
(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.)

I N T R O D U C T I O N

If I 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 I have been collecting data to measure the impact
music lessons can have on the ways children learn. Our research shows that a concept
which I term mental stretching (Gardiner, 1997, 1998; Gardiner and Olson, 1999, 2000)
can help to explain how, why, and when such interactions between music training and
learning can take place.

What I am calling mental stretching focuses attention on the role of representation and
change in representation in learning. I will outline our still developing theory and touch
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 value
to education:

· Values specific to music 

· Music instruction as a support for other topics of learning

· Effects of music on attitudes and mental skills broadly useful to learning 

· Effects of music instruction on specific subcomponents of mental skill useful to
subcomponents of learning 

· 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 many
schools. Research adds the three additional items to the list. I will focus on these. For
illustration I have selected five studies (as presented in the data displays on the right hand
side of the two-page layout). Other related work is ongoing at other sites in Rhode Island,
Vermont and Massachusetts.
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F IGURE  I

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 Kodály 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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M E N TA L  S T R E T C H I N G

A N D  L E A R N I N G  

The general idea of mental stretching has
to do with changes in the representation
and organization of a particular aspect of
thinking that improves the way we think
about distinctive kinds of information or
specific kinds of mental tasks (Gardiner
1997, 1998). For example, as children
begin to learn math, some ways of thinking
about numbers will prove less useful than
others if the child is to progress in math
thinking most easily. A critical part of the
best representation, according to work by
Piaget and more recently, Case (Piaget and
Szeminska, 1941; Case and Okamoto,
1996) leads ultimately to the creation of a
special type of representation for numbers
called the number line. A first step in this
direction is to represent and use ordering:
That “2” lies between “1” and “3”, “2” is
greater than “1” and “3” greater than “2.”
Learning how to think about numbers in
this way seems to be critical to under-
standing how best to do addition and
subtraction, and still more essentially, how
to relate these operations to problems.

I suggest that parts of 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.

Why might this be?  I propose that our
brains can take advantage of analogous
thinking in both areas — i.e. that learning
how to think in terms of a “line” in math
can help the child to figure out how to do
something similar for musical pitch, or
visa versa. Thus, similar processing in
different areas of application (here math
and melody singing) can be related by the
way the brain handles mental tasks within
these areas. The idea of mental stretching
suggests that realizing such similarities can
help the brain apply what is learned in one
area of application to the other.

The initial evidence for this example of
mental stretching (Gardiner et al., 1996-
see figures 1-6) was based on evidence of
impact of music training on math
learning, but there is nothing in the theory
to preclude influence in the opposite direc-
tion as well (Gardiner, 1998a). Dialogue
within the brain may help to ratchet up
capability in both areas of application.

There is evidence also for  cross fertiliza-
tions such as this between music and other
areas of learning not only within elemen-
tary students but also older students,
(Gardiner, 1998a) and not only for math
but also for some of the mental skills
involved in reading (Gardiner and Olson,
2000) (Figure 6).

The treatment of thinking here incorpo-
rates both the notion of specialized
thinking and expertise that is specific to
different areas of application within
domains (e.g. Fodor, 1982; Gardner, 1983;
Simon and Simon, 1978; Anderson, 1983),
and the possibility of developing and
exploiting similarities for processing across
domains. Thus, it is in line with recent
notions that the brain lies somewhere
between full modularity and fully general
problem solving design (Cecci, 1989;
Sternberg, 1989).

The treatment of math learning that
follows, though developed independently,
is similar in many respects to the work of
Robbie Case (Case, 1992, 1996). Case’s
theory, presented from a developmental

perspective, for which she provides a large
body of supporting evidence, emphasizes
the importance of what she terms the
mental number line in the development of
capability for math. She also has data that
reveals the less adequate understanding of
students who fail to develop a full repre-
sentation of the number line. I emphasize
that even when developmentally ready, a
student can be “caught” in an inappro-
priate type of representation. My treat-
ment of theory does not specifically
depend on the semantic network format
she uses to develop her theory.

Case’s development of “central conceptual
structure” also considers the interactions
between learning within different domains
of processing. Her treatment emphasizes the
joining of concepts through the unification of
the components of representation, whereas my
treatment places greater emphasis on inter-
related changes in specific representations that
possibly leads to unification.

The types of representation discussed here
concern the way thinking is organized, for
example, representation that reflects the
change from more procedural to more
cognitive thinking. Given the distinction
between changes in learning that result in a
minor reorganization of thinking around a
central focus, as compared to more “revo-
lutionary” changes that involve major reor-
ganization of processing (Carey, 1988), it is
upon these more revolutionary changes
that the present discussion will focus.

M E N TA L  S T R E T C H I N G

A N D  T R A N S F E R   

Interactions between music training and
other learning may appear to involve what
is called in the psychological literature
transfer. Such terminology should be used
with care.

The concept of transfer most typically
involves moving a skill from the domain
where it was learned to a different or
broader domain — for example, taking a
skill for driving learned in the parking lot
to the highway. Another example of
transfer could perhaps involve a student
who develops the capacity for attentive-
ness through music, and then transfers this
capacity to math. Or one can reformulate
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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.

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)

F IGURE  I I
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what I have said about the connection
between pitch learning and math as
involving transfer of some skill, or perhaps
aspect of skill, from music to math.

However, I want to suggest three potential
difficulties or limitations with this type of
terminology. One is in deciding what it is
that is transferred. Even the driving skills
that can be learned in the parking lot may
be similar but cannot be entirely identical
to those needed on the open highway.
Likewise, such a thing as “attentiveness” is
quite vague. As we look more carefully at
how an “attentive” person might behave in
the two situations of music and math class
it may well become harder to decide if the
same thing is going on.

A second problem has to do with deciding
how to frame consideration of the possible
dynamics of learning. If, as I suggest, there
can be dialogue, perhaps even in both
directions, between areas of intercon-
nected learning, the fine structure of what
is transferred may well change dynamically
during learning.

The third problem is assuming how skills
and information may be stored in the
brain. The notion of transfer can imply
that something lives with one area of
application and then moves to another.
But there are many other ways that skills
might be organized in the brain. If, for
example, two areas of skill change by
changing their relationships to other areas
of the brain, is this still transfer? 

For reasons such as this I prefer to use the
somewhat different conceptualizations
presented here and consider them in rela-
tion to questions of transfer rather than
trying to fully replace them with notions
of transfer.

C H A N G I N G

R E P R E S E N TA T I O N S  I N

M A T H  A N D  M U S I C

Every computer programmer quickly
learns something about programming
that is of increasing interest to cognitive
scientists: the way in which we can use, i.e.
think about, information is influenced by
the way we represent it. By mental
stretching I mean the process by which

one can change to a new way of repre-
senting and thus thinking about informa-
tion that, in turn, is beneficial to the
person’s understanding of the skill or
subject matter. In the example I focus on,
I will be referring to a particular kind of
benefit of mental stretching, but I am
stating this definition in more general
terms  because different kinds of benefits
are also possible. We all speak metaphor-
ically about the value of changing and
improving how one “looks at” something.
What I am discussing below is exactly the
kind of change in organization of thinking
to which this metaphor refers.

T H E  P R O B L E M  O F

R E P R E S E N TA T I O N  O F

N U M B E R  I N  E A R LY  S TA G E S

O F  M A T H  L E A R N I N G  

The main point of what follows is to show
that there is more than one way for a child
to represent numbers as he or she begins to
learn math, and that one representation
can be more useful than another for facili-
tating the emergence of mathematical
thinking.

One of the most difficult and yet most
important problems for a child beginning
to learn mathematics is to learn how to
represent and think about numbers as
numbers. In what follows I wish to suggest
that it may be especially difficult for the
child if she begins to think of numbers in
the same way as she thinks about words. A
child at this time has already been talking
for quite a while and is wrestling with
learning to read. Thus, word thinking is
definitely on her mind when learning
about numbers.

What does the name “John” mean? The
child no doubt knows that it represents
something very specific, for example,
“That person over there.” What does the
word “boy” mean? The child knows some-
thing about this type of meaning, perhaps
that this represents a general characteristic
common to “John” and “Harry.” The child
can no doubt then understand the state-
ment “John is a boy” as meaning that John
has the characteristic common to John and
Harry. Perhaps, still more importantly, she
learned what a “boy” is by statements such
as “John and Harry are both boys.” 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. 

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

F IGURE  I I I
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the child is probably quite advanced in
working out ways to represent and think
about such facts. A critical part of the
thinking about words has to do with going
from the truth of statements such as “John
and Harry are both boys” to representing
this information so that it can be used
more richly. It is more critical to begin to
take truth statements such as these as
“facts” and learn how to store (i.e.,
remember) and then use these facts.

Consider now that this verbal (“v”) child is
confronted with the beginning of math,
which is to learn to count. But to properly
understand this operation as the first step to
the development of the idea of number will
require a completely different way of
thinking about, and representing this infor-
mation, compared to verbal language. The
numbers “1,”“2,”“3,”...sound like words, but
they must not be thought of in the same
way as verbal words. But unfortunately it is
possible to make a start at thinking of them
as if they were words: The child may think
“1” is the name for something, that “2” on
the blackboard is the name for that different
looking squiggle; that she is supposed to
memorize “1, 2, 3, 4, 5,...” She may say,
“Yes, I can do that. I can point to the right
squiggle each time I say or read its word. I
have to remember the right order of the
words. Look, I can even memorize the list
going backwards.”

Suppose this “v” child who has learned
counting in a verbal way moves on to what
are often called number facts and elemen-
tary arithmetic. Number facts may sound
like verbal facts, and the “v” child may try
to represent and think about them in the
same way, but they aren’t really the same.
A number fact could be a statement like “1
and 1 is 2.” The “v” child may think, “Not
sure what that means, but I suppose I’ll
understand some day. Anyway, I’ll memo-
rize ‘1 plus 1 equals 2.’ Well that is
confusing. I suppose that means that
“and” and “plus” mean the same thing, and
that “is” and “equals” means the same
thing. Well, I guess I better change what I
thought “and” meant. And then, ‘2 plus 1
is 3.’ Gosh, so much to remember.”

There are a lot of “facts” about numbers
and the operations of mathematics that a
the “v” child can learn by rote by thinking

of numbers as if they were just new words
that have to be learned. With a good
memory a child can then answer questions
such as “What does 1 plus 1 give?” Note
that the “v” child can do this even without
really understanding what the symbol “1”
means as a number rather than just as a
name. Even addition and subtraction
tables can be learned by rote. But the more
facts there are to learn, the harder and
harder it will be to keep them straight, and
the more and more confusing it can
become as long as the representation is
close to that used for verbal language.

To understand “numberness” involves
developing a new way of thinking about
numbers compared to words. This new
way can also begin to be developed
through counting. The easiest problem in
counting is to be given a sequence of
things, and then learn to assign the proper
“name” to the position in the sequence,
e.g. “moving from left to right, 1, 2, 3, ...”
So far, the “v” child could go already. But
what of more complicated counting prob-
lems such as “How many toys are in that
box?” Well, if she realizes that she needs to
take the toys out and put them in a row,
the “v” child can learn to do this too.
Working from a picture, however, is
different. The child must begin to realize
the usefulness of a strategy for going
through the items sequentially, through
the group of items in such a way that each
item is only “counted” once, changing the
name for the count in an orderly way from
item to item:(1, 2, 3,...) and continuing
until all the items to be counted have been
counted. Within the context of the
counting operation “1” is no longer  an
arbitrary name or merely a symbol, but
has begun to take on a very specific
meaning: As the name for the first count
within a counting sequence. The next count
is called “2”, the next “3” etc. “2” no longer
is just a name associated arbitrarily with
the second position in a counting
sequence, but means the second position
in the counting sequence. The number
meaning of “2” is inherently tied to this
counting operation and its place within it.
Thus “2” is the name for a step in
counting, not a thing. If and when the
“verbal” (“v”) child realizes this, she is on
the way to becoming a “math” (“m”) child,
i.e. is beginning to develop more produc-

tive representations that will assist her
with math.

There is much more to learn. Consider, for
example, the difficult “cardinality” prop-
erty of numbers. To begin to understand
cardinality, a child must realize that she is
free to go through the items to be counted
in any order she wishes, but that the
number “2” will be always assigned to the
2nd count whatever the order. The next
kind of problem may be something like
“How many balls and how many triangles
are in this picture?” The child must learn
to add a new operation, grouping, and then
carry out two separate counts to answer
this question. Case, (1996) shows that
joining concepts like “more” and “less,”
“higher” and “lower” is again critical to the
development of a mental number line.
“More” becomes one direction in a
counting sequence, while “less” is the other
direction; “higher” is associated with the
“more” direction, and “lower” with the
“less” direction.

Now consider mathematical operations
such as addition. We have already seen
that the child who is using rote memory of
“facts” can go quite far initially. For the
counting “m” child, addition can be
conceptually quite different. “2 plus 2
gives 4” means numerically to go through
a count to 2, then go 2 more up to 4. This
now requires two counting operations, one
to keep track of “where you are,” another,
linked to it, to keep track of change. One
implementation might be to count up to 2,
then “turn on” the second counter starting
it at 0 and at each step linking a further
step in the first counter to a step in the
second. Addition then becomes a matter
of creating a second counter and working
out how to interrelate its operations to that
of the first.

Subtraction would be quite similar, except
that in the detail, the “change” counter
perhaps moving in the opposite direction
from the “where we are” counter. Thus,
subtraction would involve moving in the
opposite direction to addition, down
instead of up the count.

Note that the pure memorizing method
for doing arithmetic requires more and
more facts to be learned, producing ever
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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).  

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)

F IGURE  IV
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longer lists of facts to be run through. The
representations associated with counting
and incorporating the operations of
counting once set up does not change its
efficiency as the size and number of
different  problems increase.

The next step for the “m” child is to begin
to find a way to represent number as posi-
tion within a count in a useful way which
no longer requires going through the
count each time, but abstracts salient
features from the count. Piaget has
suggested and presented evidence that the
first important step here is to capture the
ordering inherent in the meaning of
numbers, 1 less than 2, less than 3, etc. and
the organization of operations on the
ordering, i.e. moving up and down the
ordering. This, in turn, can begin to lead
to the representation through topology,
first a number line, developing into richer

kinds of number representation spaces, for
example, representing step sizes between
the integers as equal intervals, and
thinking of fractions in terms of move-
ment along subspaces and overlapping
spaces on the number line.

D E V E L O P I N G

R E P R E S E N TA T I O N  O F

M U S I C A L  P I T C H  

The student learning how to sing on pitch
and use pitch within melodies faces in
some ways a similar problem to the
“verbal” student learning about numbers.
The complex muscular movements
required to sing a particular pitch to the
words of a song can be learned note by
note or by general melodic contour, and
both processes are usually initiated
without taking into account the arrange-
ment of tones into a tonal system. As a
child learns a particular song, often it is
represented simply as a sequence of
gestures (Davidson, 1985; Davidson &
Scripp, 1986) that are unregulated by a
musical scale. Many songs could be repre-
sented in such a way, and yet in a way this
is very inefficient and unreliable. Each
new song must be learned as a new
sequence of gestures that do not have any
particular relation to another song.

The development of new representations
of organization of pitch similar to that we
have discussed for number would again
seem to be very useful. Once a child learns
how to move up and down the musical
scale from pitch to pitch, they have a new
and much more generalizable and self-
regulated way to organize the gestures
called upon for dealing with pitch during
singing. In elementary school programs
that offer comprehensive, long-term music
instruction, this relational, more system-
atic knowledge of pitch is represented
through syllables (do-re-mi) or numbers
which stand for the degrees of a musical
scale. The relationship of musical pitch to
number is powerful once incorporated
into the mathematical and musical
thinking. Moving up and down numbers
in operations like addition and subtraction
is like moving up and down scales in
creating melodies out of pitch (Bamberger,
1991). If this pitch line representation
captures some useful similarity in the way

the brain can think about pitch and
number, this does not imply that at any
point the representations of pitch and
number are completely identical or that
they will develop further in identical ways.
Unlike numbers (integers), for example,
Western Music employs scales containing
not whole but half steps at some positions,
and this structural feature of the scales is
critically important musically.

How can a teacher develop such represen-
tation?  In Kodály training, as an example,
teaching of pitch starts with two-note
scales and relative “do,” expands progres-
sively to scales with more notes, typically
spending much time with the pentatonic.
Each level is represented by a different
hand signal presented to the student
spatially in such a way that “higher” and
“lower” scale positions are taught through
“higher” and “lower” positioning of the
hand signals in space. Written musical
notation, again, is introduced with an
initially simplified notation that develops
into conventional western notation, which
represents pitch position and upward and
downward pitch movement through
analog graphical representation. All such
features of the method seem well adapted
to emphasize the value of a “pitch line”
mental representation.

The interactions between math and pitch
learning shown in research in the Greater
Boston area (Johnson School in Nahant
and the Conservatory Lab Charter School
in Boston) provide further evidence in
support of significant positive correlations
between music and academic achieve-
ment. This research allows us to study how
the implementation of programs such as
New England Conservatory’s Learning
Through Music curriculum can help build
many types of “mental stretching” connec-
tions between music, math, and other
learning.

C R O S S - F E R T I L I Z A T I O N  O F

M U S I C  A N D  M A T H  A S

A N A L O G O U S  T H I N K I N G   

We have just seen two examples from quite
different areas of thinking where there can
be important similarities of useful
thinking. If analogy depends on the detec-
tion of similarity (in many but not all
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Again studying the impact of  a Kodály 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  

• 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.  

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)

F IGURE  V



Gardiner/Mental Stretching Journal for Learning Through Music/Summer 2000 82

ways) between things, what we are seeing
here can be thought of as an example of
useful analogous thinking — i.e., the
possibility that thinking within different
domains is similar (though not completely
identical) in important ways that can be
useful to both.

The evidence suggests that when useful
analogies within thinking exist, the devel-
opment 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 application
(such as math learning).

Why may it be useful to recognize and
exploit such opportunities for analogous
thinking within different areas of learning?
There are several possible answers. There
is, of course, the advantage of efficiency:
Why should the brain develop a new way
of thinking  for each area of application if
it is possible to reuse some of what it has
already developed in another area?  But
our example suggests an opposite type of
answer as well: discovering analogous
thinking can perhaps help a learner to
move beyond, or not be trapped by, less
effective ways of thinking about some
problem area. It may be especially inter-
esting to continue to explore the possi-
bility that these areas of analogous
thinking signal deep similarities in the way
the brain is prepared, through its design, to
support the most powerful thinking in
these different areas of application. To
exploit such analogous thinking may then
be an especially important example of
what I am calling mental stretching: cross-
fertilization that can move thinking in two
different areas in ways that are mutually
beneficial.

We have been discussing evidence that
mental stretching in music learning can
help to promote mental stretching that is
useful to math. Another study (Gardiner,
1998c) in 8th graders in Vermont found
evidence for dialogue within learning in
both directions: baseline math progress
helped to account for progress in a midi-
based music composition program, and
progress in music composition in turn
helped to account for further progress in
math between baseline and later testing. I

suspect that dialogue such as this may be
especially advantageous during learning;
the brain continues to develop and exploit
opportunities for analogous thinking
when it works on similar types of prob-
lems at the same time.

The Minneapolis project (Figures 5 and 6)
and data from New England Conservatory’s
Learning Through Music programs suggest
evidence of other cross-connections
between music and other learning that
again suggest cross-fertilizations of the kind
we have been discussing. For example,
progress in pitch correlates not only to
progress in math, as we have discussed, but
also to progress in word attack skills.
Similarly, initial studies are showing
evidence that progress in rhythm correlates
to progress in total math, but also, more
weakly to different aspects of reading
compared to progress in pitch, specifically
to total reading, and reading comprehen-
sion. Progress in classroom behaviors are
also related to academic progress, especially
closely to progress in reading (Figures 2 and
5). Statistical analysis shows that these
different influences are sufficiently distinct
from each other that they cannot be
reduced to the same connective paths, but
their influences can combine.

M U S I C  T R A I N I N G  A N D

C H A N G E S  I N  B E H A V I O R  

If mental stretching involves a new way
to approach the role of mutually rein-
forcing representations among music,
math and reading, as I am proposing,
then it may be useful also to rethink the
changes in classroom behaviors within
this same framework. Is it possible that
changes of representation and analogous
thinking may also exist between music
learning processes and social/emotional
development?  

In addition to positive correlations
between music and academic achievement
in the Minneapolis study, for example,
behaviors were found to change in associ-
ation with the music training (see Figure
6). These changes were detected from data
reflecting measures of a) Class
Participation, b) Direction Following,
c) Cooperation with the Teacher, and 
d) Cooperation with Peers, all variables that

may reflect changes in social/emotional
development in the classroom setting.
Changes in personal behaviors also
occurred and include improvement in
a) Self Motivation, b) Self Esteem,
c) Responsibility, and d) Initiative directly
involve changes in the way students think
of themselves, as they are observed by
classroom teachers.

I N T E R P L A Y  W I T H I N

M E N TA L  S T R E T C H I N G   

The Minneapolis project (Figures 5 and
6) shows evidence of many quite
complex interactions between music
training and other learning. We have
evidence of interplay among mental
stretching connections.

These data, for example, do not support
the conclusion that improvements in self-
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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. 

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)

F IGURE  V I
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esteem (Figure 6) 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 pitch than one with
higher self-esteem, and that learning to
sing on pitch can improve self-esteem.
The direct connection of singing on pitch
to math learning, which we can now relate
to mental stretching, is seen in these data
to be associated with higher self-esteem —
and is likely to develop more easily in
students with higher self-esteem.

Self-esteem may be very much influenced
by other aspects of the music training as
well as other aspects of academic progress.
All this, if complex, somehow still seems
very much in line with typical experiences
in the classroom. A child can grow in confi-
dence with success in learning, and this
confidence can help the child to learn more
effectively, quite possibly increasing courage
to engage other areas of learning with new
interest and confidence. Lack of progress
can lead to discouragement and have an
opposite effect on learning. Our data
suggest then, that interactions between self-
esteem and academic or musical success can
be important but do not, in and of them-
selves, account for the other types of cross-
fertilization we have been discussing.

D U R A T I O N  O F  E F F E C T   

As Kandel has shown (Kandel, 2000) even
a relatively simple nervous system such as
that of the sea snail Aplysia distinguishes
between short term and longer term
learning. Aplysia have specific mecha-
nisms that react quickly through tempo-
rary changes in nervous function to
noxious stimuli but prevent long lasting
changes in nervous system unless noxious
stimulation is maintained for a long time.
Other organisms, including humans, also
make frequent reactions to changes in
their world, and make longer term changes
in their behavior less frequently.

The mental stretching effects detected in
school settings discussed in this article so far
suggest longer rather than short-term
changes in function. The duration of the
effects under study here is an important
aspect of our research and can influence the
design of school programs in various ways.

Other factors may also be involved in the case
of mental stretching with regard to music and
social-emotional development. Such things
as the stability of personality structures, capa-
bilities for understanding languages, and of
neurotic psychiatric disturbances imply that
the human nervous system has mechanisms
for structuring patterns of thinking that can
persist for very long periods of time. Some
long term effects have been detected with
respect to musical training. Recent studies of
pianists, for example, show examples of
motor representations persist as long as
playing is maintained, but then begin to die
away unless playing is continued. What can
we expect the effect of long-term musical
training in public to be in relation to long-
term cognitive, physical, or social-emotional
development?

For example, if students who received the
enhanced music curriculum showed signif-
icantly greater improvements in classroom
behaviors, to what extent might these
results have long-term effect on these chil-
dren’s lives as adults?  Analysis of a longitu-
dinal database begun in Providence, RI
almost 40 years ago now provides an
alluring example of how music may influ-
ence social-emotional development in
youth. This study reveals (see Figures 7a
and 7b) that the probability of having been
arrested at least once by age 18 drops signif-
icantly in inverse proportion to degree of
positive attitudes about music, and devel-
opment of musical skill. These data suggest
that the mental stretching associated with
music study and the development of skill
can have a long-term impact on concepts
and skills related to social-emotional devel-
opment (Gardiner and Buka, 2000).

I M P L I C A T I O N S  F O R

M E N TA L  S T R E T C H I N G

A N D  E D U C A T I O N

The general role of mental stretching in
relationships of music to learning and
development: 

The discussion of mental stretching
began with consideration of interactions
between music and learning within the
areas of its effects on general attitudes
and general skills for learning and as an
aid in the development of useful new
specific thinking skills. I have suggested

that both the narrower and broader
impacts and dialogues within the brain
between music training and other
learning that I and my colleagues are
studying have to do with changes in the
way one learns to think, or, metaphori-
cally, look at information.

Mental stretching, as now defined more
broadly here, can be involved in the
other ways music can interact with
learning. With regard to values specific
to music, for example, we have already
examined the development of thinking
that may be needed to support develop-
ment of capability to sing on pitch.

Even applications of music as an aid to
learning within other subjects or social
development can involve mental
stretching, and such influence should be
taken into account in planning. A child
who learns addition tables through
rhythmic songs can perhaps have musical
skills, and particularly rhythmic skills
strengthened, but if the rhythms are very
much the same from song to song, the
rhythmic representational learning may
be quite narrow. And, as we have
discussed, the rote learning of arithmetic
supported here can lead to ways of repre-
senting arithmetic operations which may
ultimately hold back the student unless
they are successfully supplemented by
other teaching that helps build represen-
tation moving more towards the number
line. Hearing and building under-
standing of music from a particular time
or place whose history is being studied
may affect the way a student thinks about
the people of that time, and thus may
influence the way he or she understands
the history. Performing and improvising
music may affect the way young children
look at rule structures, cooperative
learning, and empathy of others. These
examples can all involve mental
stretching and involve changing represen-
tations from that on which we normally
focus on in traditional schools.

Stretching vs. being stretched 

My colleague Don Walter has alerted me to
the fact that the metaphor of mental
stretching can leave ambiguous the matter of
agency: Is the mind or brain being stretched
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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,  3 2 1 2 3 3 3

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.

In this exercise, children are given a number series and asked
to represent them in relation to the way they sing Frère

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).
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by experience? Though this is not the place
to discuss this further, I have a different sense
of agency: a mind, a brain that, from the
beginning, continues to work actively to try
to represent the world and information
about it  and can change its way of thinking
about the world as it learns. This thinking
thus perhaps lies within the area of
“constructivist” modeling. At this level of
detail this issue may not matter, but it could
be more important as we begin to test
models of learning in relation to representa-
tion within a brain that comes already with a
great deal of structure in place.

The contribution of music to learning.

The results we report support the possi-
bility that the cross-connections between
musical training and other aspects of

learning developed here are useful to the
educational and  broader development of
these students. The size of the statistical
effects we discuss here are of an order
which indicates that they are statistically
significant; they are unlikely to be due to
chance alone, and therefore can assist, but
certainly in no way fully account for, the
role of music in “non-musical” learning.

It would seem quite 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 some of the
cognitive development on which math and
reading progress depend, helping also with
the development of social or personal
skills. Since children seem to enjoy
learning how to make music, cross connec-
tions from music training within the
curriculum such as we are studying appear
to have potentially great practical value.
Students who become more proficient in,
and more acquainted with, the art of
music, opens new entry points into
learning beyond the discipline of music
alone. Indeed, it is possible that the under-
standing of cross-connections and general
messages about learning in music reported
here may also help to illuminate the nature
of music and its enormous appeal and

importance to a vast segment of our
society.

Implications and cautions for program
design.

The impact of arts training on math
learning which have been documented so
far are very specific: they have to do with
the nature of the specific arts training
used, the type of academic skills students
were learning, and the possibility that
there was enough overlap in the kind of
mentation and changes of representation
needed to ensure that learning in one area
could help support learning in the other.
The degree to which interactions between
music and math learning can be expected
with a different type of music training, or
different types of arts training such as
painting, drama, or dance would depend,
according to the theory proposed here, on
the specific nature of arts skills being
developed. The possibility of impact of
music across the curriculum depends on
the exact nature of mental skills, represen-
tations, and analogous thinking developed
in each area, and the degree to which they
overlapped.

From the viewpoint of this theory, we can
anticipate that interrelationships between
arts training and other areas of learning

Math, music proportion, and measurement come together as audible diagrams in the clapping
patterns of these young Nahant schoolchildren.
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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. 
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.

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?”

My Rhythmic Pattern Piece

name
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can change at different stages of learning.
Recent data (Harland et al., 1998), though
open to other interpretations, supports the
possibility that, in upper grades, there can
be strong interactions between music
training and not only math but also verbal
language skills, while drama training inter-
acts with language, but not with math.
Such a result is plausible when the types of
specific training involved is kept in mind.
It is plausible to think of interrelationships
of “mental stretching skills” in upper grade
music training to skills needed in both
upper grade math and verbal language,

and interrelationship between drama and
verbal language skills, but perhaps not so
strongly between drama and math skills.

The current interest in using arts programs
to help build more general creativity in
students seems well founded: arts
programs clearly can be designed to
require, and present opportunities to be
creative with regard to art productions,
and it seems plausible from what is already
known that through mental stretching and
other paths capabilities for applying
creative skill to topics outside of the arts
may well develop as a result. Here again,
however, there does not seem reason to
expect magic bullets. Research into mech-
anisms, good design, good teaching will
still be needed (Weinberger, 2000).

The current data just reviewed supports a
variety of opportunities for music programs
to contribute significantly to education.
Such opportunities should continue to be
studied and developed. They do not mean
that simply having arts programs within a
total program will in itself guarantee bene-
fits. To properly exploit arts training poten-
tialities is as likely to depend on good design
based on what is already known, good
teaching, and continued research, and devel-
opment of understanding of the factors

involved and related theory, as is true of any
other area of education.

Arts skill.

An important feature of the arts experi-
ence impact research just reviewed is to
focus on the impact of arts training where
students are expected to develop not only
appreciation of but also skill with an art. As
noted (Gardiner, 1998a), what is critical in
our theory, and so far supported by our
data, is that not just appreciation, but
specific musical skills are developed in the
expanded music programs. And it appears
from the data, which we continue to
collect from the Learning Through Music
program research at New England
Conservatory, that specific musical skills
do correlate with specific aspects of acad-
emic achievement, findings which suggest
that mental stretching relies on evolved
and generative representations that
accompany the development of musical
skill and understanding.

Within an art form such as music, devel-
opment of skill with, and development of
appreciation for, the art and its artistic
process are not independent, but are
highly interdependent. We would not
expect to learn much about math until we
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Members of the Young Achievers Science and Mathematics School’s Percussion Ensemble led by
John Belcher, featured in the Boston Music Education Collaborative’s “Best Practices in Action
MusicFest”  at New England Conservatory. 
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Through the Learning Through Music program, 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.

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 my
experience as a teacher I have seen that
especially children value being able to
learn to do. They can be very poor
observers unless they can begin to sense
that this is something they can begin to do
themselves; then suddenly you have their
full attention.

This is not to say that students must focus
on skill at the expense of appreciation or
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 they
admire, and will strive to do so.

At the present time, even in education
programs where children are exposed
quite extensively to the arts and learn
about the arts, very frequently only a small
number are expected to develop more than
rudimentary skill with the art. In my view,
this lack of emphasis on the development
of skill can severely attenuate the fullest
impact that arts training can have on
learning, both within the art form and
more generally as well.

Brain research of the last twenty years has
developed an enormous amount of
evidence suggesting that activity in the
brain at work is very different from the
brain at idle, and that what goes on in the
brain changes very substantially as what we
are doing increases and changes. The value
of doing to learning, not just observing,
may perhaps have partly to do with the
special qualities of brain involvement.

The important recent work of Gordon
Shaw and Francis Rauscher (e.g. Rauscher
et al., 1993; Rauscher et al., 1997) provides
further evidence of the impact of arts
training on broader learning when
training of skill is included. In their data,
simply listening to music appears to
produce only brief impact in humans.

Training of skill at arts is still thought of by
many as specialized learning that should
be provided only to those with special gifts
or who can afford private instruction. But
there are methods of pedagogy, for
example the Kodály music program that

formed the treatment in the test groups in
Pawtucket and other schools, which make
it possible to develop significant arts skill
within the time constraints of typical
current education programs. The Kodály
method was specifically developed as a
pedagogy to be provided for every student
as a part of their standard education
beginning already at Kindergarten age.
The curriculum being developed at the
Conservatory Lab Charter School, a
comprehensive, interdisciplinary Learning
Through Music program gives an oppor-
tunity to test my hypotheses and provide a
model for explicitly supporting “mental
stretching” in public school education.

Further exploration of teaching involving
the arts in education is evolving at the
same time musicians are considering
wider, more inclusive objectives for

musical training in public school educa-
tion. Along with other issues of integra-
tion, strong attention should be paid to
making certain that students develop not
only appreciation but also skill in the arts
as the arts are integrated across the
curriculum. Not just a small number, but
all students can very likely reach a quite
reasonable level of skill that is much higher
than current expectations in most schools.
The research, as I have reviewed, suggests
that various forms of musical instruction
may stimulate mental stretching across the
borders of academic subjects and the arts
in a number of different and productive
ways. These findings may well require
changes in the way teachers are prepared
for careers involving the arts in education,
as well as in the ways arts education is
thought of in the schools, but this is a chal-
lenge that seems worth meeting. ¶

Teachers at the Conservatory Lab Charter School in Boston report that music activities appear
to generate more inclusion in classroom settings compared with their experiences in teaching in
other public schools.  Social and personal changes in classroom data (Figures 2 and 6) further
reinforce these teacher observations.  The Brown data suggests that these shorter term effects
may have longer term implications as well. 
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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, RI 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) 
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Percent who had at least one arrest by age 18
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