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Abstract:

The purpose of this study was to investigate the effect of listening to the music of Mozart on improved
knowledge of spelling as measured by Test of Written Spelling, 3 rd edition (TWS-3) gain scores. Two
public school classes of fourth grade students were given the TWS-3 as a pretest. Over a twelve-week
period, the experimental group listened to 30 minutes of the music of Mozart during a silent reading
period prior to receiving instruction in the Cast-A-Spell spelling program. The control group engaged
in spelling lessons without listening to music. After the twelve week treatment period, the students
were administered the TWS-3 posttest. Mean comparisons and t-tests proved the groups to be
statistically equivalent at the beginning of the study in regard to gender, age, knowledge of spelling,
and overall academic achievement. At the end of the treatment period, the results of a t-test established
that there was not a statistically significant difference between the two groups in fourth grade spelling
test scores as measured by the TWS-3. The significance level of the t-score equaled .081 and was tested
at a .05 a level and approached significance. The students in both groups were classified as high
achieving, average achieving, or below average achieving on the basis of their third grade CTBS total
score. An F-test between the three achievement levels indicated that the treatment was not statistically
significant between the achievement levels. The most compelling finding of this study was the
interaction between treatment and achievement levels across the groups. It was found that low
achieving students in the treatment group made significant gains in spelling knowledge as measured by
the TWS-3. As improving instruction and learning is the goal of every educational program and
strategies to assist all students in the assimilation of curricular knowledge and skill are in demand,
academic leaders might wish to consider the possible benefits of music on cognition and behavior. It is
recommended that research in this area be continued to achieve a more complete understanding of the
role of music in daily memory and its implications to impact other spatial-temporal tasks.



THE MOZART EFFECT

AND FOURTH GRADE SPELLING TEST SCORES

by

/

Laurie Jo Howard

A thesis submitted in partial fulfillment
Of the requirements for the degree

of -
Masters of Science
in

Elementary School Administration

MONTANA STATE UNIVERSITY - BOZEMAN
Bozeman, Montana

Fuly 2000




© COPYRIGHT

By

Laurie Jo Howard

2000

All rights reserved




APPROVAL

Ofa thesis submitted by

Laurie Jo Howard

This thesis has been read by each member for the thesis committee and has been
found to be satisfactory regarding content English usage, format, citations, bibliographic
style, and consistency. It is ready for submission to the College of Graduate Studies.

Dr. Joanne Erickson
(Signature)

Approved for the Department of Education

Dr.Gloria Gregg SA?-

[ (Mignature) Y 7w

Approved for the College of Graduate Studies

Dr. Bruce McLeod
(Signature) Z

bate '

7/24/co
/bate”

Date



STATEMENT OF PERMISSION TO USE

In presenting this thesis in partial fulfillment of the requjrenients for a master’s
degree at Montana State University-Bozeman, I agree that th.e Library sha.il make it
available to borrowers under rules of the library.

If T have indicated my intention to copyright this thesis by including a copyright
notice page, copying is allowable only for scholarly purposes, consistent with “fair use”
as prescribed in the U.S. copyright Law. Requests for permission for extended quotation
from or reproduction of this thesis in whole or in pérts may be granted only by the

copyright holder.

Signature%m ) ﬂ% /}74«@16(/
Date % Q.L/ 2 0O | :




iv

TABLE OF CONTENTS

1. DEVELOPMENT OF THE PROBLEM

INtrodUCHION. .. ..o et e 1
| (0153 (53 1 T S PSPPI 3
PUIPOSE. . ettt eeienii ettt neas 3
Research QUESLIONS. .. uvuuerneeieeeieeiat ettt raeteaeetereeeeseenens 5
Definition Of TeImMIS. .ouvinieeieree et 6
SUIMIMIATY ..+ vt eeeeeeetnstneeuesnesnsansensnaeneesunanneansausnaeesaneennsanneanesaenans 7

2. REVIEW OF THE LITERATURE

INtroduction. .....oovieiiiiiiiieiire e e eeee e e eeeaeeeteeteeeneereeeeeenraneanaas 9
Braln BasiCs. . veeniiiiiiiiii i i o er ettt ee e et earateearaesaanas 10
The “Mozart Bffect”. ...cveriiiiiiiiiiie i erererieereeenenecaneanns eeeriieeaenn 16
Music and the ADD/ADHD Paradigm........cc..oeeiuennnnnnes e 28
Commercialization of the Mozart Effect........coooviiiiiiiiiiiiiiiiiiiieenee. 29
Failure to Replicate the Mozart Effect........c.cccoeviiiiiiiiiiiiii, 32
] o<1 1117 ST 36
N1 10111071 ST 38

| B31u(oYs L1615 (o) s T PPN 39
Cast=A-SPell .. et 39
POPUIALION. . e eeeneneneiieiiei ettt e et e e e 41
NF 1111s) (T U OU TSP 41
Independent Variable..........ccoveininiiiiiiiiiiiiic e weeeenans .45
Dependent Variable.........ovviiiniiiiiiiiiiiiiiii e 45
Research Questions and Hypotheses...........ivoeviiiiiiiiiiiiiiiiinnn, 45
| 3130 11113 1) S P 47
Validation. ... eueneeeiieiin ettt eaas 49
| 30 E L VA R ereeeereaaaen 51
Research Design....couvneeinieiiiii it 53
Data Analysis StrateY ... cueueneiereruiuininiiiieiiiiiiiiiiiiiteeerreerraeseen 54
Alpha Level . ooiene i e 55
N101a1) 11721 o 2 55

4. DATA ANALYSES AND FINDINGS

Introduction........c...cceuenneee. ettt en e eeeneee et ranes eeeererieaes 57
Data Analysis FINdings........ocoeeeveeeiiiiiiiiiiiiiniiiiiiiiiiiineaeane, erernens 58
Comparison of the Groups............ccceeninie. N 38
HYypothesis 1..c.cuiniiiiiiiiiiiiiiiiiiiii e 58

Comparison of the Achievement Levels of the GIroupS. . .veneneeereininiiaennne 60




Comparison of Growth in Spelling Knowledge

in Groups at the End of the Study..........cooveiiiiiiii 62
HYPOhESIS 2...uuviiniiiiiiiiiiiii et 62

Comparison of Spelling Achievement Between

Groups at the End of the Treatment Period..........ccocoeveiiiiiiinniine eeee 65
Hypothesis 3....ccoeeeriiiiiiniiiiiiiiinieienns e ereneerareeeaaeteaaaans 65

Comparison of Spelling Achievement in -

Relationship to TWS-3 Gain/Loss Scores............oeuvenee. et 66
HypothesiS 4.......ouininiiiiiii e 67

Comparison of the Treatment and

Achievement Level by Gain/Scores...... TP 68
Hypothesis 5...cuevnenriiiiiiiiii e e 68

N1V1e 11001 o 2O PR PR TR 70

5. SUMMARY, CONCLUSIONS, DISCUSSION, IMPLICATIONS,

AND RECOMMENDATIONS ............... ettt eeerarie et eaaas eeeeans 71
Summary of the Study.......covevininiiiiiii 71
CONCIUSIONS. .t eteetereneententeaneenneaneentsestntaessrtassesssssmmmassssseescsnsanness 72
DISCUSSIONL <+ e v v e eeeeeenenrneneenesarsenernssasasnsanarnentaeessnetanenenennssnesnsassses 74
5y o) ST 10 1 UL U PR PE RO 76
Recommendations for Further Research..........cocoviiiiiiiiiiiiiiiiiiiiii 78

REFERENCES CITED....cuuiuttitiiiiieeieereaarrettiieeaaseeenseneassneasansessansaesaes 79
APPENDICES. ...t itititiiietitrrraaneeraaeraretateneestorrernnesssaasatsaanssseseocassssns 84
PN 3]0 1 1 U w0 T T PRI 85
Teacher INVeNtory......occvvviiiiiiiiiiiiiiiiiiiiiieens. Ceeneeraeneeaneaeeneeaaraarn 86
1= 1T & - g g PP PP TS 87
Testing Instrument..........occoeevniiiininnns weveeecraaterabiesianee e eneeraenaeeas 87

Test of Written Spelling Record-Sheet.........cooiiiiiiiiiiiiiiii. 88
TWS-3 Summary Response Form..........coooviiiiiiii 89
Section VI. Response Form: Predictable Words........c.coveeviiiiiiiiiiniinninninne 90
Section VI. Response Form: Unpredictable Words............ccoooeeeiiiiiinn. 91
Predictable WOrdS. .. ..oeveneeeiirieeeeeiiiiiiiintiiteieeiarasrasrsesneeeneaeaaanes 92
Predictable Words Continued..........ccocoveiiiiiiinnnnanen.. N 93
Unpredictable Words............coceeninnin. et teeratereanteneeaeaaenesasaaaeanaes 94
Unpredictable Words Continued..........ocuvevniriirimmninrieieenn 95

Table A Predictable Words: Converting Raw Scores to Standard Scores......... 96

Table A CONtIMUEA. .. .uverieerenreeieire ettt iiiiretteeeaeeeanrarenenenenss 97

Table B Unpredictable Words: Converting Raw Scores to Standard Scores...... 98

Table B CONtINUEd. ...veereieninniiirnerieeniiiieiiiraerterrsenestearanrnaansanianss 99

Table C Total Words Converting Raw Scores to Standard Scores................. 100

Table C CONtINUE. . onnveeneeneeeeeeeeeeeeeeeeanerossernesarsaseenssssnsensassnsnneens10]




vi
Table C Continued........cc.ceovevvveininnnnnn.n. eeeereeneaaan eeteertereeenreanan. 102
Table D: Converting Standard Scores to Percentiles.........covveeeeneenveenennnnnn. 103
Table E: Spelling Ages and Grade Equivalents.............cc.oeuviuiineinneennnnnn. 104

Table E: ContinuUed. ....ooouuiinetiieiit et e, 105




vii

LIST OF TABLES

Table

1. Group gender demographicC..........o.eviiuiiiininiiiiiiiiiiii e, crresenne 58
2. Pretest means of spelling achievement...............coooeiiiiiiii 59
3. t-test for equality of means between the control and experimental groups............ 60
4. Mean CTBS total scores for the contfol group and the experimental group......... 60
5. t-test to test achievement levels betWeen GroupS. ......ceeerreneerennserenenneereeeennnne 61
6. Mean age for control group and experimental group............. e s 61
7. t-test to test for difference in age between the two groups..........ococeviiiiiinininnn. 62
8. Pretest and posttest means for the TWS-3 in the control group...................ce.. 63
9. Comparison of pretest and posttest scores for the control group..........c...c......... 63
10. Pretest and posttest means for the TWS-3 in the experimental group....... RRTPp 64
11. Comparison of pretest and posttest scores for the experimental group............... 64
12. Posttest means for the experimental and control group............ e e——— 65
13. t-test for equality of means between the control and experimental groupsi e 66

14. Achievement distribution between above average, average, and below
Average students.........cocvevviiiiiiiiionnienennn. PN 66
15. Mean gain scores on the TWS-3 by achievement classification and groub. . eenane 67
16. F-test comparing means of groups by achievement level......................c..oe.. 68




LIST OF FIGURES

Figure
1. Interaction of treatment and achievement levels

..........................................




Abstract

The purpose of this study was to investigate the effect of listening to the music of
Mozart on improved knowledge of spelling as measured by Test of Written Spelling, 3™
edition (TWS-3) gain scores. Two public school classes of fourth grade students were
given the TWS-3 as a pretest. Over a twelve-week period, the experimental group
listened to 30 minutes of the music of Mozart during a silent reading period prior to
receiving instruction in the Cast-A-Spell spelling program. The control group engaged in
spelling lessons without listening to music. After the twelve week treatment period, the
students were administered the TWS-3 posttest. Mean comparisons and t-tests proved
the groups to be statistically equivalent at the beginning of the study in regard to gender,
age, knowledge of spelling, and overall academic achievement. At the end of the
treatment period, the results of a t-test established that there was not a statistically
significant difference between the two groups in fourth grade spelling test scores as
measured by the TWS-3. The significance level of the t-score equaled .081 and was
tested at a .05 a level and approached significance. The students in both groups were
classified as high achieving, average achieving, or below average achieving on the basis
of their third grade CTBS total score. An F-test between the three achievement levels
indicated that the treatment was not statistically significant between the achievement
levels. The most compelling finding of this study was the interaction between treatment
and achievement levels across the groups. It was found that low achieving students in the
treatment group made significant gains in spelling knowledge as measured by the TWS-
3. As improving instruction and learning is the goal of every educational program and
strategies to assist all students in the assimilation of curricular knowledge and skill are in
demand, academic leaders might wish to consider the possible benefits of music on
cognition and behavior. It is recommended that research in this area be continued to
achieve a more complete understanding of the role of music in daily memory and its
implications to impact other spatial-temporal tasks.




CHAPTER 1
DEVELOPMENT OF THE PROBLEM

“Music training is a more potent instrument than any other, because rhythm and
harmony find their way into the inward places of the soul.” Plato

Introduction

Because the English language is a compilation of words from many languages, it
lacks a predictable, systematic spelling system rendering it a difficult language to learn
and spell. The development of spelling skills has been linked to both phonemic and
phonological awareness. Over the yéars many strategies have been tried to assist the
learner of English to encode accurate spellings into long-term memory. The difference in
spelling éompetency can be attributed to the mental strategies utilized to learn the proper
spellings of a multitude of words. Successful spellers make use of three modalities when
learning to spell: visual memory, auditory memory, and kinesthetic memory.

It has been noted that music has been beneficial to help improve the performance of
children in a variety of subjects. Recently, researchers have discovered that musical
activity a‘nd other higher cognitive functions share inherent neural firing patterns
organized in a highly structured spatial-temporal code over large regions of the cortex
(Rauscher, Shaw, Levine, & Ky, 1994). According to Jensen, (1998), music can serve to
arouse £he brain. Depending on the type of music, thé activity of attentional
neurotransmitters can either increase or c.lecreas'e, serving to .prime the brain’s neural

pathways. According to Norman Weinberger (as cited in Jensen, 1998, p. 37), “An
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increasing amount -of research findings supports the theory that the brain is specialized
for the building blocks of music.” New findings indicate that the auditory cortex
responds to pitch and tones rather than mere raw sound frequencies. It appears that
individual brain cells process melodic contour. Jensen (1998) suggests that music may,
in fact, be critical for later cognitive activities. |

The utilization of music to facilitate the encoding of spelling words into long-term
memory is inspired by the well-publicized “Mozart Effect” study conducted by Rauscher,
Shaw, and Ky (1993) at the University of California at Irvine. Their original study
demonstrated that listening to a Mozart sonata brought about an increase of 8 to 9 points
on the spatial IQ reasoning subtest of the Stanford-Binet Intelligence Scale (Thorndike,
Hagen & Jer(.)me,‘1968). In their study, Rauscher et al. (1993, p. 611) determined that
“there are correlational, historical, and ‘anecdotal relationships between music cognition
and other higher brain functions.” Rauscher also suggests that listening to music may
very well be the siﬂgle cause of building intelligence (Jensen, 1998).

Research indicates that listening to Mozart before _te:sting is valuable. The research
contained in this study attempted to determine if there was a correlation between the
spelling test scores of fourth grade students who listened to the music of Moza.rt‘ prior to
receiving instruction in spelling over a 12-week period compared to fourth grade ‘students

who engaged in spelling instruction without listening to music.
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Problem

The problem addressed in this study was the relationship between listening to the
music of Mozart and the spatial temporal task of spelling. This study contributed to the
understanding of the relationship between music listening and spelling achievement. The
teaching of spelling is problematic no matter what methodologies are used. Research has
discovered that certain neural firing patterns are shared by music and other higher
cognitive functions.  Specifically, -this study sought to determine if there was a
connection between musical activity and proﬁciency'in fourth grade students’ ability to
encode correct spellings of the English language into long-term memory. The original
“Mozart Effect” study (Rauscher et al., 1993) study was conducted in a laboratory setting
with a single ten minute listening period immediately preceding testing. The results of
listening to the music of Mozart proved to be statistically significant. However the effect
endured for only a 10 to 15 minute period during which the subjects were involved in the
spatial task. This study examined the “Mozart Effect” on developing spelling skills over
a 12-week period to ascertain whether or not ﬁsteniné to the music of Mozart over an
extended period of time prior to engaging in instruction brought about long-term

improvement in spelling.

Purpose

The purpose of this research was to determine if listening to the music of Mozart
prior to engaging in spelling instruction over a 12-week period would result in a

statistically significant improvement in spelling test scores in fourth grade students.
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In addition to receiving spelling instruction as specified by the Cast-A-Spell Progfam
(Fontenault & Salter 1993), the treatment group was exposed to the music of Mozart for
30 minutes during a silent reading period prior to receiving the spelling lesson. The
music consisted of a variety of compositions by Mozart ranging from violin sonatas and
piano music, to orchestral compositions. Mozart’s compositions were played for the
students in the treatment group in order to ascertain whether or not the music of Mozart
‘primed’ the brain and provided a positive, nonspecific transfer across domains and
modalities. A study by Chan, Ho, & Cheung (1998) found preliminary evidence that
music training may have a long-term effect on verbal memory. The research .
methodologies in this study attempted to determine if passive listening to music rather
than overt music learning influenced the performance of fourth grade students in spelling
over a 12-week period.

Fourth grade students are generally nine or ten years old. Between the ages of 9 and
11, the bridge across the left and right hemispheres of the brain completes its
development. This permits both sides of the brain to reépond to an event simultaneously
which allows for more thorough processing of the information. Adcording to Campbell’s
(1997) research, the corpus collosum (the hemispheric bridge in. the brain) of musicians is
thicker and more fully developed than in non-musicians; Campbell contends that music
enlarges existing neural pathways and stimulates learning and creativity. The planum
temporale, located in the temporal lobe of the cortex, is also more pronounced in
musicians. This area of the brain appears to be associated with language processing and
might also categorize sounds, which Campbell suggests is a perceptual link between

language and music.




Research Questions

The purpose of this research was to determine is there was a difference in spelling
achievement between two fourth grade classes when one listened to the. music of Mozart
and one the other did not. In order to address the purpose of this research, the following
research questions were asked:

1. Was there a difference in spelling achievement as measured by the Test of Written
Spelling, 3™ Edition (TWS-3) between the control group and the experimental group
after the 12-week treatment period?

2. Was there a difference in spelling gains as measured by the TWS-3 among fourth
grade students with below average, average, and above average total CTBS scores?

3. Was there an interaction between treatment and achievement level as measured by
gain scores determined by the difference between TWS-3 posttest and pretest scores?
In order to answer to research questions the following aﬂalyses were conducted to

establish the equality of the two groups. |

1. Was there a difference between the control group and the experimental group in
gender, knowledge of spelling, academic achievement level, or age at the beginning
of study? This was tested by one comparison and three sub-hypotheses.

Comparison: Was there a difference in the number of males and females in the

control group and the experimental group?

1.1. Was there a difference in spelling achievement as measured by the Test of

Written Spelling, 3™ Edition (TWS-3) between the control group and

experimental group prior to the treatment?
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1.2. Was there a difference in academic achievement between the control group and
‘ experimental group ‘aé measured by their third grade CTBS total scores?

1.3. Was there a difference in mean age between students in the control group and
students in the experimental group?

. Was there a difference in gain scores between the groups at the end .of the study?

This was tested by two sub-hypotheses:

2.1.Was there a difference in spelling achievement from the pre-test to the posttest as
measured by the TWS-3 in the control group?

.2.2.Was there a difference in spelling achievement from the pre-test to the posttest as

measured by the TWS-3 in the experimental group?
Definition of Terms

The following definitions were used in this research.

Cast-A-Spell Program A spelling program developed by Diana Fontenault and
Norma Salter in 1993 that teaches students effective mental
strategies required in learning to spell the English language
well. It requires daily mental training utilizing auditory,
visual, and kinesthetic modalities to assist the student to
encode accurate spellings into long-term memory.

California Test of A nationally normed scholastic achievement test.
Basic Skills (CTBS)

Fourth Grade Student A person, usually between the ages of eight and ten
' enrolled in a public school, and in the fifth year of

instruction. Developmentally, fourth grade students are
beginning to establish mechanisms for concrete operations.
They are able to focus on academic and social
independence and utilize problem-solving techniques
applicable to daily living. Grade four students, being
inquisitive by nature, demonstrate self-motivation in their
desire to expand their knowledge and skill academically as
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well as socially. Some are willing to take risks to generate
their own solutions to problems that present themselves.

High Achieving Fourth A fourth grade public school student whose total score

Grade Student on the third grade CTBS was between 81 and 99.
Average Achieving A fourth grade public school student whose total score
Fourth Grade Student  on the third grade CTBS was between 66 and 80.
Below Average A fourth grade public school student whose total score
Achieving Fourth on the third grade CTBS was below 65.

Grade Student

Mozart Effect A scientific method that explains how the use of music can
improve memory, strengthen listening skills, and lead to a
more harmonious way of life.

Pre-cortical priming A phenomenon that takes place in the cerebral cortex of the
brain wherein the columnar networks of the cortex are
prepared for use or action by environmental stimuli, which
activate neurotransmitter firing across multiple areas of the
brain.

Test of Written Spelling A nationally normed spelling test administered through
3" edition (TWS-3) dictation that measures spelling competency for words that
' conform to rules and generalizations (predictable words)

and words that do not conform to rules (non-predictable
words).

Summary

This study focused oﬂ fourth grade students who were in their second year of
instruction in the Cast-A-Spell Program (Fontenault & Salter, 1993). It was designed to
study the relationship between listening to the music of Mozart prior to engaging in
spelling instruction a;1d improvement in spelling test scores as determined by a pretest

and posttest score on the TWS-3. It was inspired by the highly publicized “Mozart

Effect” which resulted from the findings of an innovative study conducted by Rauscher et
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al. (1993) at the University of California at Irvine. In the Rauscher et al (1993) study, 36

undergraduates from the psychology department scored 8 to 9 points higher on the spatial
IQ portion of the Stanford-Binet intelligence test after listening to 10 minutes of Mozart’s

Sonata in D major K488, for two pianos. In the original study, the effect lasted only 10

* 1o 15 minutes.’

Proponents of the findings claim that music can stimulate learning, improve memory
and strengthen listening skills. With their compelling findings, Rauscher et al.(1994)
propose that public schools make use of the Mozart Eﬁ'ect. when designing curriculums.
They advocate the implementation of educational methodologies that can optimize the
effect and integrate music training with standard higher cognitive traming. They go on to
say that further research is neeaed to add greater understanding of the neurophysiological
relationships existing between music and cognition.

Therefore the puipose of this study was to ascertain if there was a relationship
between listening to Mozart over a 12-week period prior to engaging in spelling
instruction and improved spelling performance on the TWS-3 by fourth grade students in

a public school setting.
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CHAPTER 2
REVIEW OF THE LITERATURE
Introduction

The intent of this study was to determine if there was a relationship between listening
to the music of Mozart prior to receiving spelling instruction and improved spelling in
fourth grade students as demonstrated by performance on the TWS-3, which was
administered as a pretest .and again as a posttest éﬂer a 12-week treatment period.

Music has been considered a tool to prime the brain’s neural pathways which serves
to alter the state of learners and can, therefore, affect learning. Jenson (1998), proffers
that music. can enrich the ability to le\arn in three ways: to serve as an arousal agent, to
act as a carrier of Words, and to prﬁne the brain for further stimulation. It has been
suggested that the symmetries and patterns attributed to music might be fundamentally
conriected to the symmetries and patterns researchers have tracked in their study of brain
waves. It is proposed that music taps into a structure inherent in the brain and might
ultimately be a kind of fundamental or prelinguistic speech (Linton, 1999). Because
Mozart was' composing at a high levei at a very young age, researchers determined it
more plausible that his music, more than any other, could tap into the brain’s inherent
.structure for patterns.

The data obtained in this study were used to determine if there was a relationship

bétween listening to the music of Mozart with its complex melodic patterns and improved
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performance in spelling among fourth grade public school students as measured by

posttest scores on the TWS-3.
Brain Basics

Recently brain researchers have discovered that musical activity and other higher
cognitive functions share inherent neural ﬁriﬁg patterns organized in a highly structured
spa’_cial-temporal code over large regions of the cortex (Rauscher, Shaw, Levine, & Ky,
1994). According to Shaw (Rauscher, et. al, 1994) “We suspect that complex music
facilitates certain complex neuronal patterns involved in high brain activities like math
.and chess. In 1993 Rauscher, Shaw, and Ky noted a temporary improvement of 8 to 9 IQ
points in spatial reasoning scores after subjects were exposed to a Mozart piano sonata.
Control groups heard a relaxation tape or nothing at all. The findings were subsequently
dubbed the Mozart Effect and have been used to suggeét that studying music will provide
long-term benefits. Proponents of the Mozart Effect contend that common neural firing
patterns may underlie these typically right-hemisphéric cognitive activities (Leng &
Shaw, 1991). A study conducted by Rideout and Laubach (1996), sﬁggested that the
ability of music to influence spatial performance occurs by its ability to facilitate specific
changes in brain state and associated EEG power.

Evidence such as that found by Rideout and Laubach (1996) indicates that certain
environmental stimuli serve to “prime” the brain for subsequent activities. A body of
research posits that exposure to complex musical cdmpbsitions excites qortical firing
patterns similar to those used in spatial-temporal reasoning (Nantai§ & Sche-]lenberg,

1999). Gordon Shaw (as cited in Spencer, 1998, p.23), one of the researchers in the
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original Mozart Effect étudy, believes that music modifies circuits in the brain, including
some that have no obvious connection with music. He says, “Music improves the
hardware in the brain for thinking.”  In order to more fully comprehend the type of
cortical priming referred to throughout this document, a review of brain basics is in order.

The adult human brain, on average, weighs about three pounds and is about the size
of a large grapefruit. It is comprised of 78% water, 10% fat, and 8% protein. Basically,
the human brain/mind has seven functions: sensory and perceptual, cognitive, planning
movement and motor coordination, feedback and evaluation of behaviors, motivational
and hedonic, learning, and memory. The three main parts of the brain--the brajr‘lstem, the
limbic system, and the neocortex--integrate to carry out these seven functions.

The brain stem is a finger-sized structure located at the top of the spinal cord. It
regulates basic body functions such as circulation, respiration, appetite, digestion,
sexuality, and fight-or-flight-behaviors. A small structure called the reticular formation
is located at the top of the brain stem. It is the regulator of consciousness,
sleeping/waking patterns, arousal, and attention.

Folded around the brainstem in the middle of the brain is the limbic system. It is
composed of several interconnected thumb-sized structures that emerge out of the
cerebral cortex. The limbic system is responsible for emotions, sleep, attention, body
regulation, hormones, sexuality, smell, and production of most of the brains chemicals
(Jensen, 1998). The limbic system structures that process emotion and memory are the
amygdala, hippocampus, gnd the thalamus and hypothalamus. The interaction of these
structufes plays an important role in processing both emotion and memory. This is key to

how learning takes place.
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The amygdala are two almond shaped structures that connect the sensory-motor
" systems and autonomic nervous system that catalogue emotional merﬁory. According to
Sylwester (1995), emotion is an important ingredient in many memories. Thayer (as cited
in Sylwester, 1995) found that memories formed during a specific emotional state tend to
be eésily recalled during events that provoke similar emotional states. Nantais and
Schellenberg (1999) conducted a study entitled, “The Mozart Effect: An Artifact of
Prefgrence.” Their findings indicated that improved performance on spatial-temporal
tasks is not a consequence of listening to music, but rather of listening to auditory
stimulus deemed pleasant or positive to the listener. The study points to the well-known
psychological phenomena discovered by Schachter (as cited in Nantais & Schellenberg,
1999, p. 6) that “emotional states consist of qualitative, cognitive aspects, with mood
associated with the former and arousal with the latter.”

The hippocampus is located next to the amygdala and converts important short-term
experiences into long-term declarative memories that are stored in the cortex. The walnut
sized thalamus sorts incoming information and serves as the brain’s relay station. The
adjoining pea-sized hypothalamus sorts internal information and regulates appetite,
hormone §ecretion, digestion, sexuality, circulation, emotions, aﬂd sleep.

The outer covering of the brain is the cerebral cortex and comprises a critical portion
of the nervous system. It receivés, categorizes, and interprets sensory information; makes
rational decisions; and activates behavioral responses. The cerebral cortex comprises
85% of the brain and is made up of six distinct layers of neural tissue that is generally
referred to as the gray matter. The cortex is organized into several hundred million

neural networks that are arranged in vertical columns of neurons and extend through the
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six cortical layers (Sylwester 1995, p. 47). Each such column processes a very small
segment of a brain function such as responding to a specific unit of sensory information
* in the surrounding environment. Adjacent columns may combine to form a module that
processes more complex aspects of the function. Axons extend down the column through
the cellular layers, then move horizontally along the white matter, a dense web of axon
connections beneath the gray matter. Eventually, the axons leave the white matter to
connect with neurons in a related nearby column or to project into another brain area.
These complex patterns of connected columns allow sounds to become phonemes that
become words that become sentences that ultimately make stories. Scientists believe that
complex cognitive behaviors are created from combinations of basic columnar units.
According to Wills (as cited in Sylwester, 1995, p. 49), “These columns, not individual
neurons, are the fundamental unit of structure of the cortex.”

The cerebral cortex is divided into left and right cerebral hemispheres connected by
250 million nerve fibers called the corpus collosum. The left hemisphere processes
information more in parts and sequentially while the right deals with wholes and is more
spatial. In the vast majority of people, the left hemisphere of the brain is dominant in the
production and comprehensioﬁ of language (Schlaug, Jancke, Huang, & Steinmetz,
1995). Imagery produced by positron emission tomography (PET) has documented left
hemispheric activation sites during phonological, lexical, or semantic language task
performance (Schlaug et al., 1995). Pantev et al. (1998) replicated the finding of Sclﬂaug
et al. and found that there is indeed a structural enlargement of the planum temporale of
the left hemisphere in musicians compared with non-musicians. Pantev et al. (1998, p.

813) went on to postulate that there is a “use-correlated functional property with cortical
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architectonics and raised the possibility that musical experience during childhood may
influence structural development of the auditory cortex.” Muéical novices experience
right hemispheric preponderances for melodic and pitch perception whereas musically
trained or gifted individuals process this information in the rléﬁ hemisphere. The study
conducted by Chan et al. (1998) reported, “ . . . that the left planum temporale regions 6f
the brain is larger in musicians than in nonmusicians.” Preliminary indications are that
- this is a result of a change in cortical organization, possibly resulting in better-developed
cognitive function in the left femporal‘ lobe than in the right temporal lobe in the brains of
musicians.  Likewise, .high-level mathematicians and chess players process in the right
hemisphere, whereas beginners process in the left hemisphere. The right hemisphere
deals with negative emotions and the left with positive emotions. Although differentiation
" of tasks does occur,' the hemispheres collaborate on most tasks, and the corpus collosum
synchronizes the activities (Sylwester, 1995).

Scientists have identified four lobes of the brain: the occipital, frontal, parietal, and
temporal. Located in the area of the forehead is the frontal lobe that is associated with
judgment, creativity, problem solving, and planning. The parietal lobe is on the top back
area and is responsible for processing higher sensory and language function. The
temporal lobes above and around the ears are responsible for hearing, memory, meaning,
and language (Jensen, 1998). As is the case with most brain functioning, the functions of
the lobes overlap.

Neuroscientists believe that learning begins in the brains cells themselves. There are
two kinds of brain cells; glia and neurons. The glia outnumber the neurons 10:1. They

carry nutrients, speed repair, and regulate the immune system. The neurons are
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responsible for information processing and converﬁng chemical and electrical signals
. back and forth. The neuron receives stimulation from its branches, known as dendx‘ites;
- and communicates to other neurons by firing as nerve impulses along an axon (Jensen,
1998).

Learning and memory are conjunct to neuroscientists. Hebb, (as cited in Jensen,
1998), posits that learning occurs when a cell requires less input from another cell the
next time it is activated. The functional connections between brain cells are their’
synapses. According to Jensen (1998, p.15), “The key to getting smarter is growing more
synaptic connections between brain cells and not losing existing connections.” Active
synapses are strengthened, and inactive synapses are weakened.

It is thought that the short-term memory process functions through temporary
synchronized firing patterns that emerge between related networks in the thalamus, a
structure in the limbic brain, anci the cortgx. The thalamus deals with the current
stimulation and the cortex with related mem(')ries. The more rapidly ﬁriné, synchronized
thalamus-cortex networks become foreground (stimulatory) information, and the less
active neural networks become background informational (contextual).

There are two types of long-term memory--declarative and procedural. The principal
brain mechanisms involved in processing declarative memories are the hippocampus in
the limbic system and the temporal lobes of the cortex. The hippocampus organizes the
information and the cortex stores it. Procedural long-term mem;)ries are processed in the
limbic brain structure known as the amygdala (the brain’s emotional center), the

cerebellum (located in the back of the brain), and the autonomic nervous system (which
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regulates circulation and respiration). Procedural memories almost always involve an

alteration of the muscle system.

The Mozart Effect

For centuries music has been held as one of the hallmarks of a éivilized society.
Human intelligence and its link to music have been the source of contemplation since the
classical discoveries of the ancient Greek philosopher and mathematician, Pythagoras.
Because music is constructed froml musical intervals that are defined by mathematical
ratios, Pythagoras argued that music was divine. Plato, in his attempt to describe the
perfect state in The Republic, suggested that music encodes ethical conduct into the
human soul and fosters harmonious societal relationships. The notion that music has
properties and powers that can sharpen the mind and transform the soul formed the basis
of Confucian civilization in China (Linton, 1999). |

Through the course of history, music has served many purposes such as coordinating
physical labor with a work song and keeping an army in step with a march. A melodic
phrase can assist in the memorization of the alphabet just as a bugle can signal a military
retreat. Music composed with the intent of aesthetic expression can induce emotional
self-reflection,. self-illumination, and expression. But can it excite and elicit supreme
powers of learning? Rauscher, Shaw, and Ky (1993, p. 611) state: “There are
correlational, historical and anecdotal relationships between music cognition and other
higher brain functions.”

In October of 1993, Rauscher, Ky, and Shaw submitted a “modest letter” to the

British journal Nature, describing their study to test the hypothesis that listening to
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classical music enhances spatial reasoning. They used a within-subject desién and
rotated 36 college students through 3 experimental conditions, each lasting about 10
minutes. The conditions were sitting in silence, listening to a highly repetitive minimalist
recording by Philip Glass, and the first movement of the Mozart Sonata in D, K448 for
two pianos. Following each treatment, subjects were administered a subtest of abstract-
visual reasoning from the Stanford-Binet IV Intelligence Test (Thorndike, Hagen, &
Jerome, 1986). According to their report, listening to the Mozart caused a significant
improvement of almost 9 IQ points in the spatial reasoning of college students. They
tempered this by adding, “The enhancing effect of the music condition is temporal, and
does not extend beyond the 10 to 15 minute period during which subjects were engaged
in each spatial task” (Rauscher et al. 1993). They discussed the need for more research.
Two replication studies conducted by Rauscher, Shaw, Levine, and Ky (1994), tested
the causal relationship between music and spatial task performance. The first showed
that listening to a Mozart sonata induced subsequent short-term spatial reasoning
facilitation in college students. The second was a continuation of a 1993 pilot study that
suggested that music training of three-year-olds provides long-term enhancements of
non-verbal cognitive abilities already present at significant levels in infants. As in the
pilot study, the group that studied music showed significantly higher scores on Object
Assembly tasks than those of the no-music control group. With their compelling
findings, Rauscher and others (1994) proposed that public schools make use of the
Mozart effect when designing curriculums. They advocated the implementation of
educational methodologies than could optimize the effect and integrate music training

with standard higher cognitive training. They went on to say that further research was
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needed to add greater understanding of the neurophysiological relationships existing .
between music and cognition.

Physicist Dr. Gordon Shaw (as cited in Carroll, 1999, p. 1), one of the researchers of
the original Mozart Effect on spatial-temporal reasoning study, said: “We have this
common internal neural language that we’re born with and so if yoﬁ can exploit that with
the right stimuli then you’re going to help the brain develop to do things like reason.”

Frances Rauscher,.one of the authors of the three previously mentioned studies, is a
former concert cellist and an authority on cognitive development. In an effort to support
her findings from the original study, she exposed rats to different types of audio
stimulation in utero and again 60 days after birth after which they ran a spatial maze. The
rats that were exposed to the music of Mozart completed the maze faster and With fewer
errors.  Subsequently, the brains of the rats were removed for neuro-anatomical
examination to deteme what had changed as a result of the exposure. She postulates
(as cited in Carroll, 1999, p. 1): “ . . . this intense exposure to the music is a type of
enrichment that h\as similar effects on the spatial areas of the hippocampus (associated
with the long-term cataloguing of factual memories) of the brain.” Should this prove to
be a causal relationship, the use of music to facilitéte the encoding of spelﬁng words into
long-term memory may prove to be an effective tool.

Rideout, Dougherty and Wernert (1998) performed a replication of the initial
Rauscher et al. (1993) studies in February of 1998 with results similar to the original.
They chose 32 adult subjects, divided into 8 groups, for their study. In their laboratory,
the so-called ‘Mozart Effect’ was replicated in the context of an examination of EEG

noﬁng the change in performance and then repeated with a larger sample. Both studies
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used paper-folding-and-cutting items from ’;he Stanford-Binet) as the dependent measure.
(Rideout et al., 1998). The first movement of Mozart’s Sonata for Two Pianos was used.
Though the tasks employed are considered a measure of visual reasoning, the
requirements for internal spatial manipulation are also clear. Analysis of the results
yielded reliably higher mean correct responses on the' spatial task with each music
stimulus.

Klein (1998) found that music could have a positive effect on the coordination of
children with special needs. Her study indicated that using Mozart’s music had a
facilitative effect on the ability of children to concentrate and perform with greater
coordination in science classes. A |

The research of Winner and Hetland (1999) claims that the study of the music of
Mozart improves the overall academic performance of children as evidenced by higher
S.A.T. test scores. A study conducted by Lewis Thomas (Miller & Coen, 1994)
examined the undergraduate majors of medical school applicants. He found that 66% of
music majors who applied to medical school were admitted--the highest percentage of
any group. Forty-four percent of biochemistry majors were admitted (Miller & Coen,

1994). |

Bolton (2000) reports that some students and faculty at Hudson Valley Community
College in upstate New York believe that people learn better whﬁe listening to the music
of Mozart and other composefs from the same period. In order to take advantage of these
claims, the school has established a Mozart Effect Study Area. A peaceful room in the
campus library features background music composed from approximately 1700 to 1825.

“A test run for a few weeks last spring showed a profound irnprovément in many

|
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students’ performances” (Bolton, 2000, p. 1). Freshman Ryan Naylor (as cited in Bolton,
2000, p. 2) said ‘he: “seeks out the Mozart Effect Study Area because it is quiet, relaxing,
and there isn’t a lot of disturbing activity. The music is there but it’s just in' the
background.” The librarian at the school agreed that the calm, quiet environment induced
students to really work.

Three groups of high school students volunteered to participate in a study to see if
listening to Mozart would bring about an improvement in test scores. Ten minutes prior .
to taking the same test, one group listened to pop music, a second group listened to
Mozart, and a third sat in total silence. The group that listened to Mozart scored higher
(Online Math Applications, 2000).

Gardiner, Fox, Knowles, and Jeffrey (1996) investigated if learning in first grade
children improved by arts training. Ninety-six first graders aged 5-7 years participated in
the study. Students were divided into two groups based upon Firs;—Grade Metropolitan
Achievement Test scores. The control group had the highér scores, and the test group
had scores lower than the control group. The test group received 7 months of training in
a music and visual arts curriculum that emphasized sequenced skill development on
visuospatial reasoning. At the end of the treatment period; the test group had caught up
on reading and was ahead in mathematics. The auihors (Gardiner et. al., 1996) sugéest
that the pleasure of arts promotes the acquisition of skills which in turn motivates the
acquisition of other difficult skills.

A study by Botwinick (1997) found that there was a gain on the spelling test scores of
first grade students when they listen to music just prior to receiving instruction in the

spelling of phonetically generalized words. The students in this study listened to the.
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classical music of Mozart, the baroque music of Vivaldi, and five symphonically
arranged Disney tunes over a six-week period. Even though the results were statistically
insignificant, students showed greater achievement when they listened to the music of
Mozart than when they listened to Vivaldi or symphonically arranged Disney tunes. The
findings (_)f the Botwinick study suggested that student motivation and interest were
increased when a musical listening period was provided prior to a spelling lesson. The
greatest improvement came when students listened to the music of Mozart. In her
conclusions, Botwinick (1997) sﬁggests that achievement in spelling test scores may be
improved if students listen to the music of Mozart prior to instruction in spelling. She
recommends additional studies conducted over a longer period of time to test whether or
not a statistically significant improvement in spelling test scores might be found.

In his book, Frames of Mind: The Theory of Multiple Intelligences, Howard Gardner
(1983) posits that the brain is intended to process seven distinct forms of intelligence. He
has subsequently acknowledged an eighth intelligence, the naturalist intelligence that
refers to the ability to recognize and classify plants, minerals, and animals. Gardner
(1999, p. 8) defines intelligence as, . . . the human ability to solve problems or to make
something that is valued in one or more cultures.” These intelligences allow innate
cognitive capabilities to focus on the important problem areas that confront the brain. As
in most brain functioning, Gardner (as cited in SylWester; 1995) argues that the seven |
systems are highly interrelated and yet each system is also autonomous in that distinct
brain areas are dedicated to processing its function. As the problems encountered in life
contain temporal, spatial, and personal elements, Gardner contendé the brain (primarily

the cortex) can effectively process these three types of challenges. According to Gardner
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(1983, p. 123), “. . . the localization of musical capacities in the right hemisphere has
suggested that certain musical abilities may be closely tied to spatial capacities.”

Gardner (1983) draws upon the work of Noam Chomsky to illuminate the significant
pa.rallgls between music and language. Gardner (1983) compares Chomsky’s analysis of
the generative structure of language to the generative aspects of musical perception and
production. Although not all aspects of language are directly analogous to music,
according to Gardner (1983, p. 125), “there do seem to be nontrivial parallels in the
modes of analysis which seem appropriate for natural language on the one hand, and for
Western classical music (1700-1900), on the other.” Gardner (1983) contends that
competence in one of the seven spheres of intelligence need not be related to competence
in others. He ’suggests that students who are having difficulty in a certain subject might
rely on tﬁeir strengths in other areas to overcome difficulties encountered in learning. He
advocates linking the multiple intelligences with a curriculum focused on understanding
in an effort to catapult students to a higher level of comprehension and skill.

In an interview with Scherer (1999), Gardner said: “I advocate teaching those
disciplines that will present to students their culture’s image of what is true and not true,
beautiful and not beautiful, ethical and immoral.” Three topics he would choose to focus
on are the Holocaust, evolution, and Mozart. As a child, Gardner was a serious piano
player whose favorite music was that of Mozart. In his new book, The Disciplined Mind,
Gardner (1999) makes reference to what he calls the existentialist intelligence. Gardner
explains to Scherer (1999) that: “ . . . this term denotes the human proclivity to ask

fundamental questions about life: Who are we? Where do we come from? Why do we
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die? What are some of the wonderful things of which humans are capable?” His answer
to the last rhetorical question is the music of Mozart. / ’ |

Why the music of Mozart? Drs. Rauscher and Shaw (as cited in Campbell, 1997, pp.
28-29) selected Mozart’s music for their research because, “Mozart was composing at a
young age and was exploring the inherent repertoire of spatial-temporal firing patterns in
the cortex.” The researchers also suggest that the complexity of the music is the key to
higher test scores (Miller & Coen, 1994).

In the 1950°s Dr. Alfred A. Tomatis, a French Ear Nose and Throat specialist,
developed a training method with the lofty purpose of being able to “reeducate the way
we listen and to improve learning, language abilities, communication, creativity and
social behavior” (Sollier, 1956, p 2). He established numerous centers in which his
method continues to be offered today, and claims for proven results abound. The Mozart
Effect, so named by Tofnatis, can be defined as the increase in spatial-reasoning
performance immediately after exposure to a Mozart piano sonata” (Steele, Bass, &
Crook, 1999, p. 1). According to Tomatis (as cited in Campbell, 1997), the music of
Mozart calms listeners, improves spatial perception, and facilitates clear, expressive
communication. In an attempt t’o explain why the music of Mozart seems to have unique
properties that elicit improved brain functioning, Tomatis points to the music’s pure
simplicity and high frequencies. He states that high-frequency sound energizes the brain,
releases muscle tension, and balances the body (Ostrander, Schroeder, & Ostrander
1994). Campbell cfedits Tomatis with demonstrating that Mozart’s music, above all, was
the most effective in calming, improving spatial perception, and allowing the listener to

»

“communicate with both heart and mind.” Tomatis’s theory evolved around the neuro-
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physiology of the listening process in a complex way that describes a connection with the
function of the ear and its connection with the voice. He claimed that high-frequency
sounds energize the brain, whereas low frequencies were draining. Much of his work
dealt with voice and ear training; such luminaries as Maria Callas came to him for help
(Sollier, 1996). Though Sollier claims the Tomatis method to be very effective and
quotes a number of studies as substantiation, it is not clear whether he has simply
included the “Mozart Effect” in a broader statement, or if he considers it significantly
establi-shed as a proven method for gaining long-term improvement in learning.

Long before Tomatis began his research, physiological research conducted in
Bulgarian and Soviet laboratories charted exceptional mental and physical benefits from
classical music. They found that the music of Mozart yielded high-power resuits in
facﬂifating learning. Lozanov developed a method of using music to accelerate learning
and enhance memory and called it “Suggestology.” He made a comprehensive study of
suggestion,l imagery, and relaxation. Music was used to create external conditions that
placed “ ... the students in the same state of ﬁlental pseudopassivity that they would be
at a concert—listening serenely to the musical program and to the new material being
given them to learn” (Lozanov, 1995, p. 269). He found that the use of background
music facilitated the learner’s ability to assimilate new material and demonstrated this
with the memorization of spelling, poetry, and foreign words. Lozanov found that the
best music for learning was that of the violin and other string instruments rich in
harmonic overtones and pulsing at 64 beats per minute. He found that certain music
could slow down brainwave activity to the alpha level of 7-13 cycles a second and bring

body rhythms to a more restful level. With his method of breaking up information into
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4-second data chunks against a background of instrumental string music, reciting the data
chunks improved overall memory and accelerated learning. Through the course of his
research, Lozanov discovered that brainwaves receivé concrete information in both
highly sﬁmulated and extremely relaxed states. Lozanov (as cited in Cémpbe]l, 1997,
p.183-184) concluded, “When information is coded in both the conscious and
unconscious minds access to memory is far greater.” Students find Suggestopedic
sessions to be a source of aesthetic pleasure.

Ostrander, Schroeder, and Ostrander (1994) capitalized on the earlier physiological
research in Bulgarian and Soviet labs and developed their own “Superlearning”
techniques to accelerate learﬁng and enhance performance. To maximize leaming the
“Superlearning” program advocates the following techniques:

1. Get into a stress-free, “best” mind body state for what is to be done.

2. Absorb information in a paced, rhythmic way.

3. Use music to expand memory, energize the mind, and link to the subconscious.

4. Engage the whole brain, senses, emotions, and imagination for peak performance.

5. Become aware of blocks to learning and change, and then flood them away.

Lozanov noticed that music helped to regulate heart beat and blood pressure. Like
Lozanov, the “Superlearning” technique advocates slow Baroque music with a 60 beat
per minute tempo to open a communication link to the subconscious mind, expand
memory, and harmonize right and left brain. To the contrary, up-tempo high frequency
music gives a powerful energy boost to the cerebral cortex to help che{rge up and
rebalance the brain and body. “Research shows that after listening to high-frequency
music for a certain length of time; the brain seems to become harmonized, energized, and

sharpened” (Ostrander ef al., 1994, p. 127). When reading téxtbool_cs and noting key

material, Lozanov advocates the music of Mozart and Beethoven because meshing text
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material with this particular music linked right and left hemispheres of the brain and gave
the data a global imprint in memory (Ostrander et. al., 1994). Relying upon the research
of Lozanov, the “Superlearning” technique advocates learning with these two specific
kinds of music to speed learning 2 to 10 times.

Research conducted by Iwanga, (1995) indicates that subjects tend to prefer tempos
close to those of their own heart rates. Burke and Gridley (1990) conducted a study to
ascertain the relation between listeners’ musical sophistication and musical preferences.
The data they obtained corroborated the findings of others that familiarity contributes to
musical preferences. Listeners who had greater exposure demonstrated greater fondness
for the musical stimuh'- in the experiment.

Today more than ever, music is being credited with the power to raise performance
levels and productivity by reducing stress and tension. Campbell, who championed the
idea, is greatly responsible for the rapid spread of this popular notion. * In his book, “The
Mozart Effect” Campbell (1997) suggests exercises for using music to strengthen
memory and learning, boost productivity and performance, and even enhance romance
and sexuality. He further points to ways in which music has historically fostered
endurance, generated the feeling of well-being, promoted a sense of safety, and enhanced
unconscious receptivity to symbolism. It would appear that Campbell’s training is that of
a classical musician; there is little indication that his training in scientific discipline goes
to more depth than careful review of the literature. However, he has done his homework.
He draws from Plato’s Symposium as well as from Socrates to demonstrate that his
theories have been drawn from the ancients and have deep historic roots. His review of

work done at the University of Washington indicates positive effects of listening to light
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classical music. He states that the specific rhythms, melodies, and high frequency
qualities of the music of Mozart stimulate and “charge the creative and motivational
regions of the brain” as well as promote greater concentration for extended time periods.
It is clear that his research of existing support for his theses has been thorough.
Campbell quotes work of Tomatis extensively for his basis for proving causalit)y between
long-term improvement and exposure to music. This new craze for the Mozart effect
relies on its purported remedial powers to quickly improve intellectual skills. In his
book, The Raising of Intelligence, Spitz (as cited in Steele, Bass & Crook, 1999),
demonstrates how difficult it is to produce even a small, short-lived intellectual gain.
Upon consideration of the duration and depth of interventions typically implemented to
improve IQ, Spitz questions the potential of brief music listening to affect a significant
improvement in 1Q.

In 1996 Goehegan and Mitchelmore compared two small groups of preschool
children at school entry. Thirty-five were already involved in a “music program
treatment” and 39 had no musical experience. In both the initial study and a more refined
repeat of the study (that divided the group of children with prior musical experience into
those with and without home music), the positive effect of music was indicated. The
children were compared on the Test of Early Mathematics Ability-2 (TEMA-2). “Initial
results indicated that the music group had higher TEMA-2 mean scores than children
without musical experience.” In the follow;up study:

There were no differences in mathematics achievement between the comparison

group and the experimental group without music at home. The experimental group

with music at home scored higher in mathematics achievement than the experimental
group without music at home. Two home music activities were related to
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mathematics achievement: listening to their own music collection, and listening to a
family member sing to them. (Goeghegan & Mitchelmore, 1996).

In 1997 Cash, El-Mallakh, Chamberlain, Bratton and Li studied 34 adult subjects
administering a series of cognitive tasks in a fixed order (letter cancellation, Trails A &
B, Digit-Symbol, and Digit-Span recall). One group listened to 9 minutes of Canon in D
by Pachelbel and the other to Celeste, Movement Two by Bartok. “While the mean
performance improved after ﬁusic, the change was not statistically significant but was
consistently greater after the music by Pachelbel than by Bartok. These data suggest that -
one of the musical variables that affect cognitive performance may be the structure of the

piece. Longer exposure is likely necessary” (Cash et al., 1997).

Music and the ADD/ADHD Paradigm

Over the past 20 years, a paradigm has emerged in the United States and Canada to
try to explain why 3% to 5% percent of children in today’s schools have trouble paying
attention, concentrating, or sitting still. The paradigm suggesfs that such children have a
biological disorder called attention-deficit-hyperactivity-disorder (ADHD) or attention-
deficit-disorder (ADD). . Many strategies have been developed to assist regular and
special education feachers in addressing the needs of children who have specific attention
or behavior difficulties. These strategies encompass all domains of the child’s world:
cognitive, educational, physical, emotional, interpersonal, ecological, behavioral, and
biological (Armstrong, 1999).

Of particular concern in this study is the effect that listening té music might have on

the learning of a student with ADD/ADHD disorder. According to Armstrong (1999, p.
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94), music may prove to enhance the learning environment for children with attention and
behavior difficulties.” He quotes studies, which report that background recordings can
serve as a sort of “musical Ritalin,” providing the extra stimulation required by some
students who have been diagnosed with ADD/ADHD (Armstrong, 1999, p. 94). Previous
mention was made of the important effect music can have on mood, behavior, and
learning.

Armstrong advocates classroom experimentation to determine what music produces
the best effect on behavior and attention. He offers several suggestions for classroom
teachers to incorporate music into the educatioﬁal environment to facilitate learning not
only by ADD/ADHD students, but all students. Armstrong (1999, p. 95) is quoted as
saying, “. . . by choosing the right sounds for the classroom, you can help ‘soothe the

hyperactive beast’ and create a harmonious learning environment.”

Commercialization of the Mozart Effect

The researchers that led to the conclusion that Mozart makes you smarter were
professionally circumspect with their conclusions (Linton, 1999). However, the media
that sensationalized them were not. The ’impetus for this remarkable, wildfire spread of
the Mozart Effect notion was the original experiment performed by researchers Rauscher,
Shaw and Ky at the University of California at Irvine. According to Robert Todd C;clrroll
(2000) the enhancement this group had (iemonstrated was temporary, and the research
has never Been replicated. Though it appears that Shaw aﬂd Rauscher presented their
initial (1993) results in a modest and qualified way, they continued the research and as

Carroll describes it, “created an industry.” The Music Intelligence Neural Development
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Institute, as well as a book and a compact disc on the Mozart effect, is just a part of that
industry. According to Carroll (2000, p 2): “Shaw and Rauscher may have spawned an
industry, but the mass media and others have created a kind of alternative science which
supports the industry. Exaggerated and false claims about music have become so
commonplace that it is probably a waste of time to try to correct them.” Regarding
Campbell specifically, Carroll (2000, p. 2) calls him the “. . . Carlos Castaneda and P.T.
Barnum of the Mozart Effect.”

The widely reported findings of Rauscher and Shaw’s 1993 study have generated an
industry of supposedly mind-enhancing recordings as well. The original researchers
theorized that the music of Mozart primes higher brain functions because of its complex,
highly structured, and non-repetitive nature. Campbell has madé a huge business of
marketing of CD sets with specially selected music composed by Mozart. He claims the
music has been designed to help listeners benefit from the transformative powers found
in Mozart’s compositions. Several “Mozart Effect” CDs have been on the Billboard
classical charts since January 1998 (Will Mozart make you smarter? 1999).

Educators, apprised of the psychological work of Piaget and Erickson, are awaré of
the existence of developmental stages which exist in early childhood. “These stages are
windows of opportunity during which children, ages birth to six years old, are extremely
receptive to certain types or modalities of learning such as the preschool child's incredible
ability to learn language” (Clark, 1999, p. 1). Recent discussions in popular media, such
as Time and Newsweek, emphasize the importance of listening to music and early music
training to develop long-term connections and pathways inside the brain as an effective

means to improve the ability to learn throughout life. In 1998 former Georgia Governor
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Zell Miller gave a free compact disc or cassette tape of classical music to the parents of
all babies born in his state’s 100 public hospitals (Bond, 2000). His goal was to
capitalize on the purported life-long, developmental benefit of active association with |
music early in life. Governor Miller enlisted the expert knowledge of Atlanta Symphony
Orchestra conductor Yoel Levi t;)' help select the pieces for the recordings. The $105,000
initiative was voted down by the Georgia legislature. Governor Miller was able to get the
Sony Corporation to fund the project. The states of South Dakota and Teﬂneésee, as well
as the National Academy of Recording Arts and Sciences, also give away classical CD’s
to new mothers. They point to research claims that there are a number of extra-musical |
benefits from active involvement with music during the early developmental stages. It is
held that early musical experience has a positive effect on the acquisition of upper level
math and science reasoning skills and the development of analytical thinking in general.
Many are of the mind-set that listening to music lcan have more broad-sweeping
benefits. = These include the enhancement of self-confidence, growth in physical
coordination, greater poise, impﬂwed concentration, increased ability to focus 0ne”s
attention, greater facility in following directions, and an incfease in the ability to listen
attentively (Clark, 1999, p.1). An owner and avid user of such CDs plays them because
she likes the music and listening to it makes her happy. “I was intrigued by it because it
was a nice compilation. Who knows if it raises my children’s IQ?. Even if it doesn’t, I’'m

still happy with it” (Will Mozart make you smarter? 1999, p.3).
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Failure to Replicate the Mozaﬁ Effect

Jon Bruer, president of the James 'S. McDonnell Foundation, and a specialist in
cognitive science (as cited in Bond, 2000) points out that neuroscientists do not know
enough about how the brain works to explain the temporary 1Q improvement found in the
Rauscher and Shaw study. Bruer goes on to say that researchers are beginning to work
together to question the assumptions we have about the brain. Future findings may have
great implications for parents and educators about how to best facilitate leaming.

Band & Orchestra Product News published challenges of the validity of the Mozart
effect in October 1999. The magazine reviewed two articles published in the British
science journal Nature. Christopher Chabris of Harvard refuted the findings of Rauscher,
et al. He combined results of 16 related studies and found only a 1.5 IQ point increase
which he states is not statisticg]ly significant. According to Chabris: “There’s no reason
to believe that that wasn’t just caused by a randomness or statistical noise or due to
chance.” A second gréup of detractors, Steele, Bass, and Crook (1999) aﬁempted to
replicate the 1995 Rauscher et al. study as closely as possible. The results differed
drastically as Steele et al. were unable to produce the Mozart effect. Rauscher responded
by pointing out the differences in tasks and the fact that none of the Steele et al. studies
were actual replications of the original (B&O Product News, Oct, 1999). Even though
cognitive task performance‘ did not improve after listening to the music of Mozart,
participants did experience mood elevation upon hearing Mozart as compared to the
amelodic, repetitive seléction by Glass. Based upon these results, Steele et al. (199’9 p- 5)

suggest, “ . . . production of a performance difference indirectly through differences in
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mood or arousal must be differentiated from the direct neurophysioilogical priming effect
hypothesized by Rauscher el al. (1993).”

Rideout and Taylor (1997) speak to the inability of a 1994 replication of the Rauscher
et al. study conducted by Stough, Kerkin, Bates, and Mangan to produce an enhanced
performance on the Raven’s Advanced Progressive Matrices test after listening to the
Mozart Sonata in D major, K448 for two pianos. Another attempt by these researchers
using the Revised Minnesota Paper Form Board Test also indicated no enhanced
performance following exposure to the same Mozart composition.

Rideout and Taylor conducted a replication study using 16 subjects with the
dependent measure of paper folding and cutting, tasks with some of the items taken from
the Stanford-Binet Scale of Intelligence with the remaining items created to be similar.
Ten minutes of progressive relaxation was the control procedure and the treatment the
same Mozart Sonata used in the Rauscher et al. study. .Subjects rotated through
relaxation and listening to music. The effect of the music was consistent with the
findings of the original Rauscher et al. study; however, the influence of the music was
relatively subtle. Rideout and Taylor concluded that the Mozart effect was persistent but
not powerful.

The mability to produce a Mozart effect has taken place in maﬁy laboratories. In
defense of their findings, Rauscher and Shaw have “ . . . suggested ’Fhat failure to produce
a Mozart effect may be from carryover effects of the spatial reasoning pretest which may
interfere with the effect of listening to Mozart” (Steele, Brown & Stoecker, 1999).
According to Rauscirler and Shaw, an unpublished study found that when a verbal

distracter was inserted between the pretest and the listening, the Mozart effect was
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substantiated. Steele, Brown, and Stoecker attempted to confirm the results of this
unpublished study. When 206 college students were exposed to 1 of 3 sequences
involving pretest, verbal distracter, and Mozart, an immediate posttest indicated no
significant difference on solution of paper foldiﬁg and cutting items among the 3 groups.
Thus the researchers failed to support the findings of the original or unpublished studies.

Another attempt to replicate the Mozart Effect failed at the University of Western
Ontario. Psychology professor Keith Humphrey and his team of researchers found no
marked improvement in performance after brief periods of exposure to the Mozart Sonata
in D major K488 for two pianos compared to students who listened to relaxation music or
no music at all. He discredits Rauscher et al. in their claim that “ . . . listening to the -
Sonata and its two pianos weaving in and out activated the same neural circuitry in the
brain that is involved in spatial reasoning” (Western Today, 1999 p.1). They summarize
their efforts by saying the long-term effect of listening to Mozart has yet to be studied.

In an attempt to replicate and extend the findings of Rauscher et al.’s Mozart Effect,
Nantais (1997) conducted 3 experiments. The first replication took place in a highly
controlled environment in which subjects listened to Mozart or sat in silence prior to
engaging in a spatial-temporal task. In.thjs experiment the subjects who listened to
Mozart performed better than those who sat in silence. In the second experiment, a piece
by Schubert was substituted for the Mozart. Participants who listened to the Schubert
piece outperformed those who sat in silence. In the third experiment one group listened
to Mozart, and in the other group the silence was replaced witﬁ a narrated short story.

Spatial-temporal task performance increased based upon the listener’s preference for
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Mozart or the short story. Nantais concluded that the Mozart Effect “ . . . can be
explained by participant’s motivation and emotional state” (Nantais, 1997, p. 1).

Not only did Newman et al. (1995) fail to replicate the Mozart Effect as found in the
Shaw et al. study, they point out several shortcomings in the design, method, apd
interpretation of the study. According to Newman et al., the original study’s sample size
of 36 was inadequate to allow full rotation of subjects throughout the 3 experimental
conditions. They also suggested that the posttest-only design permitted ambiguous
interpretation of the results. They say it is unclear whether the silence and relaxation
music depressed performance compared to the Mozart having no effect at all or depressed
performance less. As there are only 18 different Paper Folding and Cutting items on the
Stanford-Binet subtest, Newman et al. found it unclear how a sufficient number of items
could have been generated for the pretests and posttests. They go on to say: “The data
presented do not support the conclusions described by the authors; the enhancing effect
of music occurred only after the first day of treatment and was not apparent during the
remainder of the 5 day period of study” (NeWman et al., 1995, pp. 1380-1381).

In an effort to resolve the apparént contradictions in the Rauscher et al. (1993)
experiment,. Newman et al. repeated the experimental conditions of the original study and
sought to improve its design. They utilized a between-subjects design for the listening
condition and carefully administered standardized procedures. The sample size was
increased to 114 subjects and Raven’ Progressive Matrices-Advanced Form replaced the
Stanford-Binet subtest to avoid repet‘ition of items. Subjects listened to 8 minutes' of

Mozart, relaxation instructions, or sat in silence prior to taking a posttest. The subjects
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also provided background information about their musical training and preferences to
find out if there was a correlation of musical preference or training to test performance.

A practice effect was present in all 3 groups, but it was unrelated to the treatment
received. “There was no evidence that the brief music had a different effect on
subsequent problem solving according to listeners’ musical background” (Newman et al.,
1995, p. 1379). Therefore, the authors concluded that brief listening to a Mozart piano

sonata does not enhance the spatial problem-solving capabilities of college students.

Spelling

“It is suggested that the pleasure of arts promotes the acquisition of skills which in
turn motivates the acquisition of other difficult skills” (Gardiner et al., 1996, p. 8).
Campbell (1997), author of The Mozart Effect, claims that he has used music for years as
a strategy to reduce learning time ;cmd increase students’ memory of the matérial. Along
with others, he maintains that music activates the whole _brain for the maximum learning
and retention effect. Shaw and Rauscher (aé' cited in Carroll, 1999, p. 2) assert that their
research demonstrates “that there are patterns of neurons that fire in sequences, and that
there appear to be pre-existing sites in the brain that respond to specific frequencies.”
Research continues to test the suspicion that the symmetries and patterns characteristic of
music might be fundamentally connected to the symmetries and patterns of brain waves.
Ostrander et al. (1994) contend that learning factually based information is a left-brain
activity, and when the music of Mozart is added, the right brain becomes simultaneously

engaged bringing about an energy boost and balance to brain and body.
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The act of spelling must be examined, as the purpose of this research was to
determine if there was a relationship between listening to music and improved spelling
abilities in fourth grade public school students, the act of spelling must be examined.
Spelling can be defined as writing or naming (in the appropriate order) the letters of a
word. A primary objectivevof language arts instruction is to elicit in students the capagity
to spell. Correct spelling, like correct speaking is a desired outcome of education as it
facilitates the ability of an individual to communicate thoughts in writing as a way of
conveying meaning to others. The study and systemic design of spelling are called
orthography. According to The World Book Dictionary (Barnhardt, 1968): “The
function of orthography is to identify the phonemes, or distinctive vowels and
consonants, of a language. The World Book Encyclopedia (1991, p. 775) defines spelling
as “simply the method of writing letters of époken sounds.”

The English language has only 26 letters, but these letters can combine to form
several hundred thousand words. Being made up of words from many other languages
such as Greek, Latin, French, Germap, Old Norse, Old Icelandic, and Old English or
Anglo Saxon, the historical development of the English languagé has resulted in
numerable spellings that fail to align with the way a word is pronounced. The basis for
English spelling can be traced back to the 15™ Century. However, today’s word
pronunciation has changed drastically which helps explain why so many words are not
spelled the way they sound.

Because English syntax can readily accept words ﬁoﬁ other languages, it is a rich
and ‘vefsatﬂe language, but many of its words fail to comply with a predictable,

systematic spelling system rendering it a complex language to learn and to spell. Indeed,
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spelling competency is an elusive skill for many English-speaking people regardless of
their intelligence. The difference between good spellers and poor spellers can often be
traced to the mental strategies they use to encode accurate spellings into their long-term
memory. Herein lies the need for a ;ceaching approach that encompasses the breadth of
the English language in such as manner as to facilitate the accurate spelling of predictable
as well as unpredictable words. Over the years many strategies have been tried to assist

the learner of English to encode accurate spellings into long-term memory.

Summary

A number of studies have demonstrated a relationship between music and other
higher cognitive functions. Because the spelling of English is complex and elusive to
many English-speaking people, the use of music to facilitate correct spelling into long-
term memory is worthy of consideration. | Inspired by the ﬁﬁdi'ngs of previous research
and recommendations for further study, this study evaluated the relationship between

listening to music and spelling facilitation in fourth grade public school students.
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CHAPTER 3

PROCEDURES AND METHODOLOGIES

Introduction

This study was designed to determine if there was a relationship between listening to
the music of Mozart and spelling performance in fourth grade public school students as
measured by posttest gain/loss scores on the TWS-3. This chapter discusses the
population, sample, spelling instruction, instrumentation, research design, data analysis,

and procedures that were used in this study.

Cast-A-Spell

The students in this study were in their second year of the Cast-A-Spell Process
Spelling Program developed by Fontenault and Salter (1993). The Cast-A-Spell Program
integrates auditory, visual, and kinesthetic processes necessary to develop spelling
competency. The program encourages students to ‘take charge of their own learning by
becoming conscious of their own visual memory. Students are taught how to visug]ize
letters in their minds so they can be recalled. They are taught to hear words in chunks
and pronounce words in a way that assists spélling. They write the spelling words 6n
white boards to engage their kinesthetic lemﬁng powers. According to Fontenault and
Salter, these strategies make encoding speciﬁc.words easy. Fontenault and Salter (1993)

lay out six presuppositions in their Cast-A-Spell Program:
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1. Spelling requires the ability to use the visual, auditory, and kinesthetic sensory

systems flexibly and appropriately. '

2. By learning appropriate mental strategies, all students can learn to spell.

3. Student beliefs about and attitudes toward spelling will affect long-term memory

of written words.

4. Visual memory can be trained.

5. Teachers can learn how to analyze, train, and alter student-spelling strategies.

6. The best time to begin teaching the spelling process is in the first grade.

The Cast-A-Spell approach takes into consideration that information is not stored in a
specific location in the brain but rather in multiple locations such as the visual, auditory,
and motor cortices. Evidence from current brain research indicates that each time recall
takes place, the same circuits used to store it are reconstructed to bring forth the
information. Thus, it seems that the more modalities that are used to store information or
experience, the more pathways there are available to access it. New information or
experiences are chunked with existing information and will be stored along the same
neural network.

Beginning spellers are taught phonemic awareness and are trained in phonetic
spelling. Combined with visual memory training, students learn strategies to spell .
phonetically irregular words with accuracy. Once conventional spelling !has been
mastered, students can incorporate accurate spelling into their writing.

It is intended that Cast-A-Spell training take place daily for a minimum of 15 minutes
and a maximum of 25 minutes without exception. It is the role of the teacher to establish

a quick, steady rhythm to assure maximum student attention and focus on the learning

strategies.
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Population

The population for this study was all fourth grade elementary students enrolled in the

Bozeman Public School District during the 1999-2000 school year.

Sample

The sample for this study was two classes of fourth grade students from Emily
Dickinson Elementary School located in northwest Bozeman. The school serves a
socioeconomically divers<‘3 population. It draws students from neighborhoods of the
upper middlé class, middle-class, lower middle-class, a lower class trailer court, .a
moderate—income.housing development, as well as from upper class country estates.
Students from this school are primarily from two-parent homes in which both parents
work. Some students live with a single, usually wbrking parent, and a few students corr;e
from families on welfare. Parental employment varies from white-collar to blue-collar.

Of the 496 students enrolied at Emily Dickinson as of October 1, 1999, 13 students
were listed as having an ethnic origin to be other than Caucasian. This information was
garnered from the student enrollment cards filled out by parents at the beginning of the
school year. This means that 98% of the student body at Emily Dickinson was
Caucasian. All of the students in the control group and the experimental group were
listed as being Caucasian on their enrollment cards. Therefore ethnic background was
not a factor in this study.

As is the case with all elementary schools in Bozemﬁﬁ, every attempt is made by

Emily Dickinson Elementary School to maintain well-balanced classrooms with an even
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mix of socioeconomically and intellectually divergent students. Most classes have about
half girls and half boys. Each classroom had a few intellectually advanced students, a
few low performing students, with the majority in the middle which is the case in the two
classes that participated in this study. In addition, each classroom in this study had one
student receiving special education services and a few students serviced by the Title I
program, which addressed learning deficiencies in various areas.

Because the student population at Emily Dickinson School is balanced in regards to
gender, intellectual capability, socioeconomic advantage or disadvantage, and represents
a good sample of the. city’s elementary school population, the findings of this study may
be generalized to be reflective of the city’s entire elementary school student population.
This generalization extends specifically to the 2 classes of Emily Dickinson fourth
graders who participated in this study.

The experimental class had 25 students, 12 boys and 13 girls. The control group had
24 students, 13 boys and 11 girls. Competent, experienced and well-respected teachers
taught both classes. Both teachers have a number of years of experience and Master’s
degrees in Education with an emphasis on curriculum. Both teachers were administered a
survey (see Appendices B) to evaluate their equivalency.

The teacher of the control group was in her 21" year of teaching and has taught
kindergarten, first grade, second grade, and math lab, with most of her experience at the
third, fourth, and fifth grade level. Her undergraduate degree was in elementary
education with a minor in psychology. She received the Presidential Award for
Exceptional Montana Mathematics teaching. When asked what professional strengths

she brings to the classroom, she pointed to her psychology minor which she says enables
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her to understand how children learn and has given her ways to inspire and motivate them
to realize their full potential. She also has taken full advantage of edditional training in
order to keep current in elementary curriculum methodologies.

The teacher of the experimental group was in her i2th year of teaching and has taught
third and fourth grade exclusively. In her undergraduate work she pursued a math option
and received a reading certificate as part of her Master’s degree. This teacher also has
frequently engaged in additional study to maximize her teaching potential. This teacher
considers all of the extra training she has undertaken to be of considerable advantage for
her students.

Both teachers reported that, based upon their experiences their classes are average to

- above average in academic capability. The teacher of the control group commented that
her class was highly creative and very right-brained. The teacher of the experimental
group reported that her class, as a whole, excels in logical, mathematical-type thinking.
Classroom management was not an issue in either classroom as bo’th teachers have
demonstrated the ability to focus all students on the task at hand.

A noteworthy distinction between the two classes was that the experimental group
was a cycling class, which meent they were in their second year with the same teacher.
Howeyver, this was not a factor in their academic performance especially as it pertained to
spelling, but rather reflected a different structural model.

During the treatment peridd both teachers reported that nothi_ng changed in their
classes. No students left; no new students joined. There were no paraprofessionals or
student teachers in either room during epeﬂing instruction for the duration of the

treatment period. Neither classroom experienced any sort of extraneous event that could
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have changed the classroom dynamic. Both classes experienced the same disruptions to
routine, such as the annual holiday program and other school assemblies.

Both teachers placed a high priority on spelling instruction as a part of the overall
fourth grade curriculum. Both were conscientious in following the procedures laid out in
the Cast-A-Spell manual. Both classes received daily spelling instruction. The teacher of
the experimental group was as teacher mentor, trained-to teach other teachers how to
implement the program and serve as a liaison between the school and the developers of
the program. The teacher of the control group did not feel this placed her students at any
disadvantage because she attended every in-service and workshop offered by the school
district when the program Was adopted. With her many years of classroom experience,
she rated herself as highly competent in implementation of the program.

Both the teachers scoreci the TWS-3 on both the pretest and the posttest. They were
trained to score both the pretest and the pos;ctest of the TWS-3. They reported that they
considered that their scoring reflected an accurate reporting of the data.

The control group rqceived 22 minutes of spelling instruction daily from
approximately 10:30 a.m. to 11:00 a.m. as prescribed by the Cast-A-Spell program. This
instructional time was directly after a 15 minute morning recess period.

The experimental group began their instructional day after the morning/arrival recess’
time with a 30 minute silent reading period followed by the daily spelling routine. As
with the control group, the teachef of this class was effective in handling playground
issues so as not to allow them to interfere with instruction and learning.' For the duration

of the 12-week treatment period, the teacher played the music of Mozart throughout the
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silent reading period. This was followed by a 22 to 25 minute spelling lesson as
prescribed by the Cast-A-Spell program.

Thus both groups were taught spelling after an active recess period. The difference
being that thé experimental group was exposed to the music of Mozart dﬁring a silent
reading session prior to spelling instruction. The control group began spelling instruction

immediately after the morning recess period.

Independent Variable

For the purposes of this study, the independent variable was the treatment, which was
listening to the music of Mozart for 30 minutes during a silent reading period prior to

engaging in spelling instruction.

Dependent Variable

The dependent variable in this study was the score on the TWS-3.

Research Questions and Hypotheses

This study tested the following research hypotheses and sub-hypotheses. All were

tested at the 0.05 o level.
Question 1: Is there a difference in spg]]ing achievement as measured by the TWS-3

between the control group and the experimental group after the 12-week treatment

period?
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Question 2: Is there a difference in spelling gains as measured by the TWS-3 among

fourth grade students with below average, average, and above average total CTBS
scores?

Question 3: Is there an interaction between treatment and achievement level as
measured by gain scores determined By the difference between TWS-3 posttest a.nd
pretest scores?

In order to answer the research questions the following hypotheses and sub-
hypotheses were conducted to establish the equality of the two groups.

Hypothesis 1: There is no difference between the control and experimental group in
gender, knowledge of spelling, academic achievement level, or age at the beginnipg of
the stud)l'. This hypothesis was tested by one comparison and three subhypotheses.

Comparison: There is no difference in the number of males and females in the
control group and the experimental group.

Hypothesis 1.1: There is no .diﬂ'erence in spelling achievement as measured by
the TWS-3 between the control group and experimental group prior to the treatment.

Hypothesis 1.2: There is no difference in academic achievement between the
control group and experimental group as measured by their third grade CTBS total
scores. |

Hypothesis 1.3: There is no difference in mean age between students in the
control group and students in the experimental group.

prdthesis 2: There is no difference in gain scores between the groups at the end of

the study. This hypothesis was tested by two sub-hypotheses.
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Hypothesis 2.1: There is no difference in spelling achievement from the pretest
to the posttest as measured by the TWS-3 in the control group.
Hypothesis 2.2: There is no difference in spelling achievement from the pretest

to the posttest as measured by the TWS-3 in the experimental group.
Instrument

Educators are well aware that many for_ms of scientific inquiry require, among other
things, the use of standardized measures that adequately tap the ability being studied. To
conduct research in spelling, instruments with demonstrated high reliability and vﬁh’dity
are needed. Such devices permit comparison of a student’s score with those of age and
grade level peers. Without their use, research in spelling is often random and haphazard.

The Test of Written Spelling (TWS) was first published in 1976, and it has gained
wide acceptance as an accurate tesﬁng instrument for assessing the spelling abilities of
school-age children and adolescents (Larsen & Hammill, 1994). It is used throughout the
country and is probably the most popular individually administered, norm-referenced test
of spelling in common use. Now in its third addition, the TWS-3 is admi'nist‘ered in the
dictation format, and the wdrds are related to currently used curricula. It has two
subtests, each of 50 words. One subtest measures predictable words; the other éubtest
measures unpredictable words. The division of spelling words into these two subtests -
presents a departure from other tests and should present educators with information that
will help them identify students who have spelling problems. In addition, the TWS-3
documents gender, age at test time, score for predictable words, score for unprediqtable'

words, total score, and percentage score. The recording sheet catalogues this information
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for both the pretest and the posttest. In addition, the TWS-3 allows for the determination
of a gain or loss in sl;elling achievement form the pre-test to the posttest.

The subtests and total score were normed on a large sample .of students in Grades 1
through 12. Appropriate demographic characteristics of the sample were keyed to the
Statistical Abstract of the United States (U.S. Bureau of the Census, 1990). Test results
are reported as standard scores, percentiles, spelling ages, and grade equivalents. In
addition to being extensively normed, the TWS-3 also has consistently high reliability
and a demonstrated high degree of vahdlty This feature is particularly noteworthy
because it demonstrates that the TWS-3 does indeed measure written spelling. By using
a dictated-word test procedure, the TWS-3 yields a more valid estimate of how well an
examinee can actually spell words in written form.

The results of the TWS-3 are typically used for four specific purposes:

1. to identify students whose scores are signiﬁcan;cly below those of their peers and

who might need interventions designed to improve spelling proficiency;

2. to determine areas of relative strength and weakness in spelling;

3. to document overall progress in spelling as a consequence of intervention

programs; and

4. to serve as a measure for research efforts designed to investigate spelling.

The TWS-3 permits the examiner to quantify the spelling abilities of students by
comparing their scores with those of their peers. The technical adequacy of the TWS-3
provides assurance that it is a reliable source of data to use in making decisions about the
identification of persons who are deficient in spelling ability. In the case of this study,

the TWS-3 was used to measure the correlation of an intervention to determine whether

or not it was an effective means of ifnproving spelling in fourth grade students.
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Validation

The 'i"WS-3 has undergone examination for the three types of validity: content,
criterion-related, and construct. There are two demonstrations of content validity for the
TWS-3. The first is a rationale for the subtests’ content. Second, the validity of the items
can be noted through the examination of the results of item analysis procedures used
during item selection in the developmental stages of test construction.

When the test was first constructed in 1976, two guidelines had to be met in order for |
a word to make it onto the test. The rationale for selecting test items was governed by
two ﬁrinciples. First, to be included in the list of words to be spelled, a word had to be
typically taught in school and readily identifiable as rule governed or irregular in its
spelling. Second, it was determined that a word was typically taught in classrooms if it
appeared in ten basal spelling series commonly used in schools at the time of test
construction. Words selected for the “predictable” category had to follow the rule
governing their spelling 50% of the time. A word was determined to be “unpredictable”
if it could not be\spe]led.correctly even when the more than 2000 spelling rules were
applied.

Items were scrutinized to.insure content validity in regard to item discﬁmination and
item difficulty.  Utilizing fhe point biserial correlation technique, each item was
correlated with the total test score to determine its discriminating power. Statistically
significant coefficients of .2 or .3 were considered acceptable. Item difficulty was
determined by distribution between 15% and 85%. The item analysis procedure was~

applied to many student samples to eliminate inappropriate items from inclusion on the
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test. Further reinforcement of the TWS-3’s discriminating powers and percentages was
added by using the entire normative sample as subjects. The final published version of
the TWS-3 satisfies all previously mentibned requirements.

The TWS-3 withstood scrutiny in regards to concurrent validity as well. The 1976
TWS cites several studies pointing to the test’s concurrent validity. The newer TWS-3
underwent equivalency testing with the 1976 version. The results were well above the
range necessary to support the validity of the TWS-3 scores.

The concurrent validity of the TWS was studied by correlating it with four other
respected tests. The resulting coefficients were significant beyond the .01 level of
confidence and of high magnitude verifying concurrent validity. A second study of
concurrent validity correlated the TWS-3 with two other spelling tests as well as with
actual spelling tests given by teachers. The results of this correlation provided additional
evidence that the TWS-3 has criterion-related validity. The final type of validity,
construct validity, examined the seven basic, underlying constructs considered in the
TWS-3.

1. Age Differentiation. As is typical with school taught skills, scores increase
with age and then level off about the time that the subject ceases to be taught.
This is the case with the TWS-3. The correlations of predictable words,
unpredictable words, and total words scores with the ages of the students in
the normative sample demonstrated highly significant coefficients at .62, .63,
and .64 respectively.

2. Relation Between the TWS-3 Subtests. Construct validity is tested using the
normative sample as subjects. Raw scores from the predictable words and
unpredictable words subtest were correlated yielding a coefficient of .87 after
age effects were partialled from the coefficient. A similar study on fifth
graders reported a highly significant coefficient of .83.

3. Relationship of TWS-3 to Tests of Achievement. The coefficients dealing
with the TWS-3 subtests and totals to achievement test scores in reading,
math, language, and the composite were tested and found to be .55, .54, and
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.62. These coefficients indicate a moderate relationship and provide evidence
of the TWS-3’s construct validity.

4. Relationship to Tests of Aptitude/Intelligence. As expected, the TWS-3 is
influenced by basic aptitude. This was tested by correlating the scores on the
TWS-3 with the School Ability Index from the Otis-Lennon School Ability
Test. With resulting corrected coefficients of .53, .47, and .56, the magnitude
of which indicated that the TWS-3 can differentiate between those known to
be average and those known to be below average in cognitive ability.

5. Influence of Instruction. Preliminary research reveals TWS-3 posttest scores
to be significantly higher than pretest scores. As this investigation used no
control group, this evidence must be considered as tentative.

6. Group Differentiation. The TWS-3 discriminated between groups of spellers.
A study of protocols of students with identified learning disabilities found
mean scores on the TWS-3 to be significantly below the mean values expected
for typical students.

7. Item Validity. A test to examining the correlation between individual items
and total test results found values of high magnitude demonstrating good
construct validity.

Reliability

- The TWS-3 has undergone sufficient scrutiny to exceed minimum re]jabi]ity
requirements. In order for a test of this nature to be considered a reliable testing
instrument, reliability coefficients must approximate or exceed .80 in magnitude. There
are three types of errors that can affect the reliability of the TWS-3: content sampling,
time sampling, and interscorer.

The internal consistency reliability of the items in the TWS-3 was tested to determine
the correlation between items. Using Cronbach’s coeﬂicieﬁt alpha method, data from the
entire normative sample were used to calculate ‘coefﬁcient alphas. The alphas were
averaged using the z-transformation technique. The mean alphas for both the subtests

were .95 and the mean alpha for Total Words was .97.
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The standard errors of measurement (SEM) were used to estimate a confidence
interval of a particular test score. The standard deﬁation for the standard scores is
always 15 on the TWS-3. The mean SEM on the two subtests and for total words was 3.

Time sampling was measured using the test-retest technique. Morris studied 160
students in grades two tﬁrough eight. This researcher administered the TWS-3 twice with
a 2-week period between testings. The scores were correlated with 23 of the 224‘
coefficients, exceeding .9 in size. All scores were significant at the .01 confidence
interval. These results demonstrate that the TWS-3 is stable over time.

J. Jeffrey Grill conducted a second test-retest for reliability. He tested 391 students of
above average intellect in grades one through eight. The testing interval ranged from 13
to 18 days. His results confirmed the ﬁndings reported by Moms

The TWS-3 has proven to be reliable when it comes to scoring. Unreliable scoring is
| usually the result of clerical errors or caused by illegible student handwriting. To study
the interscorer reliability of the TWS-3, two research staff indepéndently scored the
TWS-3 protocols of 108 students in grades 1 through 8. The gender division between
subjects was equal. Fifty-six percent of the sample was Hispanic and 44% percent were
Anglo-European. The scorings of the two scorers correlated. The effects of age were
partialled from the resulting coefficients. The scores were in near agreement, differing
only on those few occasions where the student’s handwriting was difficult to decipher.
The TWS-3 has undergone two evaluations to determine if the test content covers a
representative sample of spelling items covered in a speiling curriculum. The first is a
rationale for test content. The second is demonstrated by the results of item analysis

procedures used to select items for inclusion in the test
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Research Design

This study employed a quasi-experimental design involving intact grouf;s. Because
this study was a field study conducted in an elementary school using school children, the
researcher had to agree to use existing classrooms. The two classrooms selected were
deemed to be as equivalent as possible from those available in tile school so as to control
sources of invalidity to the greatest posssible extent. Both groups were administered the
TWS-3 as pretest of the dependent variable. One class was randomly designated as the
treatment group and administered a 12-week treatment, which was listening "[0 the music
of Mozart for 30 minutes during a silent reading period prior to engaging in instruction in
the Cast-A-Spell spelling program. The other fourth grade class, hereafier referred to as
the control group, engaged in regular Cast-A-Spell spelling lessons without listening to
music. Both groups were administered the TWS-3' as a posttest the week immediately
following the treatment period in order to minimize the threat to external validity. Data
were collected and analyzed to determine the effectiveness of the treatment. Posttest
scores were directly compared using a t-test.

All fourth grade students throughout the Bozeman School District were administered
the TWS-3 in the fall and receive the same tést in the spring, so a possible interaction
between the pretest and the treatment was not an issue. Therefore, the results of the
treatment ﬁay be generalizable to all other fourth grade students in the Boze@ School

District.
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Data Analysis Strategy

The first step in the analysis was to determine if the control group and the treatment
group were demographically and academically equivalent at the beginning of the study.
The two groups were compared on the basis of gender equity. Comparison of means and
t-tests were used to find out if the two groups were equal in their knowledge of spelh'ng,.
in overall academic achievement, and in age at the beginning of the study.

In order to establish that the groups were the same at the end- of the study, two
subhypotheses tested whether or not there was a difference w1thm each group in spelling
achievement as determined by comparing the means from the TWS-3 pretest to the
means of the TWS-3 posttest. To test for a statistically significant difference, t-tests were
conduéted.

To find out if the treatment had an effect on spelling test scores, posttest means of the
two groups were compared. A t-test was performed to determine if the treatment made a
difference.
| Students in both groups were classified according to achievement as above average,
average, or below average based upon their third grade; total CTBS score. Means were
compared and an F-test conducted to determine if the treatment made a diﬁ'e?ence based
upon achievement level. The means of the gain écores for the three achievement
classifications of the control group and the treatment group were compared and an F-test
was conducted to determine if there was an interaction between the treatment and

achievement in the two groups.
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Alpha Level

An a level of 0.05 was set prior to the execution of the study. This level was adopted
rather than a mo.re conservative 0.01 because the researcher determine;d that it'was more
important to guard against a Type II error than a Type I error. The consequences for
committing a Type I error (rejecting the null hypothesis when it is true) would result in
motivations for public school to incorporate music listening into their curriculums to
improve student achievement when in fact it would not be of any benefit to do' so.
Interest would be generated to conduct further research, which could be unwarranted. A
Type II error (failure to reject a true null) would mean public schools would miss the
opportunity to improve student achievement by having students listen to music prior to
engaging in instruction. Comnsidering that most classrooms are already equipped with
devices with which to listen to music, incorporating music listening into the curriculum
would not be a costly endeavor.- Theréfore, this researcher is not as concerned about
committing a Type I error as missing the opportunity to improve learning by committing
a Type II error. |

Summary

The purpose of tlﬁs study was to determine if there was a relationship between fourth
grade spelling scores as measured by the TWS-3 between students who listened to the
music of Mozart prior to engaging in instruction in the Cast-A-Spell spelling program
and those who did not. Data were garnered from a TWS-3 prefcst and posttest

administered to the control group and the treatment group. Mean comparisons, t-tests for
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independent samples, and F-tests were used to determine specified differences between
groups and find out if there was a correlation in listening to the music of Mozart and

improved knowledge of spelling as indicated by posttest performance on the TWS-3.
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CHAPTER 4
DATA ANALYSES AND FINDINGS
Introduction

The research conducted in this étudy investigated the effect of listening to the music
of Mozart on fourth grade spelling test scores. Many researchers including Rauscher et
al. (1993, 1994), Linton (1999), Rideout et al. (1998), Winner and Hetland (1999), Bolton
(2000), Gardiner et al. (1996), Botwinick (1997), Sollier (1996), Lozanov (1995),
Goehegan and Mitchelmore (1996), and Cash et al. (1997) have discovered tﬁat musical
activity and other higher cognitive functions share inherent neural firing patterns encoded
in a highly structured format over a large region of the cortex. Using music to improve
verbal memory may enhance the mmnemonic and compensatory techniques currently
implemented for memory training.

In the Rauscher et al. (1993) study, the beneficial effects of listening to mﬁsic
endured for only a 10 to 15 minute period during which the subjects were involved in a
spatial task. Data were collected in this study to test if there was a relationship between
listening to the music of Mozart over an extended period of 12 weeks in a typical public
school classroom and long-term improvement in spelling. In order to test the research:
hypotheses, two public school fourth grade classes were selected to participate in the

study.
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This chapter is organized to present the data and statistical results related to the
specific hypotheses stated in this study. All hypotheses were tested using an a level of

0.05.

Data Analysis Findings

Comparison of the Groups:

The first step in the analysis was to determine if the control group and the
experimental group were demographically and academically equivalent at the beginning
of the study.

Hypothesis 1: There is no difference between the control and experimental group in
gender, knowledge of spelling, academic achievement level, or age at the beginning of
the study.

This hypothesis was tested by one comparison and 3 subhypotheses and the following
tests résulted in hypothesis 1 being retained.

Comparison: There is no difference in the number of males and females in the
control group and the experimental group. |
In Table 1 it can be seen that the control group had 24 students, 11 females and 13 males.

The experimental group had 25 students, 13 females and 12 males also visible in Table 1.

Table 1. Group gender demographics.

Group Females Males Total
Control 11 13 24 -
Treatment 13 12 25
Total 24 25 49
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Although they were not exactly the same, the twb classés were very close in respect
to total number of students as well as in the number of males and females in each class.
This reflects as realistic a gender balance as could be expected in a typical public school
setting as the classes are developed with balance in mind. As such, it was detenninéd
that the two groups were matched in regard to gender for this study.

It was also necessary to determine if the control group and the experimental group
were equal in their knowlédge of spelling at the beginning of the stﬁ.dy. This was tested
by a comparison of the means of the two classes, on the basis of their pretest percentage
of correct énsw'ers on the TWS-3. |

Hypothesis 1.1: There is no difference in spelling a;chievemént as measured by the
TWS-3 between the control group and experimental group prior to the treatment.

In Table 2 a comparison of the means of the two groups, based upon their pretest
percentage scores on the TWS-3 is presented. The mean for the control group was 41.9

and the mean for the experimental group was 53.92.

Table 2. Pretest means of spelling achievement.

_ Pretest % N Mean Std. Deviation
Control Group 24 41.92 33.10
Experimental Group ‘ 25 . 53.92 31.47

A t-test was used to detepp_ine whether the means were significantly different at the
0.05 a level. In Table 3 it is demonstrated that a statistically significant difference was

" not found in speljjﬁg achievement as measured by the TWS-3 be.tween fourth grade
students in the control group and tﬁe experimental group on the pretest. The p-value of

.200 exceeds the established o of 0.05.
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Table 3. t-test for equality of means between the control and experimental groups.

Sig. Mean
t df (2-tailed) Difference
Pretest % ‘
Equal Variances -1.301 47 200 -12.00
Assumed

Although not exactly equal, this test confirms that there was not a statistically
éigrﬁﬁcant difference between the two groups on the basis of their pretest performance on
the TWS-3. As such, it was determined that on average, the two groups were equal in

spelling knowledge at the beginning of the study. Hypothesis 1.1 was retained.

Comparison of Achievement Levels of the Groups:

To further assure that the two groups were equivalent at the onset of the study, the
means of the total scores on third grade CTBS tests were compared. A t-test was used to
determine whether or not the control group and experimental group were equal on the
basis of overall academic achievement.

Hypothesis 1.2: There is no difference in academic achievement between the control
group and experimental group as measured by their third grade CTBS total scores.

The mean score for the control group was 69.58 and the mean score for the treatment

group was 71.16 as seen in Table 4.

Table 4. Mean CTBS total scores for the control group and the experimental group.

Group Mean N Std. Deviation
Control 69.58 24 23.22
Experimental 71.16 25 24.30
Total ‘ 70.39 ‘ 49 23.54
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The results of the t-test between the mean scores of the CTBS test of the groups
resulted in a t-value of .232. The significance levei,of the statistic equals .818, indicates
that there was not a statistically significant difference between the two groups on the
CTBS test (see Table 5). Therefore it was determined that the two groups on average
were equal in achievement as based upon their third grade CTBS total score at the

beginning of the study. Hypothesis 1.2 was retained.

Table 5. t-test to test achievement levels between groups.

Sig. Mean
t df ~ (2-tajled) Difference
CTBS Total
Score ‘ 232 * 47 .818 1.58
Equal Variances
Assumed

It was also necessary to ascertain whether or not the two groups were equivalent in
age at the beginning of the study. Comparing the mean age of students in both groups
accomplished this. Mean ages were compared and a t-test conducted.

Hypothesis 1.3: There is no difference in mean age between students in the control
group and students in the experimental group.

The mean age at the time of the pretest was 9.463 for the control group and 9.485 for

the experimental group as can be seen in Table 6.

Table 6. Mean age for control group and experimental group.
Class N Mean Std.
' ‘ Deviation
Pretest Age ‘ ‘
Control Group 24 1 9.463 420
Pretest Age ‘
Treatment | 2 9.485 476
Group
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A t-test, comparing the means of the groups determined that there was not a
statistically significant difference in mean age between the two groups. As can be seen in
Table 7, the significance or the t value of .866 is greater than .05. This finding indicates

that the results exceeded the probability that the results were found strictly by chance.

Table 7. t-test to test for difference in age between the two groups.

t df Sig. Mean
‘ (2-tailed) - Difference
Pretest Age 1
(Equal , -.170 47 .866 | -2.187E-02
Variances
Assumed)

As such, it was determined that on average the students of the control group and the
experimental group were the same age at the time of the pretest. Because, statistically the
mean age of the students was the same for both groups, neither group had an age
advantage over the other. Hypothesis 1.3 was retained.

Comparison of Growth in Spelling Knowledge
of the Groups at the End of the Study:

Having demonstrated that the two groups were equal at the beginning of the study,
the next step ‘was to determine whether or not they were equal in spelling knowledge at
the end of the study.

Hypothesis 2: There is no difference in gain scores between the two groups on the
TWS-3. |

This hypothesis was tested by two sub-hypotheses and the following tests resulted in

the hypothesis 2 being retained.
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Hypothesis 2.1: There is no difference in spelling achievement from the pretest to the
posttest as measured by the TWS-3 in the control group.

The pretest and posttest means from the TWS-3 can be seen in Table 8.

Table 8. Pretest and posttest means for the TWS-3 in the control group.

Control Std. Error

Group Mean N Std. Deviation Mean
Posttest % 54.00 24 30.18 6.16
Pretest % 41.92 24 33.10 ©6.76

A t-test was conducted to determine if there was a statistically significant gain in
spelling knowledge from the TWS-3 pretest to the TWS-3 posttest in the control group.
The results of the test can be seen in Table 9. For each student, he pretest percentage
score was subtracted from the posttest percentage score comparing the average difference
score with 0. This yieldgd a t-value of 2.881.

Table 9. Comparison of pretest and posttest scores for the control group.
Paired Differences

Control Group | Mean | Std. Deviation | Std. Error Sig.
‘ Mean | t df | (2-tailed)
Post % — Pret % | 12.08 20.55 419 [2.881[23| .008

The significance of the t-score equals .008 indicéting growth in the control group’s
spelling achievement from the pretest to the polsttest. The strength of this statistic
demonstrates that the growth was substantial. Hypothesis 2.1 was rejected.

Hypothesis 2.2: There is no difference in spelling achievement from the pre-test to
the posttest as measured by the TWS-3 in the experimental group.

The pretest and posttest means from the TWS-3 can be seen in Table 10.
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Table 10. Pretest and posttest means for the TWS-3 in the experimental group.

Treatment Std. Error
Group Mean N Std. Deviation Mean

Posttest % 68.64 25 27.31 5.46

Pre-test % 53.92 25 31.47 6.29

A t-test was conducted to determine if there was a statistically significant gain in
spelling knowledge from the TWS-3 pretest to the TWS-3 posttest in the experimental
group. The results of the test can be seen in Table 11.

Table 11. Comparison of pretest and posttest scores for the experimental group.

Paired Differences
Treatment | Mean | Std. Deviation | Std. Error : Sig.
Group ‘ ‘ Mean t df | (2-tailed)
Post % — Pret % | 14.72 15.47 3.09 4.79 | 24 .000

The resultg of the t-test between the mean percentage in scores of the pretest and
posttest- in the experimental group resulted in a t-value of 4.79. The significance level of
the statistic equals .000 indicating that there was statistically significant difference
between the pretest and the posttest in the experimental group. Hypothesis 2.2 was
rejected.

Although both the control group and the experimental group demonstrated
staﬁstically significant growth, it can be noted that growth of the control group was not as

great as that of the experimental group.




65

Comparison of Spelling Achievement Between
‘Groups at the End of the Treatment Period:

In order to determine if the treatment had an effect on spelling test scores, posttest
means of the two groups were compared. A t-test was performed to determine if the
treatment made a difference.

Hypothesis 3: There is no difference in spelling achievement as measured by the
TWS-3 between the control group and the experimental group after the twelve-week
treatment period.

It can be seen in Table 12 that at the end of the 12-week treatment period, the mean of
the control group was 54.00 and the mean of the experimental group was 68.64. This was

determined on the basis of TWS-3 posttest scores.

Table 12. Posttest means for the experimental and control group.

Posttest % N Mean Std. Deviation
Control group 24 54.00 - 30.18
Treatment group 25 68.64 : 27.31

The mean posttest score was higher in the experimental group than in the control
group. Although the difference approached significance, it failed to reach statistical
significance. = The results of a t-test established that there was not a statistically
significant difference bétween the two groups in fourth grade spelling test scores as
measured by TWS-3 posttest percentage scores. The résulting p-value of .081 as seen in

Table 13 exceeds the established a level of 0.05.
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Table 13. t-test for equality of means between the control and experimehtal groups.

Sig. Mean
t daf (2-tailed) Difference
Posttest %
Equal -1.782 47 .081 -14.64
Variances :
Assumed

It can be concluded that students who listened to the music of Mozart prior to
receiving instruction in spelling did not make significant gains in spelling knowledge
compared to those who did not listen to Mozart prior to spelling instruction. Hypothesis

3 was retained.

Comparison of Spelling Achievement in
Relationship to TWS-3 Gain/Loss Scores:

The students in both groups were classified as above average, average, or below
average in achievement on the basis of their third grade CTBS total score. The categories
were as follows: above .average students scored total 81 or above, average achieving
s?udents scored 66 and 80, and low achieving students scored below 66. The distribution
of students can be seen in Table 14.

Table 14. Achievement distribution between
above average, average, and below average students.

N

Control Group . 24
Treatment ‘Group 25
Above Average 22
Average 13
Below Average : 14
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The mean gain scores for students in the control group and the experimental group

based upon achievement classification can be seen in Table 15.

Table 15. Mean gain scores on the TWS-3 by achievement classification and group.

Class Achievement Mean Std. Deviation N
Control Above Average 9.25 '15.85 : 8
Control Average 15.25 I 28.46 8
Control Below Average 9.13 9.91 8
Control Total 11.21 ] 19.01 24

Experimental Above Average 843 ‘ 8.53 14
Experimental Average 8.80 10.55 -5
Experimental Below Average 32.33 18.21 6
Experimental Total 14.24 - 15.32 25

Total Above Average 8.73 ‘ 11.36 22

Total Average 12.77 22.81 : 13

Total Below Average 19.07 17.95 14

Total Total 12.76 17.11 49

In order to dete;mine if the treatmént made a difference based upon achievement
level, an F-test was conducted. The dependent variable was gain/loss as determined by
the TWS-3, and the independent variables were treatment and achievement.

Hypothesis 4: There is no difference in spelling gains as measured by the TWS-3
gain score among fourth grade students with below average, average, and above average
total CTBS scores.

When examined independently, the treatment appeared to have no effect between the
achievement levels. The F-test between above average, average, and below average
achievement yielded an F-value of 2.296, with significance level of .115 as can be seen in
Table 16. |

Therefore, it can be concluded that thére was not a statistically significant difference
in achievement on the TWS-3 between the three different achievement level‘s.

Hypothesis 4 was retained.




Table 16. F-test comparing means of groups by achievement level.

Type III Mean
Source Sum of Squares df Square F Sig.
Corrected
Model 2893.624* 5 578.725 2.229 .069
Intercept 8510.763 1 8510.763 32.882 .000
Treatment 312.368 - 1 312.368 1.203 279
Achievement 1181.664 2 590.832 2.276 115
| Treatment +
Achievement 1712.126 2 856.063 3.297 .047
Error 11163.437 43 259.615
Total 22029.000 43
Corrected
Total 14057.061 48

* R squared = .206 (Adjusted R Squared = .114)

Comparison of the Treatment and
Achievement Level by Gain/Loss Scores:

Examination of the interaction between the treatment and achievement levels was
conducted by first comparing the means between groups and achievement levels as seen
in Table 16 and second by using an F-test to look at the interaction of the treatment with
the three achievement levels in the two classes.

| Hypothesis 5: There is no interaction between treatment and achievement level as
measured by gain scores determined by the difference between TWS-3 posttest and
pretest scores.

The means of the gain scores for the three achievement classifications of the control
group and the treatment group can be seen in Table 16. An F-test was conducted to
examine the interaction betweeri the treatment and achievement in the two groups among
so designated high achieving, average achieving, and low achieving students. Across the

groups and across the achievement levels, when looked at independently, the treatment
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appeared to have no effect. However, when the interaction between treatment and
achievement levels was examined, lower achieving students in the treatment group had
significantly greater gains than the other students. This is readily visible in Figure 1I.

Figure 1. Interaction oftreatment and achievement levels
401
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As can be seen in Figure 1, below average achieving students in the experimental
group had gain scores that were greater than the other groups. This resulted in a

significant interaction as measured by an F ratio of 3.2937, significant at the .047 level.

Hypothesis 5 was rejected.
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Summary

This research‘ tested five research hypotheses and five subhypotheses. A gender
comparison between the two groups determined that they were gender equitable at the
beginning of the study. Comparison of means using t-tests established that the groups
were equal in regard to spelling achievement as determined by the TWS-3 pretest score,
overall academic achievement levels based upon the third grade total CTBS score of the
students, and age at the time of the TWS-3 pretest. A t-test was used to test the effect of
listening to the music of Mozart prior to engaging in spelling instruction. F—tests‘, tested
the relationship between spelling gain among' the three achievement levels and the effect
of the treatment on the three achievement levels. Two of the hypotheses were rejected

while four were retained.
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CHAPTER 5

SUMMARY, CONCLUSIONS, DISCUSSION,
IMPLICATIONS, AND RECOMMENDATIONS

Summary of the Study

This study was designed to investigate if there was a relationship between
listening to the music of Mozart prior to engaging in spelling instruction and spelling test
scores in fourth grade students as determined by TWS-3 pretest and posttest scores. Two
comparable fourth grade classes received daiiy spelling iﬁstruction in the Cast-A-Spell
spelling program. The study was conducted during the 1999-2000 school year at Emily
Dickinson Elementary School in Bozeman,' Montana. The study was limited to two
fourth grade classrooms at Emily Dickinson Elementary School in Bozeman, Montana.
One class designated as the control group recei;fed spelling instru(;tion directly after an
active period (morning recess) without ﬁsteniﬂg to music before the spelling lesson. The
second class, the experimental group, listened to the music of Mozart for 30 minutes
during a silent reading period after an active period (before school recess) prior to
engaging in spelling instruction. Both classes were administered the third edition of the
Test of Written Spelling (TWS-3), in September 1999, prior to a 12-week designated
treatment period. The same test was administered in February 2000, one week after the
~ treatment period.

The TWS-3 is designed to record both pretest and posttest data. It records gender,

age at test time, score for predictable words, score for unpredictable words, a total score,
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and a percentage score for the pretest and posttest. When both tests have been
administered a Iogs or gain is calculated. In addition, general achievement for the
students in both groups was evaluated on the basis of the students’ third grade total CTBS
achievement test scores. As determined by their CTBS total scores, students in both
groups were categorized as high achieving, average achieving, or below‘ average
achieving. The data obtained were analyzed using the SPSS statistical analysis program
at Montana State University. The findings were used to answer the study’s research

questions.
Conclusions

This study sought to answer the question “Is there a relationship between listening to
the music of Mozart prior to engaging in spelling instructions and spelling test scores in
fourth grade students as measured by the TWS-3?" Inspired by the finding of previous
studies, Rauscher et al. (1993, 1994), Leng and Shaw (1991), Rideout and Laubach
(1996), Nantais and Schellenberg (1999), Pantev et al. (1998), Chan et al. (1998),
Schlaug et al (1995), and others, the data collected in this study capitalized on exiéting
research and were used to determine if improvement in spelling test scores would be
found in fourth grade students who listen to the music of Mozart over a 12-week period
prior to receiving instruction in spelling compared to fourth grade student who received(
spelling instruction without iistening to music. |

The first step in the analysis was to determine if the 'groupsvwére demographically and
academically equivalent at the beginning of the study. Descriptive statisticé provided

evidence that the two groups were equal on the basis of gender. Mean comparisons and
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t-tests. validated their equality in age, knowledge of spelling as measured by the TWS-3

pretest, and overall academic achievement as measured by the third grade CTBS total
score. Once it was proven that there was not a statistically significant difference between
the groups at the beginning of the study, the remaining research hypotheses were testéd.

Because the two groups tested out to be equal at the beginning of the study, mean
comparisons and t-tests were conducted to determine if they were also equal in spelling
knowledge at the end of the study. When tested individually, as anticipated, it was found
that both the control group and the treatment group made significant gains in spelling
knowledge from the pretest to the posttest as measured by TWS-3 scores.'

For the reason that initial testing proved that the two groups were equal at the
beginning of the study, they were merged together to analyze gain/loss inspelling
achievement from the TWS-3 pretest to the posttest at the end of the study. On average,'
all students across both groups demonstrated statistically significant growth from the
pretest to the posttest. It is a natural educational expectatioﬁ that grow"kh would occur
over a 12-week period, treatment or no treatment.

At the end of the 12-week treatment period, a comparison of spelling achievement '
betWeen groups was conducted. Data analysis yielded no statistically s\igniﬁcant
difference between the control group z;nd the experimental group in spelling loss or gain
scores. This was measured by calculating the difference between the TWS-3 pretest and
posttestl scores. An F-test indicated there was not a significant difference between the
control group and the experimental group on the posttest percentage. Therefore, it can be

concluded that listening to the music of Mozart prior to engaging in spelling instruction
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did not serve to facilitate growth in knowledge of spelling in the fourth graders who
participated in this study.

To further scrutinize the relationship between listening to the music of Mozart and the
learning of spelling, students were assigned to one of three academic classifications.
Students were classified as above average.achieving, average achieving, or ‘below
average achieving according to their third grade CTBS total score. An F-test comparing
spelling gains as measured by the TWS-3 posttest with the achievement classifications
yielded no statistically significant difference in improved spelling knowledge among
students in the 3 designated achievement classifications.

However, when the effects of Vthe treatment were examined in relation to
achievement classification and TWS-3 gain scores, an interaction between the treatment
and TWS-3 spelling gain was found for those fourth graders that weré designated below
average on the basis of their third grade CTBS total score. No significant difference was
found for students in the control group or for students designated above average and

average as determined by their third grade CTBS total score in the treatment group.
Discussion

Because the gfoups were found to be equal at the beginning of the study and at the
end of the study, the findings are relevant and worthy of consideration. The fact that the
treatment had an effect on low achieving students is of critical importance. Educational
programs seek to provide curric?ula and instruction that enhances learning fqr all students.
Below average achieving students are usually encumbered with a myriad of learning

hindrances that are difficult for the student to overcome. Teachers make use of multiple
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strategies to help the undefachjeving student experience success. If, in fact, as found in
this study that listening to the music of Mozart prior to engaging in spelling instruction
can elicit a positive effect, it is worth serious consideration as a strategy to augment the
learning capacity of these students.

Because this study was conducted in a public school settiﬁg, the researcher had to
agree to use existing classrooms. Therefore the subjects in the two groups were not
randomly assigned to the control and experimental groups. This is an inherent flaw of a
quasi-experimental design. According to Gay (1996, p. 369), an advantage of this design
is that “ . . . since classes are used ‘as-is,’ it is possible effects from reactive arrangements
are minimized.” The subjects in this study were not aware that they were involved in a
study so their participation can be considered unfettered. Although the same teacher did
not teach both groups, a background survey provided some assurance that they were both
highly competent, skilled instructors able to deliver the Cast-A-Spell spelling curriculum
eﬂ“ectively.

Another consideration in this study.was that even though the two groups received
spelling instruction after an active period, the control group received its spelling
instruction 75 minutes later in the instructional day compared to thé treatment group. As
physical activity is also associated witfx the ability to perform with greater concentration,
a strength of this study lies in the fact that both groups received spelling instruction after
a recess period. Since both groups experienced this active time, recess need not be
considered a variable.

Because the treatment (listening to the music of Mozart) coincided with a silent

reading period, it may have been the reading, not the music that accounted for any
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diﬂ‘erepce in spelling performance on the posttest. Student preference for listening to
music verses silent reading was not tested in this study. Poor reading skills. are
commonly associated with low achieving students. Thus it is more likely that these
students did not engage in silent reading as vigorously as high achieving students.
Because high achieving students typically read with ease, they are more ﬁkely to garner
pleasure from it and therefore engage more whole-heartedly in reading. In either case, it
remains unknown if reading, listening to music, or a combination of both contributed to
the results of this study: |

There is no way of kné>wing if the students really listened to the. music or if they
were just in the room while the music was being played. It is also unknown if the
students who listened with great attention perform differently than those who just sat

back and let the music wash over them.

Implications

Since improving instruction and learning is the goal of every eduéational program,
the findings presented in this study deserve consideration by those in roles of academic
leadership. Teachers are constantly striving to develop strategies to assist all students in
the assimilation of knowledge and skills contained in school curricula. To the extent that
research finds that music has as substantial a biological basis as language, and is an
inherent part of human nature, it makes educational sense to insure it is utilized in public
school curricula. Considering the neural effect of music on cognition and behavior,
attention must be given to the well-balanced role music can play in influencing

educational philosophy and practical decisions about curricula. In this age of brain
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discovery, understanding the substrates of music should illuminate both music itself and
the working of the brain and mind. The possible benefits of music listening are .we]l
worth consideration. On the basis of the findings of this study, specifically, the following
recommendations are offered regarding having students listen to the music of Mozart
prior to engagement in spelling instruction:

1. Since the designated low achieving students made statistically significant
improvement in spelling and no harm was done to others, it would befit teachers to play
this music for all students prior to the delivery of spelling instruction.

2. In this time of budgetary constraints, administrators will find that most
contemporary classrooms are equipped with audio equipment. Outside of the purchaée of
a few audiocassettes or compact discs, minor budgetary allocations wonld be fequired to
implement a music listening element into classrooms.

3. It has been suggested that the pleasure of listening to music promotes the
acquisition of skills that consequently mntivate the acquisition of other difficult skills.
Listening to music may 'enhance the ability of students to learn standard curricula, such as.
mathematics and science, as well as those subjects such as spelling which require the
encoding of information into long-term memory.

4., Research literature suggests that background music, though itself not a part of a
conscious learning task, correctly integrated into the learning experience may serve as an

agent of facilitation.
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Recommendations for Future Research

It is recommended that further research be conducted to achieve a more complete
understanding of the role of music in daily memory and its implications. The studies to
date reveal that memories are complex constructions‘ consisting of many strapds. It
remains unknown to what extent the use of music can impact learning. Music may -be a
useful tool for the understanding of higher brain function and its relationship to cognition.

Additional research may be able to' determine the extent to which music can access
inherent brain patterns, enhance the ability of the cortex to do pattern development, and
thereby irﬁprove other related higher cdgnitive functions. Because musical activitiesl help
systematize the cortical firing patterns in the brain, which enhances pattern development,
it is recommended that the study be replicated and extended to include a larger sample.

Future studies have the poteﬁtial to capitalize on the role music can play in public
education, particularly with at-risk students. This study has shown that music’s effect in
stimulating brain activity may be a valuable tooi for the enhancement of intellectual
development. The results of this study have provided the impetus for public school
officials to apply the findings to instructional programs and include music as an integral

part of elementary school education.




79

REFERENCES CITED




80

Allman, W. F. (1990). The musical brain: Studies of pitch and melody reveal the
inner working of the mind, from basic perception to appreciating beauty. U.S. News &
World Report, 108(23), 56-72.

Armstrong, T. (1999). ADD/ADHD: Alternatives in the classroom. Reston, VA:
Association for Supervision and Curriculum Development.

Barnhardt, C. L. (Ed.). (1968). The world book dictionary. Chicago: Doubleday
& Company, Inc.

Beatty, W. (1997). The Mozart effect: Tapping the power of music to heal the
body, strengthen the mind, and unlock the creative spirit. Booklist, 94(3), 296.

Bolton, M. M. Students do better with Mozart in their court. [Online] Available
http://www.creativemusic.com/features/articles/mozart_effect.html, March 16, 2000.

Bond, C. (2000). Can music make your kids smarter? [Online] Available
http://familyeducation.com/article/0,1120,3-338,00.html, March 16, 2000.

Botwinick, J. (1997). Developing musical/rhythmic intelligence to improve
spelling skills. (Master’s thesis, Kean College of New Jersey, 1997), 62. ERIC
document, ED405548.

Burke, J. J., & Gridley, M. C. (1990). Musical preferences as a function of
stimulus complexity and listener’s sophistication. Perceptual and Motor Skills, 71(2),
687-690.

Campbell, D. (1997). The Mozart effect: Tapping the power of music to heal the
body. strengthen the mind. and unlock the creative spirit. New York: Avon Books.

Campbell, L., & Campbell B. ( 1999). Multiple intelligences and student
achievement: Success stories from six schools. Alexandria, VA: Association for
Supervision and Curriculum Development.

Carroll, R. T. The skeptic’s dictionary: The Mozart effect. [Online] Available
http://www.skepdic.com/mozart.html, March 16, 2000.

Cash, A. H., El-Mallakh, Chamberlain, K., Bratton, J. Z., & Li, R. (1997).
Structure of music may influence cognition. Perceptual and Motor Skills, 84(1), 66.

Chan, A. S., Ho, Y. C., Cheung, M. C. (1998). Music training improves verbal
memory. Nature, 306(12), 128.

Clark, S. (2000). The Mozart effect. [Online] Available
http://music.colstaste.edu/resources/conservatory/kindermusik/mozart_effect.html, March
16, 2000.



http://www.creativemusic.com/features/articles/mozart_effect.html
http://familyeducation.com/article/0,1120,3-338,00.html
http://www.skepdic.com/mozart.html
http://music.colstaste.edu/resources/conservatory/kindermusik/mozart_effect.html

81

Cooley, M. (1991). Spelling. In The World Book Encyclopedia.18, pp. 775-777.
Chicago: World Book, Inc.

-7 Fontenault, D., & Salter, N. (1993). Cast-a-spell process spelling: A strategy- '
based spelling program. East Hampton, CT: EDU-CARE.

Gardiner, M. F., Fox, A., Knowles, F., & Jeffrey, D. (1996). Learning improved
by arts training. Nature, 381(6) 284.

Gardner, H. (1983). Frames of mind: The theory of muitiple intelligences. New
York: Basic Books.

Gardner, H. (1999). The disciplined mind: What all students should understand.
New York: Simon & Schuster.

Gay, L. R. (1996). Educational research: Competencies for analysis and
application. Englewood Cliffs, NJ: Prentice-Hall, Inc.

Goeghegan, N., & Mitchelmore, M. (1996). Possible effects of early childhood
music on mathematical achievement. Austrahan research in early chlldhood education, 1.
ERIC document, ED406036.

Iwanaga, M. (1995). Comments to Dr. Leblanc’s report. Perceptual and Motor
Skills 81(3), 1293-1294.

Jensen, E. (1998). Teaching with the brain in mind. Alexandria, VA:
Association for Supervision and Curriculum Development.

Klein, R. (1998). Perfect accord: Using Mozart’s music in special need science
teaching at aberdare boys’ comprehensive in wales. Times Educational Supplement
4271, 22-23.

Larsen, S. C., & Hammill, D. D. (1994). Test of written spelling, third edition
examiner’s manual. Austin, TX: Pro-ed.

Leng, X., & Shaw, G. L. (1991). Toward a neural theory of higher brain
functions using music as a window. Concepts in Neuroscience, 2, 229-258.

Linton, M. (1999). The Mozart effect: Psychological effects of Mozart’s music.
[Online] Available http://web7.infotrac.salegroup.com/itw.infomar/, October 30, 1999.

Lozanov, G. (1995). Suggestology and Outlines of Suggestopedy. Amsterdam,
The Netherlands: Gordon and Breach Publishers.



http://web7.infotrac.salegroup.com/itw.infomar/

82

Miller, A., & Coen, D. (1994). The case for music in the schools. Phi Delta
Kappan 75(6), 459-461.

Mozart effect challenged, Mozart effect’s final movement. (1999). Band and
Orchestra Product News. 2(8), 1.

Nantais, K. M. (1997). Spatial-temporal skills and exposure to music: Is there
an effect, and if so, why? (Master’s thesis, University of Windsor, Canada, 1997),
Dissertation Abstracts Online, AAGMQ30979.

Nantais, K. M., & Schellenberg, E. G. (1999). The Mozart effect: An artifact of
preference. (effect of Mozart’s music on spatial-temporal ab111t1es) Psychological
Science, 10(4), 370-373.

Newman, J., Rosenbach, J. H., Burns, K. L., Latimer, F. C., Matocha, H. R., &
Vogt, E. R. (1995). An experimental test of “Mozart effect”: Does listening to his music
improve spatial ability? Perceptual and Motor Skills, 81(3), 1379-1387.

Online Math Applications, Mozart. [Online] Available http://tqjunior.
Advanced.org/4116/Music/Mozart.htm, March 16, 2000.

Ostrander, S., Schroeder, L., & Ostrander, N. (1994). Superlearning 2000. New
York: Dell Publishing.

Pantev, C., Oostenveld, R., Engelien, A., Ross, B., Roberts, L. W., & Hoke, M.
(1998). Increased auditory cortical representation in musicians. Nature, 392(23),
811-814.

Peretz, 1., Gaudreau D., & Bonnel, A. M. (1998). Exposure effect on music
preference and recognition. Memory & Cognition, 26(5), 884-902.

Rauscher, F. H., Shaw, G. L., & Ky, K. N. (1993). Music and spatial task
performance. Nature, 365(14), 611.

Rauscher, F. H., Shaw, G. L., Levine, L. J., & Ky, K. N. (1994, August). Music
and spatial task performance A causal relatlonshlp (26p). Paper presented at the
meeting of the American Psychological Association 102™ annual convention, Los
Angeles, CA. ERIC document, ED 390 733.

Rideout, B. E., Dougherty, S., & Wernert, L. (1998). Effect of music on spatial
performance: A test of generahty Percentual and Motor Skills, 86(2),
512-514.

_ Rideout, B. E., & Laubach, C. M. (1996). EEG correlates of enhanced spatial
performance followmg exposure to music. Perceptual and Motor Skills, 82(2), 427-432.



http://tqjunior

83

Rideout, B. E., & Taylor, J. (1997). Enhanced spatial performance following 10
minutes exposure to music: A replication. Perceptual and Motor Skills, 85(1), 112-114.

Scherer, M. (1999). The understanding pathway: A conversatlon with Howard
Gardner. Education Leadership, 57(3), 12-16.

Schlaug, G., Jancke, L., Huang, Y., & Steinmetz, H. (1995). In vivo evidence of
structural brain asymmetry in musicians. Science 267(3), 699-701.

Serafine, M. L. (1984). The development of cognition in music. Musical
Quarterly, 70, 218-225.

Sollier, P. (1996). Overview of the tomatis ae method. [Online] Available
http://www.tomatix.com/overview.html, March 16, 2000.

Spencer, D, (1998). Sounds of civilization. The Times Educational Supplement,
4270, 23.

Steele, K. M., Brown, J. D., & Stoecker, J. A. (1999). Failure to confirm the
rauscher and shaw description of recovery of the Mozart effect. Perceptual and Motor
Skills, 88(3), 843-848.

Steele, K. M., Bass, K. E., & Crook, M. D. (1999). The mystery of the Mozart
effect: Failure to replicate. Psychological Science, 10(4), 366-400.

Sylwester, R. (1995). A celebration of neurons. Alexandria, VA: Association
for Supervision and Curriculum Development.

Thorndike, R. L., Hagen, E. P., & Jerome, M. S. (1986). The Stanford-Binet
intelligence scale. Chicago: The Riverside Publishing Company.

U. S. Bureau of Census. (1990). Statitistical abstract of the United States.
Washington, DC: Author.

Requiem for Mozart effect, UWO study suggests. Western Today. [Online]
Available http://comms.uwo.ca/news/August99/26Mozart.html, March 16, 2000.

Will Mozart make you smarter? (1999). [Online] Available ‘
http://www.channel6000. com/educatlon/features/educatlon-990826 091922 html, March
16, 2000.

Winner, E., & Hetland, L. (1999, March 4). Mozart and the S.A.T.’s: Claims
that study of music improves children’s overall academic achievement. The New York
Times, p. A25.



http://www.tomatix.com/overview.html
http://comms.uwo.ca/news/August99/26Mozart.html
http://www.channel6000.com/education/features/education-990826-091922.html

84

APPENDICES




85

APPENDIX A .

TEACHER INVENTORY




86
TEACHER INVENTORY

How many years and at what grade levels have you taught?
What is your educational level?

How many years have you been in your current positidn?
Professionally, what strengths do you bring to the classroom?
When do you teach spelling in your daily classroom routine?

In relationship to other curricular areas, how much importance/emphasis do you place on
spelling?

\
Is there anything unique about your classroom that deserves consideration?

In your opinion, how would you rank your class’s academic capability?

How consistent are you at doing spelling daily for 20 — 25 minutes as required by the
Cast-A-Spell program?

In your opinion, do you feel you received adequate training in the Cast-A-Spell program
to have acquired to skills to implement the program?

How accurate do you think your test scoring is?
Has anything changed in you class during the twelve-week treatment period?

Was the treatment consistently administered as prescribed?
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APPENDIX B

TESTING INSTRUMENT




Teacher:
School:
Grade:

Test of Written Spelling
Record Sheet

Student

Gender

Age

Pre-test

% Score

Post-test

% Score

+/- Gain

(Y-M)

Pred. Words

Unpred. Words

Total

Pred. Words

Unpred. Words

Total

P IN(o om0~

©

=
o

11.

88
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Section 1. Identifying Information

Name Female Male
School
Examiner
H H Referred by
Test of Written Spelling eterred by
LM VI Reason for Referral
SUMMARY/RESPONSE e Hon®
Date of Testing
F O R M Date of Birth
Test Age
Section Il. Record of TWS-3 Scores
Grade
TWS-3 Scores Raw Scores Spelling Ages Equivalents
Predictable Words
Unpredictable Words
Total Words
Section 1ll. Other Test Scores Section IV. Profile of Scores
Std. TWS-3
Score Equlv.
Standard :! « oi n Standard
Scores Scores
i . 150 150
Section V. Test Conditions 145 145
A Place Tested _ 140 140
135 135
130 130
Interfering Not Interfering 125 125
i | 2 3 7y 120
B. Noise Level 1 4 5 115 115
C Interruptions 1 2 3 4 5 110 110
D. Distractions 1 2 3 4 5 %’) %ﬁ’)
E. Light 1 2 3 4 5 95 o5
F. Temperature 1 2 3 4 5 90 90
. ; 85 85
G. Notes and other considerations
80 80
75 75
70 70
65 65
60 60
55 55

Additional copies of this form (#6725) may be purchased from PRO-ED.

Copyright 1994. 1986. 1976 by PRO-ED1Inc 8700 Shoal Creek Blvd , Austin. TX 78757. 512/451-3246
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Section VI. Response Form

Predictable Words

1. 26.
2. 27.
3. 28.
4, 29.
5. 30.
6. 31,
7. 32,
8. 33,
9. 34.
10. 35.
1. 36.
12, 37.
13. 38.
14, 39.
15. 40,
16. 41,
17. 42,
18. 43
19. 44,
20. 45,
21, 48.
22, 47.
23. 48.
24, 49,
25, 50.

Total Raw Score




91

Unpredictable Words

1. 26.
2. 27.
3. 28,
4. 29.
5. 30.
6. 31.
7. 32.
8. 33.
9. 34,
10. 35.
11. 36.
12, 37.
13. 38.
14. 39.
15. 40.
16. 41,
17. 42,
18. 43.
19. 44,
20. 45,
21, 46.
22. 47,
23. 48.
24, 49,
25, 50.

Total Raw Score
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PREDICTABLE WORDS

Pronunciation* Word Sentence Word
‘stip stop 1. Stop talking now. stop
‘bed bed 2. She slept on a bed. bed

‘let let 3. Please let me go. let
‘plant plant 4. The plant needed some water, plant
("him him 5. She touched him on the arm. him
(Ywent went 6. Jim went to the store. went
(“)nekst next 7. He is next in line. next
‘sprig spring 8. Flowers bloom in the spring. spring
’sto(a)m. storm 9. The storm passed quickly. storm
‘spend spend 10. Did you spend the mone.y? spend
‘shak shake: 11. Did the baby shake the rattle? shake
‘hwen when 12. | laughed when | saw the clown. when
‘hird-le hardly 13. The extra point hardly mattered. hardly
‘stron} strong 14." The man was strong. strong
‘3-bal able 15. Carol was able to play. able
‘pi(a)l pile 16. The boys played on a pile of dirt. pile
‘tird-& tardy 17. Alan was tardy for school. tardy
‘stranj strange 18. Bob heard a strange noise. strange
‘sek-shan section 19. The farmers worked one section of land. section
‘hés-pit-’1 hospital 20. The injured player went to the hospital. hospital
‘sig-n’l signal 21. The cars stopped at the traffic signal. signal
‘brandish brandish 22. When you brandish your sword, the battle will begin. brandish
ikspekt expect 23. We expect them to be on time. expect
‘fornt-€ forty 24. He is forty years old. forty'
“dis-(-)trikt district 25. The congressman campaigned in his district. district
‘Je-gal Ieg;l 26. The judge has legal authority. legal
padit-i-kal political 27. He.joined a political party. political
in4i(a)r entire 28, The entire football team went to the game. entire
sadliit salute 29. The soldiers will salute the officers. salute
«in(t)-sta4t(y)i-shan institution 30. The school is sometimes called an institution of learning. institutior
5-varthwelm overwhelm 31. It is not always necessary to overwhelm the opponent. overwhel
‘vizh-(a-)wa-liz visualize 32. It is not a‘lwa;ys possible to visualize a dream. visualize
‘bast baste 33. it's time to baste the turkey. \ baste
ri‘tal-e-/at retaliate 34. General Davis wanted to retaliate against the enemy. retaliate
‘wist-fa] wistful 35. Susan led a wistful life. wistful
‘tran-kwsl trahquil 36. The tranquil scene helped calm his thoughts. tranquil
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PREDICTABLE WORDS, continued

Pronunciation* Word Sentence Word

Am-big’ ‘u-iis ambiguous 37. The debater’s arguments were ambiguous. ambiguous
/kint-sn-’(y)i-et-€ continuity 38. There is little continuity in the stock. continuity

‘not-a-1é notary 39. The lawyer was also a notary. notary

lotbor-&-as laborious 40. The laborious task took four hours. laborious

‘nav-i-ga-bal navigable 41. The channel was navigable. navigable

ligtgwis-tik linguistic 42. John's linguistic competence was well recognized. linguistic

.pan-a3‘ram-3 panorama 43. The wall contained a panorama of the grand canyon. panorama

ni‘gd-she--at negotiate 44, We tried to negotiate the dispute. negotiate ‘
“krej-a-las credulous " 45, Children are often credulous persons. credulous ‘
‘gont-let gauntlet 46. The group had its new members run the gauntlet. .gauntlet

fa‘nes finesse 47. The game of bridge requires finesse. finesse

‘ver-€-an(t)s variance 48. There was little variance between the two points. variance

gri‘gar-g-as gregarious 49. Sheep are gregarious creatures. gregarious

‘tor-shé-.er-& tertiary .50. The tertiary battalion was as well disciplined as the first. tertiary ‘

*From Webster’s Ninth New Collegiate Dictionary (1984).
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UNPREDICTABLE WORDS

Pronunciation* Word Sentence Word
‘yes yes 1. Yes, | am going to John's house today. yes
()shé she 2. She won the spelling bee. she
()os us 3. Please come with us to the puppet show. us
‘nam name 4. What is your name? name
“t two 5. There are two birds in the tree. two
‘mach much 6. You didn‘t eat much of your breakfast. much
miself myself 7. 1 saw myself in the mirror. myself

~ 'pé-pal people 8. The people were riding in the car. people
(Hhi who 9. Who did you see? who
“at eight 10. The boys had eight books. eight
‘nif knife 11. Th.e knife was sharp. knife
‘ev-ré-(-)wan everyone 12. Everyone finished on time. everyone
“arrkal uncle 13. Bob's uncle took us to Fhe park. uncle
‘nid ‘knew 14, Kathy knew the right answer. knew
()nin(t)%En nineteen 15. My brother is nineteen years old. nineteen
‘shu(a)r sure 16. Be sure to write the letter. sure
‘i‘naf enough 17. Joan had enough to eat. enough
‘kan-yan canyon 18. The canyon is very deep. canyon
‘fatint-"n fountain 19. There was water in the fountain. fountain
i-lek“tris-at-& electricity 20. Benjamin Franklin discovered electricity. electricity
‘pard-"n pardon 21. | beg your pardon. . pardon
26-fal awful 22. The medicine tasted awful. awful
‘ter-a-bal terrible 23, Dorothy saw the terrible storm. terrible
‘bi-ssik-al bicycle 24. Paul received a bicycle for his birthday. bicycle
katmyii-nat-€ community 25. They lived in a small community. community
‘yii-na-Af1 unify 26. Discord does little to unify a group. unify
‘ag-ri-~kal-char agriculture 27. Agriculture is an important part of the economy. agriculture
afrij-an-°l original 28. The art exhibit featured original paintings. original
n(y)i-klé-as nucleus 29. The returning lettermen form the nucleus of a strong team. ‘nucleus
“fal-()6 fallow 30. The field was left fallow. fallow
‘kil-ar collar 31. She buttoned her collar. collar
(kam-'pan campaign 32. They planned the campaign carefully. campaign
hi‘pith-a-s3s hypothesis 33. Our hypothesis was confirmed by the study. hypothesis
“0d-2-bal audible 34. The music was barely audible. audible
“tan-jo-bal tangible 35. No tangible ‘results? came from the survey. . tangible
‘li-ma-nas luminous 36. The luminous sign was an effective advertising tool. luminous
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UNPREDICTABLE WORDS, continued

Pronunciation* Word Sentence Word
‘ver-a-f1 verify 37. The research team could not verify its earlier findings. verify
s54fis suffice 38. A passing grade will suffice. . suffice
‘sist cyst 39. A cyst was found in the dog’s leg. cyst
opak opaque 40. The new fingernail polish was opaque. opaque
‘zel-as zealous 41. Dan was zealous in his beliefs. zealous
‘ha-vak havoc 42. The tornado wreaked havoc upon the village. ' havoc
sham‘pan champagne 43. Champagne was used to toast the new bride and groom. champagne
3-frint’ affront 44. The speaker’s comments were .an affront to his listeners. affront
‘yar-sat-"l versatile 45. Susan was a very versatile dancer, versatile
‘rek-wa-zat requisite 46. The introductory course is a prerequisite for enrolling in requisite
the advanced class. ’
fak’sim-o-1€ facsimile 47. Todd’s painting was a reasonable facsimile of facsimile
the original.
af-a-'dd-vat affidavit 48. After signing the affidavit, Tom left. affidavit
'1g-2-/zéin liaison 49. The company's liaison spoke to the general. liaison
‘fan feign 50. Those who feign injury may not later be believed. feign

*From Webster’s Ninth New Collegiate Dictionary (1984).
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<60
60
61
63
65
67
69
70
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74
75
76
77
78
79
80
a
82

83
84
85
86

88
90
91
92
93
7
95
96
97
98
100

<60 <60
60 60
62 6L
64 63
66 65
68 67
.69 68
70 69
770
7
30
%73
75 74
76 75
7 76
. 77
79 78
80 79
8l 80
82 8
83 8
8 83
85 84
87 &
89 87
90 88
a P
2 a
@ R
9% o3
s A
% 95
97 9%
8 97

<60 <60
60 60
62 61
64 63
66 65
67 66
68 67
70 69
70
7 N
3 72
473
T4
7% 75
776
. T
79 78
80 79
8L 80
82 8
83 8
84 83
8 84
86 8
87 86
89 88
0 89
9 90
92 a
9B 9»2
9 93
% A
% 95

<60
60
62
64
65
66
68
69
70
7
72
73
74
s
76
77
78
79
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82

87

89
90
91
92
93
94

to

to

Number
of
Items

18-5 1811 Passed
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TABLE B

UNPREDICTABLE WORDS
Converting Raw Scores to Standard Scores

Number

O 176 180 186 of
to (9

5 85 1 ed
2
60 60 <60 10
62 61 60 1
;64 -3 r62 2
)66 »65 &4 A3

68 67 66 14

iP
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0 116
to
11-11

122
124
126
128
130
133
135
137
139
141
>141

12-0
to
12-5

120
122
124
126
128
130
133
135
137
139
14
>

126 13-0
to to
12-11 135

118 116
120 118
122 120
124 122
126 124
128 126
130 128
133 130
135 132
137 134
139 136
141 138

13-6
to
1311

115
116
118
120
122
124
126
128
130:
132

134
3
"

14-0
to
14-5

I 111 109

116

118

120'

122

124

126

127 "
130 128

132

799

107
109

S5m»w

Iht .-i

39
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TABLE C. Continued

Number
of
Items

6-0
to

Passed 65

37
38
39
40
41

42
43
2
45

46.
47
48

66 7.0
to  to
611 75
133 124
136 125
139 126
W 127
>14 128
130
132
134
136
V138
140
141
fr v 141

7-6
to
7-11

117
118
119
120

122

126
128
130
132
134
136

140
141
>141

8-0
to
85

108
110
112
114
115
117
118
119
120

123
125
126

128
130,
132

138

140

141
>141

8-6
to
811

102
104
106
108
109

114

90 96 100 106

to

to

to

to

95 911 105 1011

9% -95 )

100
101
103
105
106
108
110
m
112
113
114
115
116
117
118
119

REE

124
125
126
127
128
129
130

>141 132

134
136
138
140
141
>141

9%
97
98
9
9
100
101
102
104
106
107
108
109
m
112
113
114
115
116
117
118
119
120
121
122
123
124
-125
126
127
128
129
130
132
134

92
93
93

€88 R

98

100
102
103
104
105
107
109
110

114
115
116
117
113
119
120

'122

124
125
125
126
126
127

89
920
91
92
93

888 RS

98
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103

105
107
108
109
110

112
114
115
116
117
118'
119
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123
124,
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WN=— OO0 OWoow~No»
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112
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.'05
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107
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97
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9
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103
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K
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TABLE D
Converting Standard Scores to Percentiles
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TABLE E

Spelling Ages and Grade Equivalents

Predictable Words

Spelling Ages

6-3

7-0

%% '7-6;
.. 192
8-0

8-3

mm L .88-_8:.

34
35

38
39

42
43

46
47

50
51

9-0
9-3
X " 9-6:: .
\Y 9-9
10-0
10-3

14-9
15-9

m
18-3
>18-3

Grade E.

g gn
2.5
2.8
3.0
'3.2

Unpredictable Words

Spelling Ages | Grade E
<5-3
5-3
5-6
5-9
6-0
6-3 . .5
6-6 .8
6-9 1.0
7-0 1.2
7-3 15
7-6 1.8
7-9 2.0
8-0 2.2
8-3 25
8-6 2.7
8-9 3.0
' 9-0 3.2
9-3 35
9-6 3.7
9-9 4.0
10-0 4.2
10-3 45
10-6 4.8
10-9 5.0
11-0 5.2
11-3 55
11-6 5.8
12-3 6.0
6.2
14-0 6.5
14-9 7.5
15-6 8.5
.-.le-S- o 9.5
Ft ' 17-3 10.5
18-0 e 115
>18-0 >11.5

9-4

9-10
>' 10-0*-"
10-1 -
10-3
10-4
10-6" ™
10-7;.
10-9
10-10

Total Words
Spelling Ages ! Grade E
-r
<5-0
5-0 -
5-3
5-4
5-6 _ AV
5-7
5-9
5-10 I
6-0
6-1
6-3 ! .8
6-4 9
6-6 e.v; 1.0
6-7 11
6-9 12
6-10 13
7-0 15
7-1 1.6
7-3 1.8
7-4 19
7-6 2.0
-7 2.1
7-9 2.2"
7-10 2.3
8-0 " 2.5*
81 26
8-3" 2.8" "
8-4 2.9
8-6 3.0
8-7
- 8-9" [
8-10 3.3
9-0- "- IiI35 *
9-1 3.6
9-3-——-- 3.8

' T:196— T EE4:2#

4- Te 97 ;>
9-9

HST

5.2
5.3
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TABLE E. Continued

Number of Predictable Words Unpredictable Words Total Words
Items Passed Spelling Ages | Grade E Spelling Ages | Grade E. Spelling Ages | Grade E.

11-3 5.8
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