Rhythmic Structure as Easy as ABC! - 

Connecting the Music and Math Standards

Arts Education Funders Collaborative: Professional Development Workshop

December 9th, 2003, 12:00-2:00 PM (Grades 3-5)

Presenter: Linton Hale, linton@healthyarts.com, Music in the Schools Today

Description: Clap… slap… stomp and tap tap tap! Come have fun learning to construct, experience and notate rhythmic structures using simple body movements, your voice, and any available rhythm instruments. Take away “Rhythm Webs” and “Funky Formulae” sheets (with permission to duplicate), symbolic notation exercises using symbols A, B and C that demonstrate clear relationships between Music and Math Content Standards for Grades 3-5.
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Presenter Linton Hale with students and Boomwhackers™ at Temba Elementary School in San Rafael
Qualifications of Presenter

Linton Hale has been a part-time music teacher for over fifteen years, working with elementary and high school students, as well as with adults. He is a composer and performer and recently received a grant and a commission from the SF Chapter of the American Composers Forum to teach at Lowell High School through the Composers in the Schools Program. He has taught summer camp programs for the Bay Area Discovery Museum, and has taught drumming at Temba Elementary, Sequioa Elementary in Oakland, New Age Academy, and is currently teaching at Cragmont Elementary in Berkeley through the Acorn After School Program. He has also worked extensively with adults, teaching drumming classes at the UCSF Milberry Fitness Center, as an artist in residency at the Recreation Center for the Handicapped, and in a Veterans and psychiatric hospital through the Martinez Adult School. 

He loves teaching drumming and leading community drum circles because it allows him to combine a wide variety of his passions and skills and to share his joy with others. He believes that this work is important because it encourages the integrated development of body, mind and spirit. Using a wholistic approach to teaching logical thought while engaged in a musical group process, he encourages student to develop a sense of responsibility, and awareness of the purpose and impact of their ideas and actions.
Workshop Content and Objectives

· We will practice leading simple group rhythms with the focussed intention of demonstrating important basic principles of structure common to both music and algebra. 

· Ideas for generating rhythms that work well for groups of elementary school children are presented and practiced. 

· We will spend the majority of the time playing rhythms and working with two different approaches to notation, “Funky Formulae” and “Rhythm Webs”. 

· Clear and specific connections between the CDE Standards for Music and Math for Grades 3-5 will be presented and discussed briefly, and an annotated table of relevant standards will be provided as a resource.

Workshop Summary

12:00 – 12:15

Introduction

Hand out boomwhackers – short improv jam, structured sequence: AAAA BBBB AABB AAAA

Comparing Music and Math Standards


Funky Formulae – variables, multiplication/division, simple algebraic formula

Rhythm Webs – linear sequencing, cycles, rhythm notation

Oral Experience, Mnemonic notation – The value of purely kinesthetic learning


Extramusical value – socialization, group psyche, model of cooperative dialogue 


Instruments – Voice, Body Percussion, Boomwhackers, Sound Shapes

12:15 – 12:45

Funky Formulae with Boomwhackers™ 


Hands-on practice creating and varying formula using Boomwhackers™.

12:45 – 1:15

Rhythm Webs with Sound Shapes™


Hands-on practice creating and notating rhythms using Soundshapes™ and Rhythm Webs.

1:15 – 1:35

Smaller group discussions


Sharing experiences, development of ideas about how to integrate material into your teaching.

1:35 – 1:50

Smaller groups report, Summary and Conclusion 


Smaller groups give brief report back to whole group.

Brief overview of resource materials in packet.

Feedback, questions and answers, or more discussion and sharing.

1:50 – 2:00

Music-making and Merriment

Funky Formulae: 

· Using body percussion or simple instruments, we begin by playing a very familiar rhythm 

· (ex. “Shave and a haircut… two bits”). 

· Next we will generate two short and simple improvised rhythm sequences, and will name the first rhythm “A” and the second rhythm “B”. 

· We can then use these to create “linear sequences” such as:

A A A A A A A A

A B A B A B A B

A B B B A B B B

A – B – A B A B

· After the group is comfortable hearing and performing sequences such as those above, it is possible to begin notating variations such as 2A+B, 4A+2B, etc., showing the possibility of connecting mathematical formulae with musical form. 

· Individual participants will take turns leading the group, in order to give an opportunity for teachers to practice music facilitation and rhythmic performance skills and to provide space for valuable peer feedback. 

Rhythm webs: 

· Another way to notate rhythmic formulae, a “Rhythm Web”. This is a type of pie chart, or “division of a circle” notation, based on an idea presented by San Francisco elementary school educator Felipe Pasmanick in his excellent curriculum “Reading Rumba”. 

· This type of notation has proven to be an intuitive, attractive and instructive way to construct, visualize and remember specific rhythms. 

· Two approaches are suggested, the first oral, the second written. In the first method the notation is introduced only after the rhythm has been first memorized by ear and the group has already learned kinesthetically how to perform the rhythm. 

· The other suggested use for this notation is to hand out blank “Rhythm Web” sheets with division of the circle into 4, 6 or 8 pie sections and to have students create rhythms using two or three symbols and sounds of their choice. A few of these rhythms can then be demonstrated by individuals and taught to the entire group.

Connections Between the Music and Math standards 

Musical formula exercises such as these give an opportunity to satisfy the “reading, writing and performing simple rhythmic patterns and notation” standards under the Artistic Perception category of the Grade 3-5 Music standards. This content also directly connects the music and math standards, providing opportunities to satisfy the “extending and recognizing a linear pattern” and “using letters, boxes or other symbols to stand for any number in simple expressions or equations” standards under the Algebra and Functions category of the Grade 3-5 Math standards (see attached table of relevant CDE content standards for Music and Math). 

Ideas will be introduced for extending these exercises with more advanced concepts, for example “substitution of variables “ or “analysis of musical form”. Time will be alloted for group discussion, feedback and sharing experiences.

Integration and Extension

These exercises can be integrated with lessons in:

· Algebra and Functions

· Set theory

· Computer programming

· Music notation and theory

These exercises could also be extended by:

· Having students develop an instrumental performance ensemble to perform their own rhythms
· Teaching traditional rhythms and songs to sing with these rhythms.
· Concurrent study of traditional African, Carribean or other world cultures.
Instruments

· The budget for this program is very flexible, from $0 to $6.50 or more per child.

· If there is available budget, I recommend purchase of fun instruments like those I will demonstrate in the workshop,  “Boomwhackers™” and “Sound Shapes™”.  These instruments (and a large variety of others) are available through West Music, www.westmusic.com, 1(800)397-9378. As an estimate, “Boomwhackers™” cost $20 for each set of 8 instruments. It is preferable, but not essential, for each student to have two boomwhackers, so the cost is between $2.50 and $5.00 per child. For “Sound Shapes™” the cost is $53 for a set of 6 (on sale now for $25!), or discounted at $200 for a set of 30, so the cost for these is between $4.25 and about $6.50 per child.

Space, equipment, and technical needs
· Large enough space to allow group to be seated or standing in one large circle.

· For smaller groups: Dry erase or chalk board and markers or chalk as necessary

· For larger groups: an overhead projector, used with prepared and blank transparencies 

· Microphone can be helpful in some situations with large groups of children and percussion!
Funky Formulae and Rhythm Web Exercises: Relevant Excerpts from the CDE Standards

	Music Content Standard
	Math Content Standard

	1.0 ARTISTIC PERCEPTION

Grade Three

Read and Notate Music 

1.1 Read, write, and perform simple rhythmic patterns, using, eighth notes, quarter notes, half notes, dotted half notes, whole notes, and rests.

Listen to, Analyze, and Describe Music
1.6 Identify simple musical forms (e.g., AABA, AABB, round).

Grade Four

Read and Notate Music

1.3 Read, write, and perform rhythmic notation, including sixteenth notes, dotted notes, and syncopation 

Listen to, Analyze, and Describe Music

1.6 Recognize and describe aural examples of musical forms, including rondo.
Grade Five
Listen to, Analyze, and Describe Music
1.6 Identify and describe music forms, including theme and variations and twelve-bar blues.
2.0 CREATIVE EXPRESSION

Grade Three
Apply Vocal and Instrumental Skills

2.3 Play rhythmic and melodic ostinatos on classroom instruments.

Compose, Arrange, and Improvise

2.4 Create short rhythmic and melodic phrases in question-and-answer form.
Grade Four

Compose, Arrange, and Improvise

2.3 Compose and improvise simple rhythmic and melodic patterns on classroom instruments.
4.0 AESTHETIC VALUING

Grade Three 

Derive Meaning

4.2 Create developmentally appropriate movements to express pitch, tempo, form, and dynamics.

5.0 CONNECTIONS, RELATIONSHIPS, APPLICATIONS

Grade Three
Connections and Applications

5.1 Identify the use of similar elements in music and other art forms (e.g., form, pattern, rhythm).

Grade Five
5.1 Explain the role of music in community events.


	Algebra and Functions

Grade Three 

2.0 Students represent simple functional relationships:
2.2 Extend and recognize a linear pattern by its rules
Grade Four

1.0 Students use and interpret variables, mathematical symbols, and properties to write and simplify expressions and sentences:

1.1 Use letters, boxes, or other symbols to stand for any number in simple expressions or equations (e.g., demonstrate an understanding and the use of the concept of a variable).
Grade Five
1.0 Students use variables in simple expressions, compute the value of the expression for specific values of the variable, and plot and interpret the results:

1.2 Use a letter to represent an unknown number; write and evaluate simple algebraic expressions in one variable by substitution.

Mathematical Reasoning

Grade Three - Five 

1.0 Students make decisions about how to approach problems:

1.1 Analyze problems by identifying relationships, distinguishing relevant from irrelevant information, sequencing and prioritizing information, and observing patterns.

1.2 Determine when and how to break a problem into simpler parts.

2.0 Students use strategies, skills, and concepts in finding solutions:

2.3 Use a variety of methods, such as words, numbers, symbols, charts, graphs, tables, diagrams, and models, to explain mathematical reasoning.




Funky Formulae Building Blocks

A A A A
= 
4A

B B B B
= 
4B

A B A B
= 
2(AB)

A A B B
=
2A + 2B

A A A B
=
3A + B

A B B B
=
A + 3B

A A ( B
=
2A + ? + B

A B B (
=
A + 2B + ?
Combine any 2 building blocks and create complex formula! For example: 

IF

x = AABB

and 

y = AAAB

THEN 
2x +2y = [AABB] + [AABB] + [AAAB] + [AAAB]
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IF 

x = AA(B

and 

y = ABB(
THEN 
3x +y = [AA(B] + [AA(B] + [AA(B] + [ABB(]
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Annotated Bibliography of Selected Research Articles Demonstrating

the Value of Music in Cognitive and Emotional Development
1. A Meta-Analysis on the Effects of Music as Reinforcement for Education/Therapy Objectives
    Standley, Jayne M., Florida State University

    Journal of Research in Music Education (JRME), 1996, 44, Number 2, pp. 105-133

This article describes a meta-analysis of 98 studies that incorporated music as a contingency for education and therapeutic objectives. Meta-analysis is described as a statistical procedure for synthesizing a body of scientific literature, describing its characteristics, and making informed generalizations. Using a variety of formulae, each of these 98 studies was assigned an “effect size” to rate how effective music was as a reinforcement for education or therapy objectives. The effect sizes are “quantitative summaries of the properties and findings of individual studies,” which allow the results of the different studies to be compared and contrasted and to some extent generalized.

The results of the analyses demonstrate that using music as a contingency, i.e., a reinforcement for education or therapy objectives, was more effective than other nonmusic stimuli used in these studies. Using music as a contingency was also more effective than continuous music. Another finding is that pairing other stimuli such as food, approval, or visual stimulation with the music decreased its effectiveness as a reinforcer. It is also noted that music functions uniquely as a reinforcer and simultaneously as subject matter, and that there was evidence of generalized indirect benefits to other academic and social behaviors.

This paragraph from the discussion section summarizes the relevance of this research: “This meta-analysis has shown that demonstrated effects of contingent music are profound, can be creatively designed, and are applicable across a wide variety of educational/therapeutic endeavors. Based on these studies, predicted effects in medicine and counseling seem particularly strong and, if the frequency of research is an indicator, much underutilized in clinical settings. Educational research on contingent music, however, is much more comprehensive in its documentation of uses and procedures. ‘Music for its own sake’ certainly ought to be the core of music education programs; however, more use and creative application of such an effective technique as music reinforcement would seem warranted, especially when it addresses contemporary political desire to improve the basic curriculum (music as reinforcements for other subject matter such as math and reading) while concomitantly improving music knowledge and skills. Clearly, effects are so beneficial across diverse fields of endeavor that knowledge of contingent music techniques would seem to be an important component of the professional skills of all music educators and music therapists.”

2. Learning to Make Music Enhances Spatial Reasoning

    Hetland, Lois

    Journal of Aesthetic Education, 2000, Vol. 34, Nos. 3-4, pp. 179-238


This research is described as a meta-analysis which according to the author: “is the first quantitative summary of the experimental research exploring whether active music instruction leads to enhanced spatial abilities, and which, if any, variables in students, music programs, or experimental designs predict greater transfer to spatial tasks.”

Questions being addressed in this research: “Does active instruction in music enhance preschool and elementary students’ performance on spatial tasks? Researchers have been interested in this question not only because of the importance of spatial abilities, which underlie professions such as engineering, archaeology, and surgery, but also because spatial abilities are thought to important in the discipline of mathematics. This meta-analytic review synthesizes the results of 15 independent studies that address this controversial and highly-publicized question. While the studies summarized here address a question distinct from the ‘Mozart Effect’ studies, scholars and the public have often failed to distinguish these two bodies of research (one on the spatial effects of pasive music listening, the other on the spatial effects of active participation in music instruction). Yet whether college students performance on spatial tasks is temporarily improved following brief exposure to classical music tells us almost nothing about whether preschool and elementary children perform better on spatial tests following a program of active music instruction. These instruction studies deserve separate summary so that we can understand their meaning and determine their implications for future research and classroom practice.”

Three meta-analyses were performed.

Description/Results of Analysis 1: Does Music Instruction Enhance Performance on Spatial-Temporal Tasks?

This main analysis _p. 183 “combines the findings and probability levels from 15 studies to test the hypothesis that active instruction in music, for periods ranging from six weeks to two years, enhances performance on spatial-temporal tasks during and immediately following the music instruction for 3-12 year old subjects. ... Seventeen planned linear contrasts were conducted in this first analysis to examine variables that may influence effect sizes systematically.” p. 203 “The results of this first analysis show that active music instruction lasting two years or less leads to dramatic improvements in performance on spatial-temporal measures. It is remarkable how consistent the effect sizes were across the 15 studies analyzed.

Description/Results of Analysis 2: Does Active Music Instruction Enhance Performance on Nonspatial Tasks?

The second smaller analysis was used along with Analysis 3 to compare results to the main analysis._p.183 “Analysis 2 combines 5 independent effect sizes from three studies... that used Raven’s Standard Progressive Matrices as outcome measures. Raven’s is regarded as a nonverbal measure of general or logical intelligence and was shown in my previous meta-analysis not to produce a temporary effect from listening to music, although spatial-temporal measures did.”_p. 218 “This analysis shows that active music instruction does not lead to enhanced performance on the Raven’s test and stands in striking contrast to the finding of the first analysis. It suggests that, while similar kinds of music instruction lead to enhanced performance on spatial-temporal measures, they do not enhance measures that require mainly logical ability. ...”

Description/Results of Analysis 3: Does Active Music Instruction Enhance Performance on Any Kind of Spatial Task?

p. 184 “Analysis 3 (i.e., the Mixed Spatial Measures analysis) is more loosely defined than the other two analyses and wades more deeply into the muddy waters of the concept ‘spatial abilities’. ... Analysis 3 tests whether music instruction might enhance spatial abilities beyond the spatial-temporal dimension.”_p. 220 “This analysis provides support for the hypothesis that not only spatial-temporal, but also other spatial tasks requiring spatial memory, spatial recognition, mental rotation, and/or spatial visualization may be enhanced by music instruction. ...”

3. The Effect of Early Music Training on Child Cognitive Development


    Bilhartz, Terry D.; Bruhn, Rick A.; Olson, Judith E., Sam Houston State University

    Journal of Applied Developmental Psychology, 2000, 20(4), pp. 615-636

The relationship between participation in a structured music curriculum and cognitive evelopment was studied with 71 4 through 6-year olds. Children were pre- and posttested with six subtests of the Stanford-Binet Intelligence Scale, fourth edition (SB) and the Young Child Music Skills Assessment (MSA). Approximately one half of the sample participated in a 30-week, 75-minute weekly, parent-involved music curriculum. Statistical analysis showed significant gains for partipants receiving music instruction on the MSA and on the SB Bead Memory subtest. Four-order partial correlations analysis found musical treatment influence on Bead Memory scores when the participants were controlled for sex, ethnicity, parental education, and economic class. Treatment also produced higher scores on other SB measurements for select populations. This study suggests a significant correspondence between early music instruction and spatial-temporal reasoning abilities.

4. Music and Mathematics: Modest Support for the Oft-Claimed Relationship
    Vaughn, Kathryn

    Journal of Aesthetic Education, 2000, Vol. 34, Nos. 3-4 Fall/Winter, pp. 1-17

p. 1 “... if music is based on mathematical principles, and if an understanding of music requires some understanding of these principles, then it is possible that music education can lead to an improved understanding. What follows is a report on three meta-analyses investigating the relationship between music and mathematics.”

5. Music training causes long-term enhancement of preschool children’s spatial-temporal reasoning

    Rauscher, Frances H.; Shaw, Gordon L.; Levine, Linda J.; Wright, Eric L.; Dennis, Wendy R.; Newcomb, Robert L. 

    Neurological Research, 1997, Volume 19, Feruary, pp. 1-8?

Predictions from a structured cortical model led us to test the hypothesis that music training enhances young children’s spatial-temporal reasoning. Seventy-eight preschool children participated in this study. Thirty-four children received private piano keyboard lessons, 20 children received private computer lessons, and 25 children provided other controls. Four standard, age-calibrated, spatial reasoning tests were given before and after training; one test assessed spatial-temporal reasoning and three tests assessed spatial recognition. Significant improvement on the spatial-temporal test was found for the keyboard group only. No group improved significantly on the spatial recognition tests. The magnitude of the spatial-temporal improvement from the keyboard training was greater than one standard deviation of the standardized test and lasted at least one day, a duration traditionally classified as long term. This represents an increase in time by a factor of over 100 compared to a previous study in which listening to a Mozart piano sonata primed spatial-temporal reasoning in college students. This suggests that music training produces long-term modifications in underlying neural circuitry in regions not primarily concerned with music and might be investigated using EEG. We propose that an improvement of the magnitude reported may enhance the learning of standard curricula, such as mathematics and science, that draw heavily upon spatial-temporal reasoning.

6. The Effects of Musical Performance, Rational Emotive Therapy and Vicarious Experiences on the Self-Efficacy and Self-Esteem of Juvenile Delinquents and Disadvantaged Children

    Kennedy, Roy, University of Kansas

    Dissertation, 1998

The purpose of this study was to investigate the effects of musical performance and time on the musical self-efficacy and self-esteem of juvenile delinquents and disadvantaged youth. The dependent variables were musical self-efficacy and self-esteem.

Forty-five male juvenile subjects, ranging in age from twelve to nineteen years of age, participated in a pretest, posttest and follow-up test (i.e. levels of time) with five levels of musical performance: performance only, cognitive strategies and performance, cognitive strategies only, vicarious experience, and a control group. Subjects in the performance only condition leared musical performance techniques and participated in frequent performances, while subjects in the cognitive strategies and performance condition received cognitive lectures, learned musical performance techniques, and participated in frequent performances. Subjects in the cognitive strategies only condition received cognitive lectures but did not participate in musical performance, while subjects in the vicarious experience condition observed live performances and videotape of others involved in musical performance. The control condition received no treatment of any kind.

…

Tukey post-hoc analyses indicated that musical performance and musical performance combined with cognitive strategies conditions scored significantly higher than the vicarious experience and cognitive strategies only conditions on the musical self-efficacy variable at the follow-up time of data collection. Further evidence indicated that the vicarious experience and cognitive strategies only condition scored lower than the control condition, suggesting that the cognitive strategies and vicarious experience conditions were better off without treatment. This evidence supports the conclusion that musical performance and musical performance coupled with cognitive strategies are superior musical therapy interventions for increasing the musical self-efficacy of juvenile delinquents and disadvantaged youth.
7. Classroom Keyboard Instruction Improves Kindergarten Children’s Spatial-Temporal Performance: A Field Experiment

    Rauscher, Frances, H.; Zupan, Mary Anne 

    Early Childhood Research Quarterly, 2000, 15, No. 2, pp. 215-228

The purpose of this study was to determine the effects of classroom music instruction featuring the keyboard on the spatial-temporal reasoning of kindergarten children. Sixty-two kindergartners were assigned to one of two conditions, keyboard or no music. All children were pretested with two spatial-temporal tasks and one pictorial memory task. The keyboard group was provided with 20-min lessons two times per week in groups of approximately 10 children. Children were then retested at two 4-month intervals. The keyboard group scored significantly higher than the no music group on both spatial-temporal tasks after 4 months of lessons, a difference that was greater in magnitude after 8 months of lessons. Pictorial memory did not differ for the two groups after the lessons. These data support studies that found similar skills enhancements in preschool children, despite vast differences in the setting in which the instruction occurred. The results have strong implications for school administrators and educators.

8. The Effects of Three Years of Piano Instruction on Children’s Cognitive Development

    Costa-Giomi, Eugenia, McGill University

    Jounal of Research in Music Education (JRME)

The relationship between music and cognitive abilities was studied by observing the cognitive development of children provided (n = 63) and not provided (n = 54) with individual piano lessons from fourth to sixth grade. There were no differences in cognitive abilities, musical abilities, motor proficiency, self-esteem, academic achievement, or interest in studying piano between the two groups of children at the beginning of the study. It was found that the treatment affected children’s general and spatial cognitive development. The magnitude of such effects (omega squared) was small. Additional analyses showed that although the experimental group obtained higher spatial abilities scores in the Developing Cognitive Abilities Test after 1 and 2 years of instruction than did the control group, the groups did not differ in general or specific cognitive abilities after 3 years of instruction. The treatment did not affect the development of quantitative and verbal cognitive abilities.
9. The McGill Piano Project: Effects of piano instruction on children’s cognitive abilities

    Costa-Giomi, Eugenia, McGill University


p. 446 “The purpose of the longitudinal study was to investigate the effects of piano instruction on selected adademic and nonacademic behaviors of children. This report will present the results concerning children’s cognitive abilities.”

10. Enhanced learning of proportional math through music training and spatial-temporal training

    Graziano, Amy B.; Peterson, Matthew; Shaw, Gordon L.


    Neurological Research, 1999, Volume 21, March, pp. 139-152


It was predicted, based on a mathematical model of the cortex, that early music training would enhance spatial-temporal reasoning. We have demonstrated that preschool children given six months of piano keyboard lessons improved dramatically on spatial-temporal reasoning while children in appropriate control groups did not improve. It was then predicted that the enhanced spatial-temporal reasoning from piano keyboard training could lead to enhanced learning of specific math concepts, in particular proportional math, which is notoriously dificult to teach usin ghe usual language-analytic methods. We report here the development of Spatial-Temporal Math video Game software designed to teach fractions and proportional math, and its strikingly successful use in a study involving 237 second-grade children (age range siz years eight-months - eight years five months). Furthermore, as predicted, children given piano keyboard training along with the Math Video Game training scored significantly higher on proportional math and fractions than children given a control training along with the Math Video Game.
