Iowa Content Network Review


Documentation of Structured Analysis for Selecting Scientifically-Based Research:  Instructional Strategies and Programs

Reviewed by:  The Math Content Network

Date Reviewed:  May 2003

Title of Study/Meta-analysis:  Mental computation of students in a reform-based mathematics curriculum
Author(s):  Carroll, William M.
Source, Publication Date & Pages:  School Science and Mathematics, Vol. 96, Issue 6, (1996)  

pp. 305-311.


This is a refereed source (journal or book).  

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:  UCSMP (EveryDay Math)



Research Question:  How do 5th grade students, who have studied mathematics with the EveryDay Math (UCSMP) curriculum since Kindergarten (6 years), compare to students who studied with a traditional curriculum with respect to mental computation?    

Intended Outcome:  Students who have had the opportunity to study with the EveryDay Math curriculum will demonstrate stronger ability with mental computation, including strategy selection, when compared to students who have experienced a traditional curriculum.

Description of Subjects:

· Four classes of 5th grade students were tested.  Three classes were from a public school in a suburban setting and 1 class was from a parochial school in an urban setting.  Students were all of average ability.  All four schools had adopted the EveryDay Math program either prior to or when these students were of kindergarten age.  Hence, students in this sample are presumed to have been in the program since Kindergarten.  No definitive mention of students moving into the district later was explicitly addressed.  

· Five students from the parochial school were also interviewed.  All 5 of these students had been using the EveryDay Math program for at least 2 years.

· The "control group" was fifth graders from an earlier study by Reys, Reys and Hope that tested classes using traditional mathematics curricula.   

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

The program is EveryDay Math, a product of the UCSMP (University of Chicago School Mathematics Program) efforts.  In this K-8 program, students invent their own algorithms, share multiple solution strategies with peers, use manipulatives and calculators wisely, and solve in-context problems en route to developing arithmetic proficiency.  Mental arithmetic is emphasized by the encouragement of invented algorithms and by the verbal sharing of strategies for mental calculation.

Students developed a variety of strategies such as counting up/down, decomposing, working left-to-right, re-writing with compatible numbers (for example, changing 76 + 25 to 75 + 25 +1), and switching between operations (for example, thinking of 2 x 87 as 80 + 80 + 7 +7.) Note:  These strategies opportunities are provided for developing these strategies rather than specifically teaching the strategies; also less time is allotted to practicing computation in this program than the traditional curriculum.  

3. Describe the design of the study (sample selection, assignment to treatment, controls, length of intervention, etc.)

The design of this study most closely resembles Campbell & Stanley’s pre-experimental, static group comparison design (#3.)  Students were not randomly assigned to the intervention (EveryDay Math) nor was there a pre-test.  Fifth-grade students in this study were compared to fifth-grade students from a different study using the same test and protocol.  The schools were selected so as to be similar to the schools in the Reys study.  No attention to creating matched groups, such as matching with student demographic or ability, was mentioned.  The length of the study was 6 years, the amount of time the students under investigation studied from the EveryDay Math curriculum  (Although, no mention of students moving in and out of the district was cited.)

4. What instruments were used to collect data and what metric(s) were used to report results?
The test instrument was a 25-item measurement tool used in a previous study by different researchers (Reys, Reys, & Hope, 1993.)  Of the 25 items, there were 6 addition, 6 subtraction, 10 multiplication and 3 division problems.  Of the 25 items, 21 were computation without context, of which 11 were orally presented and 10 were silently presented in symbolic form on the overhead.  The remaining 4 problems were word problems presented both orally and shown on the overhead projector. For the problems presented orally, each problem was read twice. The researcher allowed approximately 8 seconds in between problems for students to mentally compute.  Students wrote their answers on a narrow sheet of paper, without room for any sort of written computation.  For each of the 25 items, a Chi-square test was used to test the difference between means. A two-tailed t-test was used to determine whether there were differences among the four UCSMP classes on test results.

Two of the classes also completed the Student Preference Survey, used in the same previously cited study.

Five students from the Parochial School were also interviewed about their strategies for mental computation.  During the interview, students solved 10 more mental calculations.

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

The results indicate that students in the UCSMP program (EveryDay Math) have a strong ability to calculate mentally.  The UCSMP students scored an average of 47% whereas the 5th grade students in the Rey, Reys & Hope (1993) study scored an average of 24%.  In an item-by-item analysis, results showed that students in the UCSMP group outscored the traditional students on all but 1 item.  Moreover, on 21 of the 25 items, the difference between the groups' means was significant at .05 level. No significant differences between the four UCSMP groups was found, indicating that independent of teacher and school, UCSMP students scored the same on the 25-item test.  

Notably, students in the UCSMP group outscored students in the traditional group on the division problems, with the UCSMP students average of 72% compared to the traditional group’s average of 12%.  And, they outscored the traditional students on the word problems.  The author attributed this result in part, due to the EveryDay Math curriculum’s focus on contextual problems since Kindergarten.

The student preference survey showed that UCSMP students are more likely to correctly identify when mental computation is an appropriate strategy for a problem than traditional students. They also were more likely to determine when paper-and-pencil strategies would be most useful.  However, this should not be taken to mean that students used standard paper-and-pencil algorithms, it merely means they recognize that the mental load required to solve a particular problem would make the problem easier to solve with paper and some type of algorithm.  An example of a problem determined to need paper-and-pencil is 29 x 31.  

In the interviews, the students showed flexibility in applying different mental strategies and appeared to consider various aspects of the problems in selecting appropriate strategies. Their explanations indicated knowledge and flexibility with respect to both number and operation sense.  Although the interview results were positive, the results are limited as only 5 students were interviewed.  

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:  
X

Yes: 

  If yes, briefly describe.

7.
Were gains in student achievement reported?  

No:  


Yes: 
   X
  If yes, briefly describe.

The extent to which student achievement is reported is limited to this 25-item test.  No mention of reliability or validity was given.  So, the extent to which it actually measured achievement is vague.  However, it is assumed that Reys, Reys & Hope (1993) tested the instrument extensively.

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

The study was a longitudinal study, as it studied students at the end of a 6-year period.  However, no pre-test was administered, so it is difficult to know the extent to which the gains were sustained.  However, it seems likely.

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.

This study relied on the Reys, Reys & Hope (1993) data.  It also built on the existing research related to EveryDay Math.

Summary
This study considered the ramifications of the UCSMP curriculum, EveryDay Math.  In EveryDay Math, students invent their own algorithms, share multiple solution strategies with peers, use manipulatives and calculators wisely, and solve in-context problems en route to developing arithmetic proficiency.  Mental arithmetic is emphasized by the encouragement of invented algorithms and by the verbal sharing of strategies for mental calculation.

In this study, fifth-graders who had been in EveryDay Math since kindergarten were given a whole-class test on mental computation problems.  Baseline data from fifth-grade students in traditional classes served as the comparison group.  (Traditional classes are assumed to be those using some curricula other than those designated as “reform-based.”) Traditional curricula have less focus on number sense and mental computation, typically ignoring mental computation, focusing instead on paper-and-pencil computation.

Students in this study not only mentally computed effectively, they also could switch fluidly between mental strategies, depending on the specific numbers in their situation.  Students exhibited strong number sense skills as they described their mental calculations. 

It should be noted that there is no description of the way(s) in which classroom teachers used the EveryDay Math curriculum.  In addition, the EveryDay Math curriculum is deeply invested in building from geometric foundations (spatial thinking) and helping students develop their own thinking and knowledge.  The extent to which the spatial nature of the curriculum affected the mental skills (even in arithmetic) needs further exploration.

One reason the study is of educational importance is the formal recognition that paper-and-pencil computations do not appear to support a transfer to mental strategies.  Without learning experiences promoting mental strategies, students try to transfer their paper-and-pencil traditional algorithms to be executed mentally.  This approach results in expensive mental effort, and more often than not, incorrect answers.  Another reason for the importance of the development of mental strategies is that mental computation and estimation is more common in everyday situations than paper-and-pencil algorithm. The UCSMP curriculum attempts to address and reflect a more appropriate alignment to societal needs than traditional curriculum. 

Ratings (scale: 1–5)

Overall Rating:  3
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