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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?  What was the intended outcome of goal?

Name/Title:  Instrumental Instruction together with Relational Instruction vs. Relational Instruction only.

Research Question:  For learning area and perimeter content, do 5th grade children achieve better after relational instruction alone than after receiving relational instruction following targeted instrumental instruction?    

Intended Outcome:  Many teachers view national efforts at reform as producing conflict that results in more class time for teaching as they develop a dual program - one for concepts and one for skills.  Teachers often feel pressured from administrators, parents and political agents to provide direct (instrumental) instruction since they believe it is “quicker” and needed for developing basic skills. Professional organizations view relational (sense-making) instruction as more appropriate.  The goal of this study was to show that relational-only instruction (reform-oriented) is as good as or better than instructional (direct instruction) together with relational instruction.  

Description of Subjects:  Six classes of heterogeneously grouped 5th grade students (n=108) from a “semi-rural” area participated in this study.  Additionally, 6 of these students, 3 high achieving students and 3 low achieving students (3 boys and 3 girls) were interviewed.  

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

The intervention was actually NOT to include a type of instruction.  One group of students (I-R) received 5 days of instrumental instruction followed by 3 days of relational instruction).  The other group of students received only the relational instruction (R-O (Relational Only)).  Since the intended outcome focused on better achievement in the R-O group, it is considered the “experimental” group.  

For each of the 6 classes, half of the students were randomly assigned (random stratification) to either the I-R group or the R-O group.  It is unclear whether the R-O students were physically removed from the classrooms during the Instrumental Instruction time.  R-O students reviewed material unrelated to the topics of area and perimeter. The I-R students received instrumental instruction from their regular classroom teachers (two teachers, each taught three classes). Then, all students were returned to their original classes (half of whom had received instrumental instruction) and the R-O instruction was completed by the author/researcher.

The Instrumental Instruction (received only by the I-R students) focused on formula memorization and manipulation.  Students were expected to quote the formula.  They worked 3 examples each day with the instructor and then practiced using the formulas on 5 similar examples in small groups.  Each period started with a review of the previous work and ended with a review of that day's work.  

The Relational Instruction (received by both groups of students) focused on sense-making and formulas were not given to the students.  The tasks were designed so that students would be contrasting perimeter and area for each shape, beginning solutions involved counting with later solutions promoting formula development, shapes were studied in order of complexity (squares, rectangles, parallelograms and then triangles).  Students were expected to construct their own ways of calculating areas and perimeters of polygons. Group solutions and strategies were shared by the students in whole class discussions.  

3.  Describe the design of the study.
This design is an experimental design study (most closely resembling Campbell & Stanley #4.)   Random assignment (stratified random assignment) within groups did occur and pretests were given to all groups.  After taking the pretest, students in the I-R group received 5 days of instrumental instruction and took an intermediate posttest while R-O students reviewed unrelated material.  Then, for 3 days all students were returned to their regular configuration of classes and received R-O instruction, followed by a post test.  Two weeks later, a delayed-post test was administered to all groups.

4. What instruments were used to collect data and what metric(s) were used to report results?

Four tests were administered: Pretest, Intermediate Test (I-R only), Posttest, and Retention Test (Delayed-Post test.  The Pre-, Post-, and Retention tests were 37-items and nearly identical.  These tests measured students’ abilities to calculate areas and perimeters in a straightforward manner when given diagrams and word problems.  The tests also measured abilities to solve 2-step problems (e.g., finding a missing measurement before calculating an area.)  

Each test was scored by the researcher and at least two other educators.  Reliabilities coefficients on the pretest, intermediate test, posttest and retention test were 0.699, 0.754, 0.873 and 0.840 respectively.  

Interviews were conducted with 6 students at three points during the study.  The interviews coincided with pre, intermediate and post.  Questions from the interview focused on feelings about relational instruction, understanding of area and perimeter concepts, applying concepts and formulas for area and perimeter, and elaborating on their responses to specific posttest items. 

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

All analyses were conducted with  = .05 as the statistically significant indicator.  The group posttest means were not found to be significantly different ( = .059).  Analyses of the retention tests were similar.  So, students who received 5 more days (total of 8 days) of instruction (instrumental & relational) achieved no more, and probably less, conceptual understanding than students exposed to only 3 days of instruction (relational only.) 

The interview data revealed three basic trends in explaining the posttest results.  First, there appeared to be basic cognitive differences.  I-R students described area as “inside” rather than “the whole thing,” suggesting a reliance on geometric figures, rather than awareness of the uses of area in real-world problem solving. For example, an I-R student claimed a wall could not have an area because it goes “around” whereas the R-O students were comfortable finding areas of walls.  Second, I-R students claimed they learned more from the instrumental instruction, despite the finding that test scores were not different.  Third, the I-R student explanations of how formulas work centered on describing the operations they completed, rather than on reasoning whereas the R-O students made more sense-making statements about their work.

One limitation to be taken seriously, however, is the possible effects of a new way of learning and the impact of a guest teacher.  However, all students experienced the relational treatment so the impact is likely minimized.

6.
Did the study include an evaluation of how the intervention was implemented?  Did implementation data address both the frequency of use as well as the integrity of the implementation?

No:  


Yes: 
   X
  If yes, briefly describe.

No instructional bias was reported by a mathematics teacher from another school who observed one instructional unit each day and some of the interviews to detect bias and to assess validity.

7.
Were gains in student achievement reported?  

No:  


Yes: 
   X
  If yes, briefly describe.

All students took a “retention” test (delayed-posttest.)

If student achievement gains were reported, were they sustained over time?

The findings for the retention test were similar to findings for the posttest.

No:  


Yes: 
   X
  If yes, briefly describe.

4. Replication:  Did the study cite previous tests of this treatment?  Is this study a replication of an earlier study?

No:  


Yes: 
   X
  If yes, briefly describe.

The method employed in this work is similar to Kieran’s 1984 work comparing instrumental understanding to relational understanding for the content area of algebraic expressions and equations. Work by Wearne and Hiebert (1988) and Mack (1990) were also cited. The content of this work is supported by the current reform efforts to develop conceptual knowledge as a way of making sense of mathematics.  In addition, the role of the classroom teacher is highly respected in this study.  The classroom teacher is bearing the brunt of conflicting pulls (administrative demands for “test” scores and research’s demand for concept-based teaching.)  This work builds on all of these concerns.

Summary
The study was designed to describe the growing demands on teachers to implement reform-based (relational teaching) instruction and to offer evidence that relational instruction does not negatively impact student achievement scores.  Relational teaching connects concepts and procedures somewhat simultaneously during classroom instruction by allowing students to fold back and forth between rote learning and conceptual learning.  The study recognizes the tremendous pressure on teachers to “please” everyone (administrators’ test scores and teaching for meaning.)  Often teachers feel compelled to introduce a two-track approach to their teaching: teach part time for rote learning and part time for conceptual awareness, often in separate learning sessions.  However, this research intends to offer evidence that relational understanding (a mix of the two) can be completed in less time than the two-track approach and results in no less learning.

Fifth grade students (n = 108) in 6 intact classes were randomly assigned (random stratification) into two groups.  One group received 5 days of instruction based heavily on rote memorization of area and perimeter formulas and practiced using those formulas in a variety of situations involving diagrams and word problems.  During this time, the other group reviewed material unrelated to the content of area and perimeter.  Then, all children were returned to their regular classes and received 3 days of instruction based heavily on sense-making and describing their thinking to their classmates.  During these three days students encountered word problems and diagrams, but were not given any formulas with which to work.

Students in the group that received both kinds of instruction (instrumental, then relational for a total of 8 days) scored no better, in fact, results were similar on a posttest than students receiving only the sense-making (relational for a total of 3 days) instruction.  This finding was repeated with a retention test two weeks later.  Moreover, interview data indicated that students who received both kinds of instruction were more likely to describe their “thinking” as a series of operations whereas students in the second group (relational) were more likely to describe their thinking according to the sense they had made of the situation.

Educational Importance
Implementation of this program will likely meet resistance until a much larger sample size has been provided and a much richer description of the students is given.  It is unlikely that teachers, feeling the tug of the administrator’s desire for “high test scores” will be able to leave behind the instrumental instruction that is typically suspected of leading to higher test scores.  It is possible that the students in this study are somehow “unique.”  The description as “semi-rural” does not clearly describe the children.  Moreover, it is likely that only when teachers see with their own eyes that (their) students can learn “as much” in “less time” will they attempt to teach in the relational manner.  This is not a proclamation against hard-working teachers, rather recognition of the "rock and hard place" they currently find themselves between. 

This article should provide insights and promote discussion for both administrators and teachers as they grapple with time constraints and more traditional views of teaching and learning.  In addition, much must change in the instruction pre-service teachers receive and the professional development practicing teachers receive.  Until they have witnessed this type of instruction, first hand, they will unlikely be able to visualize how the instruction would play out in a “real” classroom.  The description of the 3 days of relational instruction was sufficient for a research paper, but likely would not give practicing teachers enough information to implement the instruction in their classrooms.  Case in point: the researcher in this study taught the relational piece, not the children’s regular teachers.  

Ratings (scale: 1–5)

Overall Rating:  5
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