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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: Intelligence testing (multiplication) in children in grades 1-5

Research Question: There were two questions: 1) What developmental levels can be systematically observed in children's progression from additive to multiplicative thinking? and 2) At what grade level do a majority of children demonstrate multiplicative thinking?

Description of Subjects: The sample consisted of 336 students in grades 1-5 at one public school in a low-to middle-income neighborhood in a suburb of Birmingham, Alabama. There were 3 first-, second-, and third-grade classes and 4 fourth- and fifth-grade classes. The classes were heterogeneous and comparable because the children were randomly assigned at each grade level at the beginning of the school year. Fifty-one percent of the children were boys, and 23% were nonwhite.

2.  Describe the strategy/model, program, material, or intervention. 
The task was a modification of a task devised by Sinclair(1981) (Piaget et al., 1968/1977) was used in individual interviews. The materials used in the task consisted of 3 "fish" 5,10, and 15 cm long, made of plywood and about 100 plastic chips with a diameter of 9 mm. The "fish" resembled eels that vary in length but not in any other dimension.   The procedure for administering the task was as follows:  The child was told, "This fish (pointing to B) eats 2 times what this fish (pointing to A) eats, and this big fish (pointing to C) eats 3 times what the little one (pointing to A) eats. This fish (B) eats 2 times what this fish (A) eats because it is 2 times as big as this one (A)." The interviewer demonstrated by showing that A could be placed on B two times. Then the interviewer continued, "The big fish (C) eats times what the little fish (A) eats because it (C) is 3 times as big as this one (A)." The interviewer again demonstrated by placing A on C three times 3.  The first question was then posed to the child "If this fish (A) gets 1 chip of food, how many chips of food would you feed the other two fish? Remember that this fish (B) eats 2 times what the little fish (A) eats, and the big fish (C) eats 3 times what the little fish eats."   Similar questions were then asked with the following variations:  a. when B received 4 chips, b. when C received 9 chips, c. when A received 4 chips, d. when A received 7 chips.  If a child answered item b incorrectly, a counter suggestion was offered: "Another girl/boy told me that if this big fish (C) gets 9 chips, the little fish (A) should get 3 chips because 9 (pointing to the 9 chips rearranged into three groups of 3) is 3 times what this is (pointing to the 3 chips given to A and arranged in one group). And this fish (B) should get 6 chips because 6 (pointing to 6 chips rearranged into two groups of 3) is 2 times what this is (pointing to the 3 chips given to A). What do you think of his/her idea?" After the child gave an opinion, the interviewer asked for an explanation: "Why do you think the other person's way is better?" In the counter suggestion, care was taken to say, "Nine is 3 times what this (A's chips) is," rather than "Nine is 3 times what three is," to avoid suggesting the multiplication tables. 

3.  Describe the design of the study.

The data were collected on videotapes in the middle of the school year between December and March.  Both authors were present during each interview.  While one interviewed the child, the other observed, took notes, operated the video equipment, and sometimes asked additional questions.  The videotapes were reviewed together, conceptualized levels were determined and children were categorized accordingly to consensus.  The conceptual levels were the following: Level 1 - no serial correspondence or serial correspondence with qualitative quantification; Level 2 - Additive thinking with a numerical sequence or +1 or +2; Level 3 - Additive thinking involving +2 for B and +3 for C; Level 4a - Multiplicative thinking but not with immediate success (counter suggestion leads to success); Level 4b - Multiplicative thinking with immediate success.  The design is a quasi-experimental design with a time series distinguished by interviewing different children at different grade levels rather than the same children over time.

4.  What instruments were used to collect data and what metric(s) were used to report results? 
As described earlier, videotapes were done and analyzed.  The chi-square test of homogeneity was used to test the significance of the differences in frequency of children who demonstrated multiplicative thinking compared to those who showed only additive thinking in grades 1-5.  The overall chi square statistic was 93.2 beyond the 0.0001 level.  Ryan's procedure was used as a post hoc test to make pair-wise comparisons between grade levels.  Differences were significant between grades 1 and 2, between grades 2 and 3, and between grades 3 and 4.

5.  Briefly describe and summarize the results of the study. 
The two important findings of this study are that multiplicative thinking is clearly distinguishable from additive thinking and that multiplicative thinking appears early (among 45% of second graders) and develops very slowly.  A surprising finding is that only 49% of the interviewed fifth graders were solid multiplicative thinkers (Level 4b).  It was concluded that the introduction of multiplication in second grade is appropriate, but that educators must not expect all children to use multiplication, even in fifth grade.

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.

Videotapes were reviewed, analyzed and the two interviewers came to consensus.

7.  Were gains in student achievement reported?  

No:  
X

Yes: 

  If yes, briefly describe.

8.  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.

Piaget et al. (1968/1977) and Sinclair (personal communication, December, 1990)

Summary
The two researchers adapted a task from Piaget to determine developmental levels in multiplicative thinking of 336 children in grades 1-5. The two important findings of this study are that multiplicative thinking is clearly distinguishable from additive thinking and that multiplicative thinking appears early (among 45% of second graders) and develops very slowly.  A surprising finding is that only 49% of the interviewed fifth graders were solid multiplicative thinkers.  It was concluded that the introduction of multiplication in second grade is appropriate, but that educators must not expect all children to use multiplication, even in fifth grade.  
Other conclusions made by the researchers were not as solidly demonstrated, e.g. premature memorization of the multiplication table does not indicate understanding of the process.  Another observation that was made was that some children made progress to more advanced levels during the interview due to a counter suggestion that was in conflict with their previous response.  "This observation supports the view that children should be presented with challenging problems and encouraged to compare the different ways in which the same problem can be solved.  As Piaget et al. (1967/1995) argued, the exchange of points of view greatly influences the construction of higher-level thinking."
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