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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?

a. Strategy/Model Name/Title: Multiple external representations (MREs) in a computer-based learning environment called Computational Estimation Notation-Based Teaching System (CENTS)

b. Research Question(s): How do specific combinations of representations used in CENTS influence learning estimation of multiple-digit multiplication?

c. Description of subjects: Experiment 1 - 48 mixed ability year 5 pupils from a state junior school in England.  Age range was from 9:9 to 10:8 years.  Experiment 2 - 48 year 5 and year 6 pupils from a state junior school in England.  Age range was from 9:5 to 11:2 years

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.)

a. Key characteristics and/or strategies: CENTS is designed to help 9- to 12-year olds learn some of the knowledge and skills required for computational estimation.  Using both pictorial (splatwall and archery target) and mathematical (numerical and histogram) MREs, learners make predictions about a particular estimate, perform the estimation and then judge the accuracy of their predictions.  The two estimation strategies used were rounding and truncating (front-end).

b. Mathematics topics/areas addressed:  Computational estimation - multiple-digit multiplication

c. Grade level: Years 5 and 6  

d. Subgroup of students addressed:  None

e. Technology required: Computers; CENTS software

f. Implementation considerations: The purchase of CENTS would be a requirement.

g. Other relevant description information: Research was conducted in England.  Experiment 2 examined whether doubling the exposure to mixed representational systems would correct difficulties the subjects had in coordinating them.

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

A two-factor mixed design was used.  The first factor varied the systems of representations.  There were four groups of participants: three experimental groups and a control group.  One experimental group received a "picts"system of representations - archery target (magnitude feedback only) and splatwall - a 2-dimensional, continuous representation, another "math" system (histogram and numerical), and the third group a "mixed" system (archery target and numerical).  The final group was a no-intervention control.  The second factor, time, was within subjects.  Children were assigned to the different conditions based on their scores on a mental math test so that each group had approximately the same mean and standard deviation.  Each condition had similar numbers of boys and girls, and the mean age of the participants did not differ significantly.  Experiments 1 and 2 only differed in the number of sessions. Experiment 1 had two sessions separated by approximately two weeks, with a total time spent of between 80 and 100 minutes and Experiment 2 had four sessions with a total time of between 150 and 220 minutes.

4. What was measured, what instruments were used to collect data and what measure(s) (effect size, tests of significance, etc.) were used to report results? 

A mental math test was constructed from commercial instructional sources by the researchers and used to match the different condition groups based on similar means and standard deviations.  The actual pre and post-tests were paper and pencil tests which were devised by the researchers and consisted of 20 questions, eight 3-digit by 3-digit problems and twelve 2-digit by 2-digit problems.  In addition to estimating these problems, children were also required to tell how much their estimates differed from the exact answer on a 9 point scale varying from very much less (30% or below), through exactly the same, to very much more (30% or better).  Post-tests were administered within 10 days of the intervention and were parallel versions of the pre-test.  The analysis used a 4X2 ANOVA; p varied from <0.01 to <.0.04.

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

a. Overall goal/focus research question: How do specific combinations of representations used in CENTS influence learning estimation of multiple-digit multiplication?

b. Subjects: Experiment 1 - 48 mixed ability year 5 pupils from a state junior school in England.  Age range was from 9:9 to 10:8 years.  Experiment 2 - 48 year 5 and year 6 pupils from a state junior school in England.  Age range was from 9:5 to 11:2 years

c. Design: True Experimental Design with matched groups and pre and post-testing, but three different conditions were compared with the control group.

d. Instruments: Researcher designed parallel pre and post-tests of 20 questions involving multiple digit multiplication estimation with a component for students to evaluate the accuracy of their estimates.

e. Results:  Experiment 1 - Simple mean effects analysis found no significant differences between the conditions at pretest, but all three experimental conditions improved significantly while the control group did not.  The results for the three experimental conditions were: mixed representations, F(1,44)=4.58, MSE=159, p<.04; math only representation, F(1,44)=7.42, MSE=159, p<.01; picts only representation, F(1,44)=7.025, MSE=159, p<.02.  Also judgement of estimation accuracy showed that the math condition and the picts condition improved significantly, but not the mixed condition.  Prior to treatment the mean percentage deviation from the exact answer was 96%.

Experiment 2 – All three experimental conditions improved significantly while the control group did not.  The results for the three experimental conditions were: mixed representations, F(1,42)=111.65, MSE=60.9, p<.001; math only representation, F(1,42)=68.44, MSE=60.9, p<.001; picts only representation, F(1,42)=31.81, MSE=60.9, p<.001.  All three experimental groups significantly improved on judgment of estimation accuracy.  Over time the only condition to change significantly was the math representation; at the end of the first trial, the math only had the lowest results, but it had the best results by the end of trial 4.

f. Limitations/issues/strengths/other results: One limitation was the small amount of time that the children used CENTS - less than two hours in the first study.  

The researchers comment that "combinations of different representations do not always produce optimum results."  An important aspect of this study is considering when do multiple representations enhance learning.  Students may have difficulty translating between different representations, but time and experience may be needed to make the connections.  It may be easier to focus on a single representation, but a representation often does not embody all the essential attributes of a concept or strategy.

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

No: _X_  
Yes: _____
 But since the intervention was conducted via computer, consistency is understood.

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

No: _ X_

Yes: _____


7.  Were gains in student achievement reported?  

No: ____

Yes: _  X  _
See above.

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

No: _  X _
Yes: _____
If yes, briefly describe.

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

No: _X_ Yes: _   _ 

Is this study a replication of an earlier study?

No: _X _Yes: _____
If yes, briefly describe.

9. Numerical Rating of Quality of Research (scale: 1-5):
3 

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

This study describes two experiments on multi-representations; in each case there were four groups of participants: three experimental groups and a control group.  The representations for the experimental groups were pictorial only, math only, or math and pictorial.  All three experimental conditions improved significantly while the control group did not.
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