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This paper foCuses on the jimc;tii:m . of contour in the association of melodic. and. visual patterns,and 
investigaies the rolepJayed by ability in mathematics and music in children's performance at matching 
melodies and musicnotati~n, and at matching melodies and graphs. Initially, testsin mathematics and 
music were administered to 101 children in Year 5. Factor analysis conjirmedspecijic sUb-scales in the 
tests (mdrevealed·a positive and signijicant correlation between results in the .·two tests. However this 
correlation was no greater than the correlations between other school subjects and mathematics and 
music. The melody matching tasks (f~ur modality conditions altogether) revealed that format 
(conventional/non-conventional) was asignijicant main effecf for· graphs but not for music notation. 
Modality condition and level of contour complexity were main effectsfor both types of matching (melodies. 
_ music notation and melodies _ graphs). Success at matching melodies and both types o/visual contours 
was related to ability in music more than ability in mathematics. . 

Links· between mathematics & music have been well documented for centuries .. The Greek mathematician· and 
philosopher, Pythagoras established that the pitch of muSical notes was related to lengths of vibrating strings and 
organ pipes, and that simple math~matical ratios existed between r~sonating lengths for notes which han1lonised. 
Since that time the study of acoustics and theproduction of musical sounds in instrumentS has progressed to the 

. stage where. the field is .highly~lentific, . and mathematical modelling is very sophisticated .. Not· only are there 
People who study the matheIilatics and· science of music, but also there exists anecdotal and research evidence 
indicating that there are those who are gifted in both mathematics and music. Browne (l987) has reported that 
the composition of Some university orchestras is biased towar<ls students majoring in science, engineering and 
mathematics fields (in contrast to artS and humanities). Arilong the top university orchestras in the USA is that of 
the MassachusettS Institute of TechnolQgywhere soine 80% of the members are studentS in these fields .. 

Educational research data on the "spin-off" effect of developmental music education programs,such as the 
program developed by the Hungarian cOnlposer and teacher Zoltan Kodaly, have shown that participating primary 
schoorchildren improve in academic .areas of mathematics. (number,geometry· and problem solving), reading· 
comprehension and spelling, and general learning ability (Bridges,I979; Herbert, 1973; Gregory, 1988). Why 

. does this happen, and what liilksare there, if any, between children's understanding and skill· in the two subjectS? 
This research project investigates these questions. Further,the project has beeIiprompted by a perceived 
relationship between a musician's interpretation of music notation and a mathematicians interpretation of giaphs. 
Both interpretation processes -involve abstraction of visual contour from their particular Gonventional fraiUeworks. 
The former then requires a translation to knowledge of musical sounds, while the latter requires a translation to 

- knowledge of the mathematical context. For instance in FigUre 1, (i) What does the tune sound like? and (ii) 
What does the graph tell us? ..... . 

LITERATURE ON PERCEPTION OF MUSICAL AND VISUAL PATTERNS 
The relationship between melodic and visual contour as perceived by children was studied by Morrongiello . and 
Roes (1990). Five7year old and nine-year old children were asked to match visual contours to given nine-note 
melodies, and a nUll1ber of significant factors emerged. Performance levels increased with age, but decreased with 

. higher levels of contour complexity. Tonality (tonal versus atonal) was significant for nine~year olds but not for 
five-year olds, and musical training ensured better performance at the matching tasks. 
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: Sam les, of music notation and mathematical ra hin . 

T==> 

The fundamental role of 
CQntQur in m~IQdy 

recognitiQn and melQdy 
discriminatiQn has been 
well established. ' 
DQwling (1978) showed 
that the up-dQwn 
CQntQur Qf melQdies 
plays the major rQle in 
recQgnitiQn of musical 
stimuli. If the melQdic 
CQntQurs are changed, 
subjects ' are ab)e to 
recQgnise the melQdies 
as being different 
(Bartlett & Dowling, 
1980). DysQn &Waikins, 
(1984) proved that 
CQntQur changes were 
mQre easily identified if 
they occurred at contour' 

reversal points. In a study Qfchildren's perceptiQnQfmelodies, Pick etal (1988) fQund that subjects were able to' 
discern similarity between melodies that had the same CQntour but had changes in jntervals between nQtes within 
the melQdies. CrQss-modal & iritramodal matching Qf melodic & visual contours has been investigated by Balch & 
Museatelli (1986). Key factors emerging from the study were rate of presentation,' modality, and musical 
experience. For both low and high music experience groups, intramodal visual .. visual recognition ~s best, 
foUowed byrecognitiQn in bQth crQss-mQdal conditions (visual .. auditQry and auditory ;.,. visual) and last w~s 
the auditory .. auditory condition. 'This result'and the interaction between presentation rate and modality gives 
rise" to' the' contour abstraction, hypQthesis which maintains that up-down 'CQntour abstraction for VIsual 
presentatiQn is more efficient thaIl fQr auditory presentation. 

PURPOSE OF THE STUDY 
The purpose Qf the study was to investigate children's perfQnriance at matching melodies with music nQtatiQn and ' 
matllematicalgraphs in relation to' their abilities in mathematics and music. The role of musical and 
mathematical training was to be further investigated by contrasting performance with conventional materials with' 
pelformance with non-conventional materials. It was hypothesised that children with more ability in music would 
be more competent with the conventional' nQtatiQn, and that the use of non-conventional notatiQn would reduce 
performance'levels. Similarly, it was' hypothesised that non-conventional graphs would, reduce the performance 
levels of mathematically able children. The influence Qf contour complexity was to' be studied by having' materials 
of two levels of complexity, high and low. The study was,designed to test the contour abstraction hypothesis by 

, analysing differences in performance between the various modality conditions, -melody .. visual, visual .. , 
melody,visual" visual and melody "melody.' 

METHOD 
, Subjects: One hundred and one children .in Year 5 (aged between 10 and 11) at twO' regula( suburban state 

Schools were used as subjects. All children underwent the set of tests in mathematics ability and music ability, but 
were split into two groups (50 and 51) for the twO' separate sets of matching tasks (melodies with music notation, 
and melodies with graphs). 
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Materials: The mathematics ability test was a written test which consisted of 25 multiple-choice· items ontbree 
topics 'which reflected elements common t9 both disciplines, namely, number patterns,. measurement of length and 

. interpreting graphs. These topics are regarded also as essential components of a, contemporary primary' school 
mathematics program according to Australian Education Council(1990) and the National Council of Teachers of 
Mathematics (1989). The items were adapted from items included in standardised tests produced by the 
Australian Council for Educatiol1'!1 Research· (1974). All items oftbe mathematics test were cOmpleted ina class 
situation. Questions were also read out aloud to the children so. that any with· reading difficulties were not 
disadvantaged in this way. The music ability test was a composite written and aural test of 25 items based on 
items from the musicianship syllabus and 'practical aural tests produced by the Australian MUsic Examinations 
Board (1991). Some items were multiple . choice response, the others short answer. Approximately half Of the 
items in the test were completCd in a class situation and the remainder were done on an individual, basis. Items 
were read out aloud also, as-withthe niathematics test. Information was also collected about th~children's music 
experience (instrumental and choral). and their levels of ~rformance in other school subjects (langtiagearts. 
social studies and science), . . 

. The matching task tests each consisted ·of 42· items requiring subjects to match (i) a' 9-note melody with 
music notation or graph (audito.y-+visual). (ii) music notation or graph with a 9-notemelody. (visual-+auditory), 
(iii)music notation or graph with music notation or graph (visual .... visual). and (iv) melody with melody 
(audilory .... auditory). Melodies were of low complexity' (1 contour change) or high complexity (3 contour' 
chang~s) and were played on a Sony portable 'audio cassette player placed adjacent to the subject. The melodies 
h;ld been recorded directly from a Yamaha PSR7 keyboard using the familiiu phmosound on the keyboard. 
Visual materials (samples of single line music notational line graphs) were printed black on white paper. and 
were placed ()n the desk··.in fron~of·the subject. Music notation 'in the. matching task test was presented in 
conventioDal format (standard crotchets on a horizontal five-line staff, read from left to right),and also·in non­
conventional format (triangle shapes on a four-line vertical staff. read from top to bottom). Conventional graphs 
.consistedofconnected lineS segments (none points) with up-down contour changes read from left to right. Graphs 
ofthen()U'-conventional variety however were to be read from topto bottom, with corresponding up-down contour 
of melody represented by left-right movement (low on the left and high on the right). . 

. The experiment was a 2 X 3 x 2 factorial design (2 formats x 3 modality conditions x 2 complexity 
levels). The inclusion of it erns of the fourth modality condition (auditory .... auditory) allowed comp~rison. across 
all four conditions, giving a supplementary framework for analysis of results, namely 4 modality conditions x 2 
complexity levels). '. 

Design: 2 formats x 2 complexities x 3 modalities 

Fotmat Complexity Modality 

Mel-Vis Vis-MeI Vis-Vis 

Conv. . Low Cell I Cell 3 Cell 5 

. High Cell 2 Cell 4 . Cell 6 

Non- . Low· Cell 7 Cell 9 Cell 11 
conv. 

High Cell 8 Cell 10 . Cell 12 
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Design: , 200mplexities x 4 modalitie& 

Format Complexity Modality 

Mel-Vis Vis-Met Vis-Vis Mel-Mel 

Conv.' Low Celn Cell 3 CellS , Cell 13 

High Cell 2 Cell 4 Ce116, Cel1H 

. '. . 

In the matching task tests, the following procedure was' carried out with each' child. For the melodY"'visual 
modality condition, a 9-note melody was played on, a 'cassette player 'to the child, . and then a 9-note sample' of 
music notation (or a 9-point connected line graph) was shown. The question was asked, ills this music (or graph) 
the same as the melody you have just heard, or is itdifferent?" In the visual .... melody modality condition, a 9-note 
sampleofmusicnotation.(or a,. graph) was shown to the child for approximately 5 seconds (long enough for the 
child to indicate that he/she had noted its featUres), and, after the page was turned, a 9-note melody was played. 
The child was asked, "Was that melody the sam,eas theniusic (or graph}onthe page before, ordifferent?" In tile 
viSital"'visuaimodlilityc;;ondition,;:t 9-note sample of music notation , (or graph) was shown to the child, then the 
pag~wastumedto reveal another sample of notation (or graph). The child was asked if the two. samples of music 
notation (or the twograplls) were the same or different In the melody ... melody condition; two 9-note melOdies 
were played cOnsecutivelyandthe child was asked if the two melodies were the saule or different. At the end of 
the session the child was asked what strategy he/she used to remember the melOdic and visual contours; and 
determined if they matched or riot. " " ,. 

RESULTS , ' 
AbilitY' Tests: Factoranalysisof the mathematics ability test confirmed the three original test ~tions as 
subscales: interptetationofgraphs, ,measurement of length, and number patterns. However"the music test 
revealed three subscales musical performance, notation skills; and aural skills. These Scales are process & skill 
related rather than topic related. There Was a significant and positive correlation between mathematics and music 
sC()res (r = 0.42, p = 0.001), but this no more significant than the correlations between mathematics and music 
with other school subjects. See r values below. . ' , 

, Language 
Social, Stuclies , 

, Science' 

Music 

0.44.' 
0.46 
0.45 

Mathematics 

0.5<1 
0.44 
0.51 

Matching Tasks - Melodies and music notation: Analysis of the results revealed that fOmlat was not a 
significant main' effect, indicating that overall there was no difference in performance between items in 
conventional and non-conventional format. However there were twQ 'significant' main effects:' modality and 
complexity. Children were more successful at intramodal ta$ks than cross':'rnodal tasks: the order of success being 
(from high to low) visu3l"'visual > visual-+melody>' melody~visual and melody ... melody :;;: visual ... visual. 
PerfomlaDce dropped significantly as oomplexity increased from low to high. An interaction between modality 
and complexity iIldicated that cross-modal task performance drops more as complexity increases' than for 
intramodal task performance. There was a significant interaction between format, modality & complexity 
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reve~ing that task petfonnanc~ depended significantly on the status bfeach of the three variables. There were 
some combinations which produced petfonnance no better than chance level, for example conventional format, 
high complexity, melody"visual modality. .... . . .. . . .. .. . . 

. Music ability \Vas a significant factocwith·perfonnance at conventional fonnat items and formelody-+visual 
items. Further, there was a significant interaction between format,' modality and modality. Music experience was 
a significant factor for low complexity items, and for test aggregate scores. Mathematics. ability appeared to play 
little part in matching task perfonnance. . 
Matching Tasks - Melodies and graphs: Contrary to the results for melodies and music notation, fonnat was a 
slg1lifican.. trruiin· effect for matching melodies and graphs. Modality also waS a significant main effec.. t With 
intramodal· tasks showing higher levels of performance than cross-modal tasks: the order of success being (from 
high to low)visual-+visual> melody-+melody > visual-+melody > melody-+visual. CompleXity was another 
significant main effect, and it also had different effects in each of themodaJity conditions, as well as in each 
fonnat, as indicated by significant interactions. 

Mathematics ability was a significant factorin the perfonnance of melody-+visual items, but not for any other 
class of matching tasks (even though mathematical graphs were used as one of the matching halves). However 
musical ability was. a significant factor for conventional *msand for high complexity items. Further, music 
experience was a significant factor for conventional items, low complexity items, high complexity items, and for 

· melody-+visual items.. Music experience also interacted significantly with format x complexity, modality x . 
complexity,· and with the test aggregate score. The importance of music ability 'was reinforced by. the significance 
of aural scale scores for non-conventional items, low complexity items, the interaction of format x complexity, 
and for test aggregate scores. . .. . . 

· Children's descriptions ofstrategy: The children generally agreed about how they remembered the melodic an!i 
visual contours, and deterIliined whether they were the same or different. With the melody -+ visual items, they 
said that they could remember the up/down shape of the melody and the actual notes of the tune, along with the 
first arid last notes. Some musical children could see the shape of the tUne in their minds from hearing the 
melody. With the visual ... melody items, againthey could remember the shape (for example, "like a W"), kept a 

. mental picture, and checked the melody note by note: Some musical children could hear the tune in'head, just by 
. looking at the visual contour. With the visual. -+ visual items they again could remember the overall shape, in 
particular the beginning and the end, and could keep a mental picture of the contour. With t4e melody .. melody 
· items, they said that they could keep the tune in their minds, however the presentation of the sepond. melody often 
wiped the memory of the first melody. Many children reported that the task was very difficult when there were 
"too many ups and downs". . . . . .. 

Most children noted that the non-conventional .. format of music notation was harder to read than the. 
conventional fonnat because "it was opposite to nonnalway", but noted that the non-conventional graphs were no 
more difficult that the conventional graphs. Results showed that music notation fonnat had more influence in the 
high music group than the low group. In the melodies and graphs test, results showed similar levels of 
petformance for visual-+visual tasks, but with cross-modal tasks, petformance deteriorated with the introduction 
of non-conventional graph format. 

DISCUSSION 
The results haW confirmed that musical ability is a Significant factor in matching task petfonnance for melodies 
and visual contours and that experience with conventional music notation is one reason for the tasks with music 
notation. The fact that mathematics ability is not a significant factor· for graphs, may be due to the· fact that 
children spend equivalent amounts of time doing mathematics but not for music, in~ which soine children may 
learn two instruments and sing in the school choir but some just play tIie·recorder for' IS minutes per week. The· 
situation where music ability isa significant factor in both tests, especially with melody-+visual items, points to 
musical children's superior accuracy at perceiving melodies and abstracting contour features. The importance of 
modality condition has been highlighted by the results; which show that children are more adept at intramodal 
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tasks than cross;.modal tasks, and that the contour abstractlonhypothesis holds (but only for cros~-modal tasks). 
An explanation for why visual-+visualtasks were performed more ~ccurately than melody-+melody tasks with 
graphs and not music .notation could be that··music notation is more information dense than the' comparable 
graph. One feature of the .melodies and visual contours used in this study.is the type of presentation, . namely 
simultaneous versus sequential presentation. Melodies are by nature heard sequentially whereas music notation 
and graphs are presented as a whole. Hence, further research shQuld investigate children's abstraction of contour 
from melodic and visual materials in relation to their simultaneous and sequential processing skills. 
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