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INTRODUCTION

Math is easy for some students, but, because it involves abstract thinking, math can be very difficult for many students. A simple way to make math less abstract, more practical, and more concrete is through the use of math manipulatives.  Educational theory and research have long supported the use of active, experiential, or hands-on teaching and learning strategies in the classroom. As early as the 19th century, Pestalozzi advocated the use of “active learning” strategies to help students learn. The National Council of Teachers of Mathematics (NCTM) has encouraged its members to use math manipulatives at all grade levels since the 1940s.  Research studies to examine the effectiveness of various types of manipulatives on students of all ages (Sowell, 1989) showed that while math manipulatives can effectively impact student learning, manipulatives were not being used by many teachers.  Howbrite Solutions created MathLine to respond to these issues.  
RESEARCH METHODS
This evaluation was designed to determine whether or not the use of the MathLine multi-sensory math manipulative program would improve student learning in mathematics.  The study utilized a nonequivalent group, pretest-posttest, quasi-experimental design. Elementary schools were matched on critical school variables such as academic achievement, community demographic factors, socio-economic status, special education population, etc.. Three pairs of matched schools were randomly selected to participate in the study and each school was randomly assigned to either an experimental or control condition. Teachers from the three experimental schools participated in a half-day professional development workshop on teaching with MathLine conducted by a Howbrite Solutions trainer in August, 2004. Teachers received no more formal training after the half-day workshop.  Students in grades 1-4 in all six schools took a standardized pre-test of mathematics achievement (G*MADE) during the fall of 2004. A post-test of academic achievement was also given to all students in May of 2005.
Research Questions
Our study addressed three research questions:
· What are the effects of the MathLine multi-sensory math manipulative program on student
learning in mathematics, as measured by the AGS Standardized Mathematics Test?
· To what extent do teachers who have received professional development training
successfully use the MathLine Program to supplement their mathematics instruction? 
· How do teachers and students describe their experiences teaching and learning

with MathLine?
Fidelity of Implementation Observations and Interviews
We used both qualitative and quantitative methods to understand the nuances and idiosyncrasies of the implementation of the MathLine program in these classrooms. We used student and teacher interviews and classroom observations to understand more about how teachers actually used MathLine in their classrooms and how students used MathLine to solve problems and to learn about mathematical concepts, operations, and the meaning of mathematical procedures. 
Three sets of ‘fidelity of implementation’ (FOI) observations of teachers’ use of the MathLine number tool were conducted in October and November, 2004, and January, 2005.  These FOI observations in the experimental schools were done to assess the extent to which the MathLine tools were being used as directed. As we compared findings from each of these methods it became clear that the results all pointed in the same, positive direction.

RESULTS
Qualitative Results
Qualitative data collected from interviews with teachers were generally very positive and showed specific areas where teachers felt that MathLine was making a difference with their students:  
Teacher Results  
The quotes below are representative of some of the positive teacher comments that were made about their use of MathLine:

· “Several students in my class struggle with math in general.  Having a tool such as MathLine
 
 shows them math with their eyes.”  (3rd grade teacher)

· “It is very good for students with problems and it helps students to understand the concept.
 (3rd grade teacher)

· “It is utilized best to introduce new skills that are unfamiliar to the students.” 
(4th grade teacher )

· “It did help students see ‘rounding’ better…especially at first when they could see the blue 

and red rings.  It didn’t take long.” (4th grade teacher)

· “For those who had a mental block memorizing facts, it has helped them see the

connection.”(4th grade teacher)

From our interviews with teachers, we concluded that the majority of teachers felt that their use of MathLine went well.  Several teachers in the lower grades reported that they didn’t use MathLine all the time (and felt it worked best as a supplement), because they were afraid it would become a “crutch” for the students.  Various teachers pointed out its advantages in teaching odds and evens, skip counting, basic addition and subtraction and rounding.  Teachers in the 4th grade (and to some extent in the 3rd) felt that their students had already “outgrown” the use of MathLine, and only used it for remedial students.  Many teachers did not seem to understand the normal student learning curve for manipulatives, i.e., students will use them intensively in the beginning, and then set them aside when they are comfortable with the concept.  

Teachers reported many positive experiences using MathLine.  Most related stories about individual students who were unable to grasp a concept (such as subtraction, counting by 5’s, rounding, etc.) until MathLine made it “concrete” to them.  Teachers reported that this was especially true for weaker and remedial students.    
Teacher suggestions for improvement included more teacher training, more advanced applications, using the 100-counter MathLine in the 2nd grade, and having better suction cups on the instrument.

Student Results  
We also interviewed students in grades 1-4 about what they thought about using their MathLines.  Below are a number of representative student comments:
Some first graders told us:

· “It helps me with counting money.”

· “It helps with hard problems.”

· “It’s exciting because you can learn.”

Second and third graders said:
·    “It helps us learn.”

·    “It helps me to add and subtract.”

·    “It makes it easier to do Math.”

·    “The colors on the rings make it easier to count.”

One rather articulate 4th grader told us:
· “It sparks my interest and makes me more interested in math.”

While these results were generally very positive, such qualitative data do not ‘prove’ that using MathLine helps students to learn math concepts, skills, and operations more successfully than students who do not have the use of these mathematics tools.  These quotes do, however, reveal the mostly positive feelings and thinking of students and teachers about the use of MathLine. 
Quantitative Results
G*MADE Standardized Mathematics Test (AGS)
At each grade level, the strongest percentage improvements in students’ mathematics achievement scores came in the sub-area of “Operations”, followed by “Process”.  Conceptual improvements (“Concepts”) showed the smallest gains, but that may have been because the pre-test results in the conceptual sub-area were highest to begin with.  On the pre-test, while students understood the basic concepts of addition, subtraction, multiplication and division, they were not effective problem-solvers using these skills.  MathLine’s greatest positive effect was in improving students’ problem solving skills.
Grade-Level Results 

At the 1st grade level, the experimental schools showed markedly stronger percentage improvements in mathematics achievement over the testing period than the control schools.  These improvements were seen in the “TOTAL” score as well as in all sub-test areas.  The greatest sub-test score gain was in the area of “Operations” with positive, yet smaller improvements in “Process” and “Concepts”.  
At the 2nd grade level, the experimental schools again showed stronger percentage improvements than control schools in TOTAL and in every sub-test area. The greatest gain in the 2nd grade was in the area of “OPERATIONS” and “PROCESS”.  
At the 3rd grade level, the experimental schools again showed markedly stronger percentage improvements in “TOTAL” and in every sub-test area.  Once again, the greatest gain was in the area of “Operations”, and “Process” was also higher than control schools.
At the 4th grade level, the experimental schools and control schools showed no significant differences in percentage improvements on the mathematics test.  The percentage improvements made by experimental schools were the smallest for any grade level and control schools actually outperformed their experimental school counterparts on “TOTAL” and “Process” scores. These results indicate that there was no measurable effect of the treatment on 4th grade students as evidenced by student scores on the G*MADE.
The G*MADE data indicate that the greatest improvement effect of using MathLine was seen in grades 1-3, with grade 4 showing essentially no effect.  This correlates well with teacher comments.  There is a strong circularity to these results:  4th grade teachers did not heavily use MathLine since they felt it was inappropriate at that grade level. Therefore, the small amounts they used MathLine resulted in little quantitative impact.  While the 4th grade results do not indicate any effect for MathLine use, they do illustrate the reliability of the findings.  In the 4th grade, where the MathLine instrument was hardly used, the negligible overall effects indicate the extremely strong comparability of the experimental and control schools and the teaching methods used. 

We therefore conclude that when used as directed, MathLine had a positive effect on the improvement students show in mathematics especially in “Operations” and “Process”, and less so in “Concepts” at the 1st-3rd grade levels.

Our next task was to determine the statistical significance of these differences between treatment and non-treatment groups. For this we turned to other forms of statistical analysis.

Tests of Statistical Significance

In order to evaluate the statistical differences between experimental and control groups we conducted a series of t-tests. The distributions for all pre-test scores and mean score changes on post-tests were examined and found to be essentially normal. Weighted t-tests were performed at the school level using the school means for ‘Pre-Test’ and ‘ Score’ (Delta Score means the Pre-Posttest Change Score) as independent samples. Mean scores for Experimental and Control groups were compared for mean improvement in the Mathematics TOTAL SCORE and within each of the three subtests. 
The experimental or treatment schools demonstrated significant pre-postest improvement in scores over their control counterparts in TOTAL and all subtests, except ‘Concepts’. Weighted t-tests (one-tailed) for Operations (p = 0.019), Process (p=0.035) and TOTAL (p=0.027) were all statistically significant at the  = 0.05 level. Weighted t-test (one-tailed) for ‘Concepts’ was not statistically significant (p=0.08) but scores still showed improvement. These results demonstrate that there were statistically significant differences between experimental and control schools in academic achievement. Those students who used MathLine did significantly better academically, as measured by all but one indicator, than students who did not use the MathLine manipulative. 
When we analyzed the differences in the changes in students’ scores by grade level we found that the significant values occurred mainly in 1st and 3rd grades.  In the 1st grade we found that Concepts was significantly higher in the treatment schools (p=.03). In the 3rd grade all subtests and Total Scores were significantly more positive with Concepts (p= .05), Operations (p=.01), Process (p=.01), and Total Score (p=.003). These significant p-values were major contributors to the statistical significance seen in experimental versus control overall. 
Effect Size Analysis

One of the most important measures for determining differences between experimental and control groups in program evaluation studies, such as this one, is a measure called, “effect size” or ES.  Cohen (1988) hesitantly defined effect sizes as "small, d = .2," "medium, d = .5," and "large, d = .8". When the treatment group’s pre-post-test scores are significantly different (non-overlap) than the control group, it seems reasonable to assume that there is a difference between the two groups.  Using Cohen’s definition of the relative strength of an effect size score, we found that there was a ‘medium’ difference (d=.51) in “Operations” and “TOTAL” scores on the G(MADE.  There was also a ‘small’ effect (d=.30) on “PROCESS” and on “CONCEPTS”.
CONCLUSIONS
Results from each of the four different research methods used in this study were highly consistent.  Findings from teacher and student interviews, the descriptive data, the Weighted t-tests examining changes in Pre-Posttest means, and the Effect Size analyses all yielded similarly positive results.  Students in the treatment group in grades 1 and 3 showed statistically significant gains in academic achievement over control groups. The consistently positive effects shown by multiple methods contributes to our overall confidence in the results of the study.
The study shows that students in experimental schools made significantly greater overall academic gains (TOTAL) than control group students. Subtest scores indicate that students who used MathLine made significantly greater academic progress over the course of an academic year in mathematics “Operations” and “Process”.  While students in experimental schools also made positive gains over their control counterparts in the area of “Concepts”, these differences did not reach a p=.05 level of statistical significance. 

Students of teachers who used MathLine “as directed” or those teachers who demonstrated the greatest levels of “fidelity of implementation” had higher mathematics scores than students whose teachers used MathLine with lower levels of fidelity. 

 The effect size data provides powerful support for claims that MathLine had a positive effect on student achievement, showing that MathLine had a ‘moderate overall effect’ (d=.51) on the treatment group, with students in the 1st and 3rd grades benefiting most.
While no single study should be used as proof of effectiveness, the multiple sources of data in this study as well as the rigorous design, provide powerful evidence that support the conclusion that when elementary teachers—especially in grades 1 and 3—used MathLine with their students, the result was significantly stronger mathematics achievement. 
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