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Abstract
	Inequity in achievement and opportunities to learn mathematics among different subpopulations of students permeate every level of the United States education system: national, local, school, and even individual classrooms.  In an effort to address such inequalities and respond to the recommendations made by the National Council of Teachers of Mathematics (NCTM) in their Standards documents (1989; 1991), many educators called for a necessary reform in math curriculum.  This paper discusses the theory and support behind the development of two reform curricula: Interactive Mathematics Project (IMP) and College Preparatory Mathematics (CPM).   The paper then evaluates and synthesizes the lessons learned from documented implementations of such reform-based curricula and personal experience.  This literature review provides the basis for suggestions for promoting equitable learning opportunities for students in the practice of teaching math.  The paper concludes with an example of an Algebra I instructional sequence and assessment on solving systems of linear equations demonstrating these principles of promoting equity in the math classroom.




Promoting Equity in the Mathematics Classroom
	The federal government has demonstrated support for providing equal educational opportunities for all students through its numerous education-related legislations, such as Title I of the Elementary and Secondary Education Act of 1965.  Despite this, inequalities in educational achievement and opportunity can be found at every level of the United States education system: national, local, school and even individual classroom.  The challenge to rectify these inequities and provide a strong mathematics education for every child remains a complicated and heated debate in education. 
Background
Countless reviews have documented the vast inequities apparent in the math achievement and learning opportunities of various subgroups of students (Lee, 2002; Riegle-Crumb & Grodsky, 2010; Tate, 1997).  Despite efforts to reduce achievement gaps, current trends still suggest the significant discrepancy between the achievement, course-taking, and college entrance of different subgroups across lines of race-ethnicity, gender, and socio-economic status (Tate, 1997).  Although all students between 1973 and 1992 made gains in mathematics achievement, the gap between the achievement of White students and that of African American or Hispanic students remained at every age level (Tate, 1997).  Lee (2002) contends that from 1986 to 1999, “White students made twice the gains of their Black and Hispanic counterparts” on standardized tests (p. 5).  His observation suggests that the racial achievement gap is actually widening.  The disparity in achievement was even more pronounced when higher levels of mathematical proficiency (i.e. other than basic skills) were considered (Tate, 1997; Lee, 2002).  Moreover, minority students are less likely to enroll in upper-level mathematics courses such as precalculus and calculus, which are strong predictors for college access (Riegle-Crumb & Grodsky, 2010).  However, even minority students that pass the hurdle of entering upper level math courses may be at a greater disadvantage in trying to close the achievement gap once they arrive.  Riegle-Crumb and Grodsky (2010) suggest that the minority-majority achievement gap is actually widest in upper-level mathematics courses.  These reviews illustrate the critical injustice of the American education system failing to serve minority student populations sufficiently.
The American education system is also neglecting to serve students of low socio-economic status (SES).  Although it is difficult to sometimes separate effects of SES from race-ethnicity, since many minority students are also in poverty, trends across multiple assessments suggest that SES is a strong predictor for mathematics achievement (Tate, 1997).  When coupled with race-ethnicity trends, Tate’s (1997) review suggests that low-income minority students performed the worst when compared to more economically advantaged White students.
At a more localized level, even within a classroom, patterns of discourse and instructional decisions favor some students over others.   This sets up some students for success and others for failure.  The traditional math classroom typically begins with the teacher modeling a new procedure for solving a problem through a few sample problems and then concluding with students individually working on exercises employing the same procedure that was taught.  Mukhopadhyay (2009) describes a classroom example in which during daily seatwork, students competed to solve “harder” problems.  Such an environment often empowers students that are able to memorize and replicate a given procedure and marginalizes others that may feel pressured by such a competitive atmosphere (Mukhopadhyay, 2009).  Combined with societal pressures of gender and racial stereotypes, some student groups may feel even more oppressed in the classroom, impeding their ability to perform well (Riegle-Crumb & Grodsky, 2010).  
Subconscious teacher beliefs and actions may further amplify feelings of anxiety or stereotype threat perceived by minority students.  Without realizing it, teachers give more positive attention and feedback to boys over girls (Renne, 2001).  Sztajn also concluded from case studies of experienced teachers that teachers focused more on procedural drills in classrooms of low-income students and more on higher-order thinking skills in classrooms of students from higher SES backgrounds (as cited in Parks, 2010).  This choice in instructional decision-making limits opportunities for lower SES students to learn and practice critical thinking and problem solving skills.  Possibly unconsciously, teachers may reinforce and promote inequity in the classroom.
	The vast inequalities at every cross-section of math education clearly implicate the need for a change.  In April 1990, the NCTM Board of Directors released a statement expressing their desire for equity, deeming the “comprehensive mathematics education of every child as its most compelling goal” (as cited in NCTM, 1991, p. 4, emphasis added).  Additionally, in response to the dismal performance of all students in higher-level mathematics achievement, the NCTM released their Curriculum and Evaluation Standards for School Mathematics in 1989 which recommended new mathematical goals for students that focused more on problem solving, communication, and reasoning.  In 1991, they followed this publication with the Professional Standards for Teaching Mathematics which made suggestions for math educators in helping students to develop mathematical power for all students (NCTM).  These pivotal contributions to the field of mathematics education resulted in a surge of the production of standards-based reform math curricula.  Two such reform curricula include the Interactive Mathematics Program (IMP) and College Preparatory Mathematics (CPM).  The next section will describe the theory behind the development of these two curricula, as examples of how curriculum developers have responded to the recommendations of NCTM (1989; 1991), and evaluate the implementations of such curricula.
Math Curriculum Reform
The Interactive Mathematics Project (IMP)
	The Interactive Mathematics Project (IMP) was developed beginning in 1989 to respond to the suggestions made by NCTM (1989; 1991) for a more rigorous and equitable math curriculum.  The four-year curriculum was designed to replace the traditional Algebra I-Geometry-Algebra II/Trigonometry-Precalculus sequence (Fendel, Resek, Alper, & Fraser, 1997).  As opposed to traditional curricula, IMP teaches using a problem-centered approach in which students often work in groups to investigate mathematical knowledge.  The curriculum was developed based on four principles: “(1) students must feel at home in the curriculum, (2) students must feel personally validated as they learn, (3) students must be actively involved in their learning, and (4) students need a reason for doing problems” (Alper, Fendel, Fraser, & Resek, 1997, p. 150).  In theory, each of these principles helps to promote equitable learning opportunities for all students.  For example, by ensuring that all students feel comfortable with the curriculum and personally validated, no one student group is given preference.  IMP employs several different methods in trying to achieve these principles of curriculum development.
	Students must feel at home in the curriculum.  The creators of IMP have tried to make the curriculum accessible and relevant to students of all learning styles and cultures.  In an attempt to appeal to students that respond better to concrete approaches, the curriculum often weaves in the use of manipulatives and other hands-on investigative activities to introduce abstract concepts (Alper et al., 1997).  For example, a lesson on writing a symbolic rule to describe a sequence or pattern is contextualized in a story about a girl giving away different amounts of bagels.  Students are encouraged to use beans or physical counters as a way to model the situation given (Fendel et al., 1997).  By incorporating various instructional approaches, IMP tries to provide equal access to learning by appealing to the many learning styles of students.
The curriculum also aims to include an equal proportion of males and females in illustrations and examples as well as names and depictions of people from diverse backgrounds (Alper et al., 1997).  Seeing the inclusion of such characters gives every student, especially those from minority cultures, the opportunity to see someone represented who they can relate to in the curriculum.  Finally, IMP situates many of its word and story problems in contexts familiar to students, such as baseball, cooking, and so forth, so that students may feel more comfortable with the problem (Alper et al., 1997).  Using such culturally-relevant contexts also works to validate students’ cultural identities, which in turn, improves achievement (Gay, 2010).
	Students must feel personally validated as they learn.  As suggested by NCTM (1991), teachers should encourage students to depend on themselves to evaluate whether or not something is mathematically correct.  IMP responds to this recommendation and helps personally validate students’ contributions by purposefully selecting tasks that have multiple approaches to solving and require students to create their own knowledge.  Instead of employing teacher-centered instruction which deems the teacher as the mathematical authority in the classroom, student-centered cooperative learning returns the authority to the students and allows them to “discover mathematical principles on their own” (Alper et al., 1997).  As students grow in self-confidence of their mathematical ability, they will learn to rely on themselves to reason mathematically rather than deferring to the teacher.  Especially for minority students whose voices may have been silenced in the classroom, these opportunities for individual and small-group investigations may help support equitable learning environments.
	Students must be actively involved in their learning.  IMP curriculum developers use the principle of getting students actively involved to help create a level playing field for all students.  The typical discourse of a traditional classroom favors students who respond well to passively absorbing information and then regurgitating back the same procedures (Mukhopadhyay, 2009).  Students who are not engaged in a teacher-centered lecture get shortchanged out of an opportunity to learn.  IMP responds to this and the suggestions of NCTM (1991) to involve students in the development and investigation of mathematical principles through small-group activities (Alper et al., 1997).  As students make conjectures, prove mathematical principles, and evaluate each other’s ideas, they each become invested in the learning process.
	Students need a reason for doing problems.  In order to promote the development of mathematical power in all students, IMP curriculum intends to use problematic tasks that are interesting and meaningful to students.  The NCTM (1991) recommends that teachers “[select] mathematical tasks to engage students’ interests and intellect” (p. 1).  The IMP curriculum contains tasks that are contextualized in student-friendly situations, invoke student’s imagination with creative stories, and are mathematically problematic (Alper et al., 1997).  For example, the curriculum includes mathematically-challenging Problems of the Week (POWs) that encourage discussing mathematics with friends or family (Fendel et al., 1997).  Many of these problems are easy to approach, in that they are described such that all students can encounter the mathematics targeted, despite being mathematically complex.  For instance, one POW describes a new method for scoring football (5 points for field goals and 3 points for touchdowns) and asks students to find the highest score that is impossible to reach (Alper et al., 1997).  This sports context gives access for all students to deal with the mathematics and may provide more motivation for students to persevere in solving the problem.  IMP tries to choose tasks wisely so that they will engage and challenge students.
College Preparatory Mathematics (CPM)
	Like IMP, the College Preparatory Mathematics (CPM) curriculum series was developed by school teachers and professors at the University of California Davis and California State University Sacramento in reaction to the NCTM (1989) recommendations (Nank, 2007).  The series now covers grades 6-12 and relies heavily on cooperative learning for students to discover and explore mathematical concepts.  The curriculum also specifically identifies its use for heterogeneous classrooms with students from all ability levels (Dietiker & Baldinger, 2008).  CPM was designed across three principles to help promote life-long learning: “(1) initial learning is best supported by discussions within cooperative learning groups guided by a knowledgeable teacher, (2) integration of knowledge is best supported by engagement of the learner with a wide array of problems around a core idea, and (3) long-term retention and transfer of knowledge is best supported by spaced practice or spiraling” (Sallee, 2011).  These principles all address the various reforms NCTM (1989; 1991) recommend.
	Similar to IMP, CPM groups students in small groups to investigate and discuss new concepts.  This principle helps support creating equitable learning opportunities for students.  Cooperative learning groups rely on each student becoming a positively contributing member to the team.  Such an activity structure helps provide a more equitable discourse structure because it allows all students to participate (Mukhopadhyay, 2009).  Additionally, CPM suggests that teachers assign responsibility for specific group roles to each student to help the team work cooperatively and effectively (Dietiker & Baldinger, 2008).  
Evaluation of Reform Curricula
	Case studies of the implementations of reform-based curricula have revealed positive results in line with the goals of the NCTM Standards (1989; 1991); however, they have also identified some difficulties.  Multiple studies have demonstrated the higher achievement of students in classrooms using reform-based curricula over those learning from traditional-based curricula (Alper et al., 1997; Silver & Stein, 1996).  Students in the IMP program performed as well as or better than students in traditional math courses (Alper et al., 1997).  They were also more likely than students who took the traditional Algebra I-Geometry-Algebra II/Trigonometry sequence to take three years of college-preparatory mathematics (90% vs. 74%) and achieved higher overall GPAs (Webb as cited in Alper et al., 1997).  Silver and Stein (1996) studied the effects of another reform-based middle-school math curriculum called the QUASAR project and noticed similar results: QUASAR students consistently outperformed students from similar demographic backgrounds enrolled in traditional classroom on a standardized mathematics assessment.
	The most noticeable effects of reform-based curriculum programs, however, can be found in differences of achievement on tasks that measure higher-level mathematical skills and reasoning.  For example, in a study of Year 2 of the IMP curriculum, although no significant differences were found between the IMP and control students on a basic skills test, IMP students scored an average of almost two points (on a 10-point scale) higher than control students on a multi-step performance task that asked students to explain their reasoning in words (Alper et al., 1997).  Similarly, middle-school QUASAR students “did especially well on those tasks assessing conceptual understanding or problem solving and on those tasks requiring students to produce their own answers rather than to choose from a set of answer options” (Silver & Stein, 1996, p. 507).  These results are especially encouraging because they directly align with the goals that NCTM (1989) suggest of emphasizing mathematics as problem solving, communication, and reasoning.  Clearly, IMP and CPM’s focus on students developing their own mathematical knowledge through task-oriented cooperative group work has produced tangible results in deepening student understanding of mathematics.
	Although there is clear evidence that reform-based curricula have been successful at increasing the mathematical power of students, there is some dissent over how effectively it promotes equity in the classroom.  The data analysis of Silver, Smith, and Nelson highlight that similar gains were made by different racial/ethnic and linguistic subgroups who participated in the QUASAR project (as cited in Silver & Stein, 1996).  This suggests that the QUASAR curriculum provided equal opportunities for all students to achieve.  Several other scholars also suggest that reform curricula are particularly beneficial for lower SES students, who are usually neglected in traditional curricula (as cited in Lubienski, 2002).  
Some implementations of reform-based curricula have also been successful in promoting more equitable discourse patterns.  Traditional classrooms often reinforce quick initiation-response-evaluation (I-R-E) discourse patterns in which the teacher poses a question, a student answers the question, and the teacher evaluates the student’s response.  Such a discourse pattern often favors boys over girls (Renne, 2001).  However, in a study of the nature of discourse in one reform-based classroom, equal numbers of boys and girls participated in this typically male-dominated discourse pattern (Renne, 2001).  The teacher, Ms. Jeffreys, made deliberate attempts to give girls equal access to participate.  Similarly, Mukhopadhyay (2009) presents the case of one student who had previously been disenfranchised by the traditional math classroom discourse finding equity and empowerment in a reform-based setting.  These observed discourse patterns provide promising evidence for the promotion of equity in classrooms enacting reform-based curricula.
However, other scholars point to student perceptions and challenges in implementation as evidence for inequitable learning opportunities for students enrolled in classes using reform-based curricula.  In theory, whole class discussions and small group investigations give voice to individual students and allow students to feel personally validated by the curriculum (Alper et al., 1997).  However, when Lubienski (2002) interviewed several students from her own classroom implementing a reform-based curriculum about the purpose of these class discussions, only higher SES students identified the teacher’s intention of promoting the importance of analyzing each other’s ideas and forming their own mathematical arguments.  Instead, lower SES students emphasized getting the right answer in discussions; they expressed hesitation in sharing their ideas because of a fear of being wrong and frustration from wanting the teacher to just “show how to do it” or “tell the answer” (Lubienski, 2002, p. 114).  Star, Smith III, and Jansen (2008) also echo these notions of students often not being aware of the value in student-centered discourse and sometimes expressed opposition towards cooperative learning.  As a result, students from lower SES may not be receiving the same educational opportunities because of a misinterpretation of expectations and purpose.
Lubienski (2002) also observed that while higher SES students were able to successfully solve contextualized word problems by looking for the deeper math principles the problem was targeting, lower SES students often got caught up in other problematic but non-mathematical issues relevant to the context.  Students from different socio-economic backgrounds, therefore, approached whole class discussions and contextualized word problems differently.  As a result, opportunities to fully benefit from the discussion-intensive and problem-centered curriculum were possibly limited to the higher SES students that were able to conform to this new classroom culture.  
Across multiple studies, researchers have demonstrated that the effectiveness of a reform-based curriculum is heavily reliant on its implementation (Lappan, 1997; Nank, 2007; Star et al., 2008).  Reform-based curricula are adapted rather than adopted blindly (Nank, 2007).  For example, many teachers that are trained to use a reform-based curriculum in their classroom still rely on traditional forms of discourse and classroom norms which are not supportive of the principles of reform curricula.  Nank (2007) documented two teachers’ adaptations of reform curriculum in their classrooms.  He describes how one student-centered hands-on investigative activity was adapted by Mr. Green into a recitation session (Nank, 2007).  Rather than promoting student-centered discourse which helps to create more equitable learning opportunities, he reinforced the teacher as the authority and potentially limited access for all students to learning.  Lappan (1997) also suggests that many teachers of reform-based curricula find relinquishing full authority to students challenging.  In such situations, the implementation of reform curricula may only help to reinforce the hierarchical and inequitable structures of discourse in traditional math classrooms.
Principles for Developing Equitable Math Classrooms
Although current reforms have made great progress in creating equitable learning opportunities for all students in mathematics, there is still much room to improve.  I now present five principles for developing equitable math classrooms based on a synthesis of literature and my own personal teaching experience:
1. Teachers must set and maintain clear, explicit, and high expectations for all students.
2. Teachers need to facilitate problem-based small-group investigations to learn a concept.
3. Teachers must orchestrate whole-class discussions equitably.
4. The curriculum must incorporate and validate students’ cultures and backgrounds.
5. Curriculum developers must support teachers through frequent and sufficient professional development.
Teachers Must Set and Maintain Clear, Explicit, and High Expectations for All Students
	In order for students to benefit from reform curricula, they must realize the value in the instructional approach and understand what is expected out of them.  Lubienski’s (2002) study demonstrated that low SES students were unaware of the purpose of having whole-class discussions.  Similarly, students in another reform-based curriculum program expressed distaste for weekly problems that needed to be completed in groups: one student described it as “the exact antithesis of a team…[our group] finally decided that it would be a lot easier to just split them up” (Star et al., 2008, p. 27).  If expectations are not communicated clearly, students may not understand or “buy in” to the curriculum presented.
Star and others (2008) have suggested that teachers should have open discussions with students about features of the reform-based curriculum that may be different from the traditional curriculum they are accustomed to.   Other scholars also emphasize the importance of making expectations explicit to students because classroom norms are often not assumed by students implicitly (Boaler, 2004; Ladson-Billings, 2009).  These conversations could highlight some of the reasons behind the curricular choices made and may give students more motivation to participate fully in whole class and small group discussions.  Both the IMP and CPM programs include an introductory lesson on what is expected of students—they explain how this program might be different from other math courses and that students will often work in groups, be expected to justify their reasoning, and explore concepts for themselves (Fendel et al., 1997; Dietiker & Baldinger, 2008).  
Moreover, teachers should not limit discussions about expectations for the course to the first day of class but should revisit these ideas throughout the year.  Many students in reform-based classrooms may have been previously exposed to traditional classrooms and will not immediately adapt to the new demands of the classroom discourse (Lubienski, 2002).  It will take time for students and teachers to adapt to the new norms of the classroom.  Therefore, teachers must continue the conversation and make expectations explicit to students.  Additionally, student input from these discussions may also help teachers to adapt the curriculum to the needs of the particular population of students s/he is teaching (Lubienski, 2002).
Teachers Need to Facilitate Problem-Based Small-Group Investigations to Learn a Concept
	There is much support for cooperative learning groups as a structure for learning math effectively and equitably (Cohen, Lotan, Scarloss, & Arellano, 1999; Sallee, 2011; Boaler, 2004).  Small-group investigations are critical to the reform curricula described here: IMP and CPM.  They offer hands-on opportunities for students to engage in mathematics as well as make conjectures, reason mathematically, and evaluate each other’s statements.  Students act as resources for each other in the learning process (Cohen et al., 1999) and knowledge authority is returned to students rather than the teacher.  Additionally, cooperative learning groups have been proven effective for students of all ability levels, thereby providing equal access to learning (Sallee, 2011).  Cooperative learning and problem solving instructional techniques may also be particularly beneficial for females, a subgroup often shortchanged in mathematics education (Lubienski, 2002).  Equity in the math classroom may be promoted through small group discussions about math where every voice is valued.
	However, for cooperative learning groups to be effective, they must be structured and facilitated well by the teacher.  In my experience student teaching in an eighth-grade Algebra I classroom, I had students work in heterogeneous cooperative learning groups to solve a complex word problem involving quadratic equations.  As recommended by CPM, I assigned students particular roles in the group: facilitator, recorder, task manager, and resource manager (Dietiker & Baldinger, 2008).  Before beginning the task, I articulated clear expectations for students in their roles and gave them index cards to remind them of their specific role and suggest questions they might ask their group (see Appendix A).  As I monitored small group discussions, I also made suggestions and praised students for effectively carrying out their group role.  By the end of the week-long task, one student expressed that, “having the roles really encouraged us to talk to each other and work together.”  In this way, the assigned roles in the group supported the active engagement of every student in the classroom because they were held accountable to their role.  Without assigned roles or proper facilitation, there is a tendency for a single student to dominate the conversation (Star et al., 2008).  Instead, assigning group roles and presenting students with mathematically-challenging tasks that require students to work together encourage equity in group discussions (Lappan, 1997; Boaler, 2004).  
	Problem-based small group investigations must not only be structured well but also require active facilitation by the teacher.  In order to promote equitable interactions among students, Cohen and others (1999) recommend that teachers assign competence to students that may be viewed as having a lower level of mathematical ability by their peers.  To do this, teachers can highlight important intellectual contributions students with low status have made to the team discussion, providing a more level playing field for all students to engage in the task (Boaler, 2004).  In this way, each student will feel personally validated and be encouraged to participate freely in the group.  Teachers should monitor small group discussions and provide scaffolding or clarification to groups when necessary to provide equal access to the mathematics of the task.  Some scholars refer to this as keeping all students “in the game” because it allows all students to engage (P. Cobb, personal communication, November, 15, 2010).
	As exemplified by the reform curricula presented here, cooperative learning groups can be especially effective at promoting equity in the classroom when implemented properly.  Tasks need to be chosen wisely so that students see the need to work in groups and roles should be assigned to help provide a structure and scaffolding for students to work together effectively.  The teacher must also facilitate discussions to create equitable discourse patterns where even low status students are assigned competence (Cohen et al., 1999).  Finally, students must be held accountable to their contribution to the team and their role through self and peer assessment.
Teachers Must Orchestrate Whole-Class Discussions Equitably
	Although small group investigations are critical to students exploring mathematical principles, whole class discussions are also essential for students to learn from each other, synthesize information, and solidify mathematical concepts.  Lappan (2002) suggests that without whole-group discussions, the “mathematics embedded in the problem situation…is never made explicit in the minds of the students” (p. 222).  Therefore, teachers must foster whole class summary discussions before and after small group investigations to make the mathematical concepts clear to students.
As described previously, discourse patterns in traditional math classrooms often follow an I-R-E pattern that does not provide equitable opportunities for students to engage in the discussion (Mukhopadhyay, 2009).  In order to circumvent the tendency for classrooms to enact this pattern, teachers must be conscious of how they facilitate whole-class discussions and work towards making their practices more equitable and worthwhile.  Teachers must foster a classroom culture of safety and respect so that students feel comfortable sharing their ideas, being wrong, and respectfully evaluating each others’ reasoning (Silver & Smith, 1996).  As previously discussed, the teacher should make clear what is expected out of them during group discussions and model appropriate discourse.  To break out of the pattern of the teacher always offering an evaluation of what students say, s/he should encourage students to justify responses with mathematics by asking questions such as, “How do you know?” or “Why do you think so?” (Silver & Smith, 1996).  Asking thoughtful questions will remind students to justify their thinking and places the power and authority in the hands of the students.
Additionally, teachers need to be more pro-active in assuring equal participation of students.  Teachers are often unaware that they subconsciously favor some students’ participation over others (Renne, 2001).  To ensure equal student participation, the teacher could employ methods of randomly calling on students to share or keeping track of how often students speak.  One way to do this would be to write each student’s name on a popsicle stick and place all of the popsicle sticks in a cup.  During the class period, the teacher could randomly draw a popsicle stick and call on a student to encourage them to share their ideas or thoughts about the particular concept being discussed.  Teachers could also employ a method of recording anecdotes about students by carrying a clipboard with a student roster.  As students share ideas in whole-class or small-group discussions, the teacher could keep tallies or notes about the contributions students make.  This would help to make teachers aware of who is or is not participating and immediately take action to provide equal access for all students to speak.  It also provides an excellent resource for immediate informal assessment.
	Another way to encourage equitable discourse patterns in the classroom is through small group presentations to the larger class.  After working on a task as a group, students should deliver presentations back to the whole class explaining their reasoning.  Because every group presents their work, every student has the opportunity to make a positive contribution.  The students in the audience should actively listen to the presentations and ask questions for clarification or suggest recommendations to improve their reasoning.  This activity format allows students to hear different ideas or questions that arose across the groups.  
When students from my Algebra I class presented their solutions to the group tasks, I made clear that I expected the non-presenting students to listen carefully to presentations and ask groups questions.  As a result, many students asked excellent questions of their peers and demonstrated their push for justification behind claims being made.  This whole-class discussion pushed students’ mathematical thinking and gave opportunities for all students to participate.
The Curriculum Must Incorporate and Validate Students’ Cultures and Backgrounds
	As recommended by Alper and others (1997), students need to feel personally validated by the curriculum.  Taking the recommendations of IMP, math curriculum should be representative of student demographics and include contexts that are relevant to students’ cultures (Alper et al., 1997).  For students that do not come from majority backgrounds, this may be the only opportunity to see people from their gender or race/ethnicity incorporated into mathematics.  Practically speaking, teachers should include the names and depictions of both males and females from different ethnic backgrounds in story problems.  Additionally, students should solve problems that are relevant to their cultural contexts.  For example, Nasir (2002) described the complexity of mathematical knowledge that students develop through their lived experiences playing basketball and dominoes.  Using either of these contexts for a math investigation will not only validate student’s culture but also provide motivation for students to engage in the mathematics.  Teachers must seek out what is relevant to students’ lives and intertwine mathematics to the students’ cultures.  Doing this will increase academic achievement and promote positive self-identity for students (Gay, 2010).
	However, it is not enough to simply include characters or contexts that are relevant to students’ cultures.  As Lubienski (2002) noted, some instructional practices may not be particularly effective for certain groups of students possibly due to cultural assumptions.  It is important, therefore, to ensure that the practices of the classroom validate students’ cultural practices of discourse.  As described previously, Lubienski (2002) noticed that lower SES students had trouble comprehending the purpose of whole class discussions.  In such cases, teachers should engage in specific conversations regarding the nature of classroom discussions.  More research regarding how different subgroups of students have responded to reform curricula needs to be done to offer more specific suggestions for teachers.
Curriculum Developers Must Support Teachers through Frequent and Sufficient Professional Development
When teachers of reform curricula do not value or understand the same theories behind the design of the curricula, the original intent is often lost in implementation.  There are many examples of teachers heavily adapting the curriculum to their own traditional-oriented pedagogies with limited success in effectiveness (Lappan, 1997; Nank, 2007).  The challenge for curriculum developers, then, is to support teachers well throughout the school year.  Oftentimes teachers of reform curricula attend a single training for the use of the curricula and then return to their classrooms expected to implement the curricula.  These trainings often neglect teachers’ prior beliefs, values, and knowledge, so they do not prepare teachers for the counter-cultural nature of reform curricula or the challenge of integrating basic skills into the curriculum (Lappan, 1997; Nank, 2007).  Training should include discussions of teacher’s previous beliefs and instill the principles and theories behind reform curriculum so that teachers will value the design of the curriculum.
	Successful implementation of reform curricula requires not only initial training but frequent professional development along the way and a group of colleagues committed to improving their practice together.  For example, Boaler (2004) attributes some of the success of the Railside program she researched to having a selective mathematics department that was filled with professionals committed to striving towards equity in the classroom.  They strongly believed in all teachers carrying the same vision and planning and collaborating together (Boaler, 2004).  Such a professional learning community that frequently discusses, reflects, and strategizes is essential for teachers implementing the same curricula to learn together (Lappan, 1997).  Teachers, just like students, learn the best from working cooperatively in groups.  Reserving time at least once a week for groups of teachers to meet will allow them to reflect on their teaching and to come up with solutions to similar problems they encounter in implementing and integrating reform curricula.
Applying the Principles to a Lesson Plan
To illustrate how these principles of promoting equity could be used in an Algebra I classroom, I developed a two-day instructional sequence on solving systems of linear equations by graphing and substitution.  The lesson plan and additional worksheets can be found in Appendix B.  The lesson plan was designed using the principles of backwards design that Wiggins and McTighe (2005) developed: desired understandings were identified, then appropriate assessment pieces were selected, and lastly, learning experiences were planned.  Some of the tasks were inspired by Dietiker and Baldinger (2008) but have been modified to demonstrate the principles suggested in this paper.  Additionally, the cumulative performance assessment and rubric (see Appendix C) were originally designed for a class assignment in EDUC 3620.  This paper will now illustrate how the designed instructional plan exemplifies the suggested principles of promoting equity in math classrooms.  The last principle of supporting teachers through professional development is not addressed here because it is outside the context of the implementation of a single instructional sequence.
Teachers Must Set and Maintain Clear, Explicit, and High Expectations for All Students
	In the instructional sequence offered, there are many designated opportunities for the teacher to communicate clear and explicit expectations for students.  In the launches of all three tasks, the teacher should take the recommendations of the lesson plan to ask students to reword what the task is asking to make sure that the expectations are communicated clearly.  By explaining the task in student-friendly language, more students will be able to access the task.  Additionally, expectations for the product of each of the tasks and final assessment need to be communicated clearly so that students know that they are expected to contribute to the whole group discussion, justify their answers through visuals, or write descriptions.  Throughout the facilitation of such discussions, the teacher should be consistent in reminding students of the expectations for all students to be respectful and critically-engaged in discussions.
	In the final task for individual homework, the teacher communicates clear, explicit, and high expectations for the product of each student’s work through the use of an appropriate rubric (see Appendix C).  Because students are also given a condensed version of the rubric, they know what criteria their work will be evaluated on.  Communicating these criteria explicitly will help to avoid any confusion on the quality of the product and will demand a high level of work from students.
Teachers Need to Facilitate Problem-Based Small-Group Investigations to Learn a Concept
	As recommended by IMP and CPM, the instructional sequence offered introduces new concepts first through small-group investigations (Alper et al., 1997; Dietiker & Baldinger, 2008).  Students are presented with a challenging task that engages students in discussions about mathematics.  Because the tasks are not immediately obvious but require conversation, all students must contribute.  As described in the lesson plan, the teacher should also encourage the Facilitator in each group to encourage all members to participate in the discussion.  The teacher also has scripted opportunities to facilitate equitable discourse patterns by assigning competence to students with low status; this returns learning opportunities and high expectations for students that might have been at a disadvantage.  
	The tasks presented are also situated in engaging contexts that are relevant to students and pique their imagination.  For example, in Task A, students must find when Ms. Yen will give Padma a high-five for receiving an A+ on her test.  Compared to a discussion about solving systems of linear equations in an abstract context where there is no “meaning” to the solution, this novel context may provide extra motivation to engage and offer suspense in searching for a solution.  By giving students interesting contexts to explore mathematics, all students will be able to connect to the tasks and understand the purpose of learning mathematics.
Teachers Must Orchestrate Whole-Class Discussions Equitably
	In the instructional sequence presented, after every small group investigation, the teacher facilitates a whole class discussion to check that all students walk away with the same conceptual understanding. The lesson plan also provides ample opportunities for the teacher to orchestrate the discourse equitably by having each group present solutions to the task, calling on students equally by keeping a participation record, and asking students to re-summarize information.  Every group is expected to present and justify portions of their work after a small group task, thereby providing each group with equal opportunities to share their learning and receive feedback from the teacher and class.  The lesson is also filled with questions for the teacher to ask students and opportunities for deeper discussion.  Rather than the teacher providing answers, students are relied upon to provide the knowledge and input for discussion.  If the teacher has a method for keeping a record of who is talking, they can intentionally persuade quieter students to participate.  As mentioned earlier, having students reword or summarize information into their own words not only offers a learning opportunity for the student speaking but also assists other students by being able to hear the information in possibly more student-friendly language.
The Curriculum Must Incorporate and Validate Students’ Cultures and Backgrounds
	The learning sequence proposed was intentionally designed in accordance with IMP’s model of incorporating students’ cultures and backgrounds into the mathematics explored.  The character names in all of the tasks were modified from the original to reflect the diverse cultural backgrounds of students the current U.S. public education serves.  Instead of using the Eurocentric names typical of traditional math textbooks and standardized tests, the character names were chosen to be more culturally-inclusive and gender-inclusive.   Furthermore, in Task A, Padma, a girl, is highlighted as receiving an A+ on her exam.  For girls in the classroom that may have experienced implicit gender stereotypes against their performance in math, witnessing an example of a female succeeding in math may act to stunt the proliferation of negative gender stereotypes.
In addition to changing the character names, the contexts of the tasks were also modified to be more reflective of student culture.  As Gay (2010) writes, “using the knowledge, language, and culture of different ethnic groups in teaching has positive effects on students’ identities that, in turn, improve academic achievement” (p. 166).  In their original form, Task A was written as a dog sledding race and the characters described in Task C were saving to buy a bike.  Modifying these contexts to ones that students could engage in and relate to better provides more equitable opportunities for learning.
Finally, the curriculum also allows students to validate their cultural lived experiences by allowing them to write their own real-life problems for homework.  Ensign (2003) suggested that this instructional technique would validate student’s identities and resources of knowledge, thereby increasing their mathematic potential.  For minority students who consistently must solve math problems in contexts foreign to them, this homework assignment gives them the opportunity to find a real-life context to use mathematics in.  
Conclusion
	The vision to close the mathematics achievement gap and provide equitable learning opportunities for all students still remains ahead of us.  However, recent reform curricula have made a valiant effort in addressing issues of equity and promoting rigor in mathematics.  The implementations of these reform-based curricula provide many promising results in developing higher-order thinking skills and promoting equity in the classroom.  Much can be learned from the triumphs and challenges these studies have revealed.  While additional research still remains to be completed, this paper has offered a promising start with five suggestions for promoting equity in the math classroom.  These principles have been applied to an instructional sequence in Algebra I to help illustrate its potential for shaping mathematics classrooms more equitably.
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Appendix A
Student Roles for Algebra Group-Worthy Task
Each heterogeneous group was composed of four students that were assigned one of the following roles.  During group work time, each student held onto an index card with the role description listed here to remind them of what types of questions they should be asking their team.  This provided scaffolding for students as they learned what it means to work cooperatively with each other.
· Facilitator:
· Make sure your team understands the entire task before you begin.
“Does everyone know what to do?”
“Does everyone understand what the task requires?”
· Keep your team together.  Make sure everyone’s ideas are heard.
“What did you notice?”
“Do we all agree?”
“What do you think?”
· Recorder/Reporter:
· Your poster needs to contain all of the information and proof for this investigation  Be prepared to help your team members find a way to describe their ideas in clear statements or visuals.
“What are you trying to say?”
“Can a picture or diagram help?”
“How can we write that?”
· Be sure that reasons are given for each statement.
“How do you know that is true?”
· Take notes during meetings.
· Resource Manager:
· You are responsible to gather materials and help for your team.  You are the only team member that is allowed to ask the teacher questions and be sure that all questions are team questions.  Don’t let your team stay stuck!
“Is everyone stuck? Should I call the teacher?”
“What team question can we ask the teacher?”
“Are we sure that no one here can answer the question?”
· Task Manager:
· You need to make sure that your team is accomplishing the task effectively and efficiently.  Make sure that all talking is within your team and is helping you to accomplish the task.  Eliminate side conversations and help everyone stay focused.
“How does that information help us?”
“Okay, let’s get back to work everyone!”
“We have 7 minutes left!”
“How can we share the materials so that everyone is working?”

(Adapted from Dietiker and Baldinger’s (2008) Algebra Connections)



Appendix B
Instructional Plan
	Unit: Systems of Linear Equations 
	Grade/Subject: 9th Grade - Algebra I

	Lesson: When do we meet? Solving Systems of Equations by Graphing and Substitution
	Time: Two one-hour class periods

	Content Standards for Learners
	(From the Common Core State Standards for Mathematics – High School Algebra)
A-REI-6: Solve systems of linear equations exactly and approximately (e.g. with graphs), focusing on pairs of linear equations with two variables.



	Standards-Based Instructional Goals

	What do you want students to learn?
	By the end of this instructional sequence, students will be able to…
· Represent a real-world situation using a system of linear equations
· Solve a system of linear equations by graphing and substitution
· Interpret the intersection as a solution to a system of linear equations

	How does this content build on what your students have already learned?
	Students have already learned how to describe, graph, and solve linear equations.  They have worked on building connections between data tables, word descriptions, function rules, and graphs of linear functions.  This instructional sequence builds on what they have learned by extending their understanding of linear equations to consider systems of multiple linear equations and interpreting their meanings.  In this sequence, students will continue working on building connections between the different representations of linear functions/equations as they explore multiple representations of systems of linear equations.  Students will have also already mastered simplifying expressions (such as 3x + 5 – 2x + 13) by combining like terms and solving linear equations with one variable.

	Assessment

	Describe the evidence you will use to assess learning and explain why you believe this to be appropriate.
	Anecdotal notes during whole group and small group discussions will be used as evidence to assess learning.  Presentations after small group investigations will also be used to assess learning because students are required to justify their reasoning and thinking behind the solutions they provide.  Additionally, students will have homework both nights of this instructional sequence to use for assessment purposes.  The latter of these, Homework 2, will be emphasized here for evaluation.  Homework 2 requires students to apply what they have learned about solving systems of linear equations in a real-life context that has relevant implications.  Students must interpret the descriptions of functions and translate them into algebraic/graphical representations to solve the problem.  Finally, the assessment provides an opportunity for students to demonstrate their learning of the third intended objective by asking students to interpret their solution in the context of arguing which cell phone plan is the best.  Students must also employ their justification skills because they are asked to explain their answer in layman’s terms.  

	What student products and performances will provide evidence of desired understanding? By what criteria will student products and performances be evaluated?
	Student contributions during large group and small group discussions will be used to provide evidence of desired understanding.  Additionally, Homework 2 will be evaluated by the criteria found in the attached rubric (see Appendix C).  In general, the six criteria used to evaluate the product are:
1. Interpretation of Situation (Initial Set-Up)
2. Mathematical Insight
3. Reasoning and Justification
4. Depth of Abstraction/Representation
5. Accuracy
6. Quality of Presentation

	General Learning Plan for Instruction

	Describe the instructional strategies you will use for this lesson and how these strategies support your instructional goals and are appropriate for your students.
	DAY ONE
[0:00 - 0:05] Launch Task A – The teacher will launch the attached Task A – The Quest of the High Five by first presenting to them the story.  The teacher will then ask the whole class questions to make sure that every student understands the situation, ensuring everyone stays “in the game” (P. Cobb, personal communication, November 15, 2010).
· Where is Padma?  Where is she going?
· Where is Ms. Yen?  Where is she going?  Why is she looking for Padma?
· What does “Ms. Yen traveled along the same route that Padma was taking towards Ms. Yen’s classroom” mean?  Can someone rephrase this in their own words?
The teacher should then explain that the each group should be expected to contribute during a whole class discussion afterwards and will need to provide evidence and justification of their work.  If they need words, diagrams, or illustrations to justify their solutions, they should provide them for the class.  The teacher should also inform students that they have fifteen minutes to complete this task.
The teacher should also review how students are expected to cooperate in groups.  They will be briefly reminded of the roles they are responsible for (see Appendix A) and reminded that the teacher will be walking around the room and may ask anyone in the group what is going on.  Therefore, it is in the best interest of each group to make sure that every student understands and every student contributes to the task.
[0:05 - 0:20] Small Group Investigation (Task A) – Students will then work in their small groups to analyze the graph provided illustrating the positions of Ms. Yen and Padma as they swiftly walk in each other’s direction.  While students work in small groups, the teacher will circulate to each of the groups and keep anecdotal notes of what students are saying to be helpful for the later whole class discussion.  If students are struggling with the task, here are some possible questions the teacher could ask, depending on which part of the task they are confused about:
· What information is given to you?
· Can you explain what these axes tell you?  What do they mean?
· How will you know when Ms. Yen and Padma meet?  What will be the same?  Where will it be on the graph?
· How do you know?
· Why do you think that?
· How do you calculate speed?
If students in one group finish early, one way to differentiate instruction and challenge them further is to ask them if they can find an exact answer for when Ms. Yen and Padma high-five each other.
[0:20 – 0:45] Whole Group Discussion – The teacher will then lead students in whole group discussion to solidify the concepts that were explored in small groups.  S/he should highlight points made in the discussions that were overheard and pay special attention to low status students who made positive contributions.  The teacher should also highlight how students worked collaboratively together (although this would have been much more of an emphasis earlier in the year) by saying things like, “I really liked how Mark asked if everyone in the group agreed”.  The teacher should then pose the following questions and have multiple groups answer and justify their thinking.  S/he should ask if anyone thought about it a different way and encourage multiple ways of approaching the problem. 
· How did you know which plots represented Ms. Yen and Padma?  I would expect students to say that Ms. Yen started at her classroom when the time elapsed was 0, so she must be the blue diamonds.  Padma started away from the classroom, so her position is represented by the triangles.
· How did you know when Ms. Yen and Padma would meet?  I would expect students to say that it is where they have the same position and time on the graph or where the two lines intersect.  I would have a group use the document camera to show the lines that they drew on their graph extend the position functions for Ms. Yen and Padma.
· How far away was Padma from Ms. Yen’s classroom when Jose informed her about the test?  I would expect students to extend the line representing the position function for 
· How did you know who walked faster? I would expect students to describe slope, since they have learned this concept previously.  I would review the concept of slope by having students explain how to calculate slope and what slope represents.  Students may also postulate that Ms. Yen is walking faster than Padma because she knows that she has good news to share, whereas Padma does not know how well she did on the exam.
The teacher should then pose the following question: Can we write algebraic rules to describe the position of Ms. Yen and Padma?  Students will discuss some strategies that they think might be useful (e.g. using point-slope form or two-point form or extending the graph to find an x- or y-intercept).  The teacher will then ask students to try to solve this problem individually and then share in pairs.  Allowing students to first attempt the problem individually may give them more opportunity to challenge themselves and become more self-reliant.  The teacher will then ask students to come to the board and share their solutions. The expected equations are:
· Ms. Yen’s position:  
· Padma’s position: 
The teacher will then help guide a discussion over the connections between the algebraic equations and the graph:
· Where do we see the slope?  What do these numbers mean?  Do they agree with what we found previously in the graph?  Why is Padma’s slope negative?
· What does the 130 represent?  Where can we see that on the graph?
The teacher will then explain that the point on the graph that the two lines intersected at was where the position and time were the same for both equations.  The teacher will introduce the terminology of a system of equations by explaining that the two equations for the positions of Ms. Yen’s and Padma’s positions form a system of equations.  To find the point of intersection, we want to find an ordered pair (x, y) that will satisfy both equations, that is will be found on both graphs.  The teacher will ask students, “Where on the graph do we see the point or points where both equations are satisfied?  Where is x and y the same for both equations?” 
Then, the teacher will ask students, “What if we did not have a graph?  Can we solve this system of equations without using a graph? That is, algebraically?”  The teacher should allow students to think about this for a while and see if anyone has any ideas.  If students require more scaffolding, the teacher could ask these questions, “If we want to find a point (x, y) that when plugged into these equations, both will hold true, that means this y (point to Ms. Yen’s) and this y (point to Padma’s) must be the same.  If they are the same, then what do we know?”  At this point, I would expect students to be able to answer that they must be equal, so you can substitute in one equation for the other, which gives the equation below:

Students would then be asked to solve the equation for x.  The teacher should then ask:
· What does this x mean?  I would expect students to identify it as the time in seconds when Ms. Yen and Padma meet each other.
· How can we find the y-value or where Ms. Yen and Padma meet? Which equation should I use?  I would expect students to see that they could substitute in this x-coordinate in either of the equations for Padma or Ms. Yen’s position because this point is shared by both equations.
The teacher should summarize what was learned about the meaning of point of intersection as where two lines or functions intersect or meet.  The teacher should also remind students of the two ways to find the point of intersection: through graphing and also algebraically through substitution.  
[0:45-0:58] Small Group Investigation (Task B) – Students will then return to their small groups and focus on the meaning of the point of intersection given different contexts.  The teacher will remind students that the point of intersection will mean different things depending on what information is in the graph provided.  Students will need to pay attention to the axes and graphs to describe what is visualized and the meaning of the point of intersection of two lines.  Students will discuss in groups the meanings of each and individually develop written descriptions to complete for homework and discuss in class the next day.
[0:58-1:00] Closing – The teacher will ask students to summarize what was learned and what the meaning of a system of equations or a point of intersection mean.  The students will also be assigned their homework.
Homework 1 – Write your own real-life problem involving a system of linear equations like the ones described in class in Task A and B.  Choose a situation that is personally meaningful to you and be prepared to describe and present the situation to the class in words.  Write equations to represent two or more intersecting functions.  Graph your equations and find the point of intersection of your two equations.  Explain what the intersection represents in your problem situation.  
Another student may solve your problem, so you need to make two copies: one solved and one unsolved.
(Inspired by Dietiker & Baldinger (2008) and personal communication, E. Shahan, November 5, 2008)
DAY TWO
[0:00-0:05] Review – The teacher will ask students from each group to present their description of the graphs from Task B.  As each group presents, the teacher will also ask the other groups to share if they came up with a different interpretation or ask if they have any questions about the presenting group’s interpretation.  The teacher should then also facilitate a review of the vocabulary that was introduced during the last lesson by asking a student to reword the meaning of them: system of equations and point of intersection. 
[0:05-0:10] Launch Task C – The teacher will ask the students, “Have any of you ever saved up for something before? Like you wanted to buy something but you did not have the money yet for it?”  The teacher should allow a few students to share their stories and then the teacher should follow up by asking, “How did you save the money? Did you put it in a piggy bank? Do you have a bank account?”  These questions will provide a basis for to build the context of the problem on.
Then the teacher should ask, “What do you know about opening a bank account?”  I would expect students to know that you open the bank account with an initial deposit and then you can add more money.  The teacher should ask students to reword this idea of opening an account with money already in the account and then adding to the account periodically over time.
In this case, if Abi and David are students in the class, the teacher could personally address them and explain that they are trying to save up for an iPod Touch (or other relevant object of interest for students).  Abi opens a savings account with $50 and decides she will save $30 a week.  David opens a savings account with $75 and decides to save $25 a week.  Ask students to reword the story so that they understand that money is consistently being added every week in to each account.  To make sure that everyone understands the problem, the teacher could ask, “So who has more money in the bank account to begin with?”
Then, the teacher should explain to students that they will work in groups to use TWO different methods to find out when Abi and David have the same amount of money in the bank account.  The teacher should also explicitly outline the expectations for a product: each group will be given a poster paper to present their findings and justify their work.  The teacher should remind students that they should provide evidence for the claims that they make and that the teacher is more concerned about the group’s process rather than the product.  That is, the teacher should explain that their justifications and reasoning behind the claims they make are more important than the actual numerical answers they present.
[0:10-0:30] Small Group Investigation (Task C) – While students work in their cooperative learning groups, the teacher should be making anecdotal notes of student conversations and ask questions to help students think through the situation.  The teacher might ask:
· What information are you given?
· What are you looking for?  Where will the two equations/lines meet?  How can you find this?
· How can you represent this information?
· You’ve found one way to find the time when Abi and David have the same amount of money.  Can you think of another way to check your result?
· How do you know that?
· In your representation, what does the 50 represent?  What does the 30 represent?  What do these variables mean? (These questions may be asked if students offer an algebraic interpretation)
· How will you present your information so that the entire class can understand?  Can you think of a way to visualize this information?
After groups have had a chance to finish working on the first part of the task, the teacher will call the attention of all groups and pose the second part of the question:  If an iPod Touch costs $300, who will be able to save up enough money first?  How long will it take to save that much money?
[0:30-0:45] Whole Group Discussion – In the whole group discussion, the teacher will ask each group to present their findings and ask questions from each other.  Each group will be asked to present one of the ways that they solved for the point of intersection or when Abi and David had the same amount of money.  I expect students to try several methods: graphing and approximating, solving algebraically, or plugging in values through a data table.  The teacher will push to make connections across solution methods.  For example, s/he might ask, “Where do you see the point of intersection in the algebraic equation?” or “Where do you see the original $50 and $75 on the graph?”
The teacher should intentionally involve students that have not spoken in class and during presentations, direct questions at students that did not speak.  In the discussion of part B, the teacher should highlight “Where do we see the $300 in the graph? In the equations?” and explore different methods to solving for how long it would take for David and Abi to save enough money to buy an iPod Touch.
[0:45-0:55] Pair Share/Homework Swap – Students will swap problems with someone else in the class from the previous night’s homework and try to solve their systems of linear equations problem.  They can ask clarifying questions from the student they swapped problems with, but cannot ask how to solve it.  Each student will then evaluate the other student’s work and justification and provide feedback for their partner.
[0:55-1:00] Closing & Assign Homework – The teacher should hand out the homework assignment and have students read the problem.  The teacher should then bring the attached rubric to the attention of students so that they know what will be expected of their product.

	 Student Grouping

	Describe how you will group students for instruction and how this grouping will support your instructional goals and support student learning.
	As typical of this classroom, students will work in their assigned cooperative learning groups.  These heterogeneous groups will change frequently throughout the year to allow students to work with different groups of people.  Students will also be assigned rotating roles (see Appendix A) and at this point in the year, students will be assumed to already understand their roles in the group.  For this reason, not much time is spent discussing the roles in the lesson plan.  However, it is assumed that earlier in the year, the teacher spent much more time setting up the different roles that students will enact and would have reinforced student roles by highlighting anecdotal evidence of specific students fulfilling their responsibilities well.

	Materials and Resources

	Describe the instructional materials and resources you will use.
	· Attached worksheets: Task A, Task B, Task C, Homework 2, Rubric
· Document camera (or projector)
· Poster paper



	
Task A: The Quest for the High-Five

While standing in the hallway, Jose just informed Padma that Ms. Yen finished grading her test and that she should go pick it up.  At the same exact time, Ms. Yen decided that she could no longer contain the news that Padma had received an A+ on her test so she immediately left her classroom in search of Padma to give her back her test and a well-deserved high five.  Ms. Yen traveled along the same route that Padma was taking towards Ms. Yen’s classroom.

On the graph below, the positions of each person are shown.  

Your Task:  With your team, analyze the information in the graph.  Consider the questions below with your team.  Be prepared to justify and defend your answers.

· Which data represents Ms. Yen?  Which represents Padma?  How can you tell?
· When did Ms. Yen give Padma a high-five?  Label on the graph where this occurs. (Assume that the high-five commenced immediately upon meeting each other)
· How far away was Padma from Ms. Yen’s classroom when Jose informed her about the test?  How can you tell?
· [image: C:\Users\user\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.IE5\1P6OCBFO\MC900078795[1].wmf]Who walks faster?  Explain how you know.  Why do you think that is?




(Adapted from Dietiker & Baldinger’s (2008) Iditarod Trail Dog Sled Race problem (p. 323))
	
Task B: Interpreting Graphs

The meaning of a point of intersection depends on what the graph is describing.  For example, in Task A, the point where Ms. Yen’s and Padma’s lines cross represent when the met in the hallway.

Examine each of the graphs below and write a brief story that describes the information in the graph.  Include a sentence describing what the point of intersection represents.

[image: ]





(#4-69 from Dietiker & Baldinger, 2008, p. 323)


	
Task C: Saving Up for an iPod Touch 

Abi and David are saving up money because they both want to buy an iPod Touch.  Abi opened a savings account with $50.  She just got a job working at Sweet CeCe’s and is determined to save an additional $30 a week.  David started a savings account with $75 and he is able to save $25 a week.

Your Task: Use at least two different ways to find the time (in weeks) when Abi and David will have the same amount of money in their savings accounts.  How much money will each of them have then? Use the poster paper to illustrate and justify your results.  Be prepared to share your methods with the class.

[image: http://ecx.images-amazon.com/images/I/41Fwga%2BZY2L.jpg]The 32GB Apple iPod Touch costs $300.  Who will be able to buy it first?  How long will it take them to save enough money?  Be prepared to justify your reasoning.




(Adapted from Dietiker & Baldinger (2008))

	
Homework 2: Cell Phone Madness!

Directions: Read the situation below carefully and answer the following questions.  Show all work clearly and label any variables, charts, equations, figures, etc. to receive full credit.  Your response will be judged based on the attached rubric.

There are three cell phone companies offering three competing plans.  Global Mobile offers a monthly plan with a flat fee of $50.00 a month for unlimited minutes and calls.  Digicell offers a monthly plan with a flat fee of $30.00 a month and a charge of 2 cents per minute for all calls.  XCom offers a monthly plan with a flat fee of $20.00 a month and a charge of 4 cents per minute for all calls.

a) Your friend Latoya is looking to buy a new cell phone plan.  She usually uses about 600 minutes a month.  Which plan would you recommend for her and why?












b) After giving advice to your friend Latoya about which cell phone plan to buy, she has now told everyone that you are the cell phone plan guru!  She’s asked you to come and give advice to a group of her friends about which cell phone plan to enroll in.  You do not know how often her friends use their cell phone.  

Which plan(s) would you recommend and for what level of usage?  Why?  How would you present your findings to convince Latoya’s friends?  Defend your answer and show all of your work to receive full credit.  (If you need more space, please use the back of the page)








(Task originally designed for an assignment in EDUC 3620)
Student Rubric for Homework 2
Your product will be assessed using six criteria as defined below.  Each will be scored on a 4-point scale and a description is provided below for a 4-point response in each criteria.
	
	4
	Your Score

	Interpretation of Situation
	Complete and clear understanding of the problem described in the initial set up. Variables and constants are clearly defined and labeled.
	

	Mathematical Insight
	Shows a sophisticated understanding of the topic and uses the most efficient and appropriate tools to solve.  Work demonstrates connections to situations beyond the scope of the problem and understanding of the multiplicity of solutions.
	

	Reasoning and Justification
	Demonstrates a clear, thorough, and logical sequence of thought.  Assumptions, arguments, and steps are fully explicated.  Solutions are completely justified throughout with reasonable argument (regardless of whether knowledge used is accurate or not).
	

	Depth of Abstraction/
Representation
	Demonstrates clear fluidity between algebraic and concrete representations of the situation.  Multiple representations (i.e. algebraic equations, tables, graphs) are provided and connections are made across representations.
	

	Accuracy
	Work and solutions are accurate throughout.  All calculations are correct and provided to an appropriate degree of precision.  Solutions are appropriately labeled with units.
	

	Quality of Presentation
	Solutions are extraordinarily clearly presented and neatly labeled.  The presentation of findings (part B) is engaging, fluid, and easy-to-understand with a thorough consideration of the audience.  
	

	TOTAL
	






Appendix C
Rubric for Homework 2
	
	4
	3
	2
	1
	0

	Interpretation of Situation
(Initial Set Up)
	Complete and clear understanding of the problem described in the initial set up.  Usage time (minutes) is identified as the independent variable.  Charge time per minute is identified as the rate of change for latter two plans and the flat fee is identified as the constant.  Demonstration of consistency with units (dollars vs. cents).
	Good understanding of problem described in the initial set up.  Usage time (minutes) is identified as the independent variable.  Charge time per minute is identified as the rate of change for latter two plans and the flat fee is identified as the constant.
	Some understanding of the situation demonstrated in the initial set up. Recognition that the cost of the monthly plan varies with usage time (minutes) and the presence of a constant charge.  Possible switch of flat fee and rate of change.  Possible inconsistency with units.
	Minimal understanding of the situation demonstrated.  Charge time per minute is identified as the rate of change OR the flat fee is identified as the constant.  Possible inconsistency with units.
	No understanding of the situation demonstrated.  Unrelated situation represented or no response.

	Mathematical Insight
	Shows a sophisticated understanding of the topic and uses the most efficient and appropriate tools to solve.  Work demonstrates connections to situations beyond the scope of the problem and understanding of the multiplicity of solutions (the best choice of cell phone plan depends on usage time and consideration of all three plans necessary to decide).
	Shows an adequate understanding of the topic and uses efficient and appropriate tools to solve.  Work demonstrates understanding of the multiplicity of solutions (the best choice of cell phone plan depends on usage time).
	Shows a limited understanding of the topic and uses mathematical tools to solve.  Work demonstrates understanding that there is no single best plan.
	Shows a minimal understanding of the topic and uses inefficient or inappropriate tools to solve.  Possible understanding that there is a single most efficient plan.
	No mathematical insight present.

	Reasoning and Justification
	Demonstrates a clear, thorough, and logical sequence of thought.  Assumptions, arguments, and steps are fully explicated.  Solutions are completely justified throughout with reasonable argument (regardless of whether knowledge used is accurate or not).
	Demonstrates a clear and logical sequence of thought.  Most assumptions, arguments, and steps are fully explicated.  Solutions are justified with reasonable argument (regardless of whether knowledge used is accurate or not).
	Demonstrates a semi-logical sequence of thought.  Some assumptions, arguments, and steps are explicated.  Solutions are insufficiently justified with argument (regardless of whether knowledge used is accurate or not).
	Demonstrates minimal logical reasoning and sequence of thought.  Solutions are insufficiently justified with argument (regardless of whether knowledge used is accurate or not)
	No reasoning or justification is provided for solutions (regardless of whether solution is accurate or not).

	Depth of Abstraction/
Representation
	Demonstrates clear fluidity between algebraic and concrete representations of the situation.  Multiple representations (i.e. algebraic equations, tables, graphs) are provided and connections are made across representations.  Understanding of continuity of linear equations demonstrated.
	Demonstrates connections between algebraic and concrete representations of the situation.  Depth of understanding reflected in the presentation of both algebraic equations and calculation of a single function value (part A).
	Presents algebraic representation without connections to concrete representations of the situation. No evidence provided of calculation of a single function value (part A). OR Both algebraic and concrete representations of the situation are present but disconnected.  The calculation of a single function value does not agree with the algebraic representation.
	Demonstrates understanding of concrete representations of the situation (calculation of a single function value – part A).  No demonstration of understanding of abstract representation of the situation.
	No demonstration of understanding at a concrete or abstract level.

	Accuracy
	Work and solutions are accurate throughout.  All calculations are correct and provided to an appropriate degree of precision.  Solutions are appropriately labeled with units.
	Work and solutions are mostly accurate.  One or two calculation errors which do not affect overall logic acceptable.  Calculations are provided to an appropriate degree of precision and solutions are appropriately labeled with units. OR score of 4 except solutions are not provided to an appropriate level of precision or not labeled with units.
	Work and solutions are mostly accurate.  Two to three calculation errors or one major error which slightly hinder(s) logic acceptable.  Solutions may not be provided to an appropriate level of precision or not labeled with units.
	Logic is hindered by the presence of more than three calculation errors or two major errors.  Solutions may not be provided to an appropriate level of precision or not labeled with units.
	Work is completely hindered by an overwhelming frequency of errors.  Solutions may not be provided to an appropriate level of precision or not labeled with units.

	Quality of Presentation
	Solutions are extraordinarily clearly presented and neatly labeled.  The presentation of findings (part B) is engaging, fluid, and easy-to-understand with a thorough consideration of the audience.  
	Solutions are clearly presented and neatly labeled.  The presentation of findings (part B) is easy-to-understand with some consideration of the audience.
	Solutions are clearly presented and labeled, with few moments of confusion.  The presentation of findings (part B) is summarized in a format other than just a solution.
	Solutions lack clarity in presentation and are often unlabeled.  Work is difficult-to-follow with many moments of confusion.  The presentation of findings (part B) demonstrates no consideration of the audience.
	Solutions show no demonstration of a consideration of the audience.  Understanding of the solution is completely hindered by a lack of organization.



(Rubric originally designed for an assignment in EDUC 3620; inspired by Wiggins & McTighe (2005))
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