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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:
 

Manipulative versus Symbolic approaches to teaching logical connectives
Research Question(s):

The authors intended to examine interactive effects between math achievement and manipulative versus symbolic instruction with junior high school students.  Also, they hoped to develop classroom-related instructional treatments on logical connectives that would be appropriate for junior high school students.

Description of subjects:  (Include number of participants, age, SES, etc.)

One-hundred forty-seven seventh-grade students from two junior high schools in Calgary, Alberta, Canada participated in the study.  The students included the total seventh-grade population from the two schools, with the exception of absent students or those with severe behavioral problems.  The schools were located in Canadian middle-class communities.  

2.
Describe the strategy/model, program, material, or intervention. (Provide a clear description, including information about the factors listed below, as available from the article.)
Description
•  Key characteristics and/or strategies:

Students were taught logical connectives using either manipulative or symbolic approaches.  Mathematics achievement in the two groups was compared to see how the treatment affected student performance on a 25 item posttest.  
•  Mathematics topics/areas addressed:

Students were instructed on logical connectives, including conjunction, disjunction, and negation.

•  Grade level:

Participants were seventh-grade students from Calgary, Alberta, Canada.
•  Subgroups of students addressed:

The total seventh-grade population from two schools was included in the study, with the exception of absent students or those with severe behavioral problems.  The authors also hypothesized that low-achieving students may learn better from a manipulative approach.  In order to determine such effects, they compared data for high- and low- achieving students in the study, as determined by standardized pretests of aptitude measures.
•  Technology required:

No technology considerations were mentioned in the study.  No specific forms of technology appeared necessary.
•  Implementation considerations (e.g., Cost? Extensive staff development? etc.):

The primary cost consideration would be the purchase of a manipulative-based versus a symbolic-based curriculum.  In addition, while staff development was not specifically addressed, it appears that teacher training for unfamiliar curriculum would be necessary.
•  Other relevant descriptive information:

A pilot study of the treatment content and materials took place with a separate sample of 130 seventh- and eighth-grade students.  Results indicated that the treatments were appropriate for junior high school students.  The authors also determined from the pilot that the quality and quantity of instruction varied widely between classes.  As a result, the instruction in the current study was videotaped by one of the experimenters to ensure consistency.  Treatment groups viewed the instructional videotapes after they had been reviewed by the experimenters.  
3.
Describe the design of the study (sample selection, assignment to treatment, controls, length of intervention, etc.)


One-hundred forty-seven students in seventh-grade at two Canadian junior high schools participated in this study.  Participants in each school were randomly assigned to one of three treatment groups: control, manipulative, or symbolic.  
The instruction consisted of two 40-minute periods, and one 15-minute period (the remaining 25 minutes of this period were used for administration of the posttest).  Each treatment group was divided into six mini-lessons:  introduction, conjunction, disjunction, negation, conjunction with negation, and disjunction with negation.  The students worked with statements that had three parts: a name, a relationship, and a collection of shapes.  The manipulative treatment group used cards with the names and relationships printed on them, and used blocks that represented the correct shapes described in the statement.  The symbolic treatment group was asked to interpret symbols in their workbook that described a relationship, and then draw the appropriate geometric symbols to complete the statement.  The control group did not have any instruction on logical connectives.
4. What was measured, what instruments were used to collect data, and what measures (effect size, tests of significance, etc.) were used to report results?

Two aptitudes measures from the Canadian Test of Basic Skills were used as a pretest:  Mathematics Concepts Test (48 items) and Mathematics Problem-Solving Tests (32 items).  All students took these tests as part of a schoolwide testing program, approximately one month prior to this study’s treatment.  
The achievement posttest was administered at the end of the study, and consisted of 25 multiple-choice items chosen from 50 items on the basis of an item analysis.  Each item on the test was written twice and placed in parallel columns; one column contained the symbolic test items and the other column provided a written form of those items.  This format was chosen so that both treatment groups used identical tests.  Students were told to complete the column of items of their choice.  Participants in the manipulative treatment group were allowed to use attribute blocks during the posttest.
A transfer test was also administered to the students, which contained 20 items about conjunction, disjunction, and negation.  The test expanded the topics of logical connectives from the geometric shapes of the treatment to more realistic settings.

Tests of significance were performed to examine the results of a one-way variance of treatment effects.  The interaction between each of the aptitude tests and the achievement posttest scores were examined, and compared between treatment groups.
5.
Briefly describe and summarize the results of the study. This description should provide the reader with a self-contained summary of the study and the results. It includes a brief summary of the information above, in addition to a summary of the results. Thus, this description includes brief summary information about: (a) overall goal/focus research question, (b) subjects, (c) design, (d) instruments, (e) results, (f) limitations/issues/ strengths/other results (optional, as relevant and appropriate)
This research was designed to compare the effects of manipulative versus symbolic instruction on the mathematics achievement of junior high school students.  The participants were 147 seventh-grade students from 2 junior high schools in Calgary, Alberta, Canada.  The treatment students were taught logical connectives over the course of three class periods; instruction was either a manipulative or symbolic approach.  Control students received no instruction on this topic.  Students were given a standardized test prior to this study, and an author-designed posttest and transfer test at the conclusion of the study. Results indicated no significant difference between the treatment groups (use of manipulative materials or symbolic instruction) in the mean scores on the achievement post-test or the test that measured ability to transfer knowledge to more general logical connective statements.  However, students with very low scores on the Mathematics Concepts and Mathematics Problem Solving Tests received higher scores on the achievement post-test when instructed with manipulative materials and students with high scores on the Mathematics Concepts and Mathematics Problem Solving Tests found the symbolic instruction more beneficial.  
One limitation is that there is no pretest of logical connectives.  Although the standardized aptitude test is used as a pretest, it did not specifically address the content of logical connectives.  However, random assignment helps to mitigate the lack of that type of pretest.  Additional tests of significance might have provided a clearer picture about the data and results in this study.  Also, the authors performed analyses on high vs. low achieving student-groups.  It would have been more informative to provide the number of students at this school in each national percentile group.  In addition, the format of the posttest may be a limitation, since the items in symbolic form were written next to the test items in written form.  It may be possible that this format affected the symbolic group, given that they had received symbolic instruction but were also provided with written statements on the posttest.  Another limitation may be the effect of the videotaped lessons; students may learn differently from this type of instruction and it may have affected the results of the study.  Although it may not affect comparability between the treatment groups, it may limit generalizations of the study.  Also, there are no tests that indicate the long-term effects of instruction.  The length of instruction is less then three days.  There may have been an additional learning curve for the students in the manipulative group that affected their scores following the treatment.  A longer intervention and a long-term testing period may provide very different results than those of this study.
6.
Did the study include an evaluation of how the intervention was implemented?  

Yes:
Both treatments were videotaped and reviewed by one of the experimenters before the subjects viewed the instructional tapes.  The experimenters also monitored the treatment groups while the subjects viewed the videotapes.

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

Yes:
The goal of the videotaped lessons was to ensure consistency, as well as to equalize the time spent on each topic between treatments.  
7.
Were gains in student achievement reported?  
Yes:

Students in both treatment groups outperformed the control group.  However, no significant difference was reported between the manipulative and symbolic treatment.  
If student achievement gains were reported, were they sustained over time?
Not studied:

No follow-up testing was performed.
8.
Replication: 
Did the study cite previous tests of this treatment?  

Yes:

Previous research also indicated that the effects of a symbolic versus a manipulative approach are inconclusive at the junior high school level.
Is this study a replication of an earlier study?

No:
Although this research question has been addressed in previous research, the authors of this study were particularly interested in the effects of manipulative versus symbolic approaches on low- and high- achieving students.  
9.
Numerical Rating of Quality of Research (scale: 1-5):

3
10.  Brief 1-3 sentence summary of the study: 

Junior high school students were taught logical connectives using either a manipulative or a symbolic approach.  No significant difference in posttests of achievement was found between the two treatments, however low-achieving students in the manipulative treatment performed better than their counterparts in the symbolic group.  High achieving students fared better in the symbolic treatment.
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