MUSIC, LEARNING, AND BEHAVIOR:
A CASE FOR MENTAL STRETCHING

(Editor’s Preface: In this article, two spheres of interest are presented in counterpoint: (a) on the
left side, Martin Gardiner introduces an expanding framework for research on the effect of music
on learning and discusses his concept of “mental stretching” and (b) on the right side, data
displays review the range of evidence Dr. Gardiner and his associates have produced in Pawtucket,
Minneapolis, and Boston to support his evolving framework.)

INTRODUCTION

If | tell you that two groups of students are found to progress at different rates in learning
reading or math in an elementary school, you might suspect that this was due to a differ-
ence in curriculum, or teachers. Or perhaps the groups were in different schools, private
or public, urban or suburban. But how likely would you think it that the significant
difference in progress could be attributed to a very small change in music instruction, for
example involving only one extra hour per week?

For several years, my colleagues and | have been collecting data to measure the impact
music lessons can have on the ways children learn. Our research shows that a concept
which | termmental stretching (Gardiner, 1997, 1998; Gardiner and Olson, 1999, 2000)

can help to explain how, why, and when such interactions between music training a
learning can take place.

What | am callingnental stretching focuses attention on the role of representation and

change in representation in learning. | will outline our still developing theory and touc
briefly on its relationship to some other current work on arts in education.

Research supports five different ways in which an art form such as music can have v
to education:

a Values specific to music
a4 Music instruction as a support for other topics of learning
a Effects of music on attitudes and mental skills broadly useful to learning

a Effects of music instruction on specific subcomponents of mental skill useful
subcomponents of learning

a Music as an aid to social/emotional and personal development.

The first two items are familiar and represent the major focus for music teaching in ma
schools. Research adds the three additional items to the list. | will focus on these.
illustration | have selected five studies (as presented in the data displays on the right t
side of the two-page layout). Other related work is ongoing at other sites in Rhode Isla
Vermont and Massachusetts.
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PAWTUCKET STUDY

Half of the classrooms in two elementary school first
grades were assigned by the schools to receive the
standard arts curriculum for the district approxi-
mately one hour per week, while the other two class-
rooms in each first grade received intead two hours
weekly of the test arts program. The test arts
program used its arts time differently than the stan-
dard program, placing greater emphasis on develop-
ment of musical skill (60 minutes each week as
compared to 55 minutes every other week, and
special emphasis on musical skill development
through use of a Kodély music training method).
Otherwise, the curriculum of all classes was identical.
Academic progress of the students was assessed by
standardized Metropolitan Achievement Tests (MAT)
given in every grade each spring.

Though starting significantly behind the controls, by
the end of first grade the test arts students had
caught up to their control peers in reading (Figure
1a), and were now actually significantly ahead of
them in math (Figures 1a & b). This lead in math was
maintained in second grade (Figure 1c).

(Gardiner et al., 1996; Gardiner, 1997; 1998b)
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MENTAL STRETCHING perspective, for which she provides a large
AND LEARNING body of supporting evidence, emphasizes
WHAT I' AM CALLING the importance of what she terms the
mental number line in the development of
capability for math. She also has data that
and organization of a particular aspect o reveals the less adequate understanding of
thinking that improves the way we think FOCUSES ATTENTION ON students who fail to develop a full repre-
about distinctive kinds of information or sentation of the number line. | emphasize
specific kinds of mental tasks (Gardine THE ROLE OF that even when developmentally ready, a
1997, 1998). For example, as childrel student can be OcaughtO in an inappro-
begin to learn math, some ways of thinking priate type of representation. My treat-
about numbers will prove less useful thal ment of theory does not specifically
others if the child is to progress in matt depend on the semantic network format
thinking most easily. A critical part of the she uses to develop her theory.
best representation, according to work b
Piaget and more recently, Case (Piaget ai

The general idea of mental stretching he

to do with changes in the representatiot OMENTAL STRETCHINGO

REPRESENTATION AND
CHANGE IN

REPRESENTATION IN
CaseOs development of Ocentral conceptual

Szeminska, 1941; Case and Okamot LEARNING. structureO also considers the interactions
1996) leads ultimately to the creation of between learning within different domains
special type of representation for number of processing. Her treatment emphasizes the

called the number line. A first step in thisThe initial evidence for this example ofjoining of concepts through thenification of
direction is to represent and use orderingmental stretching (Gardineet al, 1996- the components of representatibereas my
That 020 lies between 010 and 030, Geé&figures 1-6) was based on evidence tefatment places greater emphasis on inter-
greater than 010 and O30 greater than D%@ct of music training on math relatedchanges in specific representatians
Learning how to think about numbers in learning, but there is nothing in the theory possibly leads to unification.
this way seems to be critical to underto preclude influence in the opposite direc-
standing how best to do addition andtion as well (Gardiner, 1998a). DialogueThe types of representation discussed here
subtraction, and still more essentially, howwithin the brain may help to ratchet up concern the way thinking is organized, for
to relate these operations to problems.  capability in both areas of application.  example, representation that reflects the
change from more procedural to more
| suggest that parts of math and musicThere is evidence also for cross fertilizazognitive thinking. Given the distinction
may require similar, mutually supportive tions such as this between music and othdsetween changes in learning that result in a
representations. The ability to sing aareas of learning not only within elemen-minor reorganization of thinking around a
melody properly, for example, very likelytary students but also older studentsgentral focus, as compared to more Orevo-
needs development of mental operation§Gardiner, 1998a) and not only for math lutionaryO changes that involve major reor-
somewhat like those of math. Thus, thebut also for some of the mental skillsganization of processing (Carey, 1988), it is
development of musical thinking involved in reading (Gardiner and Olson,upon these more revolutionary changes
concerning a Opitch lineO that keeps tra@000) (Figure 6). that the present discussion will focus.
of pitch levels in relation to the sequence
and hierarchies of the musical scale camhe treatment of thinking here incorpo- MENTAL STRETCHING
require a kind of Omental stretchingO thatates both the notion of specializezdAND TRANSFER
can support understanding and ability inthinking and expertise that is specific to
both math and music. different areas of applicatiorwithin Interactions between music training and
domains (e.g. Fodor, 1982; Gardner, 1983pther learning may appear to involve what
Why might this be? | propose that ourSimon and Simon, 1978; Anderson, 1983)is called in the psychological literature
brains can take advantage afialogous and the possibility of developing andtransfer Such terminology should be used
thinkingin both areas N i.e. that learning exploiting similarities for processiagross with care.
how to think in terms of a OlineO in mathdomains. Thus, it is in line with recent
can help the child to figure out how to donotions that the brain lies somewhereThe concept of transfer most typically
something similar for musical pitch, or between full modularity and fully generalinvolves moving a skill from the domain
visa versa Thus, similar processing in problem solving design (Cecci, 1989where it was learned to a different or
different areas of application (here mathSternberg, 1989). broader domain N for example, taking a
and melody singing) can be related by the skill for driving learned in the parking lot
way the brain handles mental tasks withinThe treatment of math learning thatto the highway. Another example of
these areas. The idea of mental stretchinigllows, though developed independentlytransfer could perhaps involve a student
suggests that realizing such similarities cais similar in many respects to the work ofwho develops the capacity for attentive-
help the brain apply what is learned in oneRobbie Case (Case, 1992, 1996). Case@ss through music, and then transfers this
area of application to the other. theory, presented from a developmentatapacity to math. Or one can reformulate
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PAWTUCKET STUDY

Test arts students, though starting first grade, are significantly behind the
controls in classroom behaviors related to learning, as assessed through Lickert
Scale Questionnaires given to classroom teachers (Figure 2), caught up by the
end of the year.

Teacher Evaluations of Attitude and Behavior
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The test arts gains in reading (Figure 1) were found to parallel improvements in
classroom attitudes and behaviors as assessed by Lickert scale questionnaires
given to classroom teachers (Figure 2).

Teachers reported that they felt the arts training could be contributing in a useful
way to the improved classroom behaviors that were in turn associated with

improved reading.

The improvement in math (Figures 1 & 3) went well beyond what could be
accounted for by the changes in classroom behaviors.

(Gardiner et al., 1996; Gardiner, 1997; 1998b)
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| SUGGEST THAT MATH
AND MUSIC MAY
REQUIRE SIMILAR,
MUTUALLY SUPPORTIVE
REPRESENTATIONS. THE
ABILITY TO SING A
MELODY PROPERLY, FOR
EXAMPLE, VERY LIKELY
NEEDS DEVELOPMENT OF
MENTAL OPERATIONS
SOMEWHAT LIKE THOSE
OF MATH. THUS, THE
DEVELOPMENT OF
MUSICAL THINKING
CONCERNING A “PITCH
LINE” THAT KEEPS
TRACK OF PITCH LEVELS
IN RELATION TO THE
SEQUENCE AND
HIERARCHIES OF THE
MUSICAL SCALE CAN
REQUIRE A KIND OF
“MENTAL STRETCHING”
THAT CAN SUPPORT
UNDERSTANDING AND
ABILITY IN BOTH MATH
AND MUSIC.

Gardiner/Mental Stretching

what | have said about the connectiorone can change to a new way of repre-
between pitch learning and math assenting and thus thinking about informa-
involving transfer of some skill, or perhapstion that, in turn, is beneficial to the
aspect of skill, from music to math. personOs understanding of the skill or
subject matter. In the example | focus on,
However, | want to suggest three potential will be referring to a particular kind of
difficulties or limitations with this type of benefit of mental stretching, but | am
terminology. One is in deciding what it isstating this definition in more general
that is transferred. Even the driving skillsterms because different kinds of benefits
that can be learned in the parking lot mayare also possible. We all speak metaphor-
be similar but cannot be entirely identicalically about the value of changing and
to those needed on the open highwayimproving how one Olooks atO something.
Likewise, such a thing as Oattentiveness@bat | am discussing below is exactly the
quite vague. As we look more carefully akind of change in organization of thinking
how an OattentiveO person might behave ia which this metaphor refers.
the two situations of music and math class
it may well become harder to decide if thefFHE PROBLEM OF
same thing is going on. REPRESENTATION OF
NUMBER IN EARLY STAGES
A second problem has to do with decidingF MATH LEARNING
how to frame consideration of the possible
dynamics of learning. If, as | suggest, ther&@he main point of what follows is to show
can be dialogue, perhaps even in botlthat there is more than one way for a child
directions, between areas of intercon-to represent numbers as he or she begins to
nected learning, the fine structure of whatlearn math, and that one representation
is transferred may well change dynamicallgan be more useful than another for facili-
during learning. tating the emergence of mathematical
thinking.
The third problem is assuming how skills
and information may be stored in the One of the most difficult and yet most
brain. The notion of transfer can imply important problems for a child beginning
that something lives with one area ofto learn mathematics is to learn how to
application and then moves to anotherrepresent and think about numbers as
But there are many other ways that skillsumbers. In what follows | wish to suggest
might be organized in the brain. If, for that it may be especially difficult for the
example, two areas of skill change bghild if she begins to think of numbers in
changing their relationships to other areathe same way as she thinks about words. A
of the brain, is this still transfer? child at this time has already been talking
for quite a while and is wrestling with
For reasons such as this | prefer to use thearning to read. Thus, word thinking is
somewhat different conceptualizationsdefinitely on her mind when learning
presented here and consider them in relaabout numbers.
tion to questions of transfer rather than
trying to fully replace them with notions What does the name OJohnO mean? The

of transfer. child no doubt knows that it represents
something very specific, for example,
CHANGING OThat person over thereO What does the
REPRESENTATIONS IN word OboyO mean? The child knows some-
MATH AND MUSIC thing about this type of meaning, perhaps

that this represents a general characteristic
Every computer programmer quickly common to OJohnO and OHarry.O The child
learns something about programmingcan no doubt then understand the state-
that is of increasing interest to cognitivement OJohn is a boyO as meaning that John
scientists: the way in which we can use, i.bas the characteristic common to John and
think about, information is influenced by Harry. Perhaps, still more importantly, she
the way we represent it. By mentalearned what a OboyO is by statements such
stretching | mean the process by whiclas OJohn and Harry are both boys.O By now
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Figure 3 demonstrates that the greater impact on math compared to reading
(Figure 1) was found in first grade whether students were weaker than average,
average, or above average in standardized testing leaving Kindergarten.

First-grade achievement test performance
by previous kindergarten performance.

Kindergarten 1st-grade  1st-grade
b reading maths

% Over national average

Kindergarten 1st-grade  1st-grade
¢ reading maths

Kindergarten 1st-grade  1st grade
reading maths

FIGURE Il

(Gardiner et al., 1996; Gardiner, 1997; 1998b)



the child is probably quite advanced inof numbers as if they were just new wordsive representations that will assist her
working out ways to represent and thinkthat have to be learned. With a goodwith math.
about such facts. A critical part of thememory a child can then answer questions
thinking about words has to do with goingsuch as OWhat does 1 plus 1 give?O Notere is much more to learn. Consider, for
from the truth of statements such as OJohitat the OvO child can do this even withowtxample, the difficult OcardinalityO prop-
and Harry are both boysO to representingeally understanding what the symbol O1€rty of numbers. To begin to understand
this information so that it can be usedmeans as a number rather than just as @ardinality, a child must realize that she is
more richly. It is more critical to begin to name. Even addition and subtractionfree to go through the items to be counted
take truth statements such as these aables can be learned by rote. Butthe mone any order she wishes, but that the
OfactsO and learn how to store (i.efacts there are to learn, the harder ansiumber O20 will be always assigned to the
remember) and then use these facts. harder it will be to keep them straight, and2nd count whatever the order. The next

the more and more confusing it cankind of problem may be something like
Consider now that this verbal (OvO) child isecome as long as the representation 8How many balls and how many triangles
confronted with the beginning of math, close to that used for verbal language. are in this picture?Q The child must learn
which is to learn to count. But to properly to add a new operation, grouping, and then
understand this operation as the first step tdo understand OnumbernessO involvesarry out two separate counts to answer
the development of the idea of number willdeveloping a new way of thinking aboutthis question. Case, (1996) shows that
require a completely different way ofnumbers compared to words. This newjoining concepts like OmoreO and OlessO
thinking about, and representing this infor- way can also begin to be develope®higherO and OlowerQ is again critical to the
mation, compared to verbal language. Thehrough counting. The easiest problem indevelopment of a mental number line.
numbers 01,002,003,0...sound like wordgduriting is to be given a sequence ddMoreO becomes one direction in a
they must not be thought of in the samethings, and then learn to assign the propecounting sequence, while OlessO is the other
way as verbal words. But unfortunately it isODnameO to the position in the sequencdirection; OhigherO is associated with the
possible to make a start at thinking of therme.g. Omoving from left to right, 1, 2, 3, ..@moreO direction, and OlowerQ with the
as if they were words: The child may thinkSo far, the OvO child could go already. BlessO direction.
010 is the name for something, that O20winat of more complicated counting prob-
the blackboard is the name for that differenfems such as OHow many toys are in thAtow consider mathematical operations
looking squiggle; that she is supposed tbox?O Well, if she realizes that she needssiach as addition. We have already seen
memorize O1, 2, 3, 4,5,.0 She may stake the toys out and put them in a row,that the child who is using rote memory of
OYes, | can do that. | can point to the righthe OvO child can learn to do this todfactsO can go quite far initially. For the
squiggle each time | say or read its word. Working from a picture, however, is counting OmO child, addition can be
have to remember the right order of thedifferent. The child must begin to realizeconceptually quite different. O2 plus 2
words. Look, | can even memorize the listhe usefulness of a strategy for goingives 40 means numerically to go through
going backwards.O through the items sequentially, througha count to 2, then go 2 more up to 4. This

the group of items in such a way that eachow requires two counting operations, one
Suppose this OvO child who has learnégm is only OcountedO once, changing the keep track of Owhere you are,0 another,
counting in a verbal way moves on to whahame for the count in an orderly way fromlinked to it, to keep track of change. One
are often called number facts and elemernitem to item:(1, 2, 3,...) and continuing implementation might be to count up to 2,
tary arithmetic. Number facts may sounduntil all the items to be counted have beethen Oturn onO the second counter starting
like verbal facts, and the OvO child may tgounted.  Within the context of the it at 0 and at each step linking a further
to represent and think about them in thecounting operation 010 is no longer astep in the first counter to a step in the
same way, but they arenOt really the sanaebitrary name or merely a symbol, butsecond. Addition then becomes a matter
A number fact could be a statement like Olas begun to take on a very specifiof creating a second counter and working
and 1 is 20 The OvO child may think, ONoeaning: As the name for the first counbut how to interrelate its operations to that
sure what that means, but | suppose IGdlithin a counting sequend#e next count of the first.
understand some day. Anyway, IOl memas called 020, the next 030 etc. 020 no longer
rize O1 plus 1 equals 20 Well thatigsjust a name associated arbitrarily wittSubtraction would be quite similar, except
confusing. | suppose that means thathe second position in a countingthat in the detail, the OchangeO counter
OandO and OplusO mean the same thing, sequence, bumeansthe second position perhaps moving in the opposite direction
that OisO and OequalsO means the samthe counting sequence. The numberfrom the Owhere we areO counter. Thus,
thing. Well, | guess | better change what meaning of 020 is inherently tied to thisubtraction would involve moving in the
thought OandO meant. And then, 02 pluscdunting operation and its place within it. opposite direction to addition, down
is 30 Gosh, so much to remember®  Thus 020 is the name for a step instead of up the count.

counting, not a thing. If and when the
There are a lot of OfactsO about numbe@verbalO (OvO) child realizes this, she isNmte that the pure memorizing method
and the operations of mathematics that @he way to becoming a OmathO (OmO) chilok, doing arithmetic requires more and
the OvO child can learn by rote by thinkinge. is beginning to develop more produc-more facts to be learned, producing ever
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PAWTUCKET STUDY

The boost in math compared to reading was again seen in test arts students at
the end of second grade (Figure 1). Since some students changed assignment
to test arts or control before second grade, it was possible to compare academic
progress against number of years in the program. The math boost was found to
increase significantly with number of years in the program (Figure 4).

Second Grade Achievement Tests:
Percentage of Students in the Two Schools
At or Above the National Average
by Years of Test Arts

<) Bl Test Arts program
% Bl 1 year of Test'Arts
g B2 years of Test Arts
o

o

Reading Math Concepts Math Pr.oblem
Comprehension Solving

Area of Involvement

In Math Concepts: correlation between
years of pilot and percentage at or above
National Average is significant

after controlling for any differences in
trends in two schools.

FIGURE IV

Progress in total reading could be accounted for by improvement in classroom
behaviors that teachers attributed at least partly to the music training. Still
greater improvements in math compared to reading implied a further and more
focal influence on learning math.

(Gardiner et al., 1996; Gardiner, 1997; 1998b)
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kinds of number representation spaces, fothe brain can think about pitch and
example, representing step sizes betweemmber, this does not imply that at any
ONCE A CHILD LEARNS the integers as equal intervals, angboint the representations of pitch and
thinking of fractions in terms of move- number are completelydenticalor that

HOW TO MOVE UP AND ment along subspaces and overlappinthey will develop further in identical ways.

spaces on the number line. Unlike numbers (integers), for example,
DOWN THE MUSICAL SCALE Western Music employs scales containing
DEVELOPING not whole but half steps at some positions,
FROM PITCH TO PITCH, REPRESENTATION OF and this structural feature of the scales is
MUSICAL PITCH critically important musically.

THEY HAVE A NEW...WAY TO

The student learning how to sing on pitchHow can a teacher develop such represen-
and use pitch within melodies faces intation? In Kodtly training, as an example,
some ways a similar problem to theteaching of pitch starts with two-note
OverbalO student learning about numberscales and relative Odo,0 expands progres-
The complex muscular movementssively to scales with more notes, typically
required to sing a particular pitch to the spending much time with the pentatonic.
words of a song can be learned note biach level is represented by a different
note or by general melodic contour, andhand signal presented to the student
both processes are usually initiatedspatially in such a way that OhigherO and
without taking into account the arrange- OlowerO scale positions are taught through
ment of tones into a tonal system. As @higherO and OlowerO positioning of the
child learns a particular song, often it ishand signals in space. Written musical
represented simply as a sequence abtation, again, is introduced with an
gestures (Davidson, 1985; Davidson &nitially simplified notation that develops
Scripp, 1986) that are unregulated by anto conventional western notation, which
musical scale. Many songs could be repreepresents pitch position and upward and
sented in such a way, and yet in a way thdownward pitch movement through

is very inefficient and unreliable. Eachanalog graphical representation. All such
new song must be learned as a newveatures of the method seem well adapted
sequence of gestures that do not have any emphasize the value of a Opitch lineO
particular relation to another song. mental representation.

ORGANIZE THE GESTURES
CALLED UPON FOR
DEALING WITH
PITCH...THIS RELATIONAL,
MORE SYSTEMATIC
KNOWLEDGE OF PITCH IS
REPRESENTED THROUGH
SYLLABLES (DO-RE-MI) OR
NUMBERS WHICH STAND
FOR THE DEGREES OF A

MUSICAL SCALE.

The development of new representationd he interactions between math and pitch
of organization of pitch similar to that we learning shown in research in the Greater
longer lists of facts to be run through. Thehave discussed for number would agaifBoston area (Johnson School in Nahant
representations associated with countingeem to be very useful. Once a child learrsd the Conservatory Lab Charter School
and incorporating the operations of how to move up and down the musicalin Boston) provide further evidence in
counting once set up does not change itscale from pitch to pitch, they have a nevsupport of significant positive correlations
efficiency as the size and number ofind much more generalizable and selfbetween music and academic achieve-
different problems increase. regulated way to organize the gesturesent. This research allows us to study how
called upon for dealing with pitch during the implementation of programs such as
The next step for the OmO child is to beghinging. In elementary school programsNew England ConservatoryOs Learning
to find a way to represent number as posithat offer comprehensive, long-term musicThrough Music‘curriculum can help build
tion within a count in a useful way which instruction, this relational, more system- many types of Omental stretchingO connec-
no longer requires going through theatic knowledge of pitch is representedions between music, math, and other
count each time, but abstracts salienthrough syllables (do-re-mi) or numbers learning.
features from the count. Piaget hagvhich stand for the degrees of a musical
suggested and presented evidence that teeale. The relationship of musical pitchtoCROSS-FERTILIZATION OF
first important step here is to capture thenumber is powerful once incorporatedMUSIC AND MATH AS
ordering inherent in the meaning of into the mathematical and musical ANALOGOUS THINKING
numbers, 1 less than 2, less than 3, etc. arilinking. Moving up and down numbers
the organization of operations on thein operations like addition and subtraction We have just seen two examples from quite
ordering, i.e. moving up and down theis like moving up and down scales indifferent areas of thinking where there can
ordering. This, in turn, can begin to lead creating melodies out of pitch (Bambergerpe important similarities of useful
to the representation through topology,1991). If this pitch line representation thinking. If analogy depends on the detec-
first a number line, developing into richer captures some usefsiimilarityin the way tion of similarity (in many but not all
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POWDERHORN COMMUNITY (ELEMENTARY) SCHOOL, MINNEAPOLIS, MINNESOTA

Again studying the impact of a Kodély music training similar to that of the
Pawtucket study, this time without the further visual arts training of the
Pawtucket study. The test group received an extra 30 minutes each week and had
both the music and classroom teacher present in the classroom during that time.

Based both on the Pawtucket results and on the concept of mental stretching, we
hypothesized that we would see greater academic progress and greater changes
in classroom behavior in students who received the more extended music (treat-
ment) training.

We also hypothesized that

¢ progress in reading would be more closely tied to changes in
classroom behavior than would progress in math

e progress in math would be more specifically associated with
progress in musical skills

Figure 5 summarizes data from the first two years of this study.

Relationship of music program and music progress to math and reading progress (at or above grade
level on end of year testing). Combined data sets from Grade 1 (1997-98), Grade 1 (1998-99), Grade 2
N=133 (1998-99) CMH correlations, testing for similarity between data sets.
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Supporting and extending the earlier findings from the Pawtucket study, Figure 5
shows that students in the expanded training music program made greater
progress than the students receiving just the basic music training, not only in
total math and reading — but in sub-areas of math and reading that were tested,
as assessed by the same standardized instrument, Metropolitan Achievement
Test (MAT), used in the Pawtucket study (see also Figure 6).

(Gardiner, 1997, Gardiner and Olson, 1999; 2000a, b)
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ways) between things, what we are seeirmyispect that dialogue such as this may |
here can be thought of as an example afspecially advantageous during learning
useful analogous thinking N i.e., the the brain continues to develop and exploi
possibility that thinking within different opportunities for analogous thinking
domains is similar (though not completelywhen it works on similar types of prob-
fseer}ﬂf?(l))blgt?portant ways that can belems at the same time. ANALOGIES WITHIN

The Minneapolis project (Figures 5 and 6
The evidence suggests that when usefahd data from New England Conservatoryt
analogies within thinking exist, the devel-Learning Through Music programs sugges
opment of thinking through learning in evidence of other cross-connections
one area of application (such as pitchbetween music and other learning tha
learning) can help to catalyze or in somegain suggest cross-fertilizations of the kin
other way cross-fertilize analogouswe have been discussing. For exampl
thinking in the other area of application progress in pitch correlates not only tc
(such as math learning). progress in math, as we have discussed, t

also to progress in word attack skills
Why may it be useful to recognize andSimilarly, initial studies are showing
exploit such opportunities for analogousevidence that progress in rhythm correlate
thinking within different areas of learning?to progress in total math, but also, more
There are several possible answers. Themeakly to different aspects of reading
is, of course, the advantage of efficiencycompared to progress in pitch, specificall
Why should the brain develop a new wayo total reading, and reading comprehen-
of thinking for each area of application if sion. Progress in classroom behaviors a
it is possible to reuse some of what it haalso related to academic progress, especie
already developed in another area? Buosely to progress in reading (Figures 2 ar
our example suggests an opposite type &f. Statistical analysis shows that thes
answer as well: discovering analogoudifferent influences are sufficiently distinct
thinking can perhaps help a learner tofrom each other that they cannot be
move beyond, or not be trapped by, lesseduced to the same connective paths, bi

THE EVIDENCE SUGGESTS
THAT WHEN USEFUL

THINKING EXIST, THE
DEVELOPMENT OF
THINKING THROUGH
LEARNING IN ONE AREA
OF APPLICATION (SUCH
AS PITCH LEARNING)
CAN HELP TO CATALYZE
OR IN SOME OTHER WAY
CROSS-FERTILIZE
ANALOGOUS THINKING
IN THE OTHER AREA OF

effective ways of thinking about sometheir influences can combine. APPLICATION (SUCH AS
problem area. It may be especially inter-
esting to continue to explore the possiMUSIC TRAINING AND MATH LEARNING).

bility that these areas of analogopuCHANGES IN BEHAVIOR
thinking signal deep similarities in the way

the brain is prepared, through its design, tdf mental stretching involves a new waymay reflect changes in social/emotional
support the most powerful thinking in to approach the role of mutually rein- development in the classroom setting.
these different areas of application. Tdforcing representations among music,Changes in personal behaviors also
exploit such analogous thinking may thenmath and reading, as | am proposingoccurred and include improvement in
be an especially important example othen it may be useful also to rethink thea) Self Motivation b) Self Esteem
what | am calling mental stretching: crosschanges in classroom behaviors withirc) Responsibilifyand d) Initiative directly
fertilization that can move thinking in two this same framework. Is it possible thatinvolve changes in the way students think
different areas in ways that are mutuall}changes of representation and analogousf themselves, as they are observed by

beneficial. thinking may also exist between musialassroom teachers.

learning processes and social/emotional
We have been discussing evidence thdevelopment? INTERPLAY WITHIN
mental stretching in music learning can MENTAL STRETCHING

help to promote mental stretching that isin addition to positive correlations

useful to math. Another study (Gardiner, between music and academic achievemeiithe Minneapolis project (Figures 5 and
1998c) in 8th graders in Vermont foundin the Minneapolis study, for example,6) shows evidence of many quite
evidence for dialogue within learning inbehaviors were found to change in assoccomplex interactions between music
both directions: baseline math progressation with the music training (see Figuretraining and other learning. We have
helped to account for progress in a midi-6). These changes were detected from da¢wvidence of interplay among mental
based music composition program, andreflecting measures of a)Class stretching connections.

progress in music composition in turn Participation b) Direction Following

helped to account for further progress inc) Cooperation with the Teachemd These data, for example, do not support
math between baseline and later testing. d) Cooperation with Pegadl variables that the conclusion that improvements in self-
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POWDERHORN COMMUNITY (ELEMENTARY) SCHOOL, MINNEAPOLIS, MINNESOTA

Teachers rated the children during the year on eight aspects of classroom
behavior that included Class Participation, Direction Following, Cooperation with
the Teacher, Cooperation with Peers, Self Motivation, Self-Esteem, Responsibility,
and Initiative.

Relationship of music program and music progress to improvement in classroom behavior and personal
development. Combined data from Grade 1(1997-98), Grade 1 (1998-99), Grade 2 (1998-99).
CMH correlations, testing for similarity between data sets.

N-118
Improvement in: 14.0
5.0t
Class .
Participation 2.6 00 0.2 0.2
19.2 189"
0.9
Direction I 0.3 0.2 8
Following a 12.0"
1.7
Cooperation I I — 24 — . 24
with Teacher 15,74 176
Cooperation I e I — b2 00 —
with Peers 16.2% 16.0%*
Selt I I - 06 23
Motivation 28 - RES -
228 225
3.50) 26
0.7 0.4 .
Self Esteem I I || A i -
i 158"
3.50)
Responsibility m 23 &2 28
12,00 o7
44°
24
Initiative I o l [ ] L 00 L -
Expanded Otson-Music Singing on Pitch Rhythm Average P/R Capabillty Composite P/R
vs Basic Kodaly Behavior Capability

FIGURE VI

The first column of Figure 6 shows that the students who received the enhanced
training showed very significantly greater improvements in classroom behaviors
when compared to their peers who received only the basic musical training.

Further, statistical analysis showed, as hypothesized, that progress in total
reading was could be ‘accounted for’ statistically by progress in four of the
measures of classroom behavior: 1) Class Participation, 2) Self-Motivation, 3)
Self-Esteem and 4) Responsibility, and to a lesser extent a fifth measure, 5)
Initiative.

As hypothesized, the statistical analysis showed that Progress in Total Math could
not be explained in this same way, but could be explained by relationship to
development of specific skills in music (Figure 5) predicted by the theory of
mental stretching.

The Minneapolis study provides further and more detailed evidence for the same

three types of interactions between music training and broader academic
progress already seen in the Pawtucket study.

(Gardiner, 1997, Gardiner and Olson, 1999; 2000a, b)
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esteem (Figure 6) in and of itself can helfther factors may also be involved in the cagbat both the narrower and broader
a student learn to sing on pitch, but do,of mental stretching with regard to music andmpacts and dialogues within the brain
however, suggest that a student with lowesocial-emotional development. Such thingbetween music training and other
self-esteem can have a harder time ins the stability of personality structures, capdearning that | and my colleagues are
learning to sing on pitch than one with bilities for understanding languages, and oftudying have to do with changes in the
higher self-esteem, and that learning taeurotic psychiatric disturbances imply thatway one learns to think, or, metaphori-
sing on pitch can improve self-esteemthe human nervous system has mechanisntally, look at information.
The direct connection of singing on pitch for structuring patterns of thinking that can
to math learning, which we can now relatepersist for very long periods of time. SomeMental stretching, as now defined more
to mental stretching, is seen in these datlwng term effects have been detected witbroadly here, can be involved in the
to be associated with higher self-esteem Nespect to musical training. Recent studies afther ways music can interact with
and is likely to develop more easily inpianists, for example, show examples ofearning. With regard to values specific
students with higher self-esteem. motor representations persist as long at® music, for example, we have already
playing is maintained, but then begin to dieexamined the development of thinking
Self-esteem may be very much influencedway unless playing is continued. What cathat may be needed to support develop-
by other aspects of the music training asve expect the effect of long-term musicainent of capability to sing on pitch.
well as other aspects of academic progresgining in public to be in relation to long-
All this, if complex, somehow still seemsterm cognitive, physical, or social-emotionalEven applications of music as an aid to
very much in line with typical experiencesdevelopment? learning within other subjects or social
in the classroom. A child can grow in confi- development can involve mental
dence with success in learning, and thifor example, if students who received thatretching, and such influence should be
confidence can help the child to learn moreenhanced music curriculum showed signiftaken into account in planning. A child
effectively, quite possibly increasing courageantly greater improvements in classroonwho learns addition tables through
to engage other areas of learning with newehaviors, to what extent might theserhythmic songs can perhaps have musical
interest and confidence. Lack of progressesults have long-term effect on these chikkills, and particularly rhythmic skills
can lead to discouragement and have adrenOs lives as adults? Analysis of a longitrengthened, but if the rhythms are very
opposite effect on learning. Our datadinal database begun in Providence, Riuch the same from song to song, the
suggest then, that interactions between selélmost 40 years ago now provides arhythmic representational learning may
esteem and academic or musical success @luring example of how music may influ- be quite narrow. And, as we have
be important but do not, in and of them- ence social-emotional development indiscussed, the rote learning of arithmetic
selves, account for the other types of crosgyouth. This study reveals (see Figures &upported here can lead to ways of repre-

fertilization we have been discussing. and 7b) that the probability of having beensenting arithmetic operations which may
arrested at least once by age 18 drops signiftimately hold back the student unless
DURATION OF EFFECT icantly in inverse proportion to degree ofthey are successfully supplemented by

positive attitudes about music, and develother teaching that helps build represen-
As Kandel has shown (Kandel, 2000) eveopment of musical skill. These data suggesation moving more towards the number
a relatively simple nervous system such dlsat the mental stretching associated withine. Hearing and building under-
that of the sea snail Aplysia distinguishemusic study and the development of skillstanding of music from a particular time
between short term and longer termcan have a long-term impact on concept®r place whose history is being studied
learning. Aplysia have specific mechaand skills related to social-emotional develmay affect the way a student thinks about

nisms that react quickly through tempo-opment (Gardiner and Buka, 2000). the people of that time, and thus may
rary changes in nervous function to influence the way he or she understands
noxious stimuli but prevent long lastinglMPLICATIONS FOR the history. Performing and improvising
changes in nervous system unless noxioMENTAL STRETCHING music may affect the way young children
stimulation is maintained for a long time. AND EDUCATION look at rule structures, cooperative
Other organisms, including humans, also learning, and empathy of others. These

make frequent reactions to changes iThe general role of mental stretching in examples can all involve mental

their world, and make longer term changeselationships of music to learning and  stretching and involve changing represen-

in their behavior less frequently. development: tations from that on which we normally
focus on in traditional schools.

The mental stretching effects detected iThe discussion of mental stretching

school settings discussed in this article so faegan with consideration of interactions Stretching vs. being stretched

suggest longer rather than short-termbetween music and learning within the

changes in function. The duration of theareas of its effects on general attitudeBly colleague Don Walter has alerted me to

effects under study here is an importanand general skills for learning and as athe fact that the metaphor of mental

aspect of our research and can influence treid in the development of useful newstretching can leave ambiguous the matter of

design of school programs in various ways. specific thinking skills. | have suggestedgency: Is the mind or brain being stretched
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THE CONSERVATORY LABORATORY CHARTER SCHOOL

At the Conservatory Laboratory Charter School in
Boston we have begun this year to carefully follow and
study statistical relationships between musical, acad-
emic, cognitive, and social progress and development in
children in grades K-2. The Learning Through Music
program plays a central role in the curriculum.

A detailed battery of Learning Through Music examina-
tions enable us to investigate musical skills and concepts
that are typically considered on a more global basis. For
example, knowledge of a song is measured not simply by
being able to repeat it after it has been learned, but to
repeat it with and without the words, while clapping the
underlying beats, or while pointing to the pitches of the
melody. In one such examination, the Kindergarten
students were tested on their ability to name a tune by
examining pitches coded by numbers representing the
notes of a diatonic scale. For example, 3212333
had to be recognized as Mary Had a Little Lamb.

As an example of our research, kindergarten students’
performance on this task was found to correlate signifi-
cantly with scores on total math progress as assessed by
standardized Stanford 9 testing (.50, p< .05) adminis-
tered at roughly the same time, but did not correlate
significantly with the score on any of the other areas of
standardized testing, which included total reading, word
attack skills, word reading, and language use.

5
4

12> 171

In this exercise, children are given a number series and asked
to represent them in relation to the way they sing Frere
Jacques. Children at the Conservatory Lab Charter School
learn quickly that numbers may be used to represent many
things, not just quantity. In music, numbers can represent
sequence, duration, or scaled pitch, or structural parts of
the song (Davidson and Scripp, 1988).



THESE DATA DO NOT
SUPPORT THE
CONCLUSION THAT SELF-
ESTEEM IN AND OF
ITSELF CAN HELP A

STUDENT LEARN TO SING
ON PITCH, BUT DO,
HOWEVER, SUGGEST

THAT A STUDENT WITH

LOWER SELF-ESTEEM CAN

HAVE A HARDER TIME IN

LEARNING TO SING ON i .
learning developed here are useful to themportance to a vast segment of our

PITCH THAN ONE WITH educational and broader development ofociety.
these students. The size of the statistical
HIGHER SELF-ESTEEM, effects we discuss here are of an ordémplications and cautions for program
which indicates that they are statisticallyesign.
AND THAT LEARNING TO significant; they are unlikely to be due to
chance alone, and therefore can assist, biithe impact of arts training on math
SING ON PITCH CAN certainly in no way fully account for, the learning which have been documented so
role of music in Onon-musicalO learning. far are very specific: they have to do with
IMPROVE SELF-ESTEEM. the nature of the specific arts training
It would seem quite implausible, in factused, the type of academic skills students
impossible, that a child could learn how towere learning, and the possibility that
do math problems or how to read from there was enough overlap in the kind of
by experience? Though this is not the plaa@usic training alone. But the datamentation and changes of representation
to discuss this further, | have a different senssontinue to suggest that the right kind ofneeded to ensure that learning in one area
of agency: a mind, a brain that, from themusic training can support some of thecould help support learning in the other.
beginning, continues to work actively to trycognitive development on which math andThe degree to which interactions between
to represent the world and information reading progress depend, helping also witmusic and math learning can be expected
about it and can change its way of thinkinghe development of social or personalwith a different type of music training, or
about the world as it learns. This thinkingskills. Since children seem to enjoyifferent types of arts training such as
thus perhaps lies within the area oflearning how to make music, cross connecpainting, drama, or dance would depend,
OconstructivistO modeling. At this level dofions from music training within the according to the theory proposed here, on
detail this issue may not matter, but it couldcurriculum such as we are studying appeahe specific nature of arts skills being
be more important as we begin to testo have potentially great practical valuedeveloped. The possibility of impact of
models of learning in relation to representa-Students who become more proficient inmusic across the curriculum depends on
tion within a brain that comes already with aand more acquainted with, the art ofthe exact nature of mental skills, represen-

great deal of structure in place. music, opens new entry points into tations, and analogous thinking developed
learning beyond the discipline of musicin each area, and the degree to which they
The contribution of music to learning. alone. Indeed, it is possible that the underoverlapped.

standing of cross-connections and general
The results we report support the possimessages about learning in music reporteBrom the viewpoint of this theory, we can
bility that the cross-connections betweerhere may also help to illuminate the natureanticipate that interrelationships between
musical training and other aspects ofof music and its enormous appeal andarts training and other areas of learning
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THE CONSERVATORY LABORATORY CHARTER SCHOOL

While, in the kindergarten students, the tasks of
imitating clapped rhythm patterns and clapping rhythms
from written notation correlated significantly to math
progress, one particular musical task correlated with a
range of academic measures.

In this task a child had to listen to rhythmic patterns,
then represent them symbolically in writing. This task
requires that children coordinate and integrate many
different kinds of thinking to achieve high performance.

Performance on this task was found to correlate not only
with progress in all areas of progress testing including
total math, total reading, word attack skills, word reading
and language use (p <.01).

The breadth of connections to academic progress of
this task supports our expectation that many different
mental skills are needed for this task. The broad acad-
emic progress of those who did well on this task
supports this.

Each year, as additional grades are added, we will
continue to follow the progress of the children as they
continue into the upper grades, while adding new
students to the study as well.
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My Rhythmic Pattern Piece
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In the “My Rhythm Pattern Piece” start with manipulatives
to represent rhythmic figures, convert them into original
compositions in more conventional musical notation, and
then perform them using the one, two, three and four
syllable mnemonics (cha, taki, gamela, tiritiri) to perform
the patterns.

(3%}
-

Elementary age students at the Conservatory Lab Charter
School create their own rhythms on “Rhythm,” teach their
rhythms to a partner, and then answer questions such as
“How did you know if your partner did the rhythm the way
you composed it? How are rhythm rulers like other rulers?
How are rhythm rulers different from other rulers?”
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IT WOULD SEEM QUITE

HLNVE3IHL 4431

IMPLAUSIBLE, IN FACT
IMPOSSIBLE, THAT A
CHILD COULD LEARN
HOW TO DO MATH
PROBLEMS OR HOW TO
READ FROM MUSIC
TRAINING ALONE. BUT
THE DATA CONTINUE TO

SUGGEST THAT THE
RIGHT KIND OF MUSIC

TRAINING CAN SUPPORT

and interrelationship between drama andnvolved and related theory, as is true of any
SOME OF THE COGNITIVEverbal language skills, but perhaps not sother area of education.

strongly between drama and math skills.

DEVELOPMENT ON Arts skill.
The current interest in using arts programs
WHICH MATH AND to help build more general creativity in An important feature of the arts experi-

students seems well founded: art®ence impact research just reviewed is to
READING PROGRESS  programs clearly can be designed tdocus on the impact of arts training where
require, and present opportunities to bestudents are expected to develop not only
DEPEND, HELPING ALSO creative with regard to art productions,appreciation dfut alsoskill withan art. As
and it seems plausible from what is alreadgoted (Gardiner, 1998a), what is critical in
WITH THE DEVELOPMENT known that through mental stretching and our theory, and so far supported by our
other paths capabilities for applyingdata, is that not just appreciation, but
OF SOCIAL OR PERSONALcreative skill to topics outside of the artsspecific musical skills are developed in the
may well develop as a result. Here agaimxpanded music programs. And it appears
SKILLS. however, there does not seem reason twom the data, which we continue to
expect magic bullets. Research into mecteollect from the Learning Through Music
anisms, good design, good teaching wilprogram research at New England
can change at different stages of learningtill be needed (Weinberger, 2000). Conservatory, that specific musical skills
Recent data (Harlanet al, 1998), though do correlate with specific aspects of acad-
open to other interpretations, supports theThe current data just reviewed supports &mic achievement, findings which suggest
possibility that, in upper grades, there carvariety of opportunities for music programsthat mental stretching relies on evolved
be strong interactions between musido contribute significantly to education. and generative representations that
training and not only math but also verbalSuch opportunities should continue to beaccompany the development of musical
language skills, while drama training inter-studied and developed. They do not mearskill and understanding.
acts with language, but not with math.that simply having arts programs within a
Such a result is plausible when the types @dtal program will in itself guarantee bene-Within an art form such as music, devel-
specific training involved is kept in mind. fits. To properly exploit arts training poten- opment of skill with, and development of
It is plausible to think of interrelationships tialities is as likely to depend on good desigappreciation for, the art and its artistic
of Omental stretching skillsO in upper gradeased on what is already known, googrocess are not independent, but are
music training to skills needed in bothteaching, and continued research, and devehighly interdependent. We would not
upper grade math and verbal languagegpment of understanding of the factorsexpect to learn much about math until we
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JOHNSON ELEMENTARY SCHOOL , NAHANT, MASSACHUSETTS

Through the Learning Through Musiegram, music is
also being connected to other learning in a great variety
of projects in addition to the music program that is part
of the school’s curriculum.

Data from the first year of work within the school reveals
that in the school, as a whole, performance in Math and
Reading and Science were all significantly correlated
with total progress in music capability (as measured by
teacher ratings).

In the upper grades, where it was possible to compare
with previous year’s testing, music progress was signifi-
cantly correlated with improvement in Reading
Comprehension, Language Mechanics, Math Problem
Solving, and Analysis.

The second year of work at the school has now been
completed, and the data from this second year will be
analyzed this summer.

To summarize, then, the Learning Through Music
program at NEC is providing further evidence in support
of the observations in Pawtucket and Minneapolis.
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The Music-Math Practice Sheet used at the Johnson
Elementary School in Nahant by New England Conservatory
faculty Rhoda Bernard suggests how musical representations
of rhythmic duration can take the form of mathematical
computations. Student reflections on this activity suggest
that fourth grade students find this kind of change of repre-
sentation refreshing and useful in their math classes.
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start to do math, or reading. Why should
the arts be so very different? From m
experience as a teacher | have seen t
especially children value being able
learn to do. They can be very poor
observers unless they can begin to se
that this is something they can begin to d
themselves; then suddenly you have the
full attention.

HLNVE3IHL 4431

This is not to say that students must foc
on skill at the expense of appreciation o
enjoyment of the art. It is the enjoyment
and appreciation of the art that in our
experience strongly amplifies the motiva
tion in the student to strive to build skill.
They want to be able to do what the
admire, and will strive to do so.

At the present time, even in educatior
programs where children are expose
quite extensively to the arts and lear!
about the arts, very frequently only a sma
number are expected to develop more tha
rudimentary skill with the art. In my view,
this lack of emphasis on the developme
of skill can severely attenuate the fulle
impact that arts training can have o
learning, both within the art form and
more generally as well.

Brain research of the last twenty years h
developed an enormous amount o
evidence suggesting that activity in th
brain at work is very different from the
brain at idle, and that what goes on in th
brain changes very substantially as what wiermed the treatment in the test groups inmusical training in public school educa-
are doing increases and changes. The valRawtucket and other schools, which makeion. Along with other issues of integra-
of doing to learning, not just observing, it possible to develop significant arts skiltion, strong attention should be paid to
may perhaps have partly to do with thewithin the time constraints of typical making certain that students developt
special qualities of brain involvement. current education programs. The Kodztlyonly appreciation but alsskillin the arts
method was specifically developed as a&s the arts are integrated across the
The important recent work of Gordon pedagogy to be provided for every studenturriculum. Not just a small number, but
Shaw and Francis Rauscher (e.g. Rausctes a part of their standard educationall students can very likely reach a quite
et al, 1993; Rauschet al, 1997) provides beginning already at Kindergarten agereasonable level of skill that is much higher
further evidence of the impact of artsThe curriculum being developed at thethan current expectations in most schools.
training on broader learning when Conservatory Lab Charter School, arhe research, as | have reviewed, suggests
training of skill is included. In their data, comprehensive, interdisciplinary Learningthat various forms of musical instruction
simply listening to music appears toThrough Music program gives an oppor-may stimulate mental stretching across the
produce only brief impact in humans. tunity to test my hypotheses and provide dorders of academic subjects and the arts
model for explicitly supporting Omentalin a number of different and productive
Training of skill at arts is still thought of by stretchingO in public school education. ways. These findings may well require
many as specialized learning that should changes in the way teachers are prepared
be provided only to those with special giftd-urther exploration of teaching involving for careers involving the arts in education,
or who can afford private instruction. But the arts in education is evolving at theas well as in the ways arts education is
there are methods of pedagogy, forsame time musicians are consideringhought of in the schools, but this is a chal-
example the Kodfly music program thatwider, more inclusive objectives forlenge that seems worth meeting. |
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LONG-TERM

Compared to their peers who received only the basic
musical curriculum, the students in the Minneapolis
study who received the enhanced curriculum showed
very significantly greater improvements in classroom
behaviors on all the measures teachers reported (Figure
6). These measures involve both social and personal
development.  Furthermore, a specific measure of
engagement and behavior during the music activity, the
Olson Index, correlates highly significantly with these
improvements as well. To what extent might these
correlations have long-lasting effect?

Dr. Steven Buka of Harvard School of Public Health and
Dr. Lewis Lipsitt of Brown University have been devel-
oping a longitudinal database based on a study begun in
Providence, Rl almost 40 years ago. Data on the
subjects now extends from prenatal records to age 35. It
includes rich information about social, psychological, and
cognitive outcomes that can be compared with testing
up to age seven. These data are now being analyzed in
detail. Self reports from 522 individuals through a ques-
tionnaire reveal their current interest in music, extent,
type, and timing of previous music training. This
provides an opportunity to test and study many
hypotheses that concern the long-term consequences of
music training and experience, while adjusting for
confounding factors, such as socioeconomic status.

Figures 7a and b show that the probability of having
been arrested at least once by age 18 drops with
increased interest and in music and drops still further as
individual or group musical skill levels increase. These
data then support the possibility of longer duration
effects similar to those detected in shorter scale with
the Minneapolis data.

The Brown Longitudinal Study provides a means of
testing the idea of mental stretching for evidence of
long term cognitive, social, or emotional effects of music
training.. We have observed evidence of long-term
social-emotional effects of interest in music and music
training which we continue to analyze.

(Gardiner and Buka, 2000; Gardiner and Olson, 1999; 2000)

IMPACT

Percent who had at least one arrest by age 18

n Learned High Sight Reading Skill
. Learned Good or High Sight Reading Skill
- Developed High Skill

— . .
= Developed Good or High Skill

._ Had at Least Some Experience Making Music
E Enjoys Listening to Music

- Does not Enjoy Listening to Music

FIGURE Vlla

Percent who had at least one arrest by age 18

- Developed High Group Skills

. Developed Good or High Group Skills

. Had at Least Some Frequent Group Music Experience
- Had at Least Some Group Music Experience

.E.! Had at Least Some Musical Experience

. Does not Enjoy Listening to Music

FIGURE VIIb

91



Anderson, J. R. (1983Jhe architecture of cognition. Cambridge, MA: Harvard University Press.
Bamberger, J. (1991Fhe Mind Behind the Musical Ear. Cambridge, MA: Harvard University Press.
Bertalanffy, L. von. (1968). General systems theory. York: Braziller.

Burton, J., Horowitz, R. and Abeles, H. (1999). Learning in and through the arts: Curriculum implications. In E.B. Fiske (Ed.)
Champions of Change: The Impact of the Arts on Learning. Washington, D.C.: The Arts Education Partnership and the PresidentOs
Committee on the Arts and the Humanities.

Carey, S. (1985). Conceptual change in childhood. Cambridge, MA: MIT Press.

Carey, S. (1988). Reorganization of knowledge in the course of acquisition. In S. Strauss (Ed.), Ontogony, phylogony, and histor
development. New York: Ablex. pp. 1-27.

Case, R. (1992)The mind’s staircase: Exploring the conceptual underpinnings of children’s thought and knowledge. Hillsdale, N.Y.:
Lawrence Erlbaum Associates.

Case, R. and Okamoto, Y. (1996). The role of central conceptual structures in the development of childrenOg¢haugpits-of -
the-Society -for-Research-In-Child-Development. 61: (1-2): pp. 283-295.

Case, R., Griffin, S. and Kelly, W.M. (1999). Socioeconomic gradients in mathematical ability and their responsiveness to intervent
during early childhood. In Keating, D.P, Hertzman, C. (Eds.) Developmental health and the wealth of nations; Social, biological a
educational dynamics. New York:Guilford Press. pp. 125-149.

Caterall, J.S. and Waldorf, L. Chicago arts partnerships in education: Summary evaluation. In E.B. Fiskeitkpdo)is of Change:
The Impact of the Arts on Learning. Washington, D.C.: The Arts Education Partnership and the PresidentOs Committee on the Arts an
the Humanities.

Catterall, J.S., Champleau, R., and Iwanaga, J. (1999). Involvement in the arts and human development: General involvement in m
and theatre arts. In E.B. Fiske (E@}ampions of Change: The Impact of the Arts on Learning. Washington, D.C.: The Arts Education
Partnership and the PresidentOs Committee on the Arts and the Humanities.

Cecci, , S.J. (1989). On domain specificity . . . more or less: General and specific constraints on cognitive delopinBiiter
Quarterly, 35: pp. 131-142, 1989.

Davidson, L. (1985). Tonal structures of childrenOs early 9diags Perception, 2(3), pp. 361-374.

Davidson, L., & Scripp, L. (1988). Young childrenOs musical representations: Windows on music cognition. In J. SloGedar{Ee:),
Processes in Music. Oxford: Oxford University. pp. 195-230.

Eisner, E. (1998). Does experience in the arts boost academic achievem@&htaition, p. 51, 1 , pp. 7-15.

Fiske, E.B. (Ed.). (1999 hampions of Change: The Impact of the Arts on Learning. Washington, D.C.: The Arts Education Partnership
and the PresidentOs Committee on the Arts and the Humanities.

Fodor, J. (1982)The Modularity of Mind. Cambridge, MA.: MIT Press.
Gardiner, M.F. (1998b). Progress Report of First Year of Powderhorn School Project, Minneapolis, Minn. Unpublished paper.
Gardiner, M.F. (1997). Arts and academic achievemdMA Journal (UK), March & May.

Gardiner, M.F. (1998a). How study of arts, music may enhance pupils skills in reading and math. Paper presented at Annual Meetin
American Association for the Advancement of Science (AAAS), Philadelphia, Pennsylvania, Feb 17.

Gardiner/Mental Stretching Journal for Learning Through Music/Summer 2000 92



Gardiner, M.F. (1998c). The Vermont Webb Project: Computer-based Arts training and its effects on academic progress in ma
Unpublished paper.

Gardiner, M.F. (1999). Music and Learning. Paper presented at the first NEC Conference on Music and Education.
Gardiner, M.F,, Olson, E. and Scripp, L. (2000). Mental stretching connects progress for musical pitch and elementary mathidn.preparat
Gardiner, M.F. and Buka, S. (2000). Long-term effects of music training on social behavior. In preparation.

Gardiner, M.F. and Olson, E. (1999). Arts training and academic progress. Paper presented at the University of Maryland, Fow
Symposium.

Gardiner, M.F. and Olson, E. (2000). Progress Report of Second Year of Powderhorn School Project, Minneapolis, Minn. Unpublished pa
Gardiner, M.F. and Olson, E. (2000). Multiple paths connect music training and other learning and development. In preparation.
Gardiner, M.F., A. Fox, F. Knowles, & D. Jeffrey. (1996). Learning improved by arts traiming, 381:284.

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

Harland, J. K. Kinder, J. Hayes & I. Schagen (1998). The effects and effectiveness of arts education in the schools: Interim Rep«
National Foundation for Educational Research, UK: Slough.

Kandel, Eric. (2000). Genes, Synapses and long-term memory. In Damasio, A.R., A. Harrington, J. Kagan and B McEWeit(Eds.),
of Knowledge: The Convergence of Natural and Human Sciences. New York Academy of Sciences, June.

Kohlberg, L. (1969). Stage and sequence. The cognitive developmental approach to socialization. In D. GéBlinlkkek pf social-
ization theory and research. New York: Rand McNally. pp. 347-480.

Kohlberg, L. (1976). Moral stages and moralization. In T. Likona (Edw}! development and behavior. New York: Holt, Rinehart and
Winston. pp. 31-53.

Piaget, J. & Szeminska, A. (19400e child’s conception of number. (Caleb Gattegno & Frances Mary Hodgson, translators). London:
Routledge & Kegan Paul.

Rauscher, F.H., Shaw, G.L., & Ky, K.N. (1993). Music and Spatial Task Performance p. 365, 611.

Rauscher, F.H., Shaw, G.L., Levine, L.J., Wright, E. I., Dennis, W.R., & Newcomb, R.L. (1997). Music training causes long-term enha
ment of preschool childrenOs spatial-temporal reasaxiéngological Research, (February).

Simon, D.P. and Simon, H.A. (1978). Individual differences in solving physics problems. In R.S. Sieg@rilel)s Thinking: What
develops? Hillsdale, N.J.: Larence Erlbaum, Associates. pp. 324-384.

Sternberg, R.J. (1989). Domain generality versus domain specificity: the life and impending death of a false dithaibRw:mer
Quarterly, p. 35, pp. 115-131.

Weinberger, N. (2000). The impact of the arts on learnitigsica Research Notes, VIl (2), pp. 1-8.

Preparation of this article was in part supported by a grant from the International Foundation for Music Research.

Gardiner/Mental Stretching Journal for Learning Through Music/Summer 2000 93



