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1.
What is the name or title of the instructional strategy/model, program, material, or intervention?  What was the research question?  Who were the subjects?
Strategy/Model Name/Title: Using a heuristic (SOLVED) to solve word problems involving operations

Research Question(s): 1) The first study was designed to compare the SOLVED heuristic to a textbook-based approach to problem solving.  2)  The second study was designed to analyze strategy use, to determine its relationship to performance, investigate interactive effects of gender and ability, and to determine whether problem-solving performance would be maintained two weeks later.   

Description of Subjects:  The first study involved 31 third graders, 37 fourth graders and 35 fifth graders in two intact classes at each grade level.  The second study was conducted in the same school as the first study but involved 38 third graders, 37 fourth graders and 45 fifth graders in two different intact classes at each grade level.  

2. Describe the strategy/model, program, material, or intervention. 

• 
Key characteristics and/or strategies: Both studies involved the heuristic (SOLVED) for solving word problems that was developed and then taught to the experimental groups. SOLVED is an acronym for State the problem, Options to use, Links to the past, Visual aid, Execute your answer, and Do check back. The processes of understanding and solving word problems involve problem translation, problem interpretation, solution planning, solution execution and solution monitoring.

• 
Mathematics topics/areas addressed:  Solving word problems

• 
Grade level:  Third, fourth and fifth grades

• 
Subgroups of students addressed:  In the Second study, gender and academic abilities were considered.  

• 
Technology required:  None 

• 
Implementation considerations: The district was part of a professional development consortium.  Teachers in the SOLVED group observed a sample lesson and were taught how to present the lesson which followed a six-step procedure.  

• 
Other relevant descriptive information: This heuristic is based on the classic Polya heuristic, but is expanded by including steps for connecting the new problem to be solved to a problem type, to prior experiences with similar problems, and to visual representations of the problems.
3. Describe the design of the study.
The classes were not ability grouped; the teachers were all women and each had a least three years teaching experience.  A class at each grade level was randomly assigned to the experimental group.  The experimental group used the six-step method SOLVED, whereas the control group used a three-step method presented in the textbook. On both the pretest and the posttest, students were instructed to "show all their work."  The treatment included 12 sample problems distributed over four two-day lessons that were followed by a four-problem quiz.  All six teachers were randomly observed twice.  

The design of the second study was similar.  Differences included the following: The teachers (again all women) had at least two years teaching experience.  Final test scores from a previous semester were used to divide each class into two groups; the median score was used to divide each class into below and above average.  A test was completed after each of three lessons and a delayed test was given two weeks after the last instruction period.  

4. 
What was measured, what instruments were used to collect data, and what were used to report results?  
A Likert-type scale was used for the observations of the teachers during the practice lessons; the average rating for the second observation was 4.70 on a five-point scale; inter-judge reliability was .95. Pre-and post-tests were designed for each grade level and included four problems developed by the researchers on topics identified by the teachers.  A two-point scale was used to assess problem accuracy; inter-judge reliability was .93.  Means and standard deviations for the pre-and post-tests were calculated for each grade level. Statistically significant differences favoring the experimental classes (p =.003 and p =.002 respectively) were found for the posttest for both the third and fifth graders using analysis of covariance (using the pretest as a covariate).  An independent t test comparing the fourth grade experimental and control groups was statistically significant at p =.007.  
For the second study, procedures were again similar with respect to treatment and observations of teachers.  Differences included the following: In addition to correctness, problems were also evaluated with respect to metacognitive processing (MP) using a two-point scale; inter-rater reliability was .91.  Means and standard deviations for the each of the three trials and for the delayed test were calculated for each grade level. A one-way, within-subjects analysis of variance (ANOVA) was conducted; the main factor was the time between tests and the dependent variable was the test score.  A statistically significant interaction between time and grade was found p =.001.  The factors of gender and ability were not found to be significant.  As in the first study, statistically significant differences favoring the experimental classes over time (p =.002 and p =.001 respectively) were found for both the third and fifth graders.  Gains were observed for the fourth-grade experimental class but they were not statistically significant.  Additionally, ten students were randomly selected from each grade level for individual interviews with respect to how they used SOLVED during problem solving; the findings were similar between below and above average ability students and across gender.    

5. Briefly describe and summarize the results of the study. 

Two studies were conducted with one of two classes of third, fourth, and fifth graders randomly assigned to either the control or experimental group.  All teachers were randomly observed twice to assess implementation.  The first study compared a specific heuristic (SOLVED) to a textbook-based approach to problem solving and statistically significant differences were found favoring the experimental classes.

A second study analyzed strategy use and considered the factors of gender and ability.  An assessment was given after each of three lessons with another evaluation two weeks later. Statistically significant differences favoring the experimental classes over time were found for both the third and fifth graders; positive gains were observed for the fourth-grade experimental class, but they were not statistically significant. The factors of gender and ability were not found to be significant.  

Limitations/issues/strengths/other results:

· One limitation was that this study was conducted in only one school and no information was provided on the SES etc. background of the school.  

· The "delayed" evaluation was only two weeks later.  

· The sample problems described were primarily one-step problems that did not require extensive effort on the part of the students.

· For all evaluations, directions always included "show all of your work"; so a comparison could be used to see if students did use more heuristics over time.  Although the students did use more strategies over time, in the interviews the students reported limited use of the heuristics. 

· The authors also reported that although requiring students to include a representation of the problem was one of the steps, only 'some representational attempts were made'. This was perhaps due to the way the teachers in the SOLVED group were trained, e. g. in the sample problem describing find the perimeter of a square, this was not required,  'I could draw a picture, but I know what a square looks like.'  

· The Metacognitive Processing scores were highest for third graders and they appeared more eager to use SOLVED in the first trial.  This may indicate third grade is an optimal time to introduce such processes or fourth and fifth graders may have interference from previously learned strategies.  

6.
Did the study include an evaluation of how the intervention was implemented?  

No:  


Yes: 
   X
  If yes, briefly describe.

All six teachers were randomly observed twice; a Likert scale was used to record observations. 

Did implementation data address both the frequency of use as well as the fidelity of the implementation?

No:  


Yes: 
   X
  If yes, briefly describe.

The lessons were planned and prescribed for the SOLVED groups.  

7.
Were gains in student achievement reported?  
No:  


Yes: 
   X
  If yes, briefly describe.

If student achievement gains were reported, were they sustained over time?
No:  


Yes: 
   X
  If yes, briefly describe.

Yes, but the interval was only two weeks later.  

8.
Replication
Did the study cite previous tests of this treatment?  

No:  
X

Yes: 
   
  If yes, briefly describe.

SOLVED is a new specific heuristic, but it is based on research using heuristics in general. 

Is this study a replication of an earlier study?

No:  


Yes: 
   
  If yes, briefly describe.

Summary

Two studies involving third, fourth and fifth graders were reported: one study compared a specific heuristic (SOLVED) to a textbook-based approach to problem solving; a second study further analyzed strategy use and the factors of gender and ability.  Statistically significant differences favoring the experimental classes were found for both the third and fifth graders; no interaction of learning was found with respect to gender or ability.

Ratings (scale: 1–5)

Overall Rating:  4
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