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Background and Purpose of the Study
The Principles and Standards for School Mathematics by the National Council of Teachers of Mathematics (NCTM, 2000) and the report “Adding it Up: Helping Children Learn Mathematics” by the National Research Council (NRC, 2001) have articulated a shift in emphasis from procedural knowledge, such as learning how to perform or apply algorithms, to conceptual understanding in mathematics instruction and assessment. Learning how to solve story problems involves knowledge about semantic structure and mathematical relations as well as knowledge of basic numerical skills and strategies. Yet, story problems pose difficulties for many students because of the complexity of the solution process. Because problem solving, as a process, is more complex than simply extracting numbers from a story situation to solve an equation, researchers and educators must devote attention to the design of problem-solving instruction to enhance student learning. Unfortunately, traditional mathematics textbooks typically do not provide the kind of instruction recommended by the NCTM. In particular, opportunities for reasoning and making connections are not present in many textbooks.

Typically, mathematics textbooks include general strategy instruction (GSI) that involves the use of heuristic and multiple strategies based on Pólya’s (1990) seminal principles for problem solving. Pólya’s four-step problem-solving model includes the following stages: (a) understand the problem, (b) devise a plan, (c) carry out the plan, and (d) look back and reflect. However, GSI has come under scrutiny for several reasons. First, the plan step in GSI involves a general approach to the problem-solving task. For example, a common visual representation strategy in GSI—draw a diagram—is at a general level and may not necessarily emphasize the importance of depicting the relations between elements in the problem, which is necessary for successful problem solving. Second, although multiple strategies are perceived to have the potential for promoting mathematics learning, the following questions remain unanswered: Do these strategies have adequate instructional support to be effective with young children? Does exposing all students to multiple strategies and processes lead to successful problem solving? Therefore, Griffin and Jitendra (2009), examined the differential effects of two types of strategy instruction: schema-based instruction (SBI)—domain- or context-specific knowledge structures that allow the learner to categorize various problem types to determine the most appropriate actions needed to solve the problem—and GSI involving multiple strategies typically found in mathematics textbooks (e.g., use objects, draw a diagram, write a number sentence, use data from a graph). According to Marshall (1995), schemata “capture both the patterns of relationships as well as their linkages to operations” (p. 67). 
The purpose of this paper is to replicate Griffin and Jitendra’s (2009) study and extend it by exploring the effects of SBI and GSI on African-American children, in particular. Specifically, the primary research question in the present study is whether African-American students benefit from SBI instruction that focuses on solving word problems using schematic diagrams, or GSI instruction that incorporates multiple strategies.  A second question in the present study is to assess the influence of word problem-solving instruction on the development of computational skills.
Method
This study will replicate the Griffin and Jitendra (2009) study using third grade African-American students at XYZ elementary school in Prince George’s County, Maryland. This study will focus on solving addition and subtraction word problems with students in mixed-ability, heterogeneous, general education mathematics classrooms.
Participants

There will be 60 student participants in this study, 30 boys and 30 girls, with a mean age of 9 years from four classrooms attending third grade in an elementary school in Prince George’s County, Maryland. All of the students will be African American. Students will be rank ordered and, depending on their scores on the Mathematical Problem Solving subtest of the Stanford Achievement Test–9, they will be matched with another student with same or similar scores. Next, each student in a matched student pair will be randomly assigned to either the intervention or comparison group. Further, students in each group will be randomly assigned to two instructional groups of 15 students each. In short, four instructional groups will result from mixing students from the four classrooms. Two groups of students will receive SBI (intervention), and the other two groups participating in the comparison condition will receive GSI. 
Four female teachers will be randomly assigned to the two conditions and will provide all instruction in the study. Teachers will be African-American and will have a variety of teaching experience. All teachers will be certified in elementary education. To control for teacher effects, the four teachers will switch halfway through the study to teach the other condition. These teachers will attend two 2-hour in-school workshops (prior to and at the middle of the intervention) on implementing the treatments. The workshops will provide a rationale for and content on the treatment programs. We will model and discuss the scripts as the teachers review them to familiarize them with the instructional procedures. Teachers will be encouraged to study the scripts—rather than to read the scripts verbatim—to understand the instructional procedures for implementing the assigned strategy.

Materials

The study will use several one- and two-step addition and subtraction word problems derived from five third-grade mathematics textbooks to teach word problem solving using the assigned strategy instruction. In addition, story problems that do not include unknown information will be developed for use during the initial phase of SBI. Teacher materials for the two conditions will include scripted lessons to ensure consistency of information. In addition, teacher materials in the SBI condition will consist of posters of schematic diagrams for the three problem types as well as story and word problem-solving checklists. Student materials will include worksheets with schematic diagrams and word problem-solving checklists. For the GSI condition, teacher materials will include a poster of word problem-solving steps, whereas student materials will consist of manipulatives (e.g., counters) and problem-solving worksheets.

Implementation Procedures

Students in both SBI and GSI conditions will receive mathematics instruction in their classrooms using the Math Knowledge Advantage program. On Wednesday of each week, the classroom mathematics lessons will be supplemented with an SBI or GSI word problem-solving unit developed specifically for this study. Both conditions will include 20 instructional sessions that will be implemented for 100 minutes at a time on one day during the week. The duration of instruction will be approximately 25 hours and will be delivered across 18 weeks (two 9-week grading periods) of the school year. Instructional sessions will be held on only one day per week to accommodate the schedules of participating teachers at the school. 

SBI. Students will receive instruction for solving one-step problems that involve two phases, problem schema and problem solution. Problem schema instruction will use story problems that do not contain any unknown information to allow students to focus attention on identifying the problem schema and representing information in the story situation by using schematic diagrams. The emphasis on mapping the details of the story onto the schema diagram will ensure that the student accurately represents the story problem in the diagram on the basis of the essential features of the problem schema. During the problem–solution phase, students will solve problems with unknowns. A four-step instructional procedure, FOPS (Find the problem type, Organize the information in the problem using the diagram, Plan to solve the problem, Solve the problem), will be used to help anchor students’ learning of the schema strategy in solving various types of problems. Instruction will be designed to fade the schematic diagrams at the end of the instructional unit on each problem type. The fading procedure will entail replacing the schematic diagrams by diagrams jointly constructed by teachers and students. It must be noted that these diagrams will maintain the underlying problem structure and will be shorthand styles of the original diagrams.

General Strategy Instruction (GSI). Students will solve word problems using the following four-step problem-solving procedure based on Pólya’s (1990) model: (a) read and understand the problem, (b) plan to solve the problem, (c) solve the problem, and (d) look back or check. In addition, four word problem-solving strategies (i.e., using objects, acting it out or drawing a diagram, choosing an operation or writing a number sentence, and using data from a graph or table) commonly seen in third-grade mathematics textbooks will be incorporated in the plan step of the problem-solving method. During instructional sessions, the four-step problem-solving method will be displayed on large poster boards in the classrooms and will serve as a checklist to monitor application of the problem-solving procedure. At the beginning of each lesson, teachers will either present or review the four problem-solving steps using example problems with teacher modeling.

Fidelity of Treatment
The nature of instruction for the two groups will be standardized using scripted lessons specific to each of the treatment conditions. A list of 10 questions will be developed that address important instructional features from the scripts for each condition. Using these questions, two research assistants will independently observe 100% of the instructional sessions and rate teachers in both conditions as yes (the item was observed) or no (the item was not observed). Across independent observations, we hope to achieve at least 95% treatment fidelity for the SBI group and the GSI group.

Data Collection

Two research assistants will administer and score SAT-9 mathematics battery tests and computation tests. At the beginning of the study, we will administer the Abbreviated Battery of the SAT-9 mathematics test to determine whether the SBI and GSI groups are equivalent in mathematics knowledge. To monitor student progress in solving word problems across the intervention phase of the study, we will administer an 8-item mathematics test once every 3 weeks. Students will have 10 minutes to complete the problems. To examine the extent to which students are proficient on third-grade mathematics computation, we will monitor them prior to and at the completion of the intervention using basic math computation problems. Students will be required to complete 25 problems in 3 minutes.
Data Analysis

For all measures, we propose using each student’s individual score as the unit of analysis. To determine the impact of word problem-solving instruction on students’ problem-solving performance immediately following the implementation of the intervention at Time 1, we will conduct a one-way between subjects ANCOVA, with the SAT-9 test as a covariate. In addition, we will employ a repeated measures ANCOVA involving a one-way between-subjects and one-way within-subject factor, time (Time 1 vs. Time 2 vs. Time 3) on the scores to examine progress over time. The SAT-9 test will be used as a covariate, because it is likely to be significantly correlated with the word problem-solving fluency tests. To examine the influence of word problem-solving instruction on computation performance, we will carry out a repeated measures ANCOVA involving a one-way between-subjects and one-way within-subject factor, time (pre vs. post), on the computation scores. Again, we will use the SAT-9 test as a covariate, because it is likely to be significantly correlated with the computation at both pretest and posttest. We will select ANCOVA to reduce the probability of a Type II error, increase power by reducing the error variance, and control for variability in the SAT-9 test. To estimate the practical significance of effects, we will compute effect sizes by dividing the difference between the adjusted means by the square root of the mean square error.
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