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Abstract

The need for increased education in the area of technology has been apparent for a few decades as the workplace becomes increasingly dependent upon those who can navigate their way through the new world of digital information. School districts across the nation have tried teaching technology for technology’s sake, and it has not been well received. All the while, student test scores are falling as standards are being raised at the federal level. Music classes, once a staple of a good elementary education, are being drastically cut as no longer being as important to student growth because it is not currently measured on a standardized test. Research has shown that students involved in musical activities show better performance on cognitive tests (Blackwell, 2006). If educators could combine these activities, giving students the novelty of technology and the brain boosting power of music, they could also improve test scores without traditional review for hours and boring the learners beyond their limit. Students will come to class ready to learn because their brains are functioning at a higher level with even just a year of musical training (Oxford, 2006).
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Introduction
With the passing of No Child Left Behind Act (NCLB), the public school system has come under greater scrutiny for the standardized test scores, especially in the areas of math and reading. States have been asked to raise the standard requirements for students at the same time as huge budget cuts are being asked from these same schools. Many districts have either eliminated or cut back on fine arts in order to provide more time for math and reading. This is the case in school districts with very rural, low-income, or limited English-speaking populations. Students often respond with apathy and boredom to these prolonged hours of math and reading interventions. 

Music, especially instrumental instruction, has been linked to increased development and better mathematics skills (Southgate & Roscigno, 2009). This could lead students to improve their math skills without requiring them to be in math class. “Music training conditions the brain to do tasks similar to those it has to do when working on math problems” (Hopkins, 2003. ¶ 8). So by training the brain to function as if it were doing a math problem, teachers can strengthen the skill set without the students even realizing that learning is happening. Much like giving a child their medicine, it helps to teach them math if there is a little extra flavor and an underhanded delivery.

Technology and computer based instruction have provided students the engaging and constructivist education that they crave. With new technology initiatives being encouraged by district and national leaders, many high-need schools are taking a closer look at technology to bolster classroom teaching. According to a recent THE Journal article examining a report on high-need schools using additional technology and the resulting test scores showed, “significant increases in reading and math achievement (…18 to 36 percent in math)” (Nagel, 2009, p. 1).

By combining the two, teachers can engage more of their students on multiple levels and requiring the use of multiple learning styles. Both appeal to varied learning styles and student preferences. Both are proven to improve development of mathematical skills and test scores. And the sadly popular alternative of eliminating electives to allocate more of the school day to core subjects has not been successful. “Consider that studies show that adding more instructional hours in math, science and English language arts doesn’t directly correlate to higher test results” (Whitmore, 2006). 




Thesis Statement

Math scores in the United States are not keeping pace with the amount of money spent per student. According to the nation’s own Department of Education, fourth grade students only rank 12th in an international survey (Cherney, 2007). The competitiveness of United States students only declines from there. By eighth grade, the results show the United States move down to 28th place (Cherney, 2007). By combining the fun and interaction of the music and media, students will benefit from the brain-boosting powers of both to form a more completely educated person and resulting in better standardized test scores in the field of mathematics.

Arts integration has a proven track record of increasing student attentiveness and also increasing retention of information. (Hodges & O’Connell, 2005). Technology, when appropriately utilized, can have the same effect (Schacter, 1999). Programs such as Harmonic Vision’s Music Ace, Apple’s GarageBand, and Nintendo’s Wii Music offer the best integration of the two for gains in musical and mathematical education. Exploiting the advantages and research that the entertainment industry has performed on students as a target audience behooves the educational community. What other industry has so captured the minds and hearts of that particular audience? Integration of arts and technology in preparation, exposition and evaluation of student work can improve interest, retention, and involvement in educational activities.
Educational Significance


The proposed theory is tantamount to an educational revolution. Everything about the old behaviorist model of lecture and basic testing the week after hoping some of it was remembered. By activating the brain functions that are responsible for reasoning skills through music and technology, this will in turn aid them as they attempt to succeed at math. Deliberate planning is being demanded by NCLB through its efforts to reinforce positive development through scientific study. Research has already been done to connect the development of the brain and higher order thinking skills to the study of music, especially instrumental studies (Zhan, 2008). There is also research that lauds the use of technology in schools, not only as a study of twenty-first century skills, but also as it can aid in producing higher-achieving students (Gulek & Demirtas, 2005).

Definition of Terms

Music Education refers to general music classes at the elementary level, including instrumental studies.  These can include classes integrated into “core” subjects, general music education, recorder class, beginning band and orchestra, or choral programs.

Computer-Based Instruction is the use of computer games, lessons, and activities that involve or are centered on the computer to provide an interactive experience. This can include the use of media stations, the instructor projecting a lesson to the class as a whole, or even self-directed online learning (Legendre, 2000).

Constructivism is the philosophy of learning and teaching that implies that all learning is based on experience. And that by “reflecting on our experiences, we construct our own understanding of the world we live in” (Constructivism, 2008, ¶ 1). Constructivist teachers will most likely call themselves facilitators of learning. This means that information is rarely, if ever, directly handed to the learner. Opportunities are created for the learner to perform experiments, make observations, or create from previous learning. Almost all musical instruction can be placed in this category because the individual skills for performing must be experienced and built upon by the performer and only small bits of explanation are ever needed or helpful. 
Higher-Order Thinking Skills are those at the top of Bloom’s Taxonomy (Figure 1.1) that involve using several of the most basic levels of thought simultaneously, such as understanding and application of previous experience to help evaluate a new procedure, or create a new one. Evaluations that utilize types of skills can more accurately gauge if the student has truly integrated the new knowledge into their current schema, or understanding.
Core Subjects traditionally refers to those subjects, such as reading, mathematics, science and history, that are taught by classroom teachers and are included on standardized tests. While NCLB clearly identifies the arts as a core subject, many school districts are reluctant to consider them with the same weight because they are not used to determine a school’s achievement designation based on state assessments (standardized tests).
Technology in education refers to introducing any media into the classroom, for example a movie in science class, playing a recording of poetry in language arts, watching the live version of Shakespeare during a literature class, or using computer games to reinforce instruction. 

Arts Integration The Southeast Center for the Education in the Arts at the University of Tennessee Chattanooga defines arts integration as


Instruction combining two or more content areas, wherein the arts constitute


one or more of the integrated areas. The integration is based on shared or related 
concepts, and instruction in each content area has depth and integrity reflected by 
embedded assessments, standards, and objectives (Southeast Center for the Education in the Arts, 2008). 

This paper will focus on music integration into math concepts and how the brain can turn musical learning into mathematical learning. These can be as simple as shape patterns or colors felt in music, or as complex as the mathematical and engineering ramifications of the Pythagorean scale.
Literature Review

The arts impact social, cognitive, and academic skills

Research shows that integrating the arts into core curriculum studies improve all areas of learning, especially math. According to a study by Mason, Steedly and Thorman (2005), especially students with special needs can benefit from using music and the fine arts to teach basic math principles. “The influence of the arts may be greater on the academic learning for students with disabilities and special learning needs, students living in poverty, and students learning English as a second language” (Mason, Steedly and Thorman , 2005, p. 4). All students need alternative and viable ways to express and understand their knowledge of social, academic, and cognitive skills. Their report on arts integration initiatives suggests that teachers can now integrate fine arts into more math, science, language arts and what’s more, teachers have reported: 


Math is not separate from science, it’s not separate from visual arts, and it’s not separate 
from all of these areas of the school system. They are all sort of now melded together for 
them so that research becomes a part of everything. (Mason, Steedly and Thorman, 2005, 
p. 11)


Students with a greater sense of responsibility and ownership of their school are more likely to be involved and stay in school. Things like music programs, keyboard labs, and interesting extra-curricular activities encourage those same students. And it’s not just about the involvement alone.  “Teachers in these programs frequently report that students clearly make connections between music, math reading, science and more” (Whitmore, 2006, ¶ 12). The students themselves have drawn the implications in simpler terms: “Notes are like numbers, if you play a note, it’s like playing a number. So you could mix music and math together” (KARE, 2006, ¶ 6). If these connections are fostered with appropriate programs, this is when the jump in test scores will happen.
The Impact of Music Education on Academic Achievement


Dr. Donald Hodges and Dr. Debra O’Connell did another study of the impact of the arts for their work at the University of North Carolina at Greensboro. Clarification of what effect music education actually had on academic success is needed as there are many factors that can lead a student to perform well. A variety of studies have been done to either validate or disprove the theory that music education in and of itself is beneficial to students in other academic areas (Corbett, Wilson & Morse, 2003, Ingram & Reidel, 2003, Deasy, 2002). Many show positive effects of music lessons, but almost half show negligible benefits. It appears that the longer a student is involved in music, the better the chances are that they will show benefits of said instruction. Studies have even shown that some research has even concluded that “The difference in mathematical achievement may have been a result of the children’s home musical background rather than the music program itself” (Hodges & O’Connell, 2005, p. 12)


The true appearance of gains in mathematics comes when the music is integrated or infused with the math program. Significant gains were achieved under these circumstances. It seems that the methodology and the individual experience can greatly improve the gains in learning. The inconclusive findings showed slightly positive results on some, large gains on others, and no instances where music education hurt academic development, even when students were pulled out of class for music instruction. More research is needed to conclude the best possibly circumstances for music to become a contributing part of academic life outside the arts.

Using a Technology-Enriched Environment to Improve Higher-Order Thinking Skills


In a recent attempt to discover just how a technology-centered classroom could affect the higher-order thinking skills of students, Hopson, Simms and Knezek (2002) studied the effect that a technology enriched classroom could have on student performance, especially as it relates to the higher order thinking skills defined in Bloom’s Taxonomy.  Both the  “Old Version” and the “New Version” with the corresponding action words are applicable to this review. [image: image1.jpg]Application Applying
Gomprenension Understanding
Knowledge Remembering
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Figure 1.1 Bloom’s Taxonomy (Forehand, 2005).

They discovered that placing and using technology in the classroom had a positive effect on several aspects of class life. The technology-based instruction was more student-centered and facilitated the use of cooperative groups. Perhaps the most significant finding was that the learners were engaged in application instead of knowledge acquisition.


As the top three tiers were taken into consideration (analysis, synthesis, and evaluation), the treatment group showed positive, if not entirely exponential, growth as compared with the students not receiving any media-driven instruction. The treatment was only for 20 weeks, so the study might not yet yield the results that a long-term look at the data might have. It could be expected that the students involved would only progress more and more each year as they were exposed to more of the technology and were better prepared for their new learning environment (Hopson, Simms and Knezek, 2002).


In a similar study into the effect that individual laptops had on student learning, Gulek and Demirtas (2005) found that 


students direct their own learning, report a greater reliance on active learning strategies, 
readily engage in problem solving and critical thinking, and consistently show deeper and 
more flexible uses of technology than students without individual laptops. (p. 3)


Schacter (1999) also compiled and evaluated studies from several sources to determine if technology was a factor in academic performance. Here, he took a look at how technology fosters a better learning environment for higher order thinking skills in a mathematics classroom. In this particular example, computer use, coupled with appropriate teacher training, led to not only higher achievement, but also a more positive learning environment overall. The computer-based learning proved to be a factor in both cases.
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Figure 1.2. Technology’s Impact on Academic Achievement.

Computer-based learning can also attribute to greater class involvement. While this might sound counter-intuitive to many non-digital natives, many students may feel more comfortable typing responses and questions than raising a hand or speaking up. Americans under the age of 18 spend an average of 42 hours online each month (Norton Online Living, 2009). This is their social network.  These same students identify themselves largely with their music. By utilizing these two powerful forces, teachers and parents can provide additional support to their students’ mathematical studies.

Current/Past Solutions to Thesis Problem in Practice


In the past century, the nation has undergone several overhauls to try and correct the perceived decline in American educational prowess. The most recent example has been the No Child Left Behind Act (NCLB) that encourages “accountability for results, more choices for parents, greater local control and flexibility, and an emphasis on doing what works based on scientific research” (Department of Education, 2009, ¶ 1). The accountability level has been used “despite good intentions, local interpretation of the federal No Child Left Behind (NCLB) education law is seriously affecting access to music education for America's public school students” (Burback & Walker, 2003, ¶ 1). The increased time devoted to mathematics and reading classes has decreased the available amount of time for other subjects, including the arts and technology. While this approach seems to have had some success, the results have been less than staggering (Lee, Grigg, & Dion, 2007).
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Green states improved at both grade four and eight

Red states improved at grade four only

Orange states improved at grade eight only

Grey states showed no increase or decrease at either grade.
Figure 2.1. Math scores by state.

And while any growth is wonderful, the continued rise in dropout rates, especially among minorities, is highly troubling (Barton, 2005). This problem is not happening because United States students are not scoring as high as Koreans in math (Cherney, 2007). These kids are not leaving school to pursue engineering degrees in Israel, India, or any of the dozen other countries that can beat American schools (Cherney, 2007). Could it be that these poor numbers are a side effect of poor engagement in the classroom? And could this be remedied with a more engaging curriculum that involves art integration and technology?


School districts across the country have lengthened school days and extended school calendars to make room for more contact time in the areas of those tested subject, including math. “Consider that studies show that adding more instructional hours in math, science and English language arts doesn’t directly correlate to higher test results” (Whitmore, 2006, ¶ 11). What we need is not more quantity of studies, but a more effective quality. Teachers tend to teach they way they were taught, even just out of comfort and familiarity. Students do not have the background that their teachers have, and are not interested in what worked back then. A disconnect from teachers could be equivalent to a dismissive attitude toward education in general. Students cannot be expected to mold themselves to the teaching style, the teacher must find a way to teach to the student. 


This is especially true in high-needs schools. These schools are already getting an influx of money earmarked for technology from the federal government under the “Enhancing Education Through Technology” funds, part of Title II (Nagel, 2009). A recent study shows that 


in high-need schools, there’s been a 31 percent increase in the ‘innovative use of 
technology by teachers in core subject areas.’ What’s more, in these schools, the report 
found significant increases in reading and math achievement (17 percent to 33 percent in 
reading and 18 percent to 36 percent in math). (Nagel, 2009, ¶ 3)

Proposed Solutions to Thesis Problem


Constructivist principles like those used with music integration and technology could be the key to reducing the number of dissatisfied students, which will in turn reduce the number of dropouts and increase the effort given to study and test taking. It has long been an assumption in the academic community that students involved in extra-curricular activities like music and technology clubs were more motivated to achieve in school. Developments in music technology that make music theory and composition more accessible, like Apple’s GarageBand and Music Ace software, can utilize the best parts of both learning scenarios. Students using these programs must use higher order thinking skills to create and evaluate their works. This same learning can be applied across the curriculum. 


Instead of making students recite a definition or draw a square repeatedly, arts integration allows the student to “feel” the square in the music as the players perform in 4/4 time. Time signatures can lead to discussions of fractions and how they apply to everyday situations. Pitch is intricately related to waves and frequency. Acoustics and angles and geometry are all linked so as to be inseparable. Create songs and dances to accompany the movement of the planets as they orbit the sun. Use musical form to hear what symmetry and asymmetry sound like. The history and culture of a people are intimately involved in the creation of their music, explore where these sounds came from, when and why they are used, and how the people regard their music. Patterns are an easy introductory lesson that involves both music and mathematics. And if the students are really up for it, the Fibonacci numbers make quite an appearance in music if one would only care to look deeply enough.


Another innovative approach comes not from the field of education, but the video game industry: Wii Music. The pilot program that has been released into 60 schools across the country to help educators put instruments in the hands of children without the tediousness that often comes from the beginning stages of learning an instrument (Kalning, 2009). What Wii Music does is enable people to play an instrument much the same way as most people “air guitar” or play a fictitious instrument with nothing but air in front of them. “We have become an integrated, integral part of the operation of the system. And that…has taken the educational possibilities to and entirely new level” (Riedel, 2009, ¶ 1). This is more beneficial than it would seem. Players are graded at the end of each game or “jam session” depending on how well they kept up with rhythm, tempo and pitch changes. The listening and attention skills required to master this game will serve the students well, not only in music class, but also in other areas of the curriculum as well. 
Integration of Proposed Solutions with Current/Past Solutions


There are school districts around the country that have been piloting programs that celebrate and utilize the positive results of this research. One such program in Tucson, Arizona is called Opening Minds through Arts. This program invites professional artists, musicians, and dancers into the classroom on a weekly basis to integrate the arts into whatever the classroom teacher has planned for the week. 



By the third year, children who had been in the program since kindergarten were showing 
significantly higher scores in the state-mandated AIMS test and the national Stanford 9 
than those students without OMA in their schools. (Felt, 2007, ¶ 30).
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Figure 3.1. Opening Minds Results.


Figure 3.2. Opening Minds Results.

OMA is not the only example of successful integration of arts and core subjects. What is also desired is the integration of technology as well as the arts. For example, some schools are having students compose poetry, then use composing and midi software to set those poems to music, thus providing the school with a completely student-written musical. These may not be polished Broadway shows, but they are a fascinating and inspirational tribute to the limitless potential of a young mind.


Some schools are now receiving the morning announcements via a student-produced broadcast. And one would be hard-pressed to find an elementary level subject that has not been supported with mnemonics like songs to help remember everything from the order of the planets in our solar system to the multiplication table. These two could easily be combined to create a less stressful way to present information. Those individuals with a fear of public speaking have always dreaded oral report day, now with the help of the technology and arts teacher, this experience could be relatively painless. Prepare the report from the safety of the computer lab or home, add artwork, visuals, and music to add character and there is now a stunning example of student creativity and a helpful resource that can be used by incoming classes. 


While all this may sound a bit daunting to most educators, technology and arts integration can easily fit into any teacher’s methods. It can even “Enable teachers to strengthen their own preferred approaches” (Kleiman, 2006, ¶ 20). Once the teacher is comfortable incorporating the technology and arts into their lessons, the lesson will flow seamlessly through these sessions without a pause from lecture to computer visual, to musical integration, back to lecture, or whatever sequence is preferred. The best solution might be to make the students aware that creating these types of assignments is encouraged. Instead of simply writing a paper, allow students to turn in videos, musical compositions, podcasts, or other alternative assignments. 


Many schools are now requiring students to prove proficiency in technology as well as in core curriculum. Major projects at the end of the year are required to be delivered on PowerPoint or video format. But research warns,  “that technology is less effective or ineffective when the learning objectives are unclear and the focus of the technology use is diffuse” (Schacter, 1999, p. 10). Students need to see the technology relate to the content, not just because the district says you have to present it this way. It cannot wait until the end of the year to start incorporating these practices into the classroom. This will not produce the desired effect that can happen when technology is integrated successfully and intelligently into the curriculum. Technology and the arts both lend themselves to cooperative learning environments. Instead of banning all electronic communications, why not allow students to text and IM (instant message) for group projects? While spoken discussions often distract the class from topic, a running class wiki or blog could inspire several new theories or spark more interest in the given topic. These sorts of conversations lead to the “teachable moments” for which teachers strive in their classes.

Conclusions


By applying the study of music through the means of technology to the field of mathematics, educators can achieve better retention of knowledge and therefore better test scores. Schools that are now being forced to cut back on other important curriculum can now look at teaching math in a new and captivating way. This transition to use arts integration and as a part of developing the whole student can succeed in making even low-achieving schools become welcoming places for children to learn and grow into life-long learners who happened to excel on their 3rd grade standards-based assessment.
Suggestions for Further Research


While much research has been done to assess the justification for music in the schools, and also for the benefit of technology to learners, there has been relatively little to correlate this material between the two. Also lacking is the benefit of parental involvement on the overall affect of these two approaches.  


There is also reason to suggest that this approach not only helps in student retention of information, but also aids teacher effectiveness (Werner & Freeman, 2001). The difference is subtle, but teachers in their study were positively affected in two distinct areas: their concept of “how learning can take place within the classroom and changes in instructional choice” (Werner & Freeman, 2001, p. 2). This can be seen in areas from early childhood all the way through adult education classes and applies to all subject areas, not just math and music. By increasing the thought put into the daily activities, the effectiveness of the entire class and the engagement of the student is also increased.


There is also room for improved research into the effects of computer-based instruction in the classroom. Since this is a very broad subject, a very deep look needs to be taken at what kind of technology and what kind of interaction should be used to best encourage learning and engagement. The data that is coming to light is mostly anecdotal and based on limited observation by teachers in very individual situations. A farther-reaching study could guide instructors how to best implement these new strategies and how often they should be used for optimal improvement. 


Of course each child is different, so adaptations can and should be made to any generalizing statement. But why spend time fixing a system that has never been proven. Why not just tweak a proven strategy to fit each situation with as much knowledge as modern science can offer? Learning styles are a great way to tailor educational situations. Students who are musically gifted are probably going to learn better with a musical integration setting. Beyond that, does a visual learner automatically learn better sitting in front of a computer screen? What kinds of interactions best drive real learning and creativity? These are the questions that can easily be answered with a few more studies into student behavior and learning patterns.
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Appendix

Figure 2.1. Math scores by state.
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Compared with 2005, 2007 scores up in both grades. 


14 states (Delaware, Hawaii, Indiana, Kentucky, Massachusetts, Missouri, New Hampshire, New Jersey, New Mexico, North Dakota, Oklahoma, Pennsylvania, Vermont, and Virginia) and the District of Columbia improved at both grades,

2007 math scores improve at grade 4 only. 


8 states (Alabama, Florida, Illinois, Iowa, Montana, New York, West Virginia, and Wisconsin) improved at grade 4 only,

2007 math scores improve at grade 8 only. 


11 states (Alaska, Colorado, Idaho, Kansas, Louisiana, Maine, Maryland, Rhode Island, Tennessee, Texas, and Wyoming) improved at grade 8 only,

2007 math scores showed no significant change at either grade. 


17 states and the Department of Defense schools showed no significant change at either grade.

No states showed score decreases.

1Department of Defense Education Activitiy (overseas and domestic schools).




