the
word problems. They began to only solicit my assisé in understanding some of word
problem vocabulary words. | also noticed that thelents were able to organize their
thoughts and ideas on solving the word problemmesstudents would write their ideas
on a blank piece of paper. Using the think aloustquol, they would read and organize
their thoughts onto the Kupanga paper. They woh&httalk themselves through the
calculation and validation procedures. Other sttglased the group sessions to organize
their thoughts onto the Kupanga paper. They wolioh tuse the think aloud protocol to
make final decisions on how to solve the word peoid.

Test Results

At the end of the program, | administered an 8-iterard problem exam
(Appendix C) to the students. Ten of the studeotsectly solved at or over 80% of the
word problems. The remaining two students correstiiyed less than 50% of the word
problems. The ten students missed their word prabléecause of making careless
errors. The other two students missed half of tleedwproblems because they were
unable to connect the picturization component t® talculation components of the
Kupanga paper. Overall, all of the students usedkilppanga paper to solve every word
problem. This result highlighted their growth inings a graphic organizer to create
solutions to solving the word problems.

Survey Results

At the end of the program, | administered a questire to the students. The
guestionnaire was designed to determihe Kupanga program’s effect on their
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mathematical problem solving skills. The followimgotocol was used to elicit this
information: “Provide a written description of halis program affected you.”

Three themes emerged from the written responses:Klipanga paper, the tape
recorded sessions (think aloud protocols), andgdscussions.

Kupanga PaperAll of the students indicated that the Kupanga pée#ped them
with organizing their thoughts and ideas for sajwword problems. One student wrote:

“Before this class, | would just write the steps $mlving word problems. The
Kupanga paper helped me to see that you don'wtigt steps. You gotta be able to see
how those steps tie into each other. You also gettathat the steps must be organized to
help you solve the word problems.

Another student explained:

“This Kupanga paper really helped me to see howai@e my thoughts, putem in a the
right place, and then see how each of the placds lom each other to solve the word
problem.”

Another student wrote:

“The word problems didn’t see quite as hard onget the hang of the Kupanga Paper. |
think the reason is that each part of the Kupangpgp just helped me to study more on
how to organize my ideas solving the problemsag actually able to think through the

way in which | should move from each step to ggbv@d feel for solving the problem. |

was also able to organize my thoughts on seeingiedw and what the word problem

wanted me to do.”

Think Aloud Protocols

The students believed that the audio recorded@essilowed them to recognize
their mistakes in solving some of the word problefiiteey used verbal feedback to better
understand how each part of the Kupanga paper dmildsed to make meaning of the
word problems.

For example, one student wrote:

“Sometimes, when we were in groups, | still didniderstand why | missed a problem.
But when | listened to my own voice on the taperdar, | could hear where | went
wrong. It just became automatic to me. It got te pgoint where | would play the tape,
hear the mistake, and then go back and redo theak&go get a better answer!”

Another student expressed:

“l think the tape recorder was such a cool idea.rd/ap! It just taught me to slow my
roll and carefully read each sentence of the wambfem. And to also look at how | am
using each step to solve the word problems.”
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Similarly, one student explained:

“l think that the tape recorder allowed me to heayself talk to myself about the word
problems. Not just to look a the steps for solwiayd problems, but to think about how
to understand the ways in which the stepes ta really be used to solve the word

problems. Looking back, | think | was just so usedsing what the teacher told me to
do to attack math word problems. But using the taoerder to record myself made me
see | gotta keep thinking for myself about howuty tunderstand what the word problem
is about. And then organize my thoughts to soleewbrd problems.”

Other samples of students’ thoughts about the thlold protocols are:

“You know....when | used to work math problems, hdickally think about what | was
doing. But when | started to listen to myself aedrhmyself on what | said | was doing
on the problem and on the Kupanga paper, | begasetowhat | was doing and how |
was doing it.”

“When you say the steps out loud, it's kind of Bke“Out loud and proud” feeling. You

get proud of being able to focus a little bit betten what you’re doing on the word
problems. But without hearing yourself speak, yam &inda get lost in the mix of
problem solving-1 know | did! So I just kept takisiand talking into the tape recorder and
playing the tape recorder because it helps me #ilyesee what | should have been
doing!”

Group Discussions

The students indicated that the group discussielpet them to realize the varied
strategies and representations for solving matheatatord problems.

A student stated:

“All before, | was led to believe that the teacheige you the steps for mathematical
problems solving. But now | see that me and myspilases can also be teachers for each
other. | say that cuz my classmates’ Kupanga papers ideas help me to better
understand how | could do what | needed to do teestihe word problems.”

Another student described:

“Wow! Every time | worked in the group, | just saame many different pictures of the
word problems. And when | heard other students ahiaut the pictures, | was able to
better understand my own picture and explanatiorsédving the word problems.”

The students also reported that the group sestieiped them to develop higher order
mathematical reasoning skills.

One of the most profound examples of this noticasigollows:

“Each week, | looked so forward to meeting in greupthink the main reason is that |
began to see how you can't just think criticalkeliMs. Berry (Pseudonym) always says.
At some point, you've got to start thinkingathematically. You've got to really start
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thinking with the math skills that you got andrthese them to complete math problem.
This kind of thinking is ever better when you labkow other people are thinking about
solving the same word problem that you are doing.”

Finally the group discussion built students’ coafide for using the Kupanga paper to
solve math problems:

A sample representation of this notion is:

“When | worked by myself, | was somewhat nervusitbow to use the K paper. But as

soon as | got into the group, | started to realize other students were just as nervus as
me. And the more me we began to vibe (Talk) abaufears and possible ways to solve

the problems, The more | began to believe thatilccase the K paper to understand how

and what | had to do on the word problems.”

Discussion

The outcomes of the Kupanga sessions create sexaras of discussion. First,
consistent with Moyo’s (2004) research, graphicaorgers can be a significant cognitive
and cultural mathematical problem solving tool Adrican American students. From a
cognitive perspective, the Kupanga paper helpedtildents to use high levels of critical
thinking to make sense of word problems. They wen able to use this meaning
making to organize, calculate, and validate thelmtsons to the word problems.

In addition, the students used the think aloudisessand group sessions to
analyze their approaches to the word problems. & hestacognitive experiences either
validated or required them to revise their solwioim short, they paid more attention to
their approach towards mathematical word problervirsg. This finding reinforces
research on the use of metacognition to increaskests’ mathematical problem solving
behaviors and the need to analyze thought procassed to solve word problems
(Desoete, 2007; Flavell, 1976; Goldberg, 2003).

From a cultural perspective, | grounded the Kupapgper in the following
African American cultural practices: engagementngunalism, identity development,
and inquiry (Murrell, 2002). In particular, the Kampga paper facilitated students’ use of
these norms of African American community dialogoemake meaning of the word
problems. The findings from the questionnaire shbwieeir realization in how the
exchange equipped them with more perspectivesablgm solving strategies.

The metacognitive significance of this experiensethat they thought more
mathematically about how to solve word problems.

Overall, this interaction reinforces the Nationalou@cil of Teachers of
Mathematics’ (2000) call for the construction ofthematical activities in the context of
reciprocal discussion. This interaction also sufgpafygotsky’'s (1978) belief in that
“What a child can do with assistance to daywilebe able to do independently later”

(p.32).
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The second significant point is that African Amaric students can become
confident mathematical problem solvers. The comiogebuilding is contingent upon the
placement of the meaning making responsibility e students. At the beginning of the
Kupanga project, the students would consistentlgensdatements such as, “Can you help
me?”and “Would you please explain this problem te?mThese statements were
indicative of their comfort with using direct ingtition and teacher explanations to solve
word problems. In other words, the teacher makesesef the word problems for the
students. This behavior supports the notion of Hbe culture of the mathematics
classrooms defines students’ relationship with mathtics. (Schoenfield,1989). This
culture also gives them their sense of mathematiealtity (Schoenfield).

The results from the questionnaire suggested that gtudents’ previous
mathematical experiences were centered on pragtspacific steps with the construction
of personal meaning. However, | did not respondhto students’ culturally influenced
behavior with simple explanations. Instead, | aajled the students to use cognitive
skills and the Kupanga paper to reexamine theihemaatical behavior. Over time, the
students developed the confidence to make persoeahing of the word problems and
use the Kupanga paper to solve them. They justatexremain in the meaning making
space until they developed multiple pathways tosthiation.

Recommendations and Conclusion

Mathematical problem solving provides students aitiolistic perspective on the
role of mathematics in daily situations (NCTM0®). This report analyzed the current
mathematical problem solving skills of African Ancam students. In particular, this
report explained possible reasons for African Aaaristudents’ difficulties with making
meaning of mathematical word problems. This reptst reviewed empirical studies on
the problem solving behaviors of African Americatudents. One study discussed
specific strategies used to make meaning of woablpms. The other study explored
African American students’ use of graphic orgarszés solve word problems. My
Kupanga project investigated the applicability ottbstudies to underachieving African
American students. In particular, | investigateddenachieving African American
students’ use of a graphic organizer to developlpra solving skills.

Due to the findings from those studies and my Kgpaproject, | am making
several recommendations. First, math teachers toegmhtinually teach for mathematical
understanding. My project and the literature shbat twhen students are taught the
meaning of understanding, they are more likely taken personal meaning of
mathematics. Given the poor mathematical performaoic some African American
students, this outcome should be a major goall ohaih teachers.

A second recommendation is to use socioculturdsttmy mathematical problem
solving. As indicated by the literature and my pobj graphic organizers can enhance
African American students’ success in problem swviAs a cultural tool, a graphic
organizer can show African American studemtsv to organize and validate their
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mathematical reasoning skills. Graphic organizeas also refer African American
students back to the need for organizing thesksgkilsolve word problems.

In addition, graphic organizers appeal to Africamekican students’ cultural
appreciation of togetherness and dialogue. As ecel® by Vygotsky (1978) and the
Kupanga project, African American students can ulkE tool to gain various
perspectives on how to solve word problems. Equatlgortant, these experiences a)
provide students with a cultural connection to maiid b) enhance their mathematical
thinking skills.

The final recommendation is for teachers to coriiyustudy African-American
students’ problem solving behavior. Research caesnto show a wide disparity in the
mathematical achievement between African Ameri¢adesits and Caucasian American
students (Fryer & Levitt, 2006, Jencks, 1998). &tade standardized test results show
that African American students earn significantdyér scores on mathematical problem
solving than do Caucasian American students (Tdx@scation Association, 2007).
Therefore, teachers should ask the following qoestito guide their examination of
African American students’ mathematical problemvew behavior:

1. How does the cultural norms of African American tatg influence African
American students’ interpretations of mathematreadd problems?

2. How does culture, previous mathematical experienaed student attitudes impact
African American students’ entry into the meaningaking space for solving
mathematical word problems?

3. To what extent are teachers willing to reqifacan American students to rely on
their own knowledge and disposition to make persone@aning of mathematical
word problems?

4. How can graphic organizers and other teactualy be uses to establish an academic
and social meaning making relationship between cAfri American children and
mathematical word problems?

This report provides some data for generating waysswer these questions. But
math teachers should still examine the use of tegcpractices to enhance African
American students’ problem solving skills. This eggrh creates more ways to develop a
meaningful mathematical classroom culture. The ooh African American culture
could also increase African American students’ iadd to make meaning of word
problems. Most importantly, they may also think smanathematically about how to
solve math problems that define and transcend mmties classrooms.
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Appendix A

Pretest

1. A 13ft ladder leans against a building. The drotof the ladder is 6 feet away from the
base of the building. How far up the side of thédmg does the ladder reach?

A. 19ft B.16ft C. 12 feet D. 8 ft

2. Shannon played an electric game. The game ¢eds$ 30 questions, of which she

gave 6 wrong answers. If Shannon played a gamelidhquestions, she should get
correct answers.

A. 46 B.96 C.82 D. 108

3. A grasshopper is 25 feet north of a rabbit. E¥ene the grasshopper jumps 1 foot, the

rabbit jumps 3 feet. If both the grasshopper aed#fbit jump due north, how many

jumps will it take for the rabbit to pass the graggper?

A.12 B.9 C.13 D.7

4. Marcy played in 40 games of an 80-game basketbaton. Her statistics for the year
are as follows:

Rebounds: 10 Points Per Game: 14 Assists: 8

During the next basketball season, her statiste®\as follows:
Rebounds: 15 Points Per Game: 21 Assists: 12

How many games did Bob play in during that basKetieason?

A.37 B.60 C.49 D.72

5. Maurice paid Dalton $15.50 for a combination ofiEseball cards and football
cards. Each baseball card was $1.50, and eachafbo#tod was $0.50. What is the
largest number of baseball cards that were purdifase Dalton?

A.8B.7C.9 D.2
6. Barbara’s parking garage charges $4.00 to park focéhe first hour and $1.25 for
each additional or part of an hour and a half. W& #te total charge for parking a car

for 4 hours and 55 minutes.

A. $7.75 B. $6.25 C. $4.15 D. $5.00
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A store has having a large Labor Day sale. Theepraze reduced by 62.5 %, 54.5%
2/3, 66.2%, and 7/10. Which list shows the pricductions from greatest to least?

7/10, 2/3, 66.2%, 62.5%, 54.5% C. 7/10, 66.2%6%22/3, 54.5%
66.2%, 2/3, 62.5%, 54.5%, 7/10 D. 62.5%, 7/102%% 54.5%, 2/3

Mario is twelve years older than Mike. He is sbaggeyounger than Bob. If
A=Mike’s age, then what is the equation for findihg age of Bob?

Bob=8(A)
Bob=A+12+6
Bob=8-2 + 4
Bob =A +6-7
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Pre-Test Results

Student | Gender Test Number
Number 1 2|1 3] 4] 5 6 7| 8| PercentCorre
One Femalg X X X 38%
Two Male X | X X| X 50%
Three | Female X X X 38%
Four Male | X X| X X 50%
Five Female X X 25%
Six Male | X | X 25%
Seven | Female X X X X 50%
Eight Male X X| X 38%
Nine Female] X| X| X 38%
Ten Female X X X 38%
Eleven | Female X X X 38%
Twelve Male X 13%
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Appendix B

The Kupanga Project
“Show Your Organization”

Week 1-Mathematical Word Problem 1

1. A rabbit and frog are racing to the finish lifiéne rabbit is 15 feet ahead of the frog
and 30 feet from the finish line. When the rabbimps 2 feet, the frog jumps 4 feet. How
many jumps are needed for the frog to pass thatfabb

How many jumps are needed for the frog to win Hwe?

Week 2-Mathematical Word Problem 2

2. Bob, Tom, Belinda, and Rita took a standardinath test. Belinda earned a lower
score than Tom. But she did not earn the lowesesdde highest scorer's name does
not begin with a B. Rita earned a higher score tham. Which person earned the lowest
score on the math test?

Week 3-Mathematical Word Problem 3

3. During his first four years as an engineer, Balned the following salaries:

Year 1-$71,000

Year 2-$77, 000

Year 3-$84,000

Year 4-$90,000

If Bob earned $98,000 during the fifth year, howommoney will he earn during his
seventh year?

A. $110,000 B. $113,000 B. $94,000 C. $99,000

Week 4-Mathematical Word Problem 4

5in.

2in.

4. Barry used a scale of ¥2 inch=2 feet toasgnt his picture.
Which choice shows the representation ofelé of this mural?
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A. 41/3ftby 3% ft
B. 20 ft by 8 ft

C. 7 Yaft by 10 2/4 ft
D. 12 ft by 3 ¥4 ft

Week 5-Mathematical Word Problem 5
5. Mark paid $1100 for an oven. He also learnetilibavould pay an annual fee of

$78.00 to operate the oven. Write an equationldbst shows d, the total cost of the oven
and cost of n, the number of years of oven operatio

Week 6-Mathematical Word Problem 6

6. Barbara and her son travel to the amusementip&hklveston, TX. When the family
arrives at the amusement park, they learn theviatig information:

Winter Special
Adults-$12.00
Admission with Unlimited Rides

Kids-$6.00
Admission with Unlimited Rides

Regular Admission
Adults-$6.00 plus $0.50 per ride

Kids-$4.00 plus $0.25 per ride

Barbara son informs her that he wants to have tt@thaccess to all of the rides. If she
only has $12.00, then:

A. Barbara can only get on 2 rides.

B. Barbara can get on the same amount of rides asoher

C. Barbara can not get on any rides.

D. Barbara can get on between 3 to 6 rides.

Week 7-Mathematical Word Problem 7

7. Amanda is directing a reconstruction projedndérstate 35 in Texas.
Her job is to extend the interstate from 25 ext8@ exits.

She is also required to order single digits foreaicthe new exit signs.

1. How many of each digit should be purchased toptete this project?

2. What are the total number of digits that willgaegchased to complete this project?
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Week 8-Mathematical Word Problem 8

9. The table shows the relationship between d, thebeurof new cars that are produced
by a company, and e, the number of the damagecdcarsy

Number of New Cars Produced (d) Number of Damaged Rars (e)
150 45
200 60
250 75
300 90
350 105

Which equation describes the relationship betwhemtmber of new cars and number
of damaged new cars?

A. e=.20d

B. e=d-40

C. e=d-.30

D. e=.30d

Week 9-Mathematical Word Problem 9

9. Linda owns a beauty salon in inner city Hous®ime charges $50.00 for a perm and
$60.00 for a relaxer. She also charges 15% grdtitgach hairstyle. If Linda made
$253.00 in 2 hours, she completed hair styles for women.

A.3 B.2 C.4 D.7

Week 10-Mathematical Word Problem 10

10. Madeline and her 2 sons and 2 nieces decifiy tim their family reunion in South
Carolina. In checking prices, Madeline learns elta Airline charges $450.00 to for
flights in the “First Class” section of the airptarPassengers must pay $300.00 to ride in
the “Coach” section of the airplane. If Madelines lwaly $1700.00 for flights, how many
people can fly in the “First Class” section of eiglane?

A.1B.3C.2D.4
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Week 11-Mathematical Word Problem 11

A beverage machine takes 4 minutes to fill a coetaivith milk. The machine uses 6
minutes to fill a container with juice. The machiileed containers with milk and juice
for 36 minutes.

At the end of this time, did the machine fill ma@ntainers of milk or juice?
About how containers of milk and juice were fillddring this time?

Week 12-Mathematical Problem 12

2 men are filling a ditch. The first ditch diggerfilling his ditch with dirt. The second
ditch digger is filling his ditch with rocks. Thedt ditch digger needs 20 minutes to fill a
fourth of his ditch with dirt. The second ditch deg needs 35 minutes to fill his ditch
with rocks. Based on this information, you can dode that:

A. The second ditch digger will need less time to cetay fill his ditch than the first
ditch digger.

B. The second ditch digger will need twice the timedmpletely fill his ditch than the
first ditch digger.

C. The first ditch digger will need an hour to complgtfill his ditch.

D. The first ditch digger needs about half of the selcditch digger’s time to completely
fill a fourth a ditch.
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Appendix B

Graphic Organizer
Kupanga Paper

1. What do | need to know?
(What is the question asking of

Picturization
4. How does it Look?
(How does “What | Need to

me?) Use” look?)
Sequentialization Calculation
2. What do | already Know? | 5. What is my Plan of
Calculation?

(What is the mathematical
operation that was used? Show
your organization.)

Sequentialization
4. Do | need to use all of what
is known to find what | need
to know?
(Do | need to use all of my
data?)

Validation
6. What is the Outcome?
(Record your final Answer.)
(How have you checked your
answer?)

25



NATIONAL FORUM OF APPLIED EDUCATIONAL RESEARCH JOURAL
26

Appendix C - Post Test

1. Arecipe for 5 waffles requires the following ingrents: 1 % cups of milk, 2 ¥ cups
of flour, and 1 1/3 cups of sugar. How many cupmok, flour, and sugar are needed
to make 10 waffles?

2. A water tank contains 1,500 gallons. A faucet redsavater at 5 gallons per 1 hour.
If the faucet continues to release water at this, kghich equation can be used to find
r, the number of gallons of water remaining in tiduek.

. R=1,500 divided by 5

. R=1,500-60

. R=1,500-60(5)

. R=1,500 divided by 60(5)

o0Ow>

w

Mario is planning a trip of 1,450 miles. He plangitive between 250 and 300 miles
each day. At this rate, which is a reasonable numbaays it will take Mario to
complete the trip?

Between 4 to 5 days
Between 2 and 3 days
. Less than 4 days

. More than 7 days

O0w>

»

A train travels at 150 miles per hour. The equalielow shows the relationship
between d, the number of miles the train traveld, tathe number of hours it travels.

D=150t
How many miles will the train travel in 1 %2 hours?

5. Barry went to a barbershop for a haircut. Theepior a haircut at this barbershop is
$15, tax included. If Bruce tipped the barber 15%he cost of the haircut at tax, how
much change in dollars and cents should he haeivestif he paid with a $20 bill?

6. Johnny has a CD case that contains 4 rap Cigkiand-roll CD, and 3 R & B CDs.
What is the probability of Jerry randomly selectangap CD and then, without replacing
it, randomly selecting an R & B CD from his case?

7. Lee, Kim, Linda, and Madison all took the sarmiersce test. Linda earned a lower
score than Kim, but she did not earn the lowestescthe highest test scorer’'s name does
not begin with a L. Madison earned a higher scloaa tKKim. Which person earned the
lowest score on the test?

A. Kim B. Lee C. Linda D. Madison
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8. A Store sells potatoes in 5-pound bags for $2MiGich of the following bags of
potatoes would be the same price and pound?

A. A 15 pound bag for $7.20
B. A7 pound bag for $1.25
C. A 10 pound bag for $5.00
D. A 17 pound bag for $17.00

Post-Test Results

Student| Gender
Number Test Number
1|1 23| 4/ 5] 6 7| 8 Percent Correct
One Female X X/ X| X 100%
Two Male X| X | X| X 88%
Three | Female X X X X 88%
Four Male X| X | X| X 88%
Five Female X 25%
Six Male X X| X 88%
Seven | Female X X X X 88%
Eight Male X X X 88%
Nine Female X X| X 88%
Ten Female X X| X X 88%
Eleven | Female X X X X 100%
Twelve Male X| X | X| X 88%




