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ABSTRACT

The purpose of this study is to explore the relationship
between music and spatial-temporal reasoning. Beginning
with the background of brain development and spatial
reasoning, the study specifically looks at the possible
relationship between music and mathematics. Additionally,
it examines the effects of listening to music while
engaging in mathematical activities.

The study introduces the reader to "S.T.A.R.", Spatial
Temporal Animation  Reasoning software, which is
integrated into the school curriculum of music and
technology at the second grade level. The study

concludes with a review of the positive impact of music
on reasoning abilities.
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CHAPTER 1
INTRODUCTION
Introduction

For decades, researchers have found that many adults
and children have difficulty understanding proportional
reasoning. They believe students in the United States
rely too heavily on language-analytic (LA) reasoning
skills, and neglect spatial-temporal reasoning. This
poses a problem for students in terms of mathematical
abilities when confronted with problem solving and
performing mental math tasks. Spatial-temporal (ST)
reasoning involves maintaining, transforming and
comparing mental images in space and time using symmetry
operations. These skills are important for students as
they determine how to use knowledge to reason.

One of the world’s most influential scientists,
Albert Einstein, referred to his dependence on ST
reasoning:

The words or the language, as they are written

and spoken, do not seem to play any role in my

mechanism of thought. The entities that seem

to serve as elements in thought are certain
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signs and more or less clear images that can

be wvoluntarily reproduced and combined....

Conventional words or other signs have to be

sought for 1laboriously in a secondary stage.

Einstein(as cited in de Montfort, 2001, p. 3).

The author's objective is to prove mathematical
benefits occur with the integration of spatial-temporal
reasoning into the second grade music and technology
curriculum. This will be shown by comparing the results
of pre and post standardized tests scores. A simple,
straightforward approach has been chosen to define and
introduce to the reader any concepts or terminology
considered to be technical or subject-specific. The
review of literature will contain a concise guide to the
anatomy of the brain in order to acquaint the reader with
basic information, and will include a discussion of the
thought process, the brain, and the brain’s development.
In the discussion section of this study, the positive

impact of music on reasoning abilities will be reviewed.

Statement of the Problem
Numercy skills are an integral part of every

successful adult’s repertoire; however, many of today’s
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students are scoring below average when asked to utilize

these same skills. This problem solving set of skills in
math has been seen as a significant portion of a
student’s ability to conceive and manipulate math
information. However, Wentzville West Elementary's
second grade problem solving scores on the 1999 SAT9 test
reflected only 13% of students scoring above average.
The 2000 SAT9 test scores showed 12% of students scoring
above average while the 2001 SAT9 test scores reflected
13% of students scoring above average. Over three years,
the test data reflects that over 70% of all second grade
students are not acquiring the necessary skills in order

to be successful in math problem solving.

Rationale for the Study

The purpose of this study was to determine if
the innovative program selected to increase student
problem solving skills was effective. The Musical,
Spatial, Temporal (M.S.T.) Math Program was selected
by administration following investigation of

innovative programs available in mathematics.
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Variables

1. Only second grade student were subjects of the
program.

2. Only students at East Elementary and West Elementary
were compared.

3. Numerous teachers were involved.

4. Wentzville East Elementary School was the control
group while the West Elementary was provided the

intervention program, MST Math.

Hypothesis

The implementation and utilization of the Musical,
Spatial, Temporal (M.S.T.) Math Program for the school
year of 2001-2002 will not increase the number of second
grade students at West Elementary scoring above average

on the spring Stanford Achievement Test assessment.

Limitations of the Study
1. The study compares only two schools within the
Wentzville School Districts utilizing the
program.
2. Socio-economic and demographic data are
comparable between the two schools in the

study.
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3. The study is focused on only second grade
students.
4. There was no control for student mobility.

5. The study is based on one year of data.

Definition of Terms

M.S.T. Math - Musical, Spatial, Temporal Mathematic. A
form of teacher mathematics that includes
the use of musical notation.

S.T. - Spatial Temporal reasoning relates to how
students see and manipulate figures in
space and time.

S.T.A.R. - Spatial-Temporal-Animation-Reasoning. A
mathematics, video game software.

L.A. - Language - Analytic Reasoning Skills. The

ability to dissect written language.

Summary

Wentzville is piloting a neurologically based
program, the Music Integration in Neural Development
(M.I.N.D.) Institute’s M.S.T. Math and S.T.A.R. Software
program. It is the hope of the District and the building
Administrators that this program can provide adequate
support to assist all students to be successful in

mathematics.
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CHAPTER TII

REVIEW OF THE LITERATURE

Introduction

For the past ten to fifteen years, neuroscientist
have been able to better understand how the brain
functions and how different methods of intervention
create changes in the architecture and anatomy of the
brain. New technology such as functional magnetic
resonance imaging (fMRI) that innovative, new programs
are being produced to help turn on the innate knowledge
that is imprinted in the human brain.

To grasp an understanding of how some new programs
are impacting education, one must first have some basic

information about the brain and its functions.

BRAIN ANATOMY

The organ that comes to mind when thinking about
creativity is the brain. Creativity is a higher function
of the Dbrain. It is best expressed in music,

mathematics, art, literature, and physics.
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According to de Montfort (2001), the brain is
divided into four main regions: the cerebrum,
diencephalon, mesencephalon, and rhombencephalon. The
cerebrum is the largest, accounting for 80% of the brain
mass and is responsible for higher mental functions. The
cerebrum consists of five paired 1lobes within two
hemispheres. Deep grooves and narrow openings divide the
brain into sectiomns. Figure 1 illustrates each segment
of the major areas of the brain.

The frontal lobes are located above the eyes. The
frontal lobe is primarily used for thinking processes and
verbal communication. It is located toward the front end
of the cerebrum. Concentration and decision-making are
thought to come from this area. It also controls the
voluntary movement of skeletal muscles. The frontal lobe
influences many functions including: conscious thought,
concentration, perseverance, judgment, attention span,
problem solving, organization, impulse control, critical
thinking, and express emotions (de Monfort, 2001).

The Cingulate Gyrus is the part of the brain that

allows attention to shift from one thing to another.
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Feeling safe and secure has also been attributed to this
part of the brain. Cgnitive flexibility is the term most
commonly used for this part of the brain. The Cingulate
Gyrus influences many other functions including:
consideration of different options, adaptability, and the
ability to cooperate. (de Monfort, 2001).

The temporal lobes are responsible for memory of
auditory and wvisual experiences. This particular 1lobe
interprets the auditory vibrations focused from the ear
canal. The left 1lobe 1is responsible for specific
functions including: understanding and processing
language, long-term memory, and categorizing objects. The
right lobe is also responsible for specific functions
such as: recognizing facial expressions, decoding voice
tones, rhythm, music, and visual learning. (de Montfort,
2001) .

The brain stem is often referred to as the
'Reptilian' or 'Primitive' Brain. The brain stem
influences many functions including: breathing, heart
rate and swallowing. It also controls sweating, blood
pressure, digestion, and temperature. These basic,
unconscious functions are also known as the Autonomic

Nervous System. The Autonomic Nervous System affects
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levels of alertness and the ability to sleep. (de
Montfort, 2001).

The two key components of the limbic system are the
hypothalamus, and the pituitary gland. The hypothalamus
regulates eating, drinking, sleeping, waking, body

temperature, balance and many other functions. It directs

the pituitary gland. Its wvarious functions include:
maintenance of appetite, and sleep cycles. It also
stores emotional memories, promotes bonding, and
processes sense of smell. (de Montfort, 2001).

BRAIN DEVELOPMENT

The brain is the only organ in the body that develops
from outside experiences. The brain has plasticity that
allows learning experiences to change and reorganize the
brain's structure and physiology. Several studies cited
by Pat Wolfe (2001), show actual structural changes in
various parts of the brain are dependent on the way in
which these structures were used. The changes were
observed in behavior as well as structure. This finding
has strong implications for education.

Learning is a matter of making connections between

brain cells known as neurons and the experiences students
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have. It is the experiences and involvement of the
student that can shape his/her brain structure over time.
People learn from seeing, reading, and hearing but the
strongest connections are often made through concrete
experiences.

According to the American Academy of Pediatrics (2002),
the first three years of a child' s life are critical for
stimulating the learning process. During this time, the
brain is influenced by environmental factors including
active communication between the child, parent, and/or
caregiver. Some important facts about the early
development of the brain are:

e The environment has a central role during the

first three years of life. Language skills are

developed during this critical period.

e Forty to sixty percent of the nerve cells die off
before birth because they do not find ways to
become connected to each other. Stimulation helps
build connections and lays the foundation for
higher order thinking. These connections must be

made during this three-year period.

e Personality development is further established
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through early interactions with parents. A
child's psychological tasks include understanding
that he/she is an independent being, learning to
trust, and mastering social and communication
skills. The quality of environmental interactions

may influence his or her success in these areas.

e Information and experience that are not important
are thrown out while meaningful data is kept.

e In order for new experiences to be used they must
be connected to previous ones.

e Early experiences impact on later abilities;
intelligence is not "fixed" by age 3.

e During puberty, physical and emotional
development create prime times for learning.

e Emotions strongly impact learning skills.
Motivation and positive feelings help in learning
while stress and negative feelings  hinder
learning.

Brain development can be translated into many different

forms. There are many types of intelligences. It is not
as simple as just the IQ. Peterson (2000) cited examples

of different types of intelligences including:
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linguistic or verbal, logical-mathematical, spatial,
musical kinesthetic, interpersonal, and intra-personal
intelligences.

Jay Giedd (as c¢ited in Peterson, 2000) of the
National Institute of Mental Health (NIMH) contested the
idea that physical brain development is almost complete
within three to four years after birth. He cited MRI
studies of teenage brains that showed a dramatic second
growth spurt in brain development.

The NIMH studies in the February 28, 2000 Newsweek

noted:

e Brain size may stabilize by age five but brain
growth and change continues throughout the teen
years in differing ways.

¢ Nerve cells aiding intelligence, consciousness,
and self-awareness continue to grow until a
person is in his/her 20s.

e Frontal lobes that aid self-control, judgment,
emotional maturity, and organizing and planning
ability start growing again at age ten for girls,

and twelve for boys.
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e Puberty stimulates brain focusing abilities and
expands if stimulated or shrinks if neglected.

e Each part of the brain controls and creates in
different ways. The parietal lobes control sight,
sound, and speech. The temporal 1lobes control
language and emotions. The hippocampus creates
memories, and the amygdala controls fear and

anger. (Peterson, 2000).

REASONING

Peterson (2000) stated that there are two types of
reasoning: Spatial-Temporal (ST) and Language-Analytic
(LA) . He indicated that both are crucial to how humans
think, reason, and create.

When looking at familiar documents, one is able to
identify certain components of the layout. Humans can
visualize and understand layouts as a result of
experiences. This is due to our spatial-temporal
reasoning capabilities. (Peterson, 2000).

Peterson (2000) further stated that spatial-temporal
(8T) reasoning is crucial in math. ST reasoning is
required in geometry, certain aspects of calculus, and

the ability to write mathematical proofs. Proof writing
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is a task that requires a sense of natural sequences and
the ability to think several steps ahead.
HIGHER BRAIN FUNCTION
Higher brain function may be defined as:
Those highest human activities requiring a
major part of the cortex, as well as
subcortical areas, for at least some tens of
seconds without necessarily requiring sensory

input. (Leng and Shaw 1991, p. 230).

TRION MODEL OF HIGHER BRAIN FUNCTION

There are many correlational reports about the
similarities among higher Dbrain functions such as
composing music, problem solving in mathematics, and
playing chess. In Leng and Shaw's 1991 model of higher
brain function, they proposed a link between music and
spatial-temporal reasoning. The model was developed from
the trion model, which is a highly structured
mathematical realization of the Mountcastle (Shaw, 2000)
organization principle (1978; 1997). In their model, the
columnar is comprised of mini columns, which can be
excited and used in memory as well as higher brain

function. According to the model, newborns possess a
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structured cortex, which has spatial-temporal firing
patterns in the columns of the cerebral cortex level.
These patterns can be excited and strengthened by small
changes in connectivity. Memory-firing patterns evolve
over time, have natural sequences related by specific
symmetries, and form the common neural language of the
cortex. The results were astounding to the researchers
when evolutions of the trion model firing patterns were
mapped onto various pitches and instruments producing
recognizable styles of music. (Grandin, Peterson & Shaw,
1998) .

The "built-in" ability of the columnar networks

recognize the symmetry relations among cortical firing

patterns in a sequential manner. This process is also
known as "pattern development”. These mental processes
may last from milliseconds to tens of seconds. An

example of a pattern recognition using a mental process
is face recognition. It 1is Dbelieved that face
recognition might be accomplished in some fraction of a
millisecond.

Music clearly involves the pattern development

concept, as does spatial-temporal reasoning. ST
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reasoning is best described as the ability to create,
maintain, transform, and relate complex mental images
even in the absence of external sensory input or
feedback. (Grandin, Peterson & Shaw, 1998).

Peterson and Shaw's (1998) recent studies have
demonstrated that sophisticated cognitive abilities are
present in children as young as five months. Musical
abilities are evident in infants and newborns less than
one month old. Music then may serve as a "pre-language"
(with centers distinct from language centers in the
cortex), available at an early age, which can access
cortical spatial-temporal firing patterns and enhance the

cortex's ability to accomplish pattern development.

MUSIC - MATHEMATICS RELATIONSHIP

Albert Einstein was moved by Mozart’s music and
wrote about the mathematical structure in the Sonata
(K.448) :

the art with which the two parts are made
completely equal, the play of the dialogue,

the delicacy and refinement of the figuration,

the feeling for sonority in the combination
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and explorations of the different registers of

the two instruments - all of these things

exhibit such mastery that this apparently

"superficial" and entertaining work is at the

same time one of the most profound and mature

of all Mozart compositions (Kendall 2000, p.

1) ..

Einstein believed music was an extension of the
thinking process and a way for the subconscious to solve
difficult problems. "Whenever he felt that he had come to
the end of the road or into a difficult situation in his
work," his elder son said, "he would take refuge in
music, and that would usually resolve all his
difficulties” (Kendall 2000, p. 12). He (Kendall, 2000)
also stated that patterns, mathematics, symmetry, and
music now seem to be linked to the brain's ability to
recognize symmetries and see how patterns develop in
space and time.

The researchers who linked these improvements to the
way the brain is organized conducted studies to develop
theories. Practice in one of these high-level areas such

as music has a direct impact on the efficiency with which
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one can learn mathematics. A variety of academic areas
rely heavily on spatial temporal reasoning; however,
activities involving this reasoning skill are almost
completely non-existent in the current educational
system. (Kendall, 2000).

Mathematics 1is about thinking, problem solving,
seeing relationships, and identifying patterns. These
abilities give one a method and framework for
understanding new concepts. It is these abilities that
are utilized in understanding music patterns. (Reid,
1995) .

Both music and mathematics have concepts and special
symbols. The definitions of musical keys and numbers in
both disciplines are  somewhat vague, unless one
understands what they mean. It is no different with a
musical notion like a minor key. Once a person knows what
it means, he/she can recognize and use it although he/she
cannot really define it. (Reid, 1995).

After four months of piano training, there was an
improvement in the ability of young children to
understand fractions and mathematics according to Shaw
and Rauscher (1998). When children learn the distance

between two notes, they are learning spatial
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relationships. When they learn rhythm, they are learning
ratios, fractions, and proportions - an eighth note is
half of a quarter note, which is half of a half note,

which is half of a whole note. (Kendall, 2000).

MATHEMATICAL ACTIVITY UNDER MUSICAL INFLUENCE

Background music 1is used in educational media to
pace action on the screen, accompany titles, impact mood
changes, and introduce screen events. Teachers often use
background music to calm children. Many people listen to
music while doing other things (i.e., driving, working),
which helps alleviate the tediousness of mundane tasks.
It may increase the amount of time an individual stays
on-task, and helps to organize information and thought
processes in the human mind. The research dealing with
background music facilitating or interfering with
cognitive processes or performance is largely
inconclusive. (Raburn & Tyson, p. 2-3). Reviewing these
studies in view of the neuropsychological model proposed
by Leng and Shaw (1998) may help explain Raburn and
Tyson’s findings.

Boettcher, Hahn and Shaw noticed that music seemed

to interfere with higher-level arithmetical thought. They
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suggested that this musical inhibition occurred “because
the same cognitive processes are used in both music
cognition and mathematical cognition” (Kimmel 1996, p.8).
Five of the professors interviewed mentioned that baroque
and classical music were ©particularly distracting.
(Boettcher, Hahn and Shaw 1994, p. 57). Additionally,
multiple regression analysis revealed that productive
technical writers were more likely to have background
music playing while they worked. (Kellog, R. 1982, p. 5).
This would suggest that the technical writing involved
the use of different cognitive processes than listening
to music.

Miller and Schyb reported significant interactions
between the test type, type of musical background and
gender. The studies utilized the spatial, numerical and
verbal reasoning subtests from the Differential Aptitude
Test Battery and Morgan & Deese’s reading comprehension
tests three to determine results. The subjects were
undergraduate psychology students (n=198). The music
background conditions were described as “classical,
popular without wvocals, popular with vocals, and a quiet
condition” (Miller and Schyb, 1989, p.46-49). The

researchers (Miller and Schyb, 1989) reported musical
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inhibition was only in the females’ accuracy scores in
the test of wverbal reasoning in the classical music
condition. Vocal and non-vocal popular music facilitated
accuracy in the females’ spatial and numerical test
scores and the male spatial test scores. They (Miller and
Schyb, 1989) also reported a significant facilitation for
females’ accuracy on the reading comprehension test in
the popular wvocal music conditiocn. No tests of
significance were reported in the differences of the mean
number of correct answers in any of the tests given.
Stratton and Zalanowski demonstrated that soothing
classical background music is more conducive to small
group verbal interactions than stimulating classical or
silence. Their study was comprised of sixty-nine
undergraduates who were self-selected into twelve small
discussion groups (4-6 members) on the basis of available
time slots. These groups were randomly assigned into
either the soothing music, stimulating music or silent
conditions. The subjects were told that the study was in-
group decision making. The groups were given a brief
story about a robbery and statements about the story.
The subjects were then asked to individually record

whether he/she felt these statements were true, false, or
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unknown. The groups were told they would have 20 minutes
to reach a general consensus for each statement. The
subjects in the soothing-music condition made
significantly more statements than those in either the
stimulating-music or the no sounds condition. The authors
suggested that this effect might have been caused by the
music putting the subjects at ease or helping the
subjects to focus attention on-task by masking extraneous
stimuli. The fast stimulating music may draw attention to
itself and away from the task at hand. Pearsall compared
the listening comprehension scores of 90 college freshmen
(not music majors) in the tonal background music, atonal
background music or no sounds. He reported students in
the tonal background music scored significantly lower
than those in the no music condition. (Pearsall 1989,
p-193). No other significant differences were noted.
About half the students in each musical condition
reported either liking or not liking the music.

Pearsall (1989) stated, "“Music in the present study
appears to exert its influence whether it was liked or
disliked” (p. 194). Twenty-two of the twenty-eight
(approximately 78%) students in the tonal condition

regarded Bruckner’s Symphony No. 7 1in E major as
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familiar. Twenty-one of the twenty-nine (approximately
72%) students in the atonal condition regarded
Schoenberg’s Five Pieces as familiar.
It is interesting to note suggestions made by Kimmel
(1996) in this regard.
Although Rauscher et. al. noted that the
“"Mozart-Effect” facilitation lasted only 10-15
minutes (Rauscher et. al. p. 45); considering
the above variables’ facilitating or
interfering effects on cognitive processes and
understanding this resonance or discordance in
light of the neurological theory of higher
brain function offered by Shaw and Leng; and
the cognitive/social environment presently
found on a school bus; playing music on school
buses on the way to school may increase
students’ cognitive and social performance -
particularly early in the day. Playing music
over the school’s loudspeaker system during
the changes of class periods may also exhibit

similar effects (p. 45).
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ENHANCEMENT OF ST REASONING BY MUSIC : THE MOZART EFFECT

The ideas of Leng and Shaw (2000) led to the
behavioral experiments to test the prediction that music
training at an early age would enhance the ability to use
pattern development in spatial-temporal reasoning.
Rauscher and Shaw (1997) reasoned that if the experiments
with preschool children would produce long-term
enhancements from music training, maybe listening to
specific music would give a short-term enhancement of
spatial-temporal reasoning. The striking Mozart effect
experiments showed that college students scored
significantly higher on spatial-temporal reasoning after
listening to the first ten minutes of the Mozart Sonata
for Two Pianos in D Major (K.448), but not after
listening to silence, a relaxation tape, minimalist
music, dance music, or a short story. (Grandin, 1998).

Leng and Shaw (2000) chose music of the genius
Mozart because he was exploiting the spatial-temporal
firing patterns in the cortex. The particular sonata was
carefully selected for its wuse of the features of
symmetries and perhaps natural sequences of patterns.

These dramatic experiments were the first to demonstrate
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a link for music enhancing spatial-temporal reasoning.
(Grandin, 1998).

Several other behavioral experiments exhibiting
variations of the Mozart effect are now in various stages
of progress. Shaw et al. have emphasized some of the
theoretical and experimental components of the Mozart
effect to guide researchers in designing experiments to
confirm and elaborate the effect. (Grandin, 1998).

Leng and Shaw (1991) developed a theory of higher
brain function based on the trion model (Shaw et al.,
1985; Shenoy et al., 1993; McGrann et al., 1994; Shaw,
2000) . From this theory they predicted a link between
certain musical forms and ST reasoning. The structured
trion model, based on Mountcastle's (1978; 1997) columnar
principle for cortical function, predicted that spatial-
temporal firing patterns would occur in families related
by symmetries. The models suggested that these memory
patterns could be enhanced through experience and evolve
over time in predictable sequences. The memory patterns
have a built-in ability using symmetry properties to
recognize, compare, and find relationships among patterns

(McGrann et al., 1994; Shaw, 2000). This ability was
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believed to underlie performance on spatial recognition
tasks, such as «classifying and recognizing physical
similarities among objects. The time development of these
memory patterns into specific temporal sequences for tens
of seconds allows for the performance of more complex
spatial tasks requiring spatial-temporal (ST) reasoning.
Although higher brain functions are typically associated
with specific, localized regions of cortex (whose
location depends on the task and specific knowledge
implicated), all draw upon a wide range of cortical
areas. Leng and Shaw (1991) predicted that exposure to
music might excite and enhance the cortical firing
patterns used in spatial-temporal reasoning. The present
research suggests music training of young children should
produce long-term enhancement of spatial-temporal
reasoning. (Peterson, 2000).

College students, following listening to the first
ten minutes of the Mozart Sonata for Two Pianos in D
Major (K.448), versus various controls, had a subsequent
short-term enhancement of ST reasoning (Rauscher, Shaw &
Ky, 1993; 1995). A subsequent EEG coherence study

(Sarnthein et al., 1997) gave evidence for a carryover
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from the Mozart Sonata listening condition to the
subsequent ST task in specific <cortical regions.
Functional magnetic resonance imaging (fMRI) studies
(Muftaler et al., 1999) comparing cortical blood flow
activation by the Mozart Sonata versus other music gave
striking results: In addition to expected fMRI activation
in cortical regions associated with music, substantial
activation was also found in cortical regions important
for ST reasoning. Neurophysiological studies (Bodner et
al., 1997) in primates confirmed the hypothesized
spatial-temporal firing patterns during memory tasks.
Still other recent behavioral studies have given support
for the model (Leng & Shaw, 1991; Shaw, 2000) and the
effect of Mozart Sonata K.448 on higher brain function.
These studies include neuropathological cases as well as
an animal model. In Alzheimer patients (Johnson et al.,
1998; 2000), listening to the Mozart Sonata enhanced
spatial-temporal reasoning. Exposure to the Mozart Sonata
reduced neuropathological activity in epileptic patients,
even in a coma (Hughes et al., 1998; Hughes, Fino &
Melyn, 1999). Long-term exposure (Rauscher, Robinson &

Jens, 1998) to the Mozart Sonata enhanced learning of a
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maze by rats; the enhanced performance lasted more than
four hours after the last exposure to music. (Peterson,
2000) .

Of more direct interest to education is the study
(Rauscher et al., 1997) showing that preschool children
who received piano keyboard 1lessons for six months
improved dramatically, with the effect 1lasting for
several days, on an age standardized ST reasoning task.
Appropriate control groups (including a control group
receiving English language training on computers) did not
improve significantly.

Rauscher et al. (1997) predicted that enhanced ST
reasoning from piano keyboard training could enhance the
learning of specific math concepts, in particular
proportional math, which is very difficult to teach using
the usual language-analytic methods. Graziano, Peterson &
Shaw, (1999) then used the S.T.A.R. software to teach
fractions and proportional math in a study involving 237
Second grade children. As predicted, children given piano
keyboard training along with S.T.A.R. training scored
significantly higher on proportional math and fractions

than children given control training along with S.T.A.R.
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Gains in conceptual knowledge were assessed using a
companion S.T.A.R. evaluation program.

A crucial 1link in their chain of research findings
has now been added. On the basis of the trion model, they
proposed that music will enhance mathematical learning
that exists through the innate ability of the brain to
engage in spatial-temporal reasoning and symmetry
operations. The successful behavioral, educational and
neurophysiological experiments cited above lend support
to this proposal. Leng and Shaw (2000) used the trion
model to explain the findings by Maher and Martino (1996)
in longitudinal studies of children's development of math
concepts using symmetry patterns. These children
developed and wused symmetry concepts without teacher
intervention. Clearly, much more research is warranted to
understand fully and exploit this channel by which
children can frame their growing understanding of
mathematics through symmetry operations. (Peterson,

2000) .

MUSIC AND INTELLIGENCE

Studies by Karma (1982) have reported correlations

between intelligence test scores and musical abilities.
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Karma reported an age and gender interaction in the
relation between musical, wverbal and spatial aptitudes.
(Karma 1982, p. 70).

Hassler, Birnbaumer & Feil’s longitudinal study
revealed another age and gender interaction correlating
creative music ability with spatial and verbal abilities.
(Hassler, et. al.1985, p.106 and 110-111). Studies by Raz
(et. al.) show a significant correlation between pitch
discrimination ability and SAT scores although the
subjects’ musical training did not correlate
significantly with pitch discrimination. (Raz, Willerman,
Yama, & Mark 1987, p. 203; Raz, Willerman, & Ingmundson, &
Hanlon, 1983,p.77).

Dreary noted a high and significant correlation
between the subjects’ scores on the Seashore Pitch test
(musical aptitude) and the scores from the test Raz (et.
al.) used in the 1987 study (n=108 secondary school
studentsg). Dreary also noted that scores from the
Seashore pitch test correlated with those of the Mill
Hill Vocabulary Test (verbal ability) and the Raven’s
Standard Progressive Matrices of nonverbal ability.
(Dreary 1994, p-203-4). As musical aptitude scores

significantly correlate with verbal, non-verbal and
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spatial aptitude scores, it 1is not difficult to
understand why musical achievement would also correlate
with intelligence test scores. This also lends support to
Dr. Burnsed’'s cbservation that bright children are self-,
teacher- or administratively- selected into musical

programs. (Burnsed,1996).

Pragmatist Viewpoint

Music education’s funding (regardless  of the
underlying philosophy) would benefit from proof that the
study of music increases a student’s intellectual
aptitude. A confirmed relationship between music
education and aptitude would be of special interest to a
Pragmatic/Referentialist curriculum developer, as music
selected for study would have a definite and knowable

intrinsic value. (Kimmel, 1996).

Neurophysiological Model

Shaw and Brothers noticed that when an orchestra
conductor, choreographer, and three dancers mentally
rehearsed a piece of music or dance, they were
extremely accurate in estimating the length of the
piece. The temporal wvariability was less than 2% for

some of their subjects. (Brothers & Shaw 1989,p.287).



Spatial Temporal Reasoning 32

Previously, Michon reported normal subjects showed
an average error of 28% in estimating a ten second
interval. (Michon, 1977 as quoted by Brothers & Shaw
1989, p. 287). Brothers and Shaw explain, “The poor
performance by subjects asked to estimate 10 sec.
durations we think arises from the fact that they
are not bringing complex neural patterning to bear
on the task” (Brothers & Shaw 1989, p. 288). They
state, “Our central thesis is that higher brain
function involving mental activity of substantial
difficulty for durations on the order of minutes,
requires extremely accurate timing for the organized
firing of groups of neurons over large regions of

cortex."”
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CHAPTER III

METHODOLOGY

Introduction

Student achievement and 1life-long learning is at the
heart of the teaching and learning process. The focus of
every elementary school is to help students attain higher
levels of understanding.

As a result of a Wentzville study group based upon how
the brain learns, various new, innovative programs were
investigated in terms of their design to impact learning.
Out of this study group, one member became acquainted
with Dr. Gordon Shaw and his program of M.S.T. Math.
Schools within the District were offered the opportunity
to participate in a pilot to determine if Dr. Shaw’s
program would make a significant impact on student
capability. East and West Elementaries both volunteered
to participate. The purpose of this experimental study
was to determine 1if the program available to help
students better understand mathematics, especially the

spatial temporal side of math, would impact test scores.



Spatial Temporal Reasoning 34

If the implementation of M.S.T. Math and S.T.A.R.
Software made a positive impact on student understanding
and manipulation of mathematical concepts, then they

would have achieved their goal.

Subjects

Second grade students at Wentzville West and East
Elementary Schools were chosen for the experimental and
control groups respectively. At both schools, all
teachers at the second grade level participated. Every
second grade student at both schools was involved in the
music keyboarding, the M.S.T. Math component, and the
S.T.A.R. Software.

Both groups were drawn from a combination of low-income
and middle-income areas of Wentzville based on the
demographics of the schools. West has an enrollment of
777 students while East has 726 students, so both groups
used in the study are approximately the same size.

The schools are within 10% of each other in terms of
low socio-economic students. Attendance is above 94% for
both schools. In terms of minority students, West has an
enrollment of 18% minority students while East has 20%.

Both are located in the central city area.
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Research Setting

The setting for this study was all second grade
classrooms at both East and West, the computer labs of
each school, and the music program taught by the same

teacher to all second graders.

Research Design

The research design was a comparison of growth as
indicated by pre and post assessments. Each second grade
class at West would be given the intervention utilizing
the M.S.T. Math and the S.T.A.R. Software while the
classes from East would receive regular instruction as
outlined in the curriculum guides of second grade math,
technology, and music. All teachers received in-service
concerning how to teach math using manipulatives and
incorporating hands-on mathematics instruction.
In order to implement the program, students at West
Elementary began the M.S.T. Math Program with the
S.T.A.R. software in the fall of the 2001-2002 school
year. All students were given the SAT9 assessment in
September in order to establish a baseline of ability by

class.
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Research Procedure

Each student in the experimental group listened to
Mozart’'s 448 and was given piano keyboard training. This
musical training occurred Tuesday and Thursday for forty-
five minutes daily and was delivered by the music
teacher. The same music teacher taught the control group
music using the regular vocal and instrumental music
curriculum as outlined in the District Guide.

The students in the experimental group were provided
computer training using the S.T.A.R. software twice a
week for forty-five minutes each session. Records were
kept that tracked the students’ ability acquisition. The
control group had the same amount of time in the computer
lab, but wused basic software provided through the
traditional curriculum as outlined in the curriculum
guide for technology for second grade.

The fifth day of the week, the experimental group
students were taught math equations wusing musical
notations. The control group students were exposed to
only the traditional math lessons for second grade and

did not get the additional musical mathematics.
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APPENDIX A

STANDFORD ACHIEVEMENT TEST RESULTS

COMPARISON OF 2ND GRADE SAT9 SCORES (West Elementary)
FALL 2001 - SPRING 2002

'Word Study Word Reading Problem
Skills Reading Comprehension Solving
SS NCE [GROWTH |SS INCE GROWTH |SS INCE GROWTH |SS NCE |GROWTH
WEST ELEM. /1557486 5 546148.9 5 553148.6 5 547 43.1 5
4/2158049.5 577149.7 597 |54 586/51.9
TEACHER A Y/1P96049.9 5 54147.2 5 545423 5 50543.9 5
4/2158852.8 574148.4 594/52.6 58551.4
TEACHER B Y/1PS547.8 3 545149.3 5 55950.7 5 560 50.4 5
4/2|575447.3 577149.8 59754 596 56.8
TEACHER ¢ /11951453 5 53946.8 5 55649.7 5 54944.2 5
4/21593150.5 57348.1 601[55.7 58349.9
TEACHER D ©/1P95848.6 3 53745.6 5 54847 5 55045.5 5
4121568 45.4 57247.5 595531 584 50.5
TEACHERE Y1p7153.7 3 557 52.6 5 55649.9 5 53938.8 5
4/21584151.2 592155.8 600155 58651.4
Math T
Procedures Language Environment Listening
SS |NCEIGROWTH SS NCE|GROWTHSS [NCE GROWTH SS INCE|GROWTH
WEST ELEM. Y1 P13 A7.1 5 53138.2 5 57349.4 3 59169.2 5
4/2 1564 [52.8 56446.7,  58147.7 51052.4 ]
9/1 505 43.9 5 53037.8 5 573150.4 3 598/53.8 3
TEACHER A
4/2 1656 49.4 564146.9 57946.2 609/51.6
TEACHER B [P/1 530 553 4 53942.8 5 576(52.3 5 59853.8 3
4/2 1569 [55.3 56949.7 590/53.7 60851
9/1 520 [50.6 5 529136.7 5 56544 3 58142.2 5
FEAERC 4/2 573 57.1] 56447.3 575442.9 608/51.3
9/1 512 147.3 5 53540.8 5 576/51.4 3 59149.3 5
AR E 4/2 561 |51.4 557429 582148.1 61555.7
HTEACHER E /1 507 @442 5 531/38.5 5 57551.4 3 592149.9 5
42 561 |51.4 56446.8 582148 61152.1
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COMPARISON OF 2ND GRADE SAT9 SCORES (East Elementary)
FALL 2001 - SPRING 2002

Word Study 'Word Reading Problem
Skills Reading Comprehension Solving
SS INCE GROWTH |SS [NCE [GROWTH |[SS |INCE |GROWTH |SS [NCE [GROWTH
9/1/558 48.9 3 547149.7 3 55950.6 3 556 48.3 5
ARG ELEM. 4/2 574 47.5 577149.6 588 49.6 592 54.8
9/1/564 51 3 53645.9 5 547 146.4 5 564 52.7 5
REACRGER 4/2/571146.3 57850.4 583147.8 608 162.3
9/1/54846.2 5 55151.1 4 556 49.6 |5 558149.9 |5
TEACHER B
4/21574 47.6 581151.1 597 53.7 588 52.6
9/156150.4 |1 51940.3 5 53341.5 5 542140 |5
FEASHERT 4/2 554 39.5 557 41.1 573142.6 572143.9
9/1567956.3 3 557 52.6 3 57656.8 3 564 52.5 3
FHACHERE 4/2 587 52.4 57949.7 59250.9 585151.1
TEACHER E 9/11560 49.6 15 55963.3 5 583569 3 56854.9 5
4/258551.7 592 155.8 596 53.2 61164.4
Math
Procedures lLanguage Environment Listening
SS NCE|GROWTH[SS [NCE/GROWTHSS INCE GROWTH|SS INCE.GROWTH]
EAST ELEM. 9/1 51548.3 5 5421446 '3 571148.3 4 60255.7 3
4/2  |560/50.9 55742.2 | 582148.3 61353.7
9/1 |52753.8 |5 548148.6 13 578(52.7 3 60860.3 3
TEACHERA 4/2 57558 556141.8 588[52.2 61656.4
9/1 |51849.55 5421442 3 578/51.4 3 60859.3 3
bt 4/2  156351.6 557 42.1 585150.1 ]§195?.1
/1 49739.7 3 52132.7 3 564427 3 58142 3
TEAHER & §i2 528 36.6 540(30.4 572411  159341.3
9/1 6134725 558154.1 1 569/47.1 4 611/61.13
FEAGHERD 412 1563/52.4 55642.6 58047.1 620/58.2
TEACHER E 9/1 [53758.33 55552.6 5 58055.6 3 62470.1 [1
4/2  |575/57.6 576(54.5 587/51.8 61756.9
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APPENDIX B

FIGURE I
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